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Abstract

Background: Depression is a leading cause of disability and morbidity. Its determinants

are not fully understood. In the present thesis I investigated the potential role of selected

behavioural and biological characteristics in predicting depression in older people:

Insulin-like Growth Factor 1 (IGF-1), Internet use and cardiovascular disease (CVD) risk

factors.

Methods: Participants were recruited from the English Longitudinal Study of Ageing, an

ongoing prospective cohort study of adults aged 50 years and over which was established

in 2002. With six waves of biennial data collection up to 2012, serum IGF-1 levels were

measured from 2008 at each nurse visit. Internet use was ascertained from 2002, and

characterised again with greater detail in 2012. Risk factors for CVD were measured from

2004 and investigated according to the QRISK2, Framingham and SCORE algorithms.

Depression symptoms were captured using the 8-item Centre for Epidemiologic Studies

Depression Scale. Prospective analyses were carried out in individuals free from

depressive symptoms at baseline (range dependent on analyses: 3,435 to 7,524

participants).

Results: A‘U’-shaped association between IGF-1 and depression was observed, where

both lower and higher levels were associated with elevated risk. For instance, relative to

men in the lowest quintile of IGF-1, the age-adjusted odds ratio [OR] (95 confidence

interval [CI]) for depression symptoms after 4 years of follow-up for increasing quintiles

of IGF-1 were: 0.51 (0.28, 0.91), 0.50 (0.27, 0.92), 0.63 (0.35, 1.15) and 0.63 (0.35, 1.13)

(P-value for quadratic association 0.002). In multivariable logistic regression analyses,

compared with Internet users, non-users were 1.73 times (CI; 1.56, 1.95) more likely to

develop depression after 10 years of follow-up. In particular, using the Internet for email

communication was associated with a lower risk of depression. Increased risk of

depression was observed in women only for all CVD risk algorithms per standard

deviation change in score as follows; QRISK2 (OR 1.60: CI; 1.30, 2.00), Framingham

model (OR 1.34: CI; 1.13, 1.58), SCORE chart (OR 1.40; CI; 1.11, 1.77).

Conclusion: The present study adds to the understanding of the aetiology of depressive

symptoms by suggesting a potential role for IGF-1, Internet use, and elevated CVD risk.
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Chapter 1: Introduction

In this first chapter I present an introduction to my doctoral thesis, which details a multi-

disciplinary study of novel predictors of depression in older people.

1.1 Depression in older people

Unipolar depression affects around 7% of people aged 60 years and over worldwide,1 and

is associated with a reduction in life expectancy of about 4 to 6 years in this age-group.2

With the world’s population rapidly ageing, the proportion of people aged 60 years and

over is projected to double from 11% in the year 2000 to 22% by 2050, and with it the

age-specific medical, social, and economic burden of depression.3 Taking such

projections of an ageing population into account, it is likely that the burden of depression

in the elderly will also increase.

In the UK, where the median age was 40 years in 2014,4 about 1 in 5 people aged 16

years and over reported having symptoms of depression and/ or anxiety, with a higher

percentage of women (23%) than men (17%).5 In figure 1, the prevalence of depression

in England according to age-group is illustrated in relation to other common mental

disorders as reported in the Adult Psychological Morbidity Survey of 2014.6 Prevalence

of depression symptoms started off low in the early teens and then followed a roughly

linear increase through middle age and early older age, declining thereafter. Additionally,

according to Office of National Statistics data from 2010, an upsurge in the prevalence of

both anxiety and depression was observed in the older elderly, who were almost as likely

as the middle-aged to report symptoms.7
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Figure 1: Prevalence of common mental disorders in England by age-group
according to the 2014 Adult Psychiatric Morbidity Survey

Globally, more than 300 million people of all ages suffer from depression, which is a

leading cause of disability and loss of productivity,8 and is projected to surpass diarrhoeal

and respiratory diseases by the year 2030 to become the leading global cause of disease

burden.9 In 2010, the whole of Europe spent a combined amount of £77 billion on the

direct and indirect costs of depression; costs which are projected to result in the loss of a

substantial proportion of global economic output due to direct healthcare costs, and

depletion of capital and labour. 10
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Defined as a common mental disorder, depression is characterised by negative moods

such as sadness and apathy, and usually associated with feelings of tiredness and poor

concentration, changes in activity level, disturbed sleep or appetite, feelings of guilt or

low self-worth, and regressive and self-punitive wishes.11 It can be classed as either

bipolar or unipolar, with the more severe presentations of unipolar depression diagnosable

as major depressive disorder.12 Although depression is treatable, the largest barrier to this

is the fact that sufferers often go undiagnosed due to personal and cultural stigmas and

considerations, as well as health service limitations.13

In addition to the decreased economic output that results from reduced productivity

brought on by sickness absences, disability and early retirement, depression also increases

healthcare costs through hospital admissions, medication, and increased contact with

community healthcare practitioners.14 It also negatively affects personal relationships

and family life through the behaviour changes of the sufferer and the responses of those

around them,15 and is the most common reason that people end their own lives.16 As well

as being an important disease in its own right, there is evidence that depression may lead

to the development of cardiovascular disease (CVD),17 some cancers,18 and premature

mortality.19

Depression in older people has a poor prognosis.20 While there is no single term that

defines the age or characteristics of an older person, most researchers now use the

arbitrarily set thresholds of 60 or 65 to define older people.21 Combined evidence from

12 prospective cohort studies of people aged 60 and over who were depressed at baseline

indicated that 33% of them were categorised as ‘well’, 33% ‘still depressed’, and 21%

were deceased after 24 months of follow-up.22 With increasing age, depression is
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associated with increased disability and suicide, increased risk of CVD and cancer, and

premature mortality.23, 24

A review of evidence from community and clinical settings of older people indicates that

depression and disability are strongly associated, and sleep disturbance, psychomotor

retardation, reduction in body mass index and increased incidence of common disabling

illnesses were cited as the possible mechanisms of this association.25 In this review,

cancer and CVD were identified as possible disability-mediating illnesses, with

suggestions that depressed individuals may be more susceptible to such illnesses because

of behaviours such as smoking or reduced physical activity.25 However, there are also

ongoing debates based on the proposition that depression itself may be an independent

risk factor for both cancer and cardiovascular disease, after accounting for all the other

known predictors.26,27

Depression may be an independent predictor of mortality in older people. 28 In a study of

5,201 elderly community dwellers with high depression symptoms at baseline, 23.9% had

an increased risk of dying after 6 years of follow-up compared with those with low

symptoms of depression, following adjustment for an extensive array of socio-

demographic and physical health control variables. From this study, it was proposed that

mortality may be elevated in this group due to what was termed as motivational depletion;

finding everything too much of an effort, not having the strength to continue and finally,

giving up.28

In clinical studies, a meta-analysis of 20 studies which followed cardiovascular disease

sufferers whose ages averaged between 53.6 and 74.4 illustrated higher rates of morbidity

and mortality among those with diagnosed depression or depression symptoms compared
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to those without.29 Moreover, evidence from a separate review illustrated an increase in

mortality from all causes in older people aged 65 years and above with depression

compared to those without depression.30

The majority of older people who commit suicide are depressed.31 Although suicide rates

are highest for young people in some individual countries, globally, the highest rate of

suicide is in people aged 70 years and over, with women over 70 having twice the risk of

committing suicide than that of women aged 15-29 years.32 While effective treatments

for depression are available, the majority of cases among older people remain

undiagnosed, and prevention of the disorder remains a major public health priority.13

1.2 Risk factors for depression in older people

The aetiology of depression is not fully understood. While early aetiological theories of

depression implicated specific neurochemicals and neuropeptides,33 it is now generally

understood that depression is likely to be a result of a combination of social/ personal

upheavals and dysfunction of multiple brain regions and/or neurotransmitter systems;

conceptualised as a multidimensional, systems-level disorder affecting discrete, but

functionally integrated pathways.34 In addition to not simply being the result of

dysfunction in one or more of these elements, depression is portrayed as a complex failure

of the remaining functional biological and psycho-social systems to maintain homeostatic

emotional control, particularly in times of increased cognitive or somatic stress.35

A series of studies have illustrated a range of behavioural and social predictors of

depression in later life.36 Figure 2 displays the most common risk factors for depression

in older age as identified through a systematic review of the literature and meta-analysis

of available data.37



25

Figure 2: Risk factors for depression in older people as identified in 20 prospective
cohort studies

Risk factors collated during a systematic review and meta-analysis of prospective 20 studies of

community dwellers aged 50 years or more37

While physical disability, diagnosis of a new medical condition, and increasing age have

historically been identified as the more important predictors of depression in older age,

the evidence also indicates that the effect of these factors is often mitigated by the

buffering effects of social support.38,39 Specifically, the perception of support, particularly

from friends (rather than family or significant others) had an important protective effect

from depression.40
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With the exception of weight and inflammation, relatively less attention has been given

to the biological predictors of depression. In addition to evidence of a reciprocal

relationship between obesity and depression,41 inflammatory markers such as interleukin-

6 and C-reactive protein (CRP) have been shown to be positively related with the

development of depression symptoms.42,43 Relatively smaller bodies of evidence indicate

some association between nutritional, protein and endocrine plasma markers with

depression,44,45 while there is some suggestion that a number of neurological disorders

may be linked to the development of depression in later life.46

1.3 Research Priorities

Given the current and impending burden of depression, increasing knowledge and

awareness of the disorder remains a key priority for researchers and policy-makers

worldwide. The UK government, through recommendations and guidance from the

National Institute for Health and Care Excellence, has made it a priority to improve

mental health through research, practice and evaluation, with special focus being paid to

promoting improved recognition and treatment of depression.47

Although effective treatments are available for some levels of severity, depression in

older people remains under-diagnosed.48 Moreover, while treatment is as effective for

older patients as for younger adults, the condition is often under-recognised and under-

treated in this age-group.49 Considering that multiple factors may be responsible for

lower diagnoses rates of depression in older people, and given the complex precursors

and pathology of depression, identification of a unique biomarker is unlikely. However,

identification of a biomarker for depression could be beneficial for informing diagnosis

and monitoring for risk. In the case where such a biomarker could also be used to
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ascertain severity of disease, it could also potentially play a role in the management of

treatment and advancement of therapies through measured responses. Neutrophic factors,

which support the growth, survival, and differentiation of both developing and mature

neurons, have been implicated in the development of depression.50 While it is beyond the

scope of this project to scrutinise these in their entirety, the role of Insulin-like Growth

Factor 1 in the development of depression will be investigated.

Aside from a unique biomarker for depression, identification of a tool where multiple risk

factors are combined to predict future risk of depression would be useful for identifying

individuals at risk of future disease and coining measures to limit this risk. Such a

structured approach, comparable to the use of screening tools for chronic somatic

disorders, would put more emphasis on the recognition and treatment of depression, and

would likely reduce the stigma and other social, personal and service-based barriers and

constraints associated with seeking medical advice for mental illness. Thus, the utility of

a cardiovascular disease prediction algorithm in predicting risk of depression will be

investigated.

While increasing age, physical limitations and development of chronic medical

conditions have often been identified as leading causes of depression in older people, it

has also often been noted that the effect of these factors can be buffered by social

support.51 Consideration of changes in forms of social support, particularly in the

evolving digital age, may present a psychosocial environment divergent to that previously

explored. Data from the Office of National Statistics indicates that Internet use in

individuals aged 65 years and over more than tripled between 2006 and 2016, with more

than half of this age-group reporting that they used the Internet for communication. 52,53

Thus, with the evolving digital age, there has likely been a cohort effect in which older
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people currently using the Internet are more acclimatised to its widespread use, such that

a 65-year-old today may be more inclined to engage with and explore its various features

than an individual who was 65 years old at the turn of the century. Therefore,

consideration of the role of social support in psychological well-being and how it relates

to the increasing and ever-changing role of the Internet as a facilitator for social

interaction is a perpetual research priority.

While it is understood that depression is likely a result of a combination of social and

personal upheavals and dysfunction of multiple brain regions and/or neurotransmitter

systems, the multidimensional nature of depression is often not addressed in aetiological

studies. Crucially, considering the dynamic changes in societal structures and in the

knowledge of disease pathology, there is often oversight in amalgamating biological,

behavioural and psychosocial evidence in progressing holistic approaches to

understanding this disorder. Considering the progressive agenda in preventative

healthcare and the focus on utilising novel methods to identify at-risk individuals, there

is a need for more proactive measures to pre-empt depression and potentially modify risk.

As such, current research efforts warrant multidisciplinary approaches where current

knowledge is evaluated and advanced with wider scope; where biological, behavioural

and psychosocial predictors of depression are considered in relation to our evolving

society, and represented where possible. In addition, as there is need to address the lack

of a risk prediction tool for depression in first-contact healthcare settings, efforts to

identify such a tool remain a priority. Accordingly, this present study addresses these

points, focusing on older people in England, who comprise a large proportion of the

ageing UK population. Older people in England have some of the highest rates of

depression in the country and once they have depression, they tend to experience poorer
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outcomes. Furthermore, as older people in England are more likely to attend primary care

settings than younger counterparts, it is likely more beneficial to investigate clinical

assessment of future risk of disease in this sub-population than in any other.54

While mainly concerned with ensuring that the investigation covered all possible

perspectives, the multi-disciplinary nature of this study also fulfils the research missions

of the joint funders of this research, the Economic and Social Research Council (ESRC),55

and the Medical Research Council (MRC),56 whose funding was for a project that

combined social and biological determinants of health. Accordingly, the purpose of this

present study is to take a multidisciplinary approach to the investigation of depression

and to further explore novel biological and psychosocial predictors of depression in the

elderly. Following a scoping review of the literature to identify gaps in knowledge,

coupled with the data available to me, the potential predictors of depression in older

people which I shall investigate in this thesis are:

i. Insulin-like Growth Factor 1, a biomarker,

ii. Internet use, which represents a novel and complex interaction of psychological,

social and behavioural traits, and

iii. Cardiovascular disease risk factors, whose role shall be investigated according to

individual risk factors, as well as collectively, according to established CVD risk

algorithms.
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Chapter 2: Aims and objectives

In this thesis, I aim to explore the capacity of IGF-1, Internet use, and CVD risk factors

to predict depression symptoms. Based on the literature and the arguments introduced

above, I will set out to test the following hypotheses:

 Low IGF-1 is predictive of depression symptoms in older people

 High Internet use, especially for the purpose of social interaction, reduces

depression symptoms in older people

 A risk assessment tool used to predict the future probability of CVD can also be

used to predict the probability of depression

To achieve the above, I will firstly review current literature on the association between

IGF-1 and depression from studies of both animal and human subjects. Based on the

evidence to date, my first research objective is to investigate the association between IGF-

1 and both prevalent and future development of depression symptoms in individuals aged

50 years and over. Following a review of previous findings, my second objective is to

investigate the association between Internet use and future development of depression

symptoms in older age, and to investigate the mechanisms by which any relationship (if

found) may exist. Due to a commonality of risk factors which I will expand on in the

relevant sections of this thesis, my final objective is to investigate whether CVD risk

factors as contained within CVD risk assessment tools can be used to predict depression

symptoms.

In the next chapter (Chapter 3), I will begin by introducing the analytical sample in which

I will investigate novel predictors of depression in older people, which I have taken from

the English Longitudinal Study of Ageing (ELSA). While analytical sub-groups for each

investigation will differ according to varying eligibility criteria, the core ELSA cohort
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that was recruited at the beginning of the study remains the same throughout, and it is this

cohort that will form the focus of the next chapter. In addition to describing how

participants were recruited to ELSA, I will describe their baseline demographic, socio-

economic, behavioural and biological characteristics and the techniques used to quantify

these. Characteristics that were only considered for analysis in one investigation (and not

in any other) will be described in the analytical methods of the relevant investigation,

with only the covariates common to all investigations being illustrated in the next chapter.

Of note, the process used to measure depression symptoms in ELSA participants will be

described as the ELSA cohort is introduced.

Individual chapters following this shall contain descriptions of my interrogation of each

of the possible predictors of depression starting with IGF-1 (Chapter 4), then Internet use

(Chapter 5), and finally CVD risk factors (Chapter 6). Each of these chapters will begin

with a scoping review of research findings linking the proposed predictors to depression

in older people, followed by a short statement of the aims and objectives for that chapter.

Based on explicit eligibility criteria, the selection of an analytical sub-sample will then

be described prior to enumeration of all chapter-specific covariates. This will be followed

by a description of the analytical methods used, and a description of sensitivity analyses

used as a comparator to my findings.

I will then describe and tabulate my main findings, which I will relate to the results of

sensitivity analyses. Finally, I will discuss my results in relation to previous findings, any

key relevant issues identified within my investigation and the strengths and limitations of

my analyses. To amalgamate my findings as per my objectives of progressing new

evidence in tandem, I will round up my findings in Chapter 7 and suggest how these may

impact future research and practice.
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Chapter 3: Data Source: The English Longitudinal Study of Ageing

3.1 Selection of study participants

The data for this research come from the English Longitudinal Study of Ageing (ELSA),

which is an ongoing prospective cohort study of adults aged 50 years and over who live

in private households in the United Kingdom. Initiated in 2001/ 2002, the primary

purpose of ELSA is to collect longitudinal objective and subjective data on financial

circumstances, health, well-being, behaviours, activities, biological markers and social

networks from a representative sample of the English population aged 50 years and older.

The overall aim of ELSA is to explore the evolving dynamic relationships between

economic status, social networks, health and functioning. It is thus a study of people's

quality of life as they get older, in order to understand the factors that contribute to the

ageing process.57

The original sample for ELSA was recruited from people who had previously participated

in the Health Survey for England (HSE). A cross-sectional annual survey, HSE is aimed

at monitoring the nation’s health through the collection of a wide range of health, lifestyle

and biometric information from individuals of all ages living in randomly selected

households in England. Full details of the sample design and response rates for HSE have

been published elsewhere.58

Invitations to participate in ELSA were sent to individuals who had taken part in HSE in

one of the years between 1998 and 2001, inclusive, who were born before or on 29

February 1952, and were still resident in a private residential address in England at the

time of the ELSA interview. In total, 31,051 households were invited to take part in HSE

in the specified years, with 23,132 households actually participating. From these

participating households, 11,578 had as residents at least one age-eligible adult who had
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provided consent for re-interview were they selected for participation in ELSA.59 Figure

3 displays the sample selection stages from HSE to ELSA.

From the 11,579 households invited from HSE, 11,391 individuals took part in ELSA;

relating to a response rate of 67%.60 Also interviewed, but not included in the present

study, were 636 partners of eligible participants who were under the age of 50 years, and

72 new partners who had moved into the household since HSE. In total, interviews were

thus issued to 12,099 individuals. The 11,391 eligible study members, who shall be

referred to here-on as the ‘core’ participants of ELSA, form the basic level of any sample

selection made for the individual investigations contained within this thesis.

Additionally, 158 eligible core study members who did not provide responses to the study

themselves, but who did so via a proxy will be excluded, as responses via proxy may have

introduced reporter bias, and have been identified as being problematic in previous

research projects.61,62

Data from ELSA participants is collected in two-yearly intervals from the same

individuals, with each distinct phase of data collection being referred to as a wave. Core

members remain eligible for interview in ongoing waves of ELSA unless they have since

died, withdrawn their consent to be interviewed, or emigrated from England. A total of

8,688 core members participated in wave 2 (years 2004/05; response rate 83.7%); 7,382

in wave 3 (2006/07; 75.8%); 6,406 in wave 4 (2008/09; 66.9%), 5,974 in wave 5

(2010/11; 63.9%) and 5,385 in wave 6 (2012/13, response rate unknown at the time of

writing). The response rates were calculated by dividing the total respondents to a given

wave by total individuals eligible for that wave, where participants who moved into

institutions (such as care homes), died or emigrated from England at a particular wave
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were not included in the denominator. The calculation of this response rate was not

conditional upon response to any previous wave.

Households which no longer

housed an age-eligible

participant since HSE = 1,224

Households with individuals

where consent for re-contact

had not been given = 400

Households where an invitation to

take part in ELSA was sent to at

least one inhabitant = 11,579

Households containing at least one

living age-eligible and consenting

individual = 12,803

Households without age

eligible individuals = 9,929

Households which contained at least

one age-eligible individual during

HSE = 13,203

Households not responding to

HSE= 7,919

Households responding to HSE=

23,132

HSE sample = 31,051 households

Figure 3: Selection of participants to the English Longitudinal Study of Ageing, 2002

Number of responding participants

from eligible households = 11,391
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In order to maintain the size and representativeness of the ELSA panel, refreshment

samples were added in 2006, 2008 and 2012 from subsequent HSE samples. Excluding

any young and new partners, and proxy respondents, these refreshments provided 1,261

participants in 2006, a further 2,239 participants in 2008, and 804 participants in 2012.

These newer recruits to the ELSA shall be referred to hereon as ‘refreshers’, who

supplement the ‘core’ sample.

ELSA data are collected mainly through face-to-face interviews by a trained interviewer

who captures all the data on a computer using pre-set questions and possible answers.

This method of collection is called a computer assisted personal interview, and takes place

in ELSA at two yearly intervals. In addition to the interview, consenting individuals

receive a visit from a nurse every 4 years who collects biomedical data which includes

height, weight, and waist circumference, performs a hearing test, and also takes a blood

and saliva sample. Nurse visits have taken place in waves 2, 4 and 6 of ELSA.

The data collected from each participant is more or less the same but has evolved slightly

with each wave, with some items added or removed to reflect current interest, issues and

concerns, while others were modified to extract a clearer representation of facts. The

ELSA study shares a template comparable to that of other studies of ageing in Europe,

North America and Asia, whose initial aims, and therefore data collection methods,

continue to bear some similarities.63

In the following sections, I will describe the data collected from each participant

that will be used in more than one investigation in this thesis, and how the

information was collected, thus avoiding duplication in subsequent chapters.

Ethical approval for all data collection was granted by the National Research and
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Ethics Committee. 64 All statistical analyses in this thesis were carried out using

StataSE12 software. 65

3.2 Collection of biological measurements

Biological measurements were collected during the nurse visits, which took place in

waves 2, 4 and 6 of ELSA. Full details of the visits are published elsewhere.66

Blood pressure: Participants were asked to sit quietly for five minutes to rest prior to

blood pressure measurement. They were asked not to smoke, eat or drink during that

time. After the five minutes, three blood pressure readings were taken at one minute

intervals using an Omron HEM-907 machine. Blood pressure values used in this thesis

were derived from the mean of the second and third readings.67

Blood sample: Respondents were asked to fast prior to having their blood samples taken,

and were given guidelines about when and what they could eat based on their appointment

time. During the nurse visit, respondents were then asked when they had last eaten and,

if this was in the last 24 hours, what they had eaten. All participants were eligible to have

a venous blood sample taken except if they had a clotting disorder, were on anticoagulant

drugs or had ever had a fit (including epileptic fit, convulsion or convulsion associated

with high fever). Participants who were aged 80 years or over, were diabetic and on

treatment, or were considered to be malnourished or otherwise unfit to fast (information

obtained from interview) were asked not to fast prior to blood sampling.66

Assessment of adequate fasting was carried out using responses to questions asked by the

nurse during the visit. Participants were considered to be eligible for a fasting blood

sample if they either hadn't eaten or drunk anything (apart from water) on the day of their
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nurse visit, or they had not eaten or drunk anything (apart from water) in the 5 hours

preceding the appointment, and had only had a light meal (as per appointment record

card) or a piece of fruit or drink the last time they ate. Blood was only taken from

participants on one occasion at each wave, so if they had fasted adequately then all

measurements were recorded as fasting, otherwise they were non-fasting measurements.

All the blood analytes (except blood glucose) were measured for all the blood samples

(i.e. both fasting and non-fasting samples). Therefore, in some cases the lipids measures

were on fasting samples, and other times not. Blood samples were sent to a single

laboratory (Royal Victoria Infirmary, Newcastle, UK) where a number of analyses were

carried out, and the levels of certain compounds in the blood were measured. Specific to

this thesis, high density lipoprotein (HDL), low density lipoprotein (LDL), and total

cholesterol were measured at all nurse visits from wave 2, while IGF-1 was measured for

the first time at wave 4 (2008).66

In some instances, blood measurements were not taken from participants who had

previously given consent to have their samples taken due to events that happened before,

during or after the sampling attempt by the nurse. Firstly, sampling was not attempted if

the patient reported feeling very anxious or nervous, or feeling faint. That not being the

case, sample collection failed in some instances due to low tolerance of having a

tourniquet applied, poor or collapsing veins, and failure to draw sufficient blood from a

vein. Following sampling, some samples were discarded if they did not contain the

required amount of blood. Finally, samples from a number of participants failed to arrive

at the laboratory for reasons unknown.
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3.3 Measures of depression in the ELSA

Depression was assessed among ELSA participants using two measures of symptomatic

mental health; both of which are composite tools made up of distinct questions, and by

asking participants if they head been diagnosed of depression by a physician. For this

study, one measure of symptomatology was used as the primary measure of depression,

while physician-diagnosed depression was used in some cases as a secondary measure.

Primary study outcome: Depression symptoms

The shortened 8-item Center for Epidemiologic Studies Depressive (CES-D 8) scale,68

applied via the computer assisted personal interview, was used to quantify symptoms of

depression among participants. The CES-D has been widely used in population-based

epidemiological studies of older groups69 and has been validated against clinician-

assessed depression and clinical ratings of severity of depression to discriminate between

psychiatric patients and general population samples.70 In one study where 8 self-report

depression tools for use among geriatric cancer patients were compared, it was noted that

the CES-D was the most validated for use among both geriatric and cancer patients71,

while it was concluded in another that depression scores as measured by the CES-D were

convergent with clinicians’ scores.72

Each item of the 8-item CES-D requires a dichotomous (yes/no) response, with scores

ranging between 0 and 8 (higher score denotes more severe symptoms). Notably, this

shortened CES-D 8 (which shall be referred to simply as the CES-D hereon) has good

internal consistency (Cronbach’s α 0.78) and similar psychometric properties to the full 

20-item scale.73 Table 1 displays all 8 questions as asked in ELSA. In this study,

consistent with other analyses, CES-D scores were converted to a binary variable, with 4

symptoms and above denoting ‘caseness’ for depression symptoms.74
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Table 1: The individual components of the 8-item CESD

No. Questions, led by the leader statement:

‘Much of the time during the past week, …’

1 … Have you felt depressed?

2 ... Have you felt that everything you did was an effort?

3 … Has your sleep been restless?

4a … Were you happy?

5 … Have you felt lonely?

6a ... Have you enjoyed life?

7 … Have you felt sad?

8 … Could you not get going?

a Item reverse coded for scoring

Secondary outcome: Physician diagnosis of depression

Ascertainment of physician-diagnosis of depression in ELSA was through solicited self-

reporting during the interview. That is, participants were asked if they had been told by

a doctor that they had emotional, nervous or psychiatric problems, a question which was

then followed up by asking what the specific problem was. Given that depression is often

undiagnosed, and that the diagnosis was self-reported, physician-diagnosis of depression

is regarded as a secondary outcome in this study where mentioned (relative to symptom

reporting), and shall be used in some instances to test convergence of results.

Assessment of depression through self-reports of diagnosis has been validated in a cohort

study. There, responses to the question, ‘Have you ever been diagnosed of depression by

a physician?’ were compared to diagnosis according to the Structured Clinical Interview
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for DSM-IV (SCID-1) as applied by a psychiatrist or a clinical psychologist. The

specificity of self-report assessments, where diagnosed depressed individuals reported as

such, was 74.2% (95% confidence interval (CI) 63.3, 85.1), while sensitivity (confirmed

non-depression) was 81.1% (95% CI 69.1, 92.9).75

3.4 Covariates

Consideration of the covariates that could serve as mediators or confounders of the

association between depression symptoms and IGF-1, Internet use, and cardiovascular

disease risk factors was based on evidence from the literature and a priori knowledge of

the separate conditions/factors. Bivariate analyses were used to confirm whether each

covariate considered was related to depression symptoms. To simplify interpretation and

provide some uniformity, selected covariates were grouped in themes, and shall be

described within that context in the next section. Only covariates common to all the three

major sub-studies in this thesis shall be described at this point, with any others being

discussed in the relevant chapters.

Socio- demographic factors

Although sometimes conflicted, there is a wealth of evidence highlighting the relationship

between age and depression. Age is generally considered to be a common modifier of a

multitude of risk factors, as the human body and its responses to various stressors and

interventions invariably change with time. A large body of evidence highlights how age

determines circulating IGF-1 levels,76 and how it modifies cardiovascular disease risk

factors.77 With regards to Internet use, a small but growing literature describes

differences in frequency of access, activities undertaken, and modems of access based on

age.78 In ELSA, age is a continuous variable, measured in years.
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Other than age, gender is also often considered as a confounder or effect modifier, and

there certainly is evidence of its association with depression,79 IGF-1,80 Internet use,81

and cardiovascular disease risk factors.82 Evidence from several studies of older people

have shown that women are more likely than men to be exposed to factors associated with

depression such as low education, lower skilled occupations, lower income and earlier

widowhood.83,84

Longitudinal research from as early as the 1950s indicates that low socioeconomic status

(SES) is significantly and persistently associated with depression and due to the chronic

nature of their relationship, it has often been noted that their association at the end of most

studies tends to be the same as at the start.85 With wealth and education often being

viewed as composite measures of socio-economic status in studies of older people, it is

unsurprising that previous ELSA studies showed that participants who reported low

education and low wealth were also more likely to report low quality of life and

depression.86,87

Wealth, which is considered to be a better measure than education,88 was ascertained in

ELSA through collection of detailed information on different dimensions of wealth, based

on the value of financial, physical and housing wealth owned by the household (ie, a

single respondent or a responding couple along with any dependent individuals) minus

any debt. From this, quintiles of net non-pension wealth were derived by data

depositors.89 Level of education in ELSA was ascertained by asking participants to report

their highest qualification from a list provided, as well as the year that they left full-time

education. From this, educational qualifications were derived and categorised as ‘no

qualification’, ‘completed secondary [high school] education’, ‘educated beyond

secondary education but below degree level’, and ‘educated beyond degree level’.
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Marital status is believed in some cultures and societies to have an effect on one’s

psychological health, especially in later life.90 One study of participants from 14 centres

in 11 countries across Europe identified an association with depression in some but not

all centres, with 2 out of the 3 UK centres adding to the evidence of this association.91

Marital status also tends to be considered as a confounder in a number of studies as it

introduces some form of learned behaviour or pressure than can be attributed to the spouse

or partner,92 and as such it shall be considered in this study, where behaviours such as

Internet use, blood sample donation, and cardiovascular disease risk factors can be

influenced by another person.

Information on marital status was obtained in ELSA both through the face-to face

computer assisted personal interview and via the self-completed questionnaire. From

that, a cohabiting status variable was derived in two steps. Firstly, participants were split

into 3 groups which reflected whether they (i) were living with a partner (married or not),

(ii) were not living with a partner but had previously been married/ cohabiting, or (iii)

were not living with a partner and had never been married. From these, two final groups

were formed which reflected whether a participant was living with a partner or not

(regardless of whether they were married or not).

Behavioural Factors

The association between smoking and depression has more often been investigated in

adolescents and young adults, among whom there is strong evidence that smoking is

associated with depression. Plausibly due to selective development of chronic illness and

mortality among heavy smokers, a phenomenon referred to as the “depletion of

susceptibles” effect, smoking typically shows a decline with age which has been found to
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be true in ELSA.93,94 This process of selection and decline may be the reason for the

conflicting evidence for the association between smoking and depression in older people,

with one study of participants from different age cohorts finding no association in the

older cohorts,95 and another finding an association only among ‘heavy’ and ex-smokers.96

Alcohol consumption has at times been observed to offer paradoxical results with relation

to certain health outcomes; hence the term ‘the French Paradox’, where increased

consumption of alcohol was found to be associated with reduced cardiovascular risk.97

In a similar fashion, previous studies have shown increased alcohol consumption not only

to be more prevalent among those of higher social status,98 but also to be inversely

associated with a number of negative health outcomes. In particular, one study illustrated

lower levels of cognition and well-being and more depressive symptoms in older people

who abstained from alcohol, compared to those who consumed no more than one drink

per day. Individuals who drank more than 1 to 2 alcoholic drinks per day had significantly

higher levels of cognition and well-being, and fewer depressive symptoms than those who

consumed no more than one drink per day.99

Participants in ELSA were asked if they had ever smoked, and individuals who responded

in the affirmative were asked if they were still smokers at the time of data collection.

Participants who responded “yes” to both questions were classed as current smokers,100

and as such a binary variable for smoking will be used. This measure of smoking status

was been validated against saliva cotinine levels in HSE.101 A number of questions

eliciting detailed reports of amounts of alcoholic beverages consumed and frequency of

consumption were asked in ELSA. From the reports of frequency, a binary variable has

been created for this study which shows if individuals consumed alcohol daily or less than

daily in the year preceding year, with consumption on at least 5 days of the week being
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classed as daily consumption. This method of classifying alcohol consumption has been

used in previous studies of ELSA participants.102, 103

Comorbidities

Co-morbidities refer to the presence or absence of physical illness, as well as how

participants rated their health. For consideration in this study, a binary variable for

physical illness was derived from reports of any physical illness, with a report of at least

one illness denoting caseness. Self-rated health, which can be viewed as an indicator of

how one views their early life experiences, family history, socio-demographics, and

health behaviours,104 was reported in ELSA ranging from very bad to excellent. This

was based on responses to questions asking participants to rate their health, responses to

which were categorised for this study as either ‘fair to very bad’ or ‘good to excellent’.

3.5 ELSA sample characteristics

Prior to describing the investigations carried out using data from ELSA, it is useful to

gain some understanding of the characteristics of the whole ELSA sample, as different

sub-samples of this will be used to investigate different associations. Of the 11,391 core

participants of ELSA, 293 had missing values for the main outcome of interest, depression

symptoms, and a further 158 responded via a proxy; all 451 participants shall therefore

not be included in any analyses of the predictors of depression in this thesis. As such, it

is important that any differences between these individuals and the remaining 10,940 be

identified, as they may impact on the applicability of the results of this study to the general

population.

Table 2 displays the psychological and behavioural characteristics of ELSA participants

firstly according to gender, as it is generally accepted that such characteristics may be
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different between men and women. The same table also displays baseline characteristics

according to depression symptoms, categorised as ‘yes’ (4 symptoms and above), ‘no’ (0

to 3 symptoms), and ‘missing’ (participants with no values for depression symptoms).

The average age of the 11,391 participants of ELSA (6,205 female) was 65.27 years (se,

0.10), and at the start of the study, the average reported CES-D score for all participants

was 1.59 (se, 0.02). About a third of ELSA participants perceived their health as being

fair to very bad and more than half had at least one chronic physical illness (71.10%; se,

0.42). While the average household size was 2.03 (se, 0.84), a little over 10% of

participants reported that they felt lonely, and although 42.70% (0.46) of participants had

no educational qualification, less than a fifth of participants were in the lowest wealth

quintile, and approximately a third did not live with a partner. Almost a third of ELSA

participants reported drinking alcohol daily, while almost 20% reported that they were

current smokers. More than half of participants reported that they did not use the Internet

at the beginning of the study (62.72; se 0.45).

Female participants were generally older and markedly less educated, poorer, and

reported more chronic illness their male counterparts. They also reported having more

depression symptoms, having more feelings of loneliness, and were more likely to live

alone compared with men. Male participants on the other hand were more likely to drink

alcohol daily, use the Internet, and tended to live in somewhat larger households. Even

though women reported having more physical co-morbidities, their perception of their

health was about the same as that of male participants.

Participants who had symptoms of depression in ELSA (reported 4 or more depression

symptoms) were more likely to be female, less educated, poorer and current smokers.
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Depressed individuals were also more likely to live alone, and were much more likely to

report feeling lonely and had lower perceptions of their health. Somewhat un-intuitively,

participants without depression symptoms, compared to those with depression, were more

likely to consume alcohol daily.

Participants with missing values for depression symptoms were noticeably older than all

other participants. When compared with participants who reported not having depression

symptoms, they were also disadvantaged in terms of wealth, education, chronic physical

illness - but not to the same extent as those that reported having depression symptoms.

The household sizes and reported Internet use of participants with missing values for

depression were similar to those who had no depression symptom, with both groups also

reporting more Internet use than those who had high depression symptoms. Of all three

groups, participants with missing values for depression were the least likely to be current

smokers.
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Table 2: Baseline characteristics of 11,391 participants from the English
Longitudinal Study of Ageing according to gender and depression symptoms in
2002

 Gender Depression symptoms ≥ 4 All 

Covariatesa Male
(5,186)

Female
(6,205)

No
(9,148)

Yes
(1,792)

Missing
(incl.
proxy)
(451)

Demographics
Female, % 0

(0)
100
(0)

52.42
(0.52)

65.12
(1.12)

53.65
(2.91)

54.47
(0.47)

Age, years 64.87
(0.14)

65.60
(0.14)

64.83
(0.11)

66.27
(0.26)

70.09
(64.17)

65.27
(0.10)

Does not use the
Internet, %

58.00
(0.69)

66.66
(0.60)

62.63
(0.51)

72.21
(1.06)

26.61
(2.08)

62.72
(0.45)

CESD score,
mean

1.33
(0.03)

1.81
(0.03)

0.84
(1.03)

5.40
(0.03)

- 1.59
(0.02)

SES, %
No educational
qualifications

36.64
(0.67)

47.77
(0.63)

39.24
(0.51)

58.26
(1.17)

51.00
(2.36)

42.70
(0.46)

Lives alone 21.96
(0.57)

39.15
(0.62)

27.70
(0.47)

49.33
(1.18)

33.26
(2.22)

31.32
(0.43)

Lowest quintile
of wealth

17.39
(0.53)

20.55
(0.51)

15.93
(0.38)

33.93
(1.12)

24.83
(2.04)

19.11
(0.37)

Behavioural
Factors
Drinks alcohol
daily

35.09
(0.66)

21.41
(0.52)

29.41
(0.48)

21.37
(0.97)

16.85
(2.56)

27.64
(0.42)

Current smoker 17.18
(0.52)

17.84
(0.49)

16.34
(0.39)

25.78
(1.02)

9.09
(1.36)

17.54
(0.36)

Comorbidities,
%
Has chronic
physical illnessb

68.61
(0.60)

73.18
(0.56)

68.69
(0.48)

82.31
(0.90)

75.39
(2.03)

71.10
(0.42)

Fair to very bad
self-rated health

31.08
(0.64)

31.49
(0.59)

25.21
(0.45)

62.61
(1.14)

30.60
(2.17)

31.31
(0.43)

Isolation
Number of
people in
household, mean

2.17
(0.01)

1.92
(0.01)

2.07
(0.92)

1.84
(0.02)

2.12
(0.05)

2.03
(0.84)

Often feels
lonely, %

10.49
(0.43)

15.84
(0.46)

6.17
(0.25)

51.67
(1.18)

8.20
(1.29)

13.41
(0.32)

a Percentage or mean (se)
b High blood pressure or hypertension, angina, heart attack, congestive heart failure,

heart murmur, cardiac arrhythmia, diabetes, cerebral vascular disease (stroke), asthma,

chronic lung disease, arthritis, osteoporosis, cancer
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Chapter 4: Insulin-like growth factor 1 and risk of depression in older people

4.1 Literature review

4.1.1 Introduction

Human Insulin-like Growth Factor 1 (IGF-1) is a unique, dynamic and complex 70-

amino-acid residue single-chain peptide with 3 disulfide bonds; structurally related to

human pro-insulin (precursor to insulin).105 IGF-1 is produced under instruction of the

IGF-1 gene, whose complex transcription occurs not only in two variants, but also takes

place in at least 2 transcription start sites. The two different variants are expressed either

specifically in the liver or in many other tissue sites across the body.106

The IGF-1 in circulating serum is generated by the liver under the control of growth

hormone, while that produced in other tissue mostly has autocrine effects. Once liver-

generated IGF-1 is excreted into the blood-stream, it exerts all of its known physiologic

endocrine effects by binding to IGF-1 receptors in various sites, through a process

modulated by both growth hormone and multiple IGF-1 binding proteins.107 Crucially,

IGF-1 and growth hormone have a reciprocal relationship (referred to as the

somatotrophic axis), where one mediates the production and function of the other; and

this lifelong relationship is believed to not only influence growth and development, but

also determine some longevity and ageing processes.108

Principally recognised as a growth hormone, IGF-1 plays an integral role in mediating

the role of growth hormone in prenatal growth and development,109,110 and while it is

more abundantly available in the early years, it continues to affect function and growth

through the lifetime. It has been ascertained that IGF-1 directly controls prenatal growth

with little input from growth hormone, a role which recedes after infancy and childhood,

where growth hormone is the driving force for growth and development.111 Subsequently,
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serum levels of IGF-1 increase during childhood, peaking in puberty in tandem with

height velocity, and remaining like this until approximately a year after the height surge

has ceased.112,113 Following this peak, IGF-1 levels return to pre-pubertal levels, and

continue to decline with increasing age.114

IGF-1 is a potent mediator of cell mitosis and inhibits apoptosis, and is necessary for cell

differentiation in normal tissue.115 Elevated IGF-1 levels are associated with increased

skeletal muscle and tissue growth,116,117 bone mineral density,118 and risk of selected

malignancies,119,and cardiovascular disease.120 Meanwhile, low levels of IGF-1 have

been implicated in a number of vascular pathologic states, including atherosclerosis,

hypertension and stenosis, as well as angiogenesis and vascular growth responses in

insulin-deficient diabetes and hyperinsulinemia. 121,122 Some studies have also shown an

association between low IGF-1 and angiographically documented coronary artery

disease, ischemic heart disease and myocardial infarction.123 With increasing age, as both

growth hormone and IGF-1 production reduce124, pathophysiological and functional

changes such as loss of muscle mass, skin thickness, and bone mineral content

advance.125, 126 Intriguingly, a meta-analysis of data from 12 studies illustrated that both

low and high levels of IGF-1 were associated with increase mortality in the general

population, and U-shaped patterns of association were observed for cancer and CVD in

particular.127

4.1.2 Insulin-like Growth Factor 1 and depression

Although the aetiological role of weight, height, genetics, inflammation and several

biomarkers in the development of depression has been examined,128 relatively less

attention has been paid to biological risk factors as a whole. Initial indications that IGF-

1 may play a role in the development of depression in humans were observed in clinical
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studies where depressed patients exhibited markedly elevated plasma IGF-1 levels,

compared to healthy controls.129,130 Subsequently, it was also identified that IGF-1 levels

decreased during acute changes of stress related hormones such as cortisol and

norepinephrine, once again indicating that IGF played a role in the pathophysiology of

mood disorders.131

While the exact molecular and cellular basis of depression is not fully understood, it is

characterised as the loss of control of psychological homeostasis, which is believed to

result from a multifactorial interplay of neurochemical and/ or neuropeptide imbalances;

particularly in the hippocampal region,132 often connected with lifecourse and/ or

environmental stressors, and possibly involving genetic vulnerability and affective

temperament.133 Specifically, disruptions in neuronal production (neurogenesis), and the

integrity of the pathways and synapses formed by those neurons (neural plasticity) in the

hippocampal region, are believed to play a significant role in the development of

depression.134,135

Although the hippocampus mainly performs an important role in memory and learning,

there is evidence that in disorders such as major depression, schizophrenia and bipolar

disorder, the hippocampal complex is reduced in volume,136 a state which is believed to

be partially dependent upon reduced neuronal production, growth, survival and

function.137,138,139 Known precursors for this state include neutrophic factors; a term

which includes all biomolecules that are responsible for the growth and survival of

neurons, such as IGF-1.140

IGF-1 is an important mediator of brain function through a number of actions such as

neuroprotection, modulation of neuronal excitability, brain angiogenesis, hippocampal
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neurogenesis and neural plasticity.141 It is also believed to promote and maintain dendritic

branching, oligodendrogenesis, and is thought to regulate neurogenesis in a dose-

dependent manner.142 Serum IGF-1, which crosses the blood brain barrier, is needed in

the adult brain for both basal hippocampal neurogenesis and exercise-induced increases

of neurogenesis.143 With increasing age, reduction in IGF-1 results in the reduction of

hippocampal neurogenesis, and neuroprotection;144 changes which are believed to be

important factors in precipitating episodes of depression.145

4.1.3 Animal and laboratory based studies of the relationship between IGF-1 and

depression

To date, trials to investigate the effect of IGF-1 on depression have only been carried out

in mammals. Evidence from rodent studies showed that the dysregulation of IGF-1

results in marked changes in not only learning and memory, but also in mood. IGF-1

deficient mice displayed worse learning capability and memory skills compared to age-

matched control littermates.146 With regards to mood, it was observed that application of

a viral vector to drastically reduce circulating IGF-1 levels resulted in mice showing signs

of depression as assessed using standard laboratory mood tests such as the forced swim

and tail suspension tests. Furthermore, mice whose IGF-1 had been knocked out

exhibited greater immobility in the forced swim test, and qualitatively similar results were

found for the tail suspension test.147

Results from studies of stressed mice showed that peripheral administration of IGF-1

produced antidepressant-like behaviour, indicating that IGF-1 could induce functional

behavioural consequences relevant to depression. Mice that were chronically treated with

IGF-1 performed better at the forced swim test than those that had not received IGF-1

infusions. The effect seen was similar to that observed in other studies where mice had
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been treated with known antidepressants.148, 149 A similar study of stressed rats that were

treated with IGF-1 and brain-derived neutrophic factor infusions illustrated that the two

had similar odds of improving mood as measured by the forced swim test, relative to mice

that received no treatment.150

Evidence from laboratory studies suggests that expression and function of IGF-1 is

similar in humans and rodents.151,152 In laboratory-based experimental studies of humans,

through a range of mechanisms such as altered neuroprotection, modulation of neuronal

excitability, brain angiogenesis, hippocampal neurogenesis and neuroplasticity,153,154

alterations of IGF-1 levels have been linked to hippocampal dysfunction, which in turn

have been associated with mood disorders.155,156 IGF-1 expression in the hippocampus

has also been found to be reduced in sufferers of depression, and enhanced by the

administration of antidepressants.157

4.1.4 Human studies of the association between IGF-1 and depression

Clinical studies of humans have produced apparently contradictory findings of the effects

of the somatrotrophic axis on depressive disorders. While potentially a result of social

inequalities, individuals with conditions related to growth hormone deficiencies such as

dwarfism are known to report higher lifetime affective disorders than the general

population. Of note, treatment of these individual with growth hormone infusions have

been proven to result in improvements in perceived energy levels and elevation in mood

compared to those treated with a placebo.158 As with growth hormone deficient

individuals, higher lifetime affective disorders were also often reported by individuals

with conditions of growth hormone excesses such as acromegaly,159 Moreover, in a study

of individuals with prior acromegaly, it was found that they reported worsening quality

of life when they experienced subsequent deficiencies in growth hormone following
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treatment for their acromegaly.160 Conversely, depressed patients whose IGF-1 levels

were significantly higher compared to their healthy controls exhibited a reduction in those

levels after successful antidepressant treatment. 161, 162

To my knowledge, two general population studies have been carried out to investigate the

association between IGF-1 and depression to date. The first consisted of 3,141

participants aged between 20 and 79 who were followed up for five years between 2002

and 2006. From this study, it was illustrated that low IGF-1 levels in women and high

levels in men were predictive of depression.163 However, this study was somewhat

limited by the use of a non-Standard scale of measuring depression, which is of unknown

validity. Taken from the 12-item Composite International Diagnostic Screener (CID-S),

which is used in its full form as a first-line screening tool for a number of psychiatric

disorders, a two-item subset was used to assess participants for depressive disorders in

this study.

The full CID-S is a WHO tool used to screen for anxiety disorders, panic disorders, social

phobia, agoraphobia, general anxiety disorder, specific phobia, and any depressive

disorder according to the DSM-IV and ICD-10. Although the CID-S is a highly sensitive

in identifying potential cases to be followed up using a secondary tool, it is not itself a

diagnostic tool. Furthermore, the CID-S has moderate sensitivity for identifying

depressive disorders when compared with some of the other disorders it screens for.

Therefore, the two items of the CID-S used in the described study may not by themselves

be adequate as measures of depressive disorders in the manner in which they were used.164

This study was further limited by very low incidence of depressive disorders observed in

some IGF-1 categories. Indeed, only 2 male and 16 female cases with depressive disorders
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were identified in one of the three IGF-1 categories, and only 9 females and 12 males

were identified in another. This undoubtedly reduced the statistical power of the study,

and was cited by the authors as the likely explanation for the sex differences they

observed.

The second study consisted of people aged 65 years and over. Cross-sectional analyses

based on tertiles of IGF-1 in 1,188 participants indicated that men with normal IGF-1

levels were less likely to have minor depression than men with high levels. In women, a

trend toward increased probability of prevalent major depression was observed in

respondents with low IGF-1. From longitudinal analyses, it was observed that relative to

moderate levels, women with high IGF-1 values experienced an elevated risk of minor

depression.165

While participants invited to take part in this study may have been nationally

representative, bias may have been introduced to the study by non-response and loss to

follow-up. According to the authors, non-responders (who formed 21% of the selected

sample) were older and had much higher reports of depression symptoms. Individuals

lost to follow-up for the prospective analyses were also older and had lower baseline IGF-

1 concentrations, indicating that observed associations may have been underestimated.

This second study was also limited by very low incidence of depressive disorders in some

categories of IGF-1. While only 6 participants (male and female) reported major

depression in the middle tertile, 49 reported having symptoms of depression in the same

group. With total reports of major depression amounting to 25 participants out of the

whole study sample, results were clearly subject to low statistical power.
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Accordingly, against this background of study paucity, discordant findings, and

methodological concerns, the following study details an examination of the cross-

sectional and longitudinal association between IGF-1 and depression symptoms in a large,

well-established general population-based study of older adults in England (United

Kingdom). Details of this study have been published and presented elsewhere

(appendices 1, 2, 3 and 4). 166

4.2 Aims and objectives

The aim of this present study is to investigate whether IGF-1 is associated with depression

symptoms in older people. To meet this objective, the main research questions that I

would like to answer are:

 Are individuals with depression symptoms more likely to have low serum levels

of IGF-1?

 Are individuals with low serum levels of IGF-1 more likely to develop depression

symptoms than those with normal or high levels?

 Are there gender differences in risk of depression in relation to IGF-1

4.3 Methods

4.3.1 Selection of study participants

Participants for the present study were selected from wave 4 of ELSA which took place

in 2008. A more detailed description of the ELSA sample can be found in Chapter 3.

Biological measurements in ELSA, which were taken during the nurse visit, took place

at every other wave, and measurement of serum IGF-1 levels commenced in wave 4,

which will represent the ‘baseline’ for the present analyses. All associations were

analysed according to quintiles of IGF-1 for better categorisation of results while allowing
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for some comparison according to reference ranges and ensuring adequate sample

numbers in each category. Similar categorisation has been used in other studies of ageing

and psychological function in relation to IGF-1.167 Depression was measured at baseline,

and at follow-up; which for the purposes of this study, occurred at wave 6.

In Figure 4, the process for selection of participants from core ELSA participants to this

present study is illustrated. Of 11,233 participants who were recruited to ELSA in 2002

and had not responded via a proxy, 1,347 had been lost to follow-up by 2008. Of the

remainder, 1,688 participants declined a visit from the nurse in wave 4, and were thus

excluded because of lack of IGF-1 values. A total of 2,593 ‘refresher’ participants who

had consented to a nurse visit (744 recruited in 2006 and 1,849 in 2008) were added to

the original core participants, resulting in 8,218 participants that were eligible for

investigation of the association between IGF-1 and depression symptoms.

Following the nurse visit, a total of 2,158 participants were excluded from the study as

they did not have IGF-1 values. This comprised people who declined to give blood (771),

blood sample which were either unsuitable for processing or were lost in transit (395), or

failure to obtain blood sample from a participant who had consented (992). Also excluded

were participants who had missing values for depression symptoms (43). None of the

participants had missing data for physician-diagnosed depression at baseline. The cross-

sectional sample therefore comprised 6,017 study members from data collection in 2008.

Participants for longitudinal analysis comprised those participants from cross-sectional

analyses as described above, but included only those participants who had values for

depression at follow-up. In these analyses, IGF-1 values were based on measures taken

in 2008 and were related to new (incident) cases of depression at resurvey in 2012. In
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deriving new cases of depression participants who were classed as depressed in 2008 were

excluded; limiting longitudinal analyses to only those participants who were free from

depression at baseline. This resulted in samples of 4,419 for analysis of depression

symptoms and 4,768 for physician-diagnosed depression.

4.3.2 Exposure: Measurement of IGF-1

Whole blood samples were collected from study members and transported to a single

laboratory where serum was separated, frozen at 40oC, and batch-assayed (completed in

2008) using the DPC Immulite 2000 method. The inter-assay coefficient of variation for

IGF-1 across a range of levels was <=3.7%, and the intra-assay coefficient of variation

was <=5.3%. IGF-1 values are reported as whole numbers (range: 3 to 200 nanomoles

per litre [nmols/l]).168 In the ELSA sample, all participants with IGF-1 values recorded

as ‘less than 3’ were assigned a value of 2nmols/l.

4.3.3 Outcomes: Depression symptoms and physician-diagnosis of depression

The main outcome in these analyses is depression symptoms, which were measured using

the 8-item CES-D, which is described in detail in Chapter 3.3. Physician diagnosis of

depression (also described in Chapter 3.3) was used as a comparator for these present

analyses.

4.3.4 Covariates

Covariates, which included potential confounders, were grouped according to theme.

Anthropometric measures comprised height and weight which were measured during the

nurse visit; body mass index (BMI) (kilograms/metre2) was calculated by dividing each

individual’s measured weight by height squared. Psychosocial factors were: level of

education (no qualification, completed secondary [high school] education, educated
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beyond secondary education but below degree level, and educated beyond degree level);

quintiles of net non-pension wealth (derived from an estimation of financial wealth and

physical assets reported by study participants and their partners, excluding pension

savings and net of debts such as credit cards and loans);169 and marital status (currently

living with a partner or not).

Health-related behaviours comprised: smoking status (current, ex-smoker, and never),

frequency of alcohol consumption in the past year (less than daily/ daily, with

consumption on at least 5 days of the week being classed as daily consumption), and

leisure time physical activity (low/sedentary, moderate or high activity of exercises such

as jogging, cycling, gardening, walking). Comorbidities were self-reported physician-

diagnosis of cancer, diabetes or cardiovascular disease (heart murmur, ischaemic heart

disease, abnormal heart rhythm, stroke, valvular heart disease or any other reported heart

disease).

4.3.5 Statistical Analysis

Multivariable logistic regression analyses were used to summarise the association of IGF-

1 levels with both depression outcomes. The lowest quintile of IGF-1 was used as the

referent. There is existing evidence of differential IGF-1–depression relationships in men

and women80 so I present gender-specific analyses here also. Adjustments for known

confounders were carries out in a stepwise manner. In these analyses, depression

symptomatology was the primary outcome, with physician-diagnosed depression used to

test convergence of evidence.
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Figure 4: Derivation of the analytical sample for cross-sectional (2008) and
longitudinal (2012) analyses of the association between serum IGF-1 and
depression in 2012: the English Longitudinal Study of Ageing

a All participants had information on doctor-diagnosis of depression both at baseline and
follow-up

4.4 Results

4.4.1 Baseline characteristics of study participants

In table 3 (women) and table 4 (men), I present baseline study participant characteristics

according to IGF-1 quintiles. As expected, mean IGF-1 values were higher in men

Depression symptoms at
baseline (N=600) Physician-diagnosis

of depression at
baseline (N=287)

Longitudinal analysis of IGF-1 and
physician-diagnosed depression a

Longitudinal analysis of IGF-1
and depression symptoms

Missing IGF-1 values
(N=2,158)

Missing CES-D values (N=43)

Participants who were followed up in 2012 (N=5,055)

Missing CESD (depression
symptom score) in 2012

(n=36)

Sample for longitudinal analysis of the odds
of developing new depression symptoms in

2012 (N=4,419 [2,343 women])

Sample for longitudinal analysis of the
odds of reporting new physician-diagnosis
of depression (N=4,768 [2,607 women])

Core participants of the English Longitudinal
Study of Ageing, 2008 (N=8,218)

Loss to follow-up (N=962)

Cross-sectional study sample (N=6,017)

Core participants of the English Longitudinal Study of Ageing, 2002(N=11,391)

Refreshers, 2006 (N=744)

Loss to follow-up (N=1,347)

Refreshers, 2008 (N=1,849)

Loss to follow-up (N=1,347)
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(16.5nmols/l) than women (15.2nmols/l). In both men and women, IGF-1 was inversely

associated with age and directly related to height. With regards to somatic conditions,

while less than 10% of participants reported having either cancer or diabetes, there was a

suggestion that the greatest proportions of sufferers from either disorder had

measurements on either extreme of the IGF-1 continuum. Individuals who reported

having cardiovascular disease, who constituted almost a quarter of ELSA participants,

were also more likely to have IGF-1 measurements in the lowest or highest quintiles of

IGF-1.

A socio-economic gradient for IGF-1 levels was observed in participants with the lowest

wealth and lowest education, who tended to also have IGF-1 levels in the lowest quintile.

Although there was no obvious pattern for distribution of IGF-1 levels according to

cohabiting status, having IGF-1 levels in the lowest quintile was typically more prevalent

in both men and women who did not have a live-in partner.

A total of 776 participants (12.9%) were ‘cases’ for depression symptoms at baseline

(71.8% were female), and 344 (5.7%) participants reported physician-diagnosis of

depression. A higher prevalence of individuals who reported either high depression

symptoms or self-declared physician-diagnosed depression was apparent in the lowest

and highest quintiles of IGF-1 although the differences across groups were not

considerable.

Men and women who were either sedentary or partook in low levels of physical

activity were inclined to very low levels of IGF-1, following which they would

most likely belong in the highest quintile of IGF-1. In both males and females,

current smokers tended to have IGF-1 levels in the highest quintile. There was a
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suggestion that women who reported drinking alcohol everyday were more likely

to have IGF-1 levels in the highest quintile, while the opposite was true for male

drinkers.

4.4.2 IGF-1 and depression symptoms: cross-sectional analyses

In Table 5, the computation of odds ratios for the cross-sectional association

between IGF-1 and depression symptoms somewhat supports earlier evidence of

an elevated risk of depression symptoms at opposite ends of the IGF-1 continuum

in men and women in this study. While men with the highest IGF-1 levels were

more likely to report depression symptoms compared to all other groups after

accounting for all covariates (OR 1.54; 95% CI 0.90, 1.54), being in the lowest

quintile of IGF-1 (referent) was also associated with an elevated risk of depression

symptoms, such that individuals who had IGF-1 values in the median range were

least likely to report depression symptoms (OR 0.63; 95% CI 0.32, 1.47).

In essence, the relationship between IGF-1 and depression symptoms could be

described as U’-shaped. However, statistical significance at conventional levels

was not detected. A similar pattern of association was observed in women, but

the association was flattened after adjustment for all covariates. The observed

attenuation was mostly due to anthropometric measures, and psychosocial factors.
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Table 3: Baseline characteristics of study participants according to quintiles of serum IGF-1 in the English Longitudinal Study of
Ageing, 2008– 3,311 women

SE = Standard error

IGF-1 Quintile (range)
1

(2-11
nmols/l)

2
(12-14

nmols/l)

3
(15-16

nmols/l)

4
(17-20

nmols/l)

5
(21-65

nmols/l)

All

Number of participants 861 813 479 681 477
IGF-1, nmols/l, mean (SE) 9.2 (0.06) 13.0 (0.03) 15.5 (0.02) 18.3 (0.04) 25.2 (0.22) 15.2 (0.10)
Age, years, mean (SE) 68.7 (0.4) 66.2 (0.3) 65.1 (0.4) 64.4 (0.3) 63.2 (0.4) 65.9 (0.2)

Anthropometry mean (SE)
Height, cm 158.8 (0.3) 159.9 (0.2) 160.4 (0.3) 160.6 (0.2) 160.9 (0.3) 160.0 (0.1)
BMI, kg/m2 28.7 (0.2) 28.4 (0.2) 27.6 (0.2) 27.7 (0.2) 27.6 (0.2) 28.1 (0.1)
Comorbidities, % (SE)
Diabetes 8.5 (0.9) 6.0 (0.8) 6.9 (1.2) 5.9 (0.9) 7.8 (1.2) 7.0 (0.4)
Cancer 6.6 (0.8) 4.5 (0.7) 4.6 (1.0) 3.2 (0.7) 6.1 (1.1) 5.0 (0.4)
Cardiovascular disease 26.6 (1.5) 24.4 (1.5) 21.5 (1.9) 18.6 (1.5) 23.9 (2.0) 23.3 (0.7)

Psychosocial factors, % (SE)
Lowest wealth quintile 23.1 (1.4) 16.0 (1.3) 11.7 (1.5) 15.0 (1.4) 14.5 (1.6) 16.8 (0.7)
No educational qualifications 34.1 (1.6) 30.3 (1.6) 29.0 (2.1) 27.2 (1.7) 23.1 (1.9) 29.4 (0.8)

Lives alone 43.1 (1.7) 37.5 (1.7) 28.4 (2.1) 32.8 (1.8) 36.3 (2.2) 36.5 (0.8)
Behavioural factors, % (SE)
Sedentary or low physical activity 39.4 (1.7) 30.0 (1.6) 26.5 (2.0) 25.8 (1.7) 30.2 (2.1) 31.1 (0.8)
Current smoking 12.2 (1.1) 13.3 (1.2) 12.7 (1.5) 13.5 (1.3) 16.1 (1.7) 13.4 (0.6)
Daily alcohol intake 15.2 (1.2) 16.0 (1.3) 16.5 (1.7) 15.9 (1.4) 16.8 (1.7) 16.0 (0.6)

Depression
CESD score, mean (SE) 1.8 (0.07) 1.6 (0.07) 1.3 (0.08) 1.5 (0.07) 1.6 (0.09) 1.6 (0.03)
High depression symptoms, % (SE) 20.6 (1.3) 15.9 (1.3) 14.4 (1.6) 14.2 (1.3) 17.8 (1.5) 16.8 (0.7)

Physician-diagnosed depression, % (SE) 7.1 (0.9) 6.4 (0.9) 5.4 (1.0) 6.5 (0.9) 6.7 (1.1) 6.5 (0.4)
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Table 4: Baseline characteristics of study participants according to quintiles of serum IGF-1 in the English Longitudinal Study of
Ageing, 2008– 2,706 men

SE = Standard error

IGF-1 Quintile (range)

1
(2-11

nmols/l)

2
(12-14

nmols/l)

3
(15-16

nmols/l)

4
(17-20

nmols/l)

5
(21-65

nmols/l)

All

Number of participants 483 615 384 667 557
IGF-1, nmols/l (SE) 9.3 (0.08) 13.1 (0.03) 15.5 (0.03) 18.4 (0.04) 25.1 (0.22) 16.5 (0.11)
Age, years, mean (SE) 68.7 (0.5) 65.3 (0.4) 65.0 (0.5) 64.4 (0.3) 64.0 (0.3) 65.4 (0.2)
Anthropometry, mean (SE)
Height, cm 171.7 (0.3) 172.8(0.3) 173.8 (0.4) 173.8 (0.3) 174.2 (0.3) 173.3 (0.1)

BMI, kg/m2 28.6 (0.2) 27.8 (0.2) 27.9 (0.2) 28.0 (0.2) 27.9 (0.2) 28.0 (0.1)
Comorbidities, % (SE)
Diabetes 12.6 (1.5) 6.8 (1.0) 6.3 (1.2) 10.6 (1.2) 11.1 (1.3) 9.6 (5.7)

Cancer 4.8 (1.0) 5.4 (1.0) 4.4 (1.1) 5.2 (0.9) 4.3 (0.9) 4.9 (4.1)
Cardiovascular disease 31.5 (2.1) 24.6 (1.7) 25.7 (2.2) 26.3 (1.7) 27.2 (1.9) 26.9 (0.9)
Psychosocial factors,% (SE)
Lowest wealth quintile 18.0 (1.8) 13.3 (1.4) 14.3 (1.8) 12.0 (1.3) 13.1 (1.4) 13.9 (0.7)
No educational Qualifications 25.9 (2.0) 20.0 (1.6) 23.4 (2.1) 17.3 (1.5) 16.3 (1.6) 20.1 (0.8)
Lives alone 26.7 (2.0) 20.7 (1.6) 20.8 (2.1) 21.4 (1.6) 16.7 (1.6) 21.1 (0.8)
Behavioural factors, % (SE)
Sedentary or low physical activity 26.9 (2.0) 18.4 (1.6) 22.1 (2.1) 17.4 (1.5) 21.9 (1.8) 20.9 (0.8)
Current smoking 13.7 (1.6) 12.7 (1.3) 12.8 (1.7) 11.8 (1.3) 14.0 (1.5) 12.9 (0.6)
Daily alcohol intake 28.6 (2.2) 24.7 (1.7) 27.6 (2.2) 26.4 (1.7) 24.1 (1.8) 26.1 (0.8)
Depression
CESD score, mean (SE) 1.0 (0.08) 0.9 (0.06) 0.8 (0.07) 0.9 (0.06) 1.1 (0.07) 0.9 (0.03)
High depression symptoms, % (SE) 9.3 (1.3) 7.5 (1.1) 5.7 (1.0) 6.7 (1.0) 11.0 (1.3) 8.1 (0.5)
Physician-diagnosed depression, % (SE) 5.2 (1.0) 4.2 (0.8) 4.2 (1.0) 3.9 (0.7) 6.5 (1.0) 4.8 (0.4)
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Table 5: Odds ratio (95 % Confidence Interval) for the cross-sectional association between serum IGF-1and depression symptoms:
the English Longitudinal Study of Ageing, 2008

xIGF-1 units are nmols/l
a BMI, height
bCancer, diabetes, cardiovascular disease
c Own wealth quintile per benefit unit (unit is a couple or single person along with their dependent children), education level
dAlcohol consumption, smoking, physical activity

IGF-1 Quintile (range)x

1
(2-11)

2
(12-14)

3
(15-16)

4
(17-20)

5
(21-65)

P-value for
linearity

P-value for
quadratic

Women (analytical sample)

Adjustments Age (3,311) 1 (ref) 0.76
(0.58, 0.97)

0.69
(0.50, 0.93)

0.68
(0.52, 0.90)

0.91
(0.68, 1.22)

0.027 0.009

Age, Anthropometric
measuresa

(3,181)

1 0.79
(0.61, 1.02)

0.74
(0.54, 1.01)

0.72
(0.54, 0.95)

0.96
(0.71, 1.30)

0.061 0.037

Age, Co-morbiditiesb

(3,308)
1 0.75

(0.58, 0.96)
0.68

(0.50, 0.92)
0.69

(0.52, 0.91)
0.89

(0.66, 1.19)
0.031 0.012

Age, Psychosocial factorsc

(3,162)
1 0.81

(0.62, 1.06)
0.79

(0.57, 1.09)
0.73

(0.55, 0.98)
0.96

(0.70, 1.30)
0.494 0.026

Age, Behavioural factorsd

(2,920)
1 0.77

(0.58, 1.02)
0.76

(0.55, 1.06)
0.76

(0.56, 1.02)
0.91

(0.66, 1.25)
0.080 0.078

Adjusted for all covariates

(2,691)
1 0.86

(0.63, 1.16)
0.90

(0.63, 1.29)
0.85

(0.62, 1.29)
1.00

(0.71, 1.41)
0.756 0.199

Men (analytical sample)

Adjustments Age
(2,706)

1 (ref) 0.75
(0.49, 1.16)

0.56
(0.33, 0.95)

0.66
(0.43, 1.02)

1.12
(0.74, 1.69)

0.008 0.004

Age, Anthropometric
measuresa

(2,627)

1 0.85
(0.54, 1.34)

0.62
(0.35, 1.09)

0.79
(0.50, 1.25)

1.26
(0.81, 1.96)

0.037 0.011

Age, Co-morbiditiesb

(2,696)
1 0.76

(0.49, 1.18)
0.58

(0.34, 0.98)
0.64

(0.41, 0.99)
1.11

(0.73, 1.68)
0.009 0.003

Age, Psychosocial factorsc

(2,592)
1 0.85

(0.54, 1.34)
0.61

(0.35, 1.06)
0.75

(0.47, 1.19)
1.30

(0.90, 2.16)
0.015 0.045

Age, Behavioural factorsd

(2,377)
1 0.68

(0.40, 1.16)
0.57

(0.31, 1.06)
0.71

(0.43, 1.18)
1.32

(0.83, 2.12)
0.008 0.052

Adjusted for all covariates

(2,227)
1 0.84

(0.47, 1.50)
0.63

(0.32, 1.24)
0.84

(0.48, 1.47)
1.54

(0.90, 2.64)
0.039 0.153
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Table 6: Odds ratio (95 % Confidence Interval) for the longitudinal association between serum IGF-1 in 2008 and new depression
symptoms in 2012: the English Longitudinal Study of Ageing

xIGF-1 units are nmols/l
a BMI, height
bCancer, diabetes, cardiovascular disease
c Own wealth quintile per benefit unit (unit is a couple or single person along with their dependent children), education level
dAlcohol consumption, smoking, physical activity

IGF-1 Quintile (range)x

1
(2-11)

2
(12-14)

3
(15-16)

4
(17-20)

5
(21-65)

P-value for
linearity

P-value for
quadratic

Women (analytical sample)

Adjustments Age
(2,343)

1 (ref) 0.88
(0.60, 1.29)

0.77
(0.51, 1.16)

0.84
(0.53, 1.35)

0.95
(0.60, 1.50)

0.647 0.027

Age, Anthropometric
measuresa

(2,276)

1 0.84
(0.57, 1.25)

0.76
(0.50, 1.16)

0.84
(0.52, 1.36)

0.93
(0.58, 1.48)

0.652 0.033

Age, Co-morbiditiesb

(2,342)
1 0.86

(0.58, 1.26)
0.77

(0.51, 1.16)
0.84

(0.53, 1.35)
0.94

(0.60, 1.49)
0.649 0.014

Age, Psychosocial factorsc

(2,243)
1 0.90

(0.60, 1.34)
0.86

(0.56, 1.30)
0.90

(0.55, 1.45)
1.06

(0.66, 1.69)
0.816 0.026

Age, Behavioural factorsd

(2,116)
1 0.91

(0.61, 1.35)
0.76

(0.49, 1.17)
0.86

(0.52, 1.40)
0.93

(0.58, 1.51)
0.915 0.029

Adjusted for all covariates (1,
969)

1 0.86
(0.56, 1.31)

0.78
(0.50, 1.23)

0.87
(0.52, 1.46)

0.94
(0.56, 1.57)

0.922 0.008

Men (analytical sample)

Adjustments Age
(2,076)

1 (ref) 0.51
(0.28, 0.91)

0.50
(0.27, 0.92)

0.63
(0.35, 1.15)

0.63
(0.35, 1.13)

0.126 0.002

Age, Anthropometric
measuresa

(2,042)

1 0.51
(0.28, 0.94)

0.50
(0.27, 0.93)

0.66
(0.36, 1.20)

0.63
(0.34, 1.14)

0.142 0.002

Age, Co-morbiditiesb

(2,070)
1 0.52

(0.29, 0.94)
0.56

(0.24, 0.85)
0.64

(0.35, 1.16)
0.65

(0.36, 1.16)
0.098 0.002

Age, Psychosocial factorsc

(2,031)
1 0.53

(0.29, 0.97)
0.54

(0.29, 0.99)
0.62

(0.33, 1.17)
0.68

(0.37, 1.24)
0.173 0.001

Age, Behavioural factorsd

(2,076)
1 0.52

(0.27, 0.99)
0.49

(0.25, 0.96)
0.67

(0.35, 1.30)
0.58

(0.30, 1.11)
0.165 0.001

Adjusted for all covariates
(1,765)

1 0.51
(0.25, 1.02)

0.50
(0.22, 0.95)

0.67
(0.33, 1.33)

0.60
(0.30, 1.19)

0.072 0.003
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4.4.3 IGF-1 and depression: prospective analyses

In total, of the 4419 individuals free from depression symptoms at baseline, 333 individuals

(223 female) reported new symptoms of depression at follow-up. In Table 6, the association

between IGF-1 and depression symptoms after 4 years of follow-up in participants initially free

of depression symptoms at baseline (longitudinal analyses) is depicted. A ‘U’-shaped pattern

of risk was again observed for the IGF-1–depression association in both genders based on

symptomatology. In this instance however, after adjusting for all covariates, men with very

low IGF-1 levels (referent) were more likely to develop depression symptoms compared to men

with IGF-1 levels were in the highest quintile (OR 0.60; 95% CI 0.30, 1.19). Having IGF-1

levels in the median range was associated with a 50% lower risk of developing depression

symptoms after 4 years of follow-up (OR 0.50; 95% CI 0.22, 0.95), compared to having IGF-1

values in the lowest quintile.

In women, risk of developing depression symptoms was similarly elevated for participants

whose IGF values in the lowest and highest quintile, while those in the middle quintile were

associated with the lowest risk. However, statistical significance at conventional levels was not

apparent for these results. There was no statistical evidence that gender modified the IGF-1–

depression association (p-value for interaction for the multiply adjusted odds of developing

depression symptoms was 0.531)

4.4.4 Sensitivity analyses

Analyses of both cross-sectional and longitudinal associations between IGF-1 and

depression were carried out once again as above, with physician diagnosed depression as the

outcome. As presented in table 7, in cross-sectional analyses, a ‘U’-shaped pattern of
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association was apparent in men, such that individuals with IGF-1 levels in the highest

quintile (with lowest quintile as referent) had the highest risk of reporting diagnosis of

depression (OR 1.04; 95% CI 0.54, 2.00) after adjusting for all covariates. Men with IGF-1

values in the median range had the lowest risk of reporting diagnosis of depression (OR 0.75;

95% CI 0.35, 1.59).

After adjusting for all covariates, women with IGF-1 levels in the lowest quintile were most

likely to report physician-diagnosis of depression (referent), followed by those with levels

in the second quintile (OR 0.75; 95% CI 0.44, 1.27). Although risk of depression was lower

above the 1st quintile, the relationship between IGF-1 and depression in this instance would

more appropriately be described as a reverse J-shape, since the lowest risk of physician

diagnosed depression was observed in the 5th quintile (OR 0.75; 95% CI 0.49, 1.43). The

relationship between IGF-1 and depression was most attenuated by psychosocial factors.
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Table 7: Odds ratio (95%Confidence Interval) for the cross-sectional association between serum IGF-1 levels and physician-
diagnosed depression: the English Longitudinal Study of Ageing, 2008

xIGF-1 units are nmols/l
a BMI, height
bCancer, diabetes, cardiovascular disease
c Own wealth quintile per benefit unit (unit is a couple or single person along with their dependent children), education level
dAlcohol consumption, smoking, physical activity

IGF-1 Quintile (range)x

1
(2-11)

2
(12-14)

3
(15-16)

4
(17-20)

5
(21-65)

P-value
for

linearity

P-value for
quadratic

Women (analytical sample))

Adjustments Age
(3,311)

1 (ref) 0.82
(0.56, 1.21)

0.66
(0.41, 1.07)

0.78
(0.52, 1.16)

0.77
(0.49, 1.20)

0.642 0.508

Age, Anthropometric
measuresa

(3,181)

1 0.80
(0.54, 1.19)

0.67
(0.41, 1.08)

0.75
(0.50, 1.15)

0.75
(0.47, 1.19)

0.662 0.671

Age, Co-morbiditiesb

(3,308)
1 0.84

(0.57, 1.23)
0.68

(0.42, 1.09)
0.80

(0.53, 1.21)
0.77

(0.49, 1.21)
0.683 0.676

Age, Psychosocial factorsc

(3,162)
1 0.87

(0.58, 1.30)
0.73

(0.44, 1.20)
0.81

(0.53, 1.24)
0.75

(0.46, 1.20)
0.396 0.611

Age, Behavioural factorsd

(2,920)
1 0.80

(0.52, 1.22)
0.71

(0.43, 1.18)
0.77

(0.49, 1.20)
0.78

(0.48, 1.26)
0.169 0.488

Adjusted for all covariates
(2,691)

1 0.88
(0.56, 1.38)

0.83
(0.49, 1.43)

0.86
(0.53, 1.38)

0.75
(0.44, 1.27)

0.483 0.794

Men (analytical sample)
Adjustments Age (2,706) 1 (ref) 0.71

(0.40, 1.25)
0.68

(0.36, 1.31)
0.63

(0.36, 1.11)
1.05

(0.62, 1.79)
0.128 0.848

Age, Anthropometric
measuresa

(2,627)

1 0.78
(0.44, 1.40)

0.69
(0.35, 1.36)

0.65
(0.36, 1.17)

1.07
(0.62, 1.87)

0.193 0.865

Age, Co-morbiditiesb

(2,696)
1 0.72

(0.40, 1.26)
0.69

(0.36, 1.32)
0.61

(0.34, 1.08)
1.02

(0.60, 1.75)
0.135 0.841

Age, Psychosocial factorsc

(2,592)
1 0.74

(0.41, 1.36)
0.69

(0.35, 1.37)
0.63

(0.34, 1.17)
1.30

(0.74, 2.28)
0.003 0.738

Age, Behavioural factorsd

(2,377)
1 0.72

(0.38, 1.37)
0.81

(0.40, 1.63)
0.71

(0.38, 1.33)
1.05

(0.58, 1.91)
0.420 0.469

Adjusted for all covariates
(2,227)

1 0.75
(0.37, 1.51)

0.75
(0.35, 1.59)

0.64
(0.32, 1.28)

1.04
(0.54, 2.00)

0.353 0.598
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Table 8: Odds ratio (95% Confidence Interval) for the longitudinal association between serum IGF-1 levels in 2008 and new
reports of physician-diagnosed depression in 2012: the English Longitudinal Study of Ageing

xIGF-1 units are nmols/l
a BMI, height
bCancer, diabetes, cardiovascular disease
c Own wealth quintile per benefit unit (unit is a couple or single person along with their dependent children), education level
dAlcohol consumption, smoking, physical activity

IGF-1 Quintile (range)x

1
(2-11)

2
(12-14)

3
(15-16)

4
(17-20)

5
(21-65)

P-value for
linearity

P-value for
quadratic

Women (analytical sample)

Adjustments Age
(2,607)

1 (ref) 0.62
(0.32, 1.20)

0.65
(0.33, 1.28)

0.62
(0.28, 1.38)

0.77
(0.38, 1.58)

0.527 0.925

Age, Anthropometric
measuresa

(2,168)

1 0.56
(0.28, 1.11)

0.59
(0.29, 1.17)

0.60
(0.27, 1.33)

0.74
(0.36, 1.52)

0.369 0.824

Age, Co-morbiditiesb

(2,605)
1 0.64

(0.33, 1.26)
0.69

(0.35, 1.36)
0.67

(0.30, 1.48)
0.77

(0.38, 1.57)
0.655 0.840

Age, Psychosocial factorsc

(2,492)
1 0.52

(0.25, 1.07)
0.64

(0.32, 1.29)
0.58

(0.25, 1.34)
0.78

(0.37, 1.60)
0.315 0.880

Age, Behavioural factorsd

(2,346)
1 0.49

(0.24, 1.01)
0.58

(0.28, 1.18)
0.68

(0.31, 1.53)
0.63

(0.29, 1.36)
0.046 0.874

Adjusted for all covariates
(2,176)

1 0.39
(0.17, 0.89)

0.51
(0.23, 1.09)

0.65
(0.28, 1.53)

0.61
(0.28, 1.34)

0.174 0.820

Men (analytical sample)

Adjustments Age
(2,161)

1 (ref) 1.29
(0.48, 3.49)

1.04
(0.37, 2.98)

1.21
(0.42, 3.44)

0.35
(0.09, 1.41)

0.290 0.103

Age, Anthropometric
measuresa

(2,120)

1 1.33
(0.49, 3.58)

1.06
(0.37, 3.03)

1.22
(0.43, 3.50)

0.36
(0.09, 1.47)

0.283 0.114

Age, Co-morbiditiesb

(2,155)
1 1.34

(0.49, 3.62)
1.08

(0.38, 3.08)
1.23

(0.43, 3.52)
0.36

(0.09, 1.45)
0.278 0.111

Age, Psychosocial factorsc

(2,077)
1 1.37

(0.50, 3.72)
0.82

(0.27, 2.50)
1.30

(0.45, 3.75)
0.38

(0.09, 1.53)
0.649 0.029

Age, Behavioural factorsd

(1,928)
1 1.15

(0.38, 3.49)
1.08

(0.35, 3.36)
1.31

(0.42, 4.11)
0.38

(0.09, 1.63)
0.563 0.128

Adjusted for all covariates
(1,823)

1 1.34
(0.43, 4.15)

0.92
(0.27, 3.14)

1.52
(0.48, 4.84)

0.45
(0.10, 1.97)

0.686 0.024
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In total, 113 individuals (74 female) reported that they had been diagnosed with

depression by a physician, out of the 4,768 individuals free from depression

symptoms at baseline. In longitudinal analyses (table 8), as with depression

symptoms, a relationship that could be described as U-shaped was observed for

the association between IGF-1 and physician-diagnosed depression; but only in

women. Following adjustment for all covariates, women with IGF-1 levels in

the lowest quintile (referent) were at highest risk of reporting new diagnosis of

depression, while those with levels in the 2nd quintile had the lowest risk (OR

0.39; 95% CI 0.17, 0.89) out of all five quintiles. There was little evidence that

IGF-1 was associated with new diagnosis of depression in men as level of risk

fluctuated indeterminately across the quintiles. There was no statistical evidence

that gender modified the IGF-1–depression association (p-value for interaction

after adjustment for all covariates was 0.275).

4.5 Discussion

4.5.1 Main findings of IGF-1 study

The aim of this present study was to investigate whether serum levels of IGF-1

are associated with depression symptoms in older people. The main finding was

that, for individuals aged 50 years and over, having serum IGF-1 levels at

opposing ends of the continuum was associated with a slightly higher risk of

depression symptoms; a relationship best described as U-shaped. Similar results

were at times apparent for physician-diagnosis of depression, where a U-shaped

of association was observed in cross-sectional analysis of men, and prospective

analysis of women.
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4.5.2 Comparison with existing studies

The results from this study partially accord with the two population studies on IGF-1

and depression of which I am aware. When compared with data from the Study of

Health in Pomerania in Germany,163 these results were in concordance with the finding

that having low levels of circulating IGF-1 was associated with higher risk of developing

depression symptoms among women. This present study also highlighted a similar

association in men. Present findings were also in partial accordance with evidence from

The Longitudinal Aging Study Amsterdam,165 where associations were found between

median levels of IGF-1 and lower risk of both prevalent and incident depression

symptoms in women. Once again, the main difference with this present study is that

median levels of IGF-1 were associated with lower risk of depression in both men and

women.

The ‘U’-shaped relationship identified between IGF-1 and depression symptoms is

supported by observations of increased reports of lifetime affective disorders in

individuals with lower (pituitary dwarfism) and higher (acromegaly) levels of this

growth hormone.170,171,172 As existent general population studies also partially support

this U-shaped association between low and high levels of IGF-1, the differential results

identified in either study for men and women may be due to statistical instability, and

warrants further exploration.

To directly compare the findings, I re-categorised IGF-1 levels in ELSA participants to

match the methodology used in the previous studies. In the first instance, as per Sievers

et al, I categorised IGF-1 levels at baseline as <10th percentile, between the 10th and the

90th percentile and >90th percentile. Patients with IGF-1 levels between the 10th and
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90th percentile were used as the reference group.163 The results of these analyses in ELSA

participants showed that, after 4 years of follow-up, the age-adjusted ORs (95% CI) of

depression symptoms for the lowest and highest tenth percentiles of IGF-1 among men

were 2.26 (1.25, 4.09) and 1.51 (0.86, 2.68), respectively when compared with those with

intermediate levels; while the corresponding results in women were 1.38 (0.93, 2.07) and

1.27 (0.77, 2.10).

Following this, as per van Varsseveld et al, I categorised IGF-1 levels into tertiles, with

the last tertile representing the highest IGF-1 concentrations.165 From these analyses,

when compared with the middle tertile, the ORs (95% CI) of depression for the lowest

and highest tertiles of IGF-1 among men were 1.14 (0.72, 1.80) and 0.89 (0.55, 1.43)

respectively, and corresponding results for women were 1.08 (0.79, 1.49) and 1.14 (0.79,

1.65). Indeed, the combined findings from the two re-categorisation exercises still

indicated that having very low and very high IGF-1 levels was associated with increased

odds of depression symptoms.

The results from the present analyses are however, partially in contrast with the results

from the handful of case-control studies where IGF-1 levels were found to be elevated in

patients diagnosed with depression by a physician, compared with healthy controls.161,162

In the present study, participants were more likely to report that they had already been

diagnosed with depression by a physician if they had low levels of IGF-1. Moreover, at

follow-up, men who reported new diagnosis of depression were likely to have moderate

IGF-1 levels. These results, particularly at follow-up, are likely be due to less statistical

power, especially in men, as fewer individuals in ELSA reported diagnosis of depression

than reported having symptoms of depression; a scenario often replicated in the elderly
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community.173 As a U-shape pattern of association was indeed observed for IGF-1 and

physician-diagnosed depression in women (with more statistical power) at follow-up, it

is conceivable that a U-shape likely described the relationship between serum levels of

IGF-1 and both diagnosed and undiagnosed depression in both and women.

4.5.3 Antidepressant us and depression state

Possible explanation for inconsistencies in the association between IGF-1 and depression

may be due to use of anti-depressants (which was especially explicit in case control

studies)161,162 and their effect on circulating IGF-1 levels. Unfortunately, the role of anti-

depressant medication in the relationship between serum IGF-1 levels and depression has

often received little attention through the years,174,175 leading to scant evidence of

uncertain value. In addition to indicating that increased levels of IGF-1 reduced

symptoms of depression, evidence from animal studies also illustrates how

antidepressants may improve expression of IGF-1 and other neutrophic and growth

factors in the hippocampus, such that subjects that were given anti-depressants were also

more likely to have elevated levels of IGF-1.148 However, as well as it not being clear

whether this would also affect serum levels of IGF-1, there have been suggestions that

the animal models used in this context were not relevant to humans.176

Indeed, from the present study, having high levels of IGF-1 (as with low) was associated

with increased risk of depression symptoms. While anti-depressant use was not recorded,

these findings are in partial accord with the results of a large study of the use of

antidepressants, where anti-depressant medication-free individuals with current

depressive or anxiety disorders – either analysed apart or grouped together – had higher

plasma IGF-1 levels compared with healthy controls. Present findings also partially
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accord with evidence that depressed individuals who used antidepressants had lower

plasma IGF-1 levels relative to controls; a relationship that appeared to be present for

most classes of antidepressants and several medications.177

To further illustrate the complexity of the IGF-1, depression and antidepressant

relationship, it has been proposed that antidepressant use may actually lower peripheral

IGF-1 levels both directly, and may indirectly lower GH secretion, resulting in reduced

IGF-1 production. However, while reduction of GH indeed has been observed in some

studies of some antidepressants,178 others have demonstrated a blunted response in

premenopausal women but not in men,179 while some even indicated an increase in GH

in the elderly population.180 The impact of anti-depressant use on the association between

IGF-1 and depression symptoms observed in this present study is unclear.

Participants selected for this investigation were free from depression symptoms and did

not report prior diagnosis at baseline, meaning they were unlikely to be consuming anti-

depressants. However, it remains plausible that participants may have been prescribed

anti-depressants for mood symptoms without being directly given a diagnosis, or that they

were prescribed anti-depressants for disorders unrelated to depression, as indications for

these are numerous.181 In the case that participants were prescribed anti-depressants for

previous mood disorders, the likely effect of this would be to weaken present findings, as

the real association between anti-depressants use, IGF-1 levels and depression may have

created a misleading (confounded) representation of the relationship between IGF-1 and

depression. However, this scenario may only apply to a minority of participants, and the

observed relationship should not be discounted.
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While the effect sizes observed for the associations between IGF-1, depression and use

of anti-depressants are often small, the combined evidence may indicate either i)

divergence in the relationship between IGF-1 and depression between rodents and

humans, ii) complex mechanisms of anti-depressant function through other biological

factors, or iii) insufficient capacity of serum measures of IGF-1 to elucidate the

relationship with depression in humans. Indeed, it has been argued that cerebrospinal

levels of IGF-1 are more relevant in discussions related to psychological homeostasis.182

Additionally, while evidence from case/ control studies indicates IGF-binding proteins

are no different between depressed and non-depressed subjects (whose circulating IGF-1

levels differ),161 it has been argued that serum IGF-1 may not directly reflect the level of

bioactive IGF-1 and that the levels of IGF-binding proteins (IGFBPs) which modulate the

bioactivity and -availability of IGF-1, should also be measured.183

Based on the evidence leading up to this present study, given the neurotrophic properties

ascribed to IGF-1,141 it should be expected that depressed individuals would have lower

IGF-1 levels, which would normalise (i.e. increase) after successful antidepressant

treatment. While the use of antidepressants could not be ascertained in the present study,

it is possible that the lack of association observed prospectively for men could also be

explained by to use of and, adherence to, the antidepressant medication that would most

certainly have been provided by the clinician following diagnosis of depression. Such

responses following antidepressant therapy have indeed been observed for other

neutrophic factors such as brain-derived neutrophic factor, where evidence from meta-

analyses showed that serum levels were lower in individuals with major depression

compared to healthy controls, whereas antidepressant treatment was related to an increase

in levels.184, 185
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It is thus clear from the above that there are a multitude of variables to consider when

investigating the association between IGF-1 and depression. Additionally, it is possible

that there are other unknown biological mechanisms related to the state of being

diagnosed as depressed which cause serum IGF-1 levels to increase, implying reverse

causation in the reported case-control studies, where the depression in the cases had in

fact caused the IGF-1 levels to increase. In the present study, attempts were made to

circumvent the problem of reverse causality by utilising depression incidence as an

outcome in the longitudinal analyses; that is, new cases of depression in participants who,

at baseline, were symptom-free and had not previously reported being diagnosed with the

condition by a physician.

4.5.4 IGF-1 normal range and relation to deranged IGF-1

The association between IGF-1 and depression symptoms is difficult to interpret based

on what are classed as the normal parameters for IGF-1. This interpretation is

complicated by the fact that different reference ranges are in place for either gender.

However, the lowest quintile of IGF-1 in this study mostly consists of participants with

levels of IGF-1 below the normal range, who may be considered to be IGF-1 deficient.

My findings with regards to the association between low IGF-1 and depression therefore

partially support previous findings that IGF-1 deficient individuals report more affective

disorders than the general population.158 This association requires further investigation

in the elderly population.
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4.5.5 Strengths and Limitations

The main strength of this study is that it has a large, nationally representative sample of

people aged 50 years plus in whom there were high rates of follow up when two standard

measures of depression were administered. This study is not without limitations. The

observational nature of this study means I am not able to make any assertions about cause

and effect. Although suggestions for mechanisms of action have been posited, it remains

possible that IGF-1 levels are a proxy for other factors that are causally related to

depression (residual confounding).

Although this study was very well characterised, I was not able to control for all possible

confounders. Furthermore, although the CES-D is a widely used questionnaire in

observational studies which has been validated for the assessment of depression in general

population studies and in older people, 71, 73 it does not provide a diagnosis of depression.

Conversely, while self-reported physician-diagnosis of depression does (in principle) do

this, many people with depression do not seek medical intervention.

The use of anti-depressant medication, which also has some utility in identifying study

members with a depression diagnosis, was not gathered in ELSA. It is also the case

however, that administration of such therapy does not necessarily imply a diagnosis of

depression: anti-depressant medication can be used in the treatment of, amongst other

conditions, anxiety and chronic pain disorders. Furthermore, severe liver and kidney

disease may influence IGF-1 levels,186 but these data were not available. While

randomisation would have resulted in randomly allocated measured and unmeasured

confounding, such a design was not possible in this instance. Furthermore, random

allocation of circulating IGF-1 levels would be unethical to implement in human studies.
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Other than the above, due to the novelty of this investigation of IGF-1 in relation to

depression, it is possible that there are other confounders that have not been considered,

or even measured. Future investigations of this association using observational data could

benefit from analytical methods where allocation of characteristics can be simulated to

emulate a randomised trial, thus reducing potential bias caused by both measured and

unmeasured confounding.

Although care was taken to classify potential confounders according to validated and

previously employed measures, it remains possible that categorisations used in this study

were not optimal for elucidating an effect, or may even have introduced bias. For

instance, previous smokers could have had the same IGF-1 properties as current smokers

and consideration of them as ‘non-smokers’ could potentially have masked the

association between IGF-1 and depression. However, based on the literature, IGF-1

levels are more likely associated with current smoking, which is believed to lower

circulating levels in a dose- response manner.127 Furthermore, even the best of

categorisation is not likely to overcome the problem of under-reporting that is common

to self-reported behaviours.94,97

Finally, this present study may have been limited by the reduction of sample size effected

during selection of participants, which in turn would have reduced cases in each quintile

of IGF-1. Thus, while a U shaped association was observed, this was not statistically

significant. In particular, the highest quintile of IGF-1, where the relation with depression

is likely quite important, was affected by lower numbers of participants, which were

reflected by the wider confidence intervals. This reduction in power should be addressed
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in future investigations of the association between IGF-1 and depression, where

recruitment of a larger sample would be beneficial.
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Chapter 5: Internet use and depression symptoms

5.1 Literature review

5.1.1 The Internet and psychological well-being

A defining feature of the rapidly evolving ‘information age’, the Internet has become a

popular and commonplace medium for communication, information sharing,

transactions, and entertainment.187 Due to its popularity, concerns were raised about how

time spent on the Internet seemed to be displacing time spent on face-to-face interactions

and other physically and socially enhancing activities, thus reducing the beneficial effect

of those activities on psychological wellbeing.188 While online communication also

facilitates social interaction, relationships made or maintained online have been described

as being of poorer quality, characterised by weak ties and distorted reality, which

encourage insensitivity, alter expectations and morals, and induce identity crises.189

While useful for information and resources, these weak Internet based relationships are

often viewed as lacking with regards to qualities such as time, affection, and physical

support. 190,191

In contrast, it is proposed that the Internet has opened up doors to extended social lives

that were previously limited by geographical location192 thus apparently enriching some

social relationships. Indeed, while interactions on the Internet are viewed as devoid of

the buffering effect of strong personal relationships193 it is suggested that the types of

relationships developed on the Internet are particularly complex and varied and that given

the right combinations of personality and types of online activities, the Internet could

indeed enhance perceptions of social support.194
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In the first, and most cited, general population based study where the effect of Internet

use on psychological well-being was investigated, Kraut et al (1998) found that greater

use of the Internet was associated with increased loneliness, stress and depression. 195,196

However, the association with depression, which could only be ascribed to those whose

Internet use was defined as ‘high’, has been challenged, as analytical methods used in that

study could only describe a small effect size, suggesting that very little of the everyday

distress of the Internet users could be explained in terms of their Internet use.197

Paradoxically, Kraut et al found that Internet use tended to increase social networks and

enabled communication with family and friends.

More recently, a number of small studies modelled on the Kraut study have yielded

contradicting results,198,199,200 with the bulk of evidence (through meta-analysis)

indicating a small association between high Internet use and reduced psychological well-

being.201 Of the 40 studies included in this meta-analysis, only 3 focused on people aged

55 years and above, and none assessed the effects of Internet use on depression as

component of psychological well-being. While it was proposed that Internet use and

‘high’ Internet use may be different phenomena and should be treated as such in relation

to psychological health, the overwhelming recent global spike in Internet use volumes per

individual (and not necessarily psychological distress) suggests a lack of an exclusive

causal relationship between high Internet use and psychological health.

Some evidence of the effects of Internet use on depression and social resources in older

people can be found in a study of chronically ill individuals aged between 21 and 75+

years (43% aged 50 years and above).202 In that study, while participants who reported

having depression alone as a chronic illness also reported very high Internet use, it was
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actually those who had a different chronic illness (diabetes) that reported the most benefit

from using the Internet, suggesting that effects of Internet use could be dependent on

factors other than volume of use. Indeed, participants who reported using the Internet to

expand social circles appeared to benefit the most. Such an association is supported by

the online ‘social compensation’ theory, where people who start off with poor offline

social resources (such as those with limiting chronic illness or lifestyles which are diverse

in regards to the mainstream) are more likely to benefit the most from meeting and

interacting with people online.203

5.1.2 Older people, the Internet and depression

To my knowledge, the association between Internet use and depression has been

investigated in the elderly population twice to date, in individuals aged 50 and over living

in the United States of America. The first of these two, a cross-sectional study of 7,839

retired/ non-working participants of the Health and Retirement Study (HRS), utilised

information about Internet use and depression collected in 2006 only. From this study, it

was found that Internet use reduced the probability of depression in the elderly by 20-

28%.204 However, as Internet use was only recorded as ‘yes’ or ‘no’, the researchers

highlighted the need for further investigation using more nuanced measures of Internet

use, in order to investigate the specific aspects of Internet use that led to this benefit.

Furthermore, direction of effect could not be proven, as both Internet use and depression

were assessed on the same occasion.

The second study, also carried out using data from HRS, utilised data collected in 4 waves

of biennial interviews encompassing a 6-year period starting from 2002 to 2008.205 This

study was also restricted to non-working, retired individuals aged 50 year and above.
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Restriction was based on the hypothesis that the relationship between Internet use and

depression was mediated by social interaction, which would be present in very small

quantities, if at all, in retired participants. However, such an assumption does not take

into account the heterogeneity in retired people, among whom levels of social interaction

will vary greatly.

In that second study, while it was highlighted that current depression was dependent on

past depression to a large extent, it was also found that Internet use reduced the probability

of depression categorisation by 33% at follow-up. These findings were comparable to

those found in the initial cross-sectional study. Although the second study established

the direction of association, its results can still not be applied to all older people as

selection to the study excluded the large proportion of the older population engaged in

some form of work. Internet use in this study was once again only measured through a

single question which required a yes or no answer, asking individuals if they used the

Internet for sending or receiving emails or for any other purpose. Thus, the relationship

between Internet use and depression in older people requires further investigation.

5.2 Aims and objectives

In this the present study I will investigate the association between Internet use and the

development of depression symptoms in people aged 50 years and above; retired and non-

retired. Additionally, I will explore how the various attributes of Internet use relate to

depression symptoms in this population sub-group. While previous studies have shown

an association between Internet use and depression symptoms, my aims in carrying out

this present study are twofold. Firstly, I will investigate the longitudinal association

between Internet use and depression symptoms. Secondly, to advance on the explorations
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of previous studies, I will investigate the possible mechanisms by which Internet use may

be associated with depression. Ergo, in carrying out this investigation, I will attempt to

answer the following question: How does Internet use relate to the risk of developing

depression symptoms in older people?

As the investigation shall be carried out in two parts, I shall refer to the first set of analyses

as ‘Study 1’, which will comprise an investigation of the longitudinal association between

Internet use and the development of depression symptoms in individuals who were free

from depression at the beginning of the study. Following this, the second set of analyses,

which I shall refer to as ‘Study 2’, will comprise multiple cross-sectional investigations

of the various attributes of Internet use, and how these are associated with depression

symptoms in older people; this second investigation will be based on the conceptual

framework illustrated in figure 5. According to this framework, through multiple feed-

back processes, Internet use facilitates the widening of communication circles and social

interaction, and also avails more entertainment, improving well-being and reducing

depression. In turn, individuals who perceive increased well-being and have wider

communication circles are more likely to use the Internet to communicate and seek

entertainment. Conversely, individuals with low mood are less likely to engage with the

Internet. Thus, I will explore attributes of the Internet related to communication,

entertainment and the extent to which individuals use the Internet.
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5.3 Methods for Study 1: The association between Internet use and subsequent

development of depression symptoms 2002-2012

5.3.1 Selection of study participants

Participants for the present study of the association between Internet use and the

development of depression symptoms were selected from wave 1 of ELSA (2002). A

detailed description of the full ELSA sample is described in Chapter 3. Figure 6 displays

the selection process for the ELSA sub-sample for this present study. From the 11,391

core participants of ELSA who took part in 2002 at the beginning of the study, 158

participants who responded via a proxy were excluded.

Internet use

Widening
communication
circles

High
depression
symptoms

Low depression
symptoms

Increased social
interaction

Reduced time to
carry out other
activities

Decreased well-
being

Increased sense
of well-beingIncreased

availability of
entertainment

Creation of weak
social ties

Figure 5: Conceptual framework of the association between Internet use and depression
symptoms
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As the purpose of this present study is to investigate the predictive capacity of Internet

use on depression symptoms, the second step taken in selecting the study sample was to

exclude participants who had either missing values for depression, or had reported that

they had depression symptoms at baseline. Thus, 293 participants with missing values

for depression symptoms and 1,792 participants who had reported having depression

symptoms were excluded. This left 9,148 participants who had taken part in at least one

wave of ELSA and had data on both the exposure and outcome.

The differences in baseline characteristics between included study participants and the

two excluded groups who had either (i) reported having symptoms of depression (ii)

responded via a proxy/ had missing depression symptoms at baseline are described in

Chapter 3.5. While participants who reported having 4 or more symptoms of depression

were more likely to be female, excluded participants (male or female) comprised

individuals who were older, poorer, less educated and sicker participants than those who

were included in the study.

Next, an analytical sample of core members of ELSA who had taken part in at least two

study waves and had reported both their Internet use and depression symptoms after

baseline was selected. This was done to confine this current study to participants whose

exposure and outcome data were recorded on at least two separate time points, in addition

to being recorded together at any one time point, so that the association between exposure

and outcome could be assessed both longitudinally and cross-sectionally (after baseline)

among participants who were free from depression at baseline.
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Core participants of ELSA in 2002, Wave 1 (11,391)

Missing values for depression

symptoms at baseline (293)

Had depression symptoms at

baseline (1,792)

Did not participate at all

waves (5,232)

Missing depression responses for all

follow-up waves from 2004 to 2012

(1,537)

Missing Internet use responses for all

follow-up waves from 2004 to 2012

(339)

Participants with depression/ Internet

values for at least one follow-up wave

after 2002(7,272)

Participants who completed all 6

waves of ELSA from 2002 to 2012

(3,916)

Missing covariates (271)

Sensitivity analysis sample: Core members who

took part in all 6 waves of ELSA (3,645)

Missing covariates (740)

Main analytical sample: Core member

ELSA who took part in at least 2 waves

and had complete covariate data at waves

(6,532)

9,148 Core participants of ELSA aged 50 years and above with non-missing
depression values

Figure 6: Sample selection for the longitudinal analysis of the association between Internet use
and the development of depression symptoms: English Longitudinal Study of Ageing, 2002-
2012

Interviewed via proxy (158)
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To satisfy these requirements, all participants who had missing values for depression

symptoms at all follow-up waves of ELSA from wave 2 in 2004 to wave 6 in 2014 were

excluded (1, 537), as were participants who had missing values for Internet use for those

waves (339), leaving 7,272 participants. Within this selected sample, there were also

participants who had exposure and outcome data recorded on more than two separate

occasions. Altogether, participant data from all time points were used to create a

comprehensive and exhaustive model for the association between Internet use and

depression symptoms over time.

Of the selected 7,272 participants, 740 had missing values for at least one of the covariates

used in the ensuing multivariate analysis, and to allow for complete case analysis, these

participants were also excluded. The final sample for the longitudinal analysis of the

association between Internet use and depression symptoms was therefore made up of

6,532 participants.

5.3.2 Exposure Variable: Internet use

For the purpose of this study, the term ‘Internet Use’ refers to the act of accessing the

Internet, and is taken from the question which was posed to ELSA participants within a

self-complete questionnaire, which was, ‘Which of these statements apply to you?’ This

question was then followed up with a list of possible situations which could apply to the

participants, one of which was ‘I use the Internet and/or email’, with affirmation denoting

‘yes’, and the opposite denoting ‘no’. Those who did not complete the questionnaire were

classed as having missing responses. Internet use was thus defined in this way in ELSA

from the start of the study in 2002 until wave 5 in 2010, and refers to the act of having

accessed the internet in the 12-month period prior to completion of the study
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questionnaire. Based on the Internet use activities reported in wave 6 (2012), it was also

possible to derive a binary variable, thus for Study 1, Internet use was measured as a

binary variable (yes/no) for waves 1 to 6.

5.3.3 Outcome variable: Depression symptoms

The main outcome in these analyses is depression symptoms, which were measured

using the 8-item CES-D, which is described in detail in Chapter 3.3.

5.3.4 Covariates

Selected covariates for this investigation were in themes as described in chapter 3.4 and

shall be described in more detail below as relevant.

Demographic factors comprised age and gender. Age also often describes differences in

frequency of Internet use and devices used to access the Internet, as well as activities

undertaken once online.78 For instance, in one study carried out in the USA in 2004 it

was found that 22% of people aged 65 and over used the Internet, compared to 58% of

those aged 50–64, and 75% of those aged 18–49. Interestingly, it was found that when

older people did use the Internet, they were usually as capable and as motivated as

younger individuals, provided they had the right equipment and skills.206 In ELSA, age

is a continuous variable, which is measured in whole years. With regards to gender, it is

unclear whether previously observed differences in Internet use still exit, due to the nature

in which gender and technology continue to interact and evolve through time.81,207

Socio-economic Status in this investigation comprises wealth, education and marital

status, as described in Chapter 3.4. Co-morbidities in this investigation refer to the
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presence or absence of one or more physical illnesses. Various studies have shown that

the Internet has transformed the way people access health information, with differences

being observed in the behaviour of those with medium to long-term illnesses, where their

illness was seen either as an incentive208 or deterrent209 from engaging with the Internet.

Physical illness is recorded as a binary variable, where anyone with one or more of the

following ailments was classed as a case, to be compared with individuals with no

physical illness: high blood pressure or hypertension, angina, heart attack, congestive

heart failure, heart murmur, cardiac arrhythmia, diabetes, cerebral vascular disease

(stroke), asthma, chronic lung disease, arthritis, osteoporosis and cancer.

Subjective and objective isolation describe the participant’s feelings of loneliness, as well

as the number of people living in their household. As per review of the literature, having

more face-to face interaction, as facilitated by larger household numbers was expected to

result in less internet use and thus fewer negative effects caused by the ‘poor quality’

social relationships to be found on the internet. With regards to loneliness (subjective

isolation), participants were asked whether they had felt lonely for much of the time in

the week prior to the interview, the responses to which could only be ‘Yes’ or ‘No’. While

the UCLA scale is often used to measure social isolation, the number of people in one’s

household as opposed to any wider networks was selected. This was based on suggestions

that interaction with those in one’s immediate environment played a more important role

in the association between Internet use and depression than that with wider networks.

Further to being the dominant factor underlying the UCLA scale, perceived isolation as

measured by a specific question about loneliness seemed more appropriate in illustrating

the facet of loneliness that may lead to or result from Internet use than some of the other

components within the full scale.210
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5.3.5 Statistical methods

The longitudinal associations between Internet use and depression symptoms were

assessed using logistic regression with Generalized Estimating Equations (GEE) which

had an exchangeable correlation matrix, using all data from wave 1 to wave 6 of

ELSA. The GEE approach was chosen for this analysis as it accounts for the individual

correlation in measures by firstly computing naive standard errors while assuming

complete independence of measures, and then computing adjustments to the naive

standard errors. This adjustment results in robust standard errors and separates the

nuisance variation due to population-wide behaviour from the variation related to trends

with time while still incorporating the population-wide variance within its variance

structure.211 Thus, it provides a population average of the association between Internet

use and depression symptoms over time.

5.4 Results for Study 1: Association between Internet use and subsequent

development of depression symptoms between 2002 and 2012 in 6,532 participants

from the English Longitudinal Study of Ageing

5.4.1 Baseline Characteristics of study participants

Results have this study were presented at the ELSA Wave 7 launch event through a poster

(appendix 5). Table 9 displays the baseline characteristics of the 9, 148 participants who

were aged 50 to 90 years and were free from depression at baseline (reported 3 or less

symptoms of depression). The table presents a comparison of participants based on their

eligibility for the present study. The ELSA sub-sample selected for this study consisted

of participants who had taken part in at least one other study wave where they had values

for both depression symptoms and Internet use, with complete covariate data at those

participating waves; the completers.



92

The completers had a similar gender distribution to that of non-completers. As with the

core ELSA participants not selected for this study due to missing depression data at

baseline (described in Chapter 3.5), the non-completers were older (mean 66.81 years; se,

0.22) than completers (mean 63.96 years; se, 0.12). Although the average proportion of

all ELSA participants in the lowest quintile of wealth was about 20%, completers were

less likely to be in this group (14.01%; se, 0.53), and were on average more educated and

more likely not live with a partner. Although prevalence of chronic physical illness was

high for both groups more non-completers reported having at least one illness when

compared with completers (67.76%; se, 0.58). Finally, although the average household

size was similar for both groups, non-completers reported feeling lonelier in the week

prior to the ELSA interview.

After excluding non-completers from the study, the remaining sub-sample of individuals

free from depression symptoms was then scrutinised based on reports of Internet use at

baseline; table 10 displays their baseline characteristics. It is worth noting at this point

that although some participants had missing Internet use values at baseline, they later

reported their Internet use status, and were thus eligible for this study according to all

criteria as described earlier. Although these participants are represented in table 10, their

baseline characteristics according to Internet use status will not be discussed at this point.
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Table 9: Baseline characteristics of 9,148 depression-free participants from the
English Longitudinal Study of Ageing (2002) according to eligibility for study
against the following criteria: non-missing covariates at any participating follow-
up wave, 2004 to 2012

Covariatesa Eligible for study
(6,532)

Missing
covariates at

follow-up
(2,616)

95% Confidence
Interval for
difference

Demographics, %
Female 52.73

(0.61)
51.58
(0.98)

-1.22, 3.31

Age, mean, years 63.96
(0.12)

66.81
(0.22)

2.40, 3.30

Does not use the Internet, % 62.52
(0.60)

62.92
(0.94)

5.23, 9.60

SES, %
No educational qualifications 36.04

(0.59)
47.25
(0.98)

9.02, 13.50

No resident partner 26.21
(0.54)

31.42
(0.91)

3.14, 7.29

Lowest quintile of wealth 14.05
(0.43)

21.64
(0.82)

5.78, 9.41

Comorbiditiesb, %
Has chronic physical illness 67.76

(0.58)
71.02
(0.89)

5.34, 11.90

Subjective and objective
isolation, %
Number of people in household,
mean

2.09
(0.01)

2.04
(0.02)

0.02, 0.10

Often feels lonely 5.74
(0.29)

7.22
(0.51)

0.34, 2.63

a Percentage or mean (se)

b High blood pressure or hypertension, angina, heart attack, congestive heart failure, heart
murmur, cardiac arrhythmia, diabetes, cerebral vascular disease (stroke), asthma, chronic lung
disease, arthritis, osteoporosis, cancer

About a third (32%) of the 6,532 eligible study participants, whose mean age was 64.0

years (se, 0.1), reported that they used the Internet in the 12 months prior to the first ELSA

interview. The non-Internet users group consisted of more women (56.8%) than men,

and had a significantly higher mean age (mean 66.27; se, 0.15) than Internet users. Much

unlike the Internet users, individuals who reported not using the Internet in 2002 were
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more likely to report having a chronic physical illness (71.96%; se, 0.70 ) compared to

Internet users (60.66%; se, 1.04), and were more likely to not live with a partner (30.5%

compared to 16.2% of Internet users). More marked differences could be observed in that

a larger proportion of non-users of the Internet reported being in the lowest wealth quintile

(18.02%; se, 0.60) than users (5.74%; se 0.50), and were also more likely to have no

education qualifications (47.0% of non-users, compared to 13.9% of Internet users).

5.4.2 The association between Internet use and depression symptoms

After baseline, where selected participants were free from depression symptoms, the

proportion of ELSA participants who reported depression symptoms was stable over time.

Where 9.1% of the participants who took part in wave 2 (in 2004) reported depression

symptoms, 8.2% reported the same in wave 6, and the highest prevalence of depression

symptoms was observed in wave 5 (10%). Although the proportion of participants with

depression symptoms did not vary much with each wave, these symptoms did not appear

to be a persistent state in individuals, as on average, only about 35% of participants who

had reported depression symptoms in any one wave would do so again in the subsequent

wave.
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Table 10: Baseline characteristics of 6,532 participants according to Internet use:
English Longitudinal Study of Ageing 2002

Internet use
Covariatesa No

(4,084)
Yes
(2,196)

Missing at
Wave 1
(252)

Confidence
Interval for
differencec

Individual Factors
Age, years 66.27

(0.15)
59.53
(0.16)

65.29
(0.64)

6.29, 7.20

Female, % 56.83
(0.78)

45.54
(1.06)

48.81
(3.16)

8.71, 13.87

SES, %
No educational qualifications 47.04

(0.78)
13.89
(0.74)

50.79
(3.16)

31.04, 35.25

No resident partner 30.48
(0.72)

16.21
(0.79)

44.05
(3.13)

12.18, 16.36

Lowest quintile of wealth 18.02
(0.60)

5.74
(0.50)

19.05
(2.48)

10.84, 13.92

Comorbiditiesb, %
Has chronic physical illness 71.96

(0.70)
60.66
(1.04)

61.51
(3.07)

8.84, 13.77

Subjective and objective isolation
Number of people in household,
mean

1.97
(0.01)

2.31
(0.02)

2.09
(0.08)

0.30, 0.38

Often feels lonely, % 6.78
(0.39)

3.23
(0.38)

10.44
(1.94)

2.48, 4.61

a Percentage or mean (se)

b High blood pressure or hypertension, angina, heart attack, congestive heart failure, heart
murmur, cardiac arrhythmia, diabetes, cerebral vascular disease (stroke), asthma, chronic lung
disease, arthritis, osteoporosis, cancer

c Confidence Interval for difference according to Internet use in those with non-missing data

Although the proportion of participants that did not respond to the question about Internet

use remained stable over all 6 waves of ELSA, positive responses to the question rose

quite significantly at each subsequent wave of data collection. As such, the proportion

that reported that they had accessed the Internet rose from 35.5% of participants in wave

1 to 64.2% of participants in wave 6.
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Focusing on the fundamental question of whether Internet use was associated with the

development of depression symptoms, Table 11 displays the odds ratios and confidence

intervals from the GEE models of Internet use as the independent variable, depression

symptoms as the dependent variable, with adjustments for each covariate separately.

Compared with Internet users, participants that reported not using the Internet were 1.74

times (95% CI 1.56, 1.95) more likely to develop depression symptoms over the 10-year

follow-up period of ELSA.

After adding all covariates to the multivariable model, the odds of developing depression

symptoms reduced to 1.3 (95% CI, 1.2, 1.5). When assessed according to each separate

adjustment, the largest attenuation was observed for loneliness. Other than loneliness,

wealth and education, which are the major components of SES, also attenuated the

relation between Internet use and depression. The association between internet use and

depression symptoms was the same regardless of if one had physical comorbidities or not.
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Table 11: Longitudinal Odds Ratio (95 % CI) for the development of depression
symptoms in 6,532 participants of the English Longitudinal Study of Ageing who
were free from depression in 2002 and completed at least one other study wave
from 2004-2012

Internet users No internet use

Adjustments OR CI

None 1 (ref) 1.74 1.56, 1.95

Age 1 1.63 1.45, 1.83

Sex 1 1.67 1.49, 1.86

Education 1 1.52 1.35, 1.72

Wealth 1 1.51 1.34, 1.69

Loneliness 1 1.47 1.31, 1.66

Co-morbiditiesa 1 1.72 1.54, 1.92

Number of people

in household

1 1.62 1.45, 1.81

Cohabiting status 1 1.69 1.51, 1.89

Adjusted for all

covariates

1 1.33 1.16, 1.52

a High blood pressure or hypertension, angina, heart attack, congestive heart failure, heart

murmur, cardiac arrhythmia, diabetes, cerebral vascular disease (stroke), asthma, chronic lung

disease, arthritis, osteoporosis, cancer

5.4.3 Sensitivity analysis

As can be observed in the steps taken to select the sample for this study, the original

ELSA population had been reduced by about 40% by the time all ineligible participants

were excluded. After exclusion of participants with depression at baseline, further

participants were excluded for missing Internet and depression symptoms data at follow-

up waves. Where a sample is restricted in this way, bias can be introduced if the reasons
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for non-response is not random. In this instance, it is plausible that responses could have

been missing because participants had depression symptoms at those wave. As such, a

sensitivity analysis of participants with non-missing data at all waves would be a useful

comparator for the current study.

The sensitivity analysis for this present study was carried out on only those participants

with complete data for all 6 waves of ELSA. Thus, only participants who had completed

all six waves of ELSA and had complete data for the exposure, outcome, and all

covariates were selected. As illustrated in table 2 (Chapter 3.5), from the 9,178 study

participants with non-missing baseline data, a total of 5,232 participants who did not

complete all waves were excluded, leaving a sensitivity analysis sample of 3,645

participants.

The same GEE model was re-run using the sensitivity analysis sample and Table 12

displays the association between Internet use and depression symptoms in this sample.

As can be observed, the crude odds ratio for developing depression symptoms reduced

slightly from 1.74 (as reported for the main Study 1 sample) to 1.61 (95% CI, 1.06 – 1.38)

in the sensitivity analysis sample. However, the general pattern of association is much

the same as observed with the full study sample above. Once again, loneliness, wealth

and education are partially responsible for this observed association. However, after

adjusting for all covariates, the odds for developing depression symptoms still remained

20% higher among those that did not use the Internet (95% OR 1.2, CI 1.0–1.4), compared

to those who did.
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Table 12: Longitudinal odds Ratio (95 % CI) for the development of depression
symptoms in 3,645 participants of the English Longitudinal Study of Ageing who
completed all waves of the study from 2002-2012

Internet users No Internet use
Adjustments OR CI
None 1 (ref) 1.61 1.40, 1.84

Age 1 1.52 1.32, 1.74

Sex 1 1.52 1.33, 1.74

Education 1 1.40 1.21, 1.61

Wealth 1 1.41 1.23, 1.62

Loneliness 1 1.39 1.21, 1.60

Co-morbiditiesa 1 1.59 1.39, 1.82

Number of people in
household

1 1.51 1.32, 1.73

Cohabiting status 1 1.57 1.37, 1.79

Adjusted for all
covariates

1 1.21 1.04, 1.42

a High blood pressure or hypertension, angina, heart attack, congestive heart failure, heart
murmur, cardiac arrhythmia, diabetes, cerebral vascular disease (stroke), asthma, chronic lung
disease, arthritis, osteoporosis, cancer
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5.5 Methods for Study 2: Cross-sectional association between Internet use and

depression in 2012, English Longitudinal Study of Ageing

As the aim of this second investigation of the association between Internet use and

depression symptoms is to inspect the mechanisms by Internet use reduces the risk of

depression symptoms (as observed in Study 1), it is necessary to inspect the various

relevant components of Internet use. Instead of being asked whether they used the

Internet or not, in 2012/13 (wave 6) participants of ELSA were, for the first time, asked

a plethora of questions about how, when and for what they used the Internet. These

questions were posed in the self-complete questionnaire; table 13 displays the exact

questions asked.

In all, four categories of Internet related information were collected, demonstrating the

frequency with which participants used the Internet, the devices they used to access it, at

what location they did so, and what activities they pursued once online. As there is as yet

no evidence, nor plausible reasoning, to suggest that the location and device used to

access the Internet would independently affect mental health in any way, focus hereon

shall only be on the utility of frequency of use and types of online activities in indicating

risk of depression symptoms.

5.5.1 Exposure Variables: Study 2 – Part 1

Frequency of Internet use

Frequency of Internet use was reported as ‘daily’, ‘weekly’ (not daily), ‘monthly’ (not

weekly), ‘at least every three months’(not monthly), ‘less than every 3 months’ and

‘never’ (which equates to not using the Internet). For this present study, these reports

were reduced to four categories which reflected daily, weekly, infrequent, and non- use

of the Internet.
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Participants of ELSA were asked what they used the internet for in the 3 months preceding

the study, as detailed in Table 13. In all, there were twelve possible specific activities

that individuals could report; any other activity not included in the list could be so

reported as ‘other’. Thus, participants could report a maximum of 13 activities, with

descriptions extensive enough to make the list quite exhaustive.

5.5.2 Statistical methods: Study 2 - Part 1

To analyse the role of ‘intensity’ of Internet use, the first part of this study will be focused

on assessing whether any increase in either time spent on the Internet or number of

activities undertaken would be associated with depression symptoms. As such, Internet

based ‘activities’ is denoted by counts of activities per individual. This is with the

assumption that, if engaging in activities of any sort on the Internet (thus, ‘using’ the

Internet) is beneficial as identified in Study 1 (Chapter 5.5.1), then engaging in more and

more online activities should reduce depression symptoms in a so-called ‘dose-response’

manner, as described in the Bradford-Hill criteria for disease causation.212 Due to the low

count of participants who reported having more than 10 activities, all such study members

will be grouped in one category of those who reported 10 or more activities. The role of

Internet use frequency will be assessed in a similar manner, with reports of non- use

denoting the lowest level of frequency, and daily–use being the highest.
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Table 13: Questions about Internet use posed to participants of the English
Longitudinal Study of Ageing in 2012 (Wave6)

Question about Internet use Possible responses

On average, how often do you use the Internet or

email?

(participants instructed to select only one

responses)

 Every day, or almost every day
 At least once a week (but not every day)
 At least once a month (but not every week)
 At least once every 3 months
 Less than every 3 months
 Never

In which of the following places have you used

the Internet or email in the last 3 months?

(participants instructed to select all responses that

applied)

 At home
 At places of work (other than home)
 At place of education
 At another person’s home
 On the move
 Other place (library, Internet cafe)

On which of the following devices do you access

the Internet?

(participants instructed to select all responses that

applied)

 Desktop computer
 Laptop computer
 Tablet computer (e.g. iPad, Samsung Galaxy

Tab)
 Smartphone (e.g. iPhone, Blackberry)
 TV (e.g. games console or set top box)
 Other mobile devices
 Don’t know
 Do not access Internet

For which of the following activities did you use

the Internet in the last 3 months?

(participants instructed to select all responses that

applied)

 Sending/receiving e-mails
 Finding information about goods and services
 Searching for information for learning, research,

fact finding
 Finances (banking, paying bills)
 Shopping/ buying goods or services
 Selling goods or services over the Internet e.g.

via auctions
 Use social networking sites (Facebook, Twitter,

Myspace)
 Creating, uploading or sharing content (Youtube,

blogging or Flickr)
 News/ newspaper/ blog websites
 Streaming/downloading live or on demand

TV/radio (BBC iplayer, 4OD, ITV player,
Demand 5) music (iTunes, Spotify), or ebooks

 Games
 Looking for a job or sending a job application
 Other
 None of the above
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Multivariate logistic regression analyses were used to assess the cross-sectional

relationship between (i) frequency of Internet use and depression symptoms, and (ii)

number of activities undertaken on the Internet and depression symptoms, with

participants who reported no Internet use serving as the reference group. These analyses

were adjusted separately for demographic factors, SES, comorbidities and subjective and

objective isolation, and then multiply for all the aforementioned.

5.5.3 Exposure Variables: Study 2 – Part 2

For the second part of Study 2, Internet activities will be grouped into themes that best

describe the nature of that activity, to allow for a more concise and intuitive inspection of

how the Internet could relate to depression symptoms. The first distinct theme identified

was ‘communication’ via email, as that is the only purpose and possible use for email.

As it is not possible in ELSA to tell if said communication would have been purely work-

related or social, the act of emailing will be viewed simply as an activity enabling

communication; which could be work-related, of a social nature, or of any other type as

used to facilitate transactions, complaints, queries, etcetera. Participants included in this

category may have also reported carrying out other activities online, with the exception

of social networking.

The second theme is ‘social networking’, which is defined as the practice of expanding

the number of one's business and/or social contacts (in social contexts) by making

connections through individuals.213 Although this may imply the same thing as

communication, social networking can be viewed as being distinct from emailing. In

social networking, individuals intentionally seek out popular platforms with the intention

of merely connecting with other people, in order to facilitate potential future
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communication and to either actively share or passively receive information through site

specific tools such as ‘tweets’, ‘posts’, ‘shares’ and ‘direct messages’. As already alluded

to, it is an activity that people pursue purely to increase social circles and facilitate

interaction. As the size of one’s social circle and the amount of social interaction that

they have are some of the mechanisms by which Internet use is believed to affect mood,195

it is important to assess the relationship between social networking and depression

symptoms, relative to any other type of use.

It should be noted that one generally needs an email address to register on almost all social

networking sites, therefore it could be assumed and may be expected that most

participants who reported using social networks would also report email use. Indeed,

only 5 percent of ELSA participants who reported using social networking sites did not

report using email (which may or may not have been an omission). As such, although a

distinct category exists for email users, and although the category for social networkers

also contains email users, social networkers can be viewed as having extra qualities of

particular interest to this study (favourable or not) than those who only used email.

The third theme is ‘entertainment’, which is populated by participants who reported using

the Internet only to watch television programmes and videos, to upload content for the

entertainment of others, to read newspapers and blogs, and to play Internet based games.

These participants did not indicate using the Internet for anything else other than

entertainment. In the literature, gaming has found to a useful tool in treating depression

not only because of its key features of challenge, motivation, and reward, but also because

some types of games appear to increase dopamine and endorphin levels, which increase

feelings of pleasure.214 In the same vein, it is plausible that other types of entertainment
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may have some effect through their ability to act as distractions from prevailing real-life

problems, and may also provide feelings of pleasure in the same manner as gaming.

The final theme is populated by participants who only use the internet for all other

activities other than emailing, social networking and entertainment. This theme is thus

mainly comprises practical activities such as searching for information about goods and

services and for learning, buying and selling goods, organising finances, searching for a

job, and all other types of activities not stipulated in the self-complete questionnaire.

5.5.4 Statistical methods: Study 2 - Part 2

Multivariate logistic regression analyses were also used to assess the cross-sectional

relationship between the separate themes of Internet use activities and depression

symptoms, with participants who reported no Internet use once again serving as referent.

For more detailed scrutiny of the factors that could explain any association, these analyses

were adjusted separately for age, sex, educational attainment, wealth, loneliness status,

physical comorbidities, number of people living in the household, and cohabiting status.

They were then also multiply adjusted for all the stated covariates.

5.5.5 Selection of participants

Figure 7 illustrates the sample selection process for the cross-sectional analysis of the

association between Internet use and depression symptoms in 2012 (Wave 6). Of 11,391

core participants who enrolled in ELSA wave 1 (2002/03), 5,732 were lost to follow up

in wave 6 (2012/13). To maintain representation of individuals aged 50 years and over,

ELSA was supplemented with refreshment samples from the same source population at

waves 3 (2006/07), 4 (2008/09) and 6 (2012/13), as described in Chapter 3.1. In total,
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3,510 eligible new study members joined ELSA by 2013, resulting in a sample size of

9,169 participants in wave 6. A further 1,645 participants who took part in this wave

were excluded from the present analyses due to missing covariate data, leaving a final

study sample of 7,524 participants.

Core participants of ELSA at wave 1 in 2002/03 (11,391)

Lost to follow-up at wave 6 in

2012/13 (5,732)

Refreshers who joined study

at waves 3 (888), 4 (1,796)

and 6 (826)

Total refreshers = 3,510

Missing values for depression

symptoms (119)

Missing values for Internet use

(966)

Missing covariates (177)

Analytical sample: ELSA members who took part at wave 6 (2012/13) and had complete

covariate data (7,524)

Participants aged 50 years and over at the beginning of wave 6 (9,169)

Interviewed via proxy (383)

Figure 7: Sample selection for cross-sectional analysis of the association between Internet use and
depression symptoms at wave 6 of the English Longitudinal Study of Ageing, 2012/13
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5.6 Results for Study 2: The cross-sectional association between Internet use and

depression symptoms in wave 6 of the English Longitudinal Study of Ageing

5.6.1 Baseline characteristics of study participant

Table 14 displays baseline characteristics of the 9,169 participants who took part in wave

6 of ELSA. Compared with the original core 11,391 sample of ELSA at the time of

recruitment in 2002 (whose characteristics are described in full in Chapter 3.5)

participants at wave 6 had a higher mean age of 67.1 years, compared to 65.2 years in

2002. Furthermore, the core sample members were less educated (43% with no

educational qualifications compared to 26.3% in wave 6) and were more likely to live

without a partner (31.3% wave 1; 16.5% wave 6 ), to have a chronic illness (71%), and

to report feeling lonely (13.6%). Wealth distribution was similar for the two study

periods. As could be expected, participants at wave 1 reported lower Internet use, with

63.6% of participants reporting that they did not use the Internet.

As shown in Table 14, a further 1,645 participants were excluded from the present

analyses due to missing covariate data. Although ELSA participants at wave 6 had a

higher mean age than core participants at wave 1 (even after supplementation with

refresher samples), the participants excluded from these analyses were generally the older

members of this wave (mean age 69.96 years, se 0.3). Excluded participants were also

poorer (23.59% in lowest wealth quintile; se, 1.05) and less educated (37.69% with no

educational qualifications; se, 1.20) than the analytical sample. In addition to living in

slightly smaller households (mean household size, 1.95; se, 0.02), excluded participants

were also more likely to report often feeling lonely (20.27%; se, 1.16), and having

symptoms of depression (21.08, se, 1.20%). Although a third of the excluded participants
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did not have data for depression symptoms, their mean CES-D score was still higher than

that of the analytical sample (1.87, se 0.07).

The two groups did not appear to differ much with regards to gender distribution, nor

whether cohabitation status. Both groups had similarly high prevalence of chronic

physical illness (63.16% in the analytical sample, se 0.56). Seemingly deviating from

previous findings, participants with non –missing data (i.e., the analytical sample) seemed

more likely to report not using the Internet (30.58%, se 0.53); an anomaly explained by

the substantial proportion of excluded participants with missing data for Internet use

(83.3%).

After excluding proxy interviewees (383), and participants who had missing values for

depression (119), Internet use (966) and all other covariates (177), a total of 7,524

participants remained who were eligible for these present analyses. Table 15 displays

their Internet-related behaviours according to depression symptoms. It can be observed

that the frequency with which participants reported using the Internet differed based on

their depression symptom status. Participants classed as cases for depression symptoms

were significantly more likely to report that they never used the Internet (45.50%; se

1.63), while conversely, non-cases were much more likely to report that used the Internet

daily (52.34%; se, 0.62 ). Reports of weekly and monthly (but not daily) Internet use

were distributed similarly between cases and non-cases.
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Table 14: Baseline characteristics of 9,169 participants from wave 6 of the English
Longitudinal Study of Ageing (2012/13), based on eligibility for inclusion in
analyses of the association between Internet use and depression symptoms

Covariatesa Included in
analyses

(7,524)

Excluded from
analyses due to

missing
covariate data

(1,645)

95%
Confidence
Interval for
difference

All

Demographics
Female, % 55.64

(0.57)
55.32
(1.23)

-2.34, 2.97 55.58
(0.52)

Age, years 67.49
(0.11)

69.96
(0.31)

1.94, 3.01 67.78
(0.10)

Does not use the Internet, % 30.58
(0.53)

27.80
(2.78)

-2.77, 8.33 25.88
(0.46)

Has depression symptoms, % 12.40
(0.38)

21.08
(1.20)

6.21, 11.16 12.80
(0.35)

CESD score, mean 1.29
(0.02)

1.87
(0.07)

0.46, 0.70 1.37
(0.21)

SES, %
No educational qualifications 23.79

(0.49)
37.69
(1.20)

11.37, 16.43 26.28
(0.46)

No resident partner 16.21
(0.42)

17.99
(0.95)

3.81, 2.55 16.53

Lowest quintile of wealth 15.06
(0.41)

23.59
(1.05)

6.32, 10.73 16.59
(0.39)

Comorbiditiesb, %
Has chronic physical illness 63.16

(0.56)
64.07
(1.18)

3.53, 1.59 63.32
(0.50)

Subjective and
objective
isolation
Number of people in household,
mean

1.99
(0.97)

1.95
(0.02)

-0.01, 0.09 1.98
(0.91)

Often feels lonely, % 10.70
(0.36)

20.27
(1.16)

7.19, 11.94 11.44
(0.33)

a Percentage or mean (se)
b High blood pressure or hypertension, angina, heart attack, congestive heart failure, heart

murmur, cardiac arrhythmia, diabetes, cerebral vascular disease (stroke), asthma, chronic lung

disease, arthritis, osteoporosis, cancer
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With regards to activities, non-cases reported higher use of the Internet for sending and

receiving emails (62.81%; se, 0.60), organising finances (37.52%; se, 0.60), shopping

(49.81%; se, 0.62), seeking information about goods and services (63.24%; se, 0.59),

research and learning (53.72%; se, 0.61), and some entertainment; streaming television

shows and video clips in particular (24.41%; se, 0.53). On the other hand, cases for

depression symptoms reported somewhat higher use of the Internet to search for jobs

(6.3%; se, 0.80), albeit that this particular activity was quite rare for both groups of

participants, relative to other activities. No clear differences were observed between the

two groups for the use of social networking sites (17.90% and 19.39 % in cased and non-

cases, respectively), and for uncommon activities such as selling goods or services, and

uploading content.

5.6.2 Results for Study 2 – Part 1: Frequency of Internet use

Table 16 displays the risk of reporting depression symptoms relative to the frequency

with which participants used the Internet, as well the number of activities that they

engaged in. As can be observed in Table 16, increasing Internet use was associated with

an average 15% reduction in the odds of reporting depression symptoms. When

compared with non-use of the Internet, using the Internet daily was associated with the

lowest odds of depression symptoms (age and sex adjusted OR 0.35, CI 0.29, 0.58).

Indeed, stepping up from non-use of the Internet to infrequent use was associated with a

reduction of the odds of depression symptoms which was surpassed by weekly use, which

in turn was surpassed by daily use. The association between frequency of Internet use

and depression symptoms was partially explained by SES, comorbidities, and subjective

and objective isolation, with the largest attenuation being observed for SES.
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Table 15: The Internet use characteristics of 7,524 participants of the English
Longitudinal Study of Ageing according to depression symptoms

Internet use characteristics No depression
symptoms

(6,591)

Has depression
symptoms

(933)

95% Confidence
Interval for
difference

Frequency
Never 28.46

(0.56)
45.50
(1.63)

13.71, 20.46

Infrequently 6.05
(0.29)

7.72
(0.87)

-3.47, 0.14

Weekly 13.14
(0.42)

11.36
(1.04)

-0.42, 3.97

Daily 52.34
(0.62)

35.37
(1.56)

13.68, 20.27

Activity
Sending/receiving e-mails 62.81

(0.60)
43.73
(1.65)

15,59, 22, 47

information about goods and
services

63.24
(0.59)

44.69
(1.63)

15, 15, 21.94

Information for research,
learning

53.72
(0.61)

37.41
(1.59)

12.99, 19.64

Finances (banking, paying
bills)

37.52
(0.60)

24.44
(1.41)

10.09, 16.08

Shopping/ buying goods 49.81
(0.62)

33.98
(1.55)

12.56, 19.10

Selling goods or services 6.42
(0.30)

6.11
(0.78)

-1.33, 1.96

Use social networking sites 19.39
(0.49)

17.90
(1.26)

-1.15, 4,13

Uploading content 5.34
(0.28)

3.97
(0.64)

0.01, 2.74

Reading newspapers, blogs 28.21
(0.55)

18.33
(1.27)

71.17, 12.59

Streaming/downloading
content (TV shows,
YouTube)

24.41
(0.53)

14.90
(1.17)

7.00, 12.02

Gaming 13.99
(0.43)

12.54
(1.08)

-0.84, 3.73

Looking for a job 5.11
(0.27)

6.32
(0.80)

-2.80, 4.39

Other 5.75
(0.29)

4.50
(0.68)

-0.20, 2.69

*Percentage or mean (se)
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Table 16: Cross-sectional odds ratios (95% CI) of depression symptoms in 7,524
participants of the English Longitudinal Study of Ageing at wave 6 (2012) based on

frequency of Internet use

a High blood pressure or hypertension, angina, heart attack, congestive heart failure, heart
murmur, cardiac arrhythmia, diabetes, cerebral vascular disease (stroke), asthma, chronic lung
disease, arthritis,

5.6.3 Results for Study 2 – Part 1: Internet activities

The number of activities that ELSA participants reported taking part in online was also

associated with risk of reporting depression symptoms. Table 17 displays the odds of

reporting depression symptoms relative to the number of online activities reported by

participants. After adjusting for age and sex, engaging in four to six online activities was

associated with the lowest odds of reporting depression symptoms. Participants in this

group were 63% less likely to report depression symptoms than participants who did not

use the Internet at all (OR 0.37, CI 0.31, 0.45).

Although participants who reported less than 4 or more than 6 activities were also less

likely to report depression symptoms than non-users of the Internet, the differences

between these two groups were less obvious for either extreme of number of online

activities. Results from a likelihood ratio test showed that there was indeed a quadratic

relationship between number of online activities and depression symptoms. After

No Internet
use

(2,301)

Infrequent
(471)

Weekly
(972)

Daily
(3,780)

OR for unit
increase in
frequency of use

Adjustments

Age, sex 1 (ref) 0.68
(0.51, 0.90)

0.46
(0.36, 0.58)

0.35
(0.29, 0.58)

0.70
(0.60, 0.74)

SES 1 0.99
(0.74, 1.31)

0.71
(0.56, 0.91)

0.63
(0.53, 0.75)

0.82
(0.78, 0.87)

Comorbiditiesa 1 0.84
(0.64, 1.11)

0.58
(0.46, 0.73)

0.48
(0.41, 0.56)

0.78
(0.77, 0.87)

Isolation 1 0.96
(0.70, 1.31)

0.68
(0.42, 0.88)

0.56
(0.47, 0.66)

0.82
(0.78, 0.87)

Adjusted for all
covariates

1 0.99
(0.72, 1.37)

0.68
(0.51, 0.90)

0.63
(0.50, 0.78)

0.83
(0.77, 0.89)
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adjusting for all covariates, as well as for a quadratic effect, number of online activities

was associated with an average 16% average reduction in the risk of reporting depression

symptoms for Internet users when compared to participants who did not use the Internet.

When Internet activities are assessed by theme, it is evident that certain types of activities

have are more indicative of the risk of reporting depression symptoms in older people.

Table 18 displays the association between Internet activities and depression symptoms

when activities are grouped by theme. Here, it can be observed that engaging in any type

of online activity was better than not using the Internet at all. However, the risk of

reporting depression symptoms was lowest when participants reported using the Internet

for communication via email (age adjusted OR 0.33, CI 0.27, 0.39). Although the

strength of this association reduced after adjusting for all covariates, participants who

communicated via email remained significantly less likely to report depression symptoms

(OR 0.64, CI 0.51, 0.80). Aside from communication via email, participants who reported

using the Internet for social networking (with or without communication via email) also

had a significantly lower risk of reporting depression symptoms (OR 0.65, CI 0.50, 0.84).

As displayed in table 18, the strongest attenuations for the association between the various

Internet activities and depression were observed when loneliness was taken into account.

After accounting for all other covariates, the association between depression symptoms

and using the Internet for entertainment, as well as all other activities, was lost.
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Table 17: Cross-sectional odds ratios (95% CI) of depression symptoms in 7,524
participants of the English Longitudinal Study of Ageing at wave 6 (2012) based on the
number of online activities

Zero activities/
No Internet use

(ref)
(2,301)

One to three
(1,125)

Four to six
(2,372)

Seven to ten
(1,726)

OR for each
additional
online activity

Adjustments

Age, sex 1 (ref) 0.49
(0.39, 0.61)

0.37
(0.31, 0.45)

0.39
(0.31, 0.48)

0.69
(0.65, 0.75)

SES 1 0.72
(0.58, 0.90)

0.65
(0.54, 0.79)

0.71
(0.57, 0.87)

0.87
(0.81, 0.93)

Comorbiditiesa 1 0.60
(0.48, 0.74)

0.47
(0.40, 0.57)

0.55
(0.45, 0.66)

0.80
(0.73, 0.83)

Isolation 1 0.73
(0.57, 0.93)

0.56
(0.46, 0.68)

0.63
(0.51, 0.78)

0.83
(0.77, 0.86)

Adjusted for all
covariates

1 0.77
(0.60, 0.99)

0.63
(0.50, 0.80)

0.69
(0.53, 0.90)

0.86
(0.79, 0.94)

a High blood pressure or hypertension, angina, heart attack, congestive heart failure, heart
murmur, cardiac arrhythmia, diabetes, cerebral vascular disease (stroke), asthma, chronic lung
disease, arthritis, osteoporosis, cancer

5.7 Discussion

5.7.1 Main findings of Internet use study

The study shows that among people aged 50 years and above, using the Internet was

associated with a reduced risk of developing depression symptoms over a 10-year follow-

up period. This relationship was partially explained by loneliness, low educational

attainment and low wealth. Age, gender, physical comorbidities, number of people in the

household and cohabiting status made little difference to the association between Internet

use and depression.
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From cross-sectional analyses of the various attributes of Internet use, it is illustrated that

participants were less likely to report depression symptoms if they also reported that they

used the Internet; an association which was most pronounced among those that reported

using the Internet for communication via email. Additionally, ‘intensity’ of Internet use

was also inversely associated depression symptoms, such that the more an individuals

used the Internet, the less likely they were to report depression symptoms. From measures

of frequency used in this study, it can be seen that using the Internet regularly was

associated with lower reports of depression symptoms than irregular use, which in turn

provided better odds than not using the Internet at all. Although this association was even

stronger when age was taken into account, it was once again attenuated by loneliness,

wealth and education.

Concurrently, using the Internet for an increasing number of different activities reduced

risk of reporting depression symptoms, albeit modestly. As such, individuals who

reported using the Internet for multiple activities were a little less likely to report

depression symptoms than those who used it for a single activity; who in turn were less

likely to report depression symptoms compared to those who did not use the Internet at

all. The modest risk reduction proffered by each additional activity increased when age

was taken into account, but was once again reduced when other covariates are taken into

account, such that marginal reduction in risk of depression symptoms was observed as

the number of activities increased.
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Table 18: Odds ratios (95% CI) of depression symptoms in 7,524 participants of
the English Longitudinal Study of Ageing according to the type of Internet activity

No
Internet

use
(ref)

(2,301)

Communication
via email (no

social
networking)

(3,176)

Social
networking
plus email

(1,445)

Entertainment
only

OR (CI)
(145)

All other
activities

(457)

Adjustments

Age 1 (ref) 0.33
(0.27, 0.39)

0.44
(0.36, 0.55)

0.61
(0.38, 0.99)

0.62
(0.47, 0.83)

Sex 1 0.41
(0.35, 0.49)

0.58
(0.48, 0.70)

0.79
(0.49, 1.27)

0.75
(0.56, 1.00)

Education 1 0.48
(0.40, 0.57)

0.70
(0.57, 0.86)

0.80
(0.50, 1.29)

0.80
(0.60, 1.06)

Wealth 1 0.56
(0.47, 0.67)

0.69
(0.57, 0.84)

0.83
(0.52, 1.35)

0.82
(0.61, 1.09)

Loneliness 1 0.55
(0.45, 0.66)

0.75
(0.60, 0.93)

0.98
(0.57, 1.67)

0.96
(0.69, 1.32)

Comorbiditiesa 1 0.43
(0.36, 0.51)

0.65
(0.53, 0.79)

0.82
(0.51, 1.33)

0.77
(0.58, 1.03)

Number of people
in household

1 0.40
(0.34, 0.47)

0.60
(0.49, 0.73)

0.78
(0.48, 1.25)

0.74
(0.56, 0.99)

Cohabiting status 1 0.40
(0.34, 0.47)

0.56
(0.46, 0.68)

0.77
(0.48, 1.24)

0.73
(0.55, 0.97)

Adjusted for all
covariates

1 0.64
(0.51, 0.80)

0.65
(0.50, 0.84)

0.86
(0.50, 1.51)

0.92
(0.66, 1.30)

a High blood pressure or hypertension, angina, heart attack, congestive heart failure, heart
murmur, cardiac arrhythmia, diabetes, cerebral vascular disease (stroke), asthma, chronic lung
disease, arthritis, osteoporosis, cancer

While cross-sectional analyses were carried out in an attempt to determine how Internet

use was associated with the reduced risk of developing depression symptoms observed in

longitudinal analyses, caution should be applied before inferring causation based on the

individual attributes of Internet use. Although longitudinal analyses illustrated reduced

risk of depression among those who used the Internet, it is plausible that because of
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reverse causation at the time of cross-sectional analyses, participants who reported using

the Internet less frequently or less for activities such as communication via email

abstained because they were depressed. However, these current findings would be useful

in informing future research efforts.

5.7.2 Comparison with existing studies

Findings from this study affirm the findings from the two existent population studies of

the association between Internet use and depression in older people, where individuals

who used the Internet had a lower probability of developing depression symptoms

compared with those who did not.204,205 Such was the case even though previous

investigations were carried out only among retired participants, who were viewed as

heterogeneous from the non-retired due to their increased likelihood of being socially

isolated.

Aside from the hypothesised differences in social interaction characteristics, it was further

proposed that non-retired individuals would be more likely to report work-related Internet

use, which would result in the term ‘Internet use’ having different meanings for the two

sub-populations. However, while retired and non-retired participants may not display

similar use of the Internet, variations in use are somewhat irrelevant in a study that probes

the absolute role of Internet use as measured by yes or no responses, as these activities

may be heterogeneous even among the retired, and may be homogenous through other

unexplored ways. For instance, an individual could benefit from spending their time on

the Internet responding to emails, while another only accesses it to read the daily paper

as illustrated in a review of the literature and statistics on Internet use behaviour in older
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people.215 Conversely, partaking in either of these activities could result in reduced

symptoms of depression related to some aspect of the act of engaging with technology.

While Internet use was found be stable over the 4 wave of HRS,205 this was not the case

in the present study, where Internet use was observed to increase markedly with each

following wave. Indeed, the findings of the present study in relation to the steep rise of

Internet use over time resound with findings from other studies, where it has on occasion

been noted that the widespread use of the Internet has resulted in an entire world that can

be likened to a ‘global village’.187 In the UK, the communications regulator, Ofcom

noted in 2010 that internet access at home was growing faster for the older age groups

than in any other, and the highest absolute growth in uptake was observed amongst the

55-64 and the 65-74 age groups.216 By 2016, younger seniors in the USA (65-69 year-

olds) were subscribing to the Internet at the same rate as younger users, indicating that

while Internet use was found to be stable in the previous study between 2002 and 2008,

changes in Internet use practices during that period are likely more in line with those

reflected in the present study.217

In addition to the findings which were similar to those of previous studies as detailed

above, this present study is the first which shows that among older people, unlike any

other age group, increased frequency of Internet use reduces risk of depression. While

the view shown in the media indicates that the Internet increases risk of depression in the

whole population, the evidence of this association can only be found in studies of younger

people. Often, the effect of the Internet on depression is attributed to malicious

behaviours whose names have been adapted for the digital sphere in which they are now

being observed. In particular, ‘cyberbullying’ and ‘trolling’ are associated with not only
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the posting of intimidating and harassing statements online, but also disruptive and anti-

social behaviour like inciting arguments, upsetting people, and posting inflammatory,

extraneous, or off-topic messages on social media with the deliberate intent of provoking

readers into an emotional response. 218 Such behaviours, as with bullying in the

traditional sense, are more often observed among younger people,219 who may also be

more susceptible to their effects because of their age-specific biology and social norms.

Thus, although studies of younger people have shown that social networking in particular

is adversely associated with depression symptoms,220 this study shows that such Internet

activities may have the opposite effect on people aged 50 years and over. While crude

analysis shows that social networking does not have the same strength of association with

depression symptoms as communication via email in the present study, multiple

adjustments for all covariates result in similar odds of depression symptoms for both

groups. This suggests that, all things considered, using the Internet for communication

via email and for social networking may convey similar protection from depression in

older people. This also suggests that while social networkers may have more

unfavourable individual attributes (in relation to depression) compared to individuals who

use the Internet for emailing, once all attributes are taken into account, using the Internet

for social networking and emailing are activities that carry similar benefit in relation to

depression symptoms.

5.7.3 Subjective and objective isolation

While using the Internet for communication via email and social networking were

activities that were strongly associated with fewer depression symptoms, the strength of

these associations was weakened most when loneliness was taken into account. Thus, it
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would seem that participants who perceived themselves to be socially isolated were not

only more likely to report depression symptoms, but also less likely to use the Internet.

Indeed, assessment of the baseline characteristics of core ELSA participants proves this

to be the case, as most of those who reported depression symptoms as baseline were much

more likely to report feeling lonely in the week preceding the study, compared to those

without depression symptoms. Participants who were depressed at baseline were also

more likely to report that they did not use the Internet.

While one line of reasoning implies that introverts and socially anxious people, and other

types of people that struggle to form friendships, are more likely to use the Internet

because they substitute online contacts for an undesirable offline social network (Social

Compensation theory),221 this is clearly not the case in ELSA, and may be another

phenomenon related to youth. As demonstrated, lonely ELSA participants were less

likely to report that they used the Internet. Moreover, there was no evidence that Internet

use was more beneficial for people who started off with poor social resources at baseline,

such as those with chronic illness, who according to this theory are meant to benefit most

from meeting people online.

Based on characteristics of the HRS sample, previous investigations of the association

between Internet use and depression indicated that living alone made individuals more

vulnerable to isolation and loneliness than those who lived in larger households, where

they were could enjoy more social interaction. As such, it was surmised that living alone

would lead to more reports of loneliness, and thus more reports of depression. While it

is clear from this present study that loneliness was indeed associated with both Internet
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use and depression symptoms, such that it often partially explained this relationship, this

was certainly not the case for objective isolation.

Among ELSA participants the number of people that lived in a household was not only

unrelated to a participant’s likelihood of reporting feelings of loneliness, but it also clearly

had no relation with either their use of the Internet or subsequent reports of depression

symptoms. Indeed, rounded to whole figures (as would be the actual case) the number of

inhabitants per household was quite similar across ELSA, with most people living in

households with an average of 2 occupants. As such, subjective and objective isolation

had distinct relationships with both Internet use and risk of depression, and objective

isolation had no effect on their association. It is likely therefore that feelings of loneliness

may have been hinged much more on the nature and quality of relationships in and out of

the households, than on the number of people in the immediate surroundings.

While Kraut et al pointed to the isolating effects of Internet use, and indicated this to be

the mediator for poor psychological well-being; it is possible that the effects they

observed were due to the tainted quality of relationships, as opposed to the reduced

quantity.195 However, with broad reference to quality of relationships, the evidence from

this present study opposes the notion that having fewer people in one’s immediate

environment mediates the association between Internet use and depression. Indeed, the

difference in reports of depression symptoms in ELSA were substantially (but not totally)

explained by reports of loneliness or perceived/ subjective isolation, and not by objective

isolation.
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Thus, although previous evidence has shown an association between Internet use and

increased isolation195 and loneliness,222 this present study illustrates that while loneliness

may explain the association between Internet use and depression, objective isolation

(where individuals may have little interaction with others due to ill health, reduced

mobility or other factors) does not play the same role. Indeed, unlike observations made

in the previous longitudinal study, having poor health did not explain the association

between Internet use and depression symptoms among ELSA participants. Ultimately,

this present study highlights that even after taking subjective and objective isolation into

account, using the Internet significantly reduced the risk of reporting depression

symptoms, relative to not using the Internet at all.

Given that the benefit of using the Internet seemed to be associated with activities that

involve communication, it would appear that any possible isolating effects of the act of

using the Internet (as per Kraut’s isolation hypothesis) are outweighed by the benefits of

communicating online. Pertaining to that, the findings of this present study support earlier

proponents of Internet use, who suggested that the Internet may reduce depression in older

people by increasing social support, social contact and social connectedness.223, 224, 225

While increasing frequency of Internet use may help to reduce depression symptoms, it

should be noted that efforts to increase time spent online should be balanced against other

factors which are also essential for well-being, such as maintaining adequate physical

activity, and performing basic (personal hygiene) and instrumental (bathing, dressing and

grooming) activities of daily living. 226
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5.7.4 Social interaction, Internet use and depression

Although it has previously been suggested that the Internet could impact social

relationships in much the same way as its technological predecessors and that the social

ties formed or maintained on the Internet would be weaker than real life ties,227 what this

study illustrates is that although the qualities of physical social ties may be different, they

are not necessarily any better than those developed or maintained on the Internet.

Furthermore, evidence from this study challenges the idea that physical social ties provide

more protection from depression than online ties by offering more buffering from

stressful events.228

While the number of people per household may not fully describe subjective isolation, it

does illustrate the number of people who may be readily available to an individual if they

needed support and buffering from stressful events. However, based on the role of

communication via email observed in this study, it is plausible that online communication

offers the same benefits as one-to-one interactions. Considering busy lifestyles and

distance between family members (such as children and grandchildren who live far away),

the Internet may indeed be a place where support can be more readily available than in

one’s physical space. Nowadays, with online features that allow for voice and video

conversations, online communications are just a short step of the imagination away from

being just the same as ‘face-to-face’.

Thus, social ties in the digital/ information age are not necessarily dependent on physical

distance, and social interactions on the Internet can be used to enhance the buffering

attributes of any social relation; just as they could be damaging and be toxic.229, 230

Although the Internet obviously cannot be used to provide physical assistance in the way
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that people in the immediate environment can, it is possible that the importance of

physical support with regards to depression is over-emphasised, and that psychological

well-being is much more dependent on the intangible aspects of relationships.

Furthermore, in England, it is likely that physical help (where required) is received from

a professional or volunteer when help from family and friends is not available, thereby

reducing some psychological effects of physical deficiencies.

As indicated in the review of the literature, it has been proposed that it may take a certain

personality type to perceive communication via the Internet as being emotionally

supportive.194 As such it is possible that ELSA participants in this study subscribe to the

personality traits that fulfil the social enhancement theory, where individuals who have

healthy social circles engage readily with others online, and continue to expand their

already large offline network of friends and family.231 However, as personality traits were

not reviewed in this study, such a relationship would need to be explored in future

research.

Apart from maintaining supportive relationships, the Internet makes it easier to find and

communicate with people who have similar interests or have had similar experiences. For

instance, it is now common practice for people to email each other in cancer, bereavement

and chronic illness support groups.232 It is likely that as in other scenarios where

circumstances are shared and where people are more conscious of each other than normal,

the essence of interacting in a seemingly isolating environment as the Internet is captured

by the philosopher Alain de Botton when he writes, ‘In roadside diners and late-night

cafeterias, hotel lobbies and station cafes we may dilute a feeling of isolation in a lonely

place and hence rediscover a distinctive sense of community’.233 Aside from this type of
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online emotional support, other online support platforms have mushroomed in recent

years, where individuals can get help with fixing malfunctioning appliances, report

various problems and join causes of different types. How the Internet has expanded and

enhanced communication channels cannot be understated.

5.7.5 Other factors: SES, entertainment

While Internet use patterns have changed over time, there is evidence that during the time

data for this study were collected; Internet access and use remained structured along

socio-economic and educational lines, which were believed to work against already

disadvantaged groups. This has remained the case despite considerable technological

change and policy interventions specifically targeting marginalised sections of society at

the time.234 From the present study, it is evident that SES, specifically wealth and

education level, largely attenuated the relationship between Internet use and depression

symptoms. Thus, the risk of depression symptoms was largely dependent on the level of

education and wealth status, as was access to the Internet. Conceivably, Internet access

was limited by lack of access to computers and smartphones, as well as limited ability to

perform various activities once on them. For instance low education may have resulted

in less confidence in using the computer, and may have led lack of resourcefulness online,

limiting the benefit that could otherwise be given by Internet use. However, even

considering this disadvantage, wealth and education still do not fully explain the

association between Internet use and depression.

Although the most benefit observed is in the use of the Internet for communicating, it is

worth noting that there may be some merit to encouraging use of the Internet for

entertainment. Although there is little evidence from the present study that using the
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Internet for entertainment reduces the risk of depression symptoms, other studies have

shown that this type of pastime improves psychological well-being. For instance, one

study showed that college students who engaged in online video game-like exercises that

involved identifying shapes stayed more focused and were less likely to be anxious than

those who did not.235 Employed in this manner, online games may distract players from

the life factors that may lead to depression, such as social isolation, thereby reducing their

perception of their reality and thus any low mood that may come with it.

5.7.6 Strengths and limitations

The main strength of this study is that it has a large, nationally representative sample of

people aged 50 years, who have been well retained over the follow-up period to date.

Furthermore, the longitudinal aspect of this study allows for an assessment of

directionality, highlighting in this instance that Internet use preceded depression

symptoms. Additionally, this study employs a comprehensive and validated depression

symptomatology tool, the CES-D, which has been used in a number of studies of the

elderly. 71, 73

Compared to previous studies of depression in older people, this present study not only

utilises data from participants who are followed up over a long period, but also uses

multiple measures of Internet use to ascertain associations with depression symptoms. To

my awareness, the assessment of frequency of Internet use and activities pursued online

has not been performed in relation to depression symptoms at any point prior to this

current study. This study therefore offers novel evidence in increasing the knowledge on

Internet use and depression in older people.
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This study also has a number of limitations. The observational nature of information

sourcing makes it impossible to make any firm assertions about cause and effect. Both

Internet use and depression symptoms were self-reported by participants, which may

introduce some elements of reporter and recall bias. Some of the covariates such as

diagnosis of a chronic illness and loneliness were self-reported and thus would be prone

to the same bias.

While suggestions for mechanisms of action have been posited, it remains possible that

Internet use is a proxy for other factors that are causally related to depression (residual

confounding). Although this present study is very well characterised, it is not possible to

control for all possible confounders. Aside from potential confounders such as quality of

online and offline social networks, and personality types not being measured, it also the

case that some potential confounders were not considered for analyses. While reduced

cognitive function, vision impairment and frailty could have reduced the likelihood of

using the Internet, these factors could also increase the risk of depression. It is

recommended that these factors be considered for future investigations. In particular,

such measures that may affect access to Internet and could affect well-being should be

considered when implementing measures to reduce inequalities in Internet use, and

interventions to achieve this will be proposed in a later section of this thesis.

While rationale has been provided for the classification of objective and subjective

isolation in this study with consideration to Internet use, it is plausible that these measure

do not capture these attributes appropriately. This could have led to misclassification of

these attributes, which could result in incomplete adjustment for confounding.

Furthermore, it is possible that co-morbidities could have been further characterised to
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allow for assessment of severity of physical limitations, and the effect this would have on

present findings. Accordingly, further consideration of confounding is recommended for

future research.

Although the present study adds valuable information to Internet research in that the

various attributes if Internet use are explored in relation to depression symptoms, it is

important to note that such explorations are carried out using cross-sectional data. Thus,

even though intensity of Internet use and the number of activities pursued online are

shown to reduce the risk of developing depression symptoms, it remains possible that the

risk of reporting depression symptoms at one time-point is not necessarily dependent on

these factors, and that it is in fact the condition of being depressed that makes individuals

spend more time on the Internet. However, based on findings form the longitudinal study,

where depressed individuals were less likely to report that they used the Internet, this

reverse causation is highly unlikely.

With regards to methodology, there is a possibility that some over-adjustment may have

occurred when analysing the association between Internet use and depression relative to

SES. This is because while each of the three separate measures used to measure SES had

an individual effect on the overall association, the combined way in which they described

SES may have been over-emphasised in the multiple adjustment. However, as wealth,

education status and cohabitation status all describe different aspects of a complex

measure of SES, the inclusion of all three was necessary for elucidating the complex

nature of individual characteristics that may affect the relationship under investigation.

Therefore, when possible over-estimation is taken into account, it is likely that the results
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reported in this study are under-estimated, and that Internet use may be more beneficial

to older people than illustrated in this study.

Finally, during the process of selecting study participants, a substantial proportion of

individuals were excluded from the present study. ELSA participants who could not be

included in this study (mainly due to having depression symptoms at baseline) were

generally older, poorer and less educated than those who were included. Thus, when

considering the fact that socio-economic status does not fully explain the relationship

between Internet use and depressions symptoms, it is important to note that excluded

participants were more deprived than those included, whose inclusion may have affected

the relationship between Internet use and depression symptoms.
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Chapter 6: Cardiovascular disease risk factors and cardiovascular disease risk

algorithms in relation to the development of depression symptoms in older people

6.1 Literature review

6.1.1 Cardiovascular disease burden and risk prediction tools

Cardiovascular disease (CVD), which encompasses all diseases of the heart and

circulation, is the leading cause of death worldwide.236 Approximately 7 million people

live with CVD in the UK, where it is responsible for more than a quarter (26%) of all

deaths each year.237 The bulk of these CVD deaths are attributable to the atherosclerotic

narrowing of coronary arteries, known as coronary heart disease (CHD). 238

According to the British Heart Foundation, CHD is currently responsible for about 73,000

deaths per year in the UK, most of which occur as a result of myocardial infarction (MI);

more commonly known as heart attack. 239 Of the estimated 2.3million people who live

with CHD, most are known to be affected by chest pain (angina) and it is this pain that is

recognised as one of the classic signs of CHD, the other signs being chronic heart failure

and heart attack.238 While it is often a consequence of arterial plaque build-up, CVD also

notably comprises congenital, inflammatory and rheumatic heart disease, as well as

venous thromboembolism, and both ischemic and haemorrhagic stroke.240

To predict risk of CVD among individuals in the UK, the use of any of the following tools

is recommended by the National Institute for Health and Care Excellence: The

Framingham model, the QRISK2 calculator, and the Systematic COronary Risk

Evaluation (SCORE) chart. 241
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The Framingham model

The Framingham model is the oldest CVD prediction tools currently in use. Developed

using evidence from the Framingham Heart Study, an ongoing prospective, single-centre

study of community-based adults in the USA,242 the Framingham model is a sex-specific

multivariable risk factor algorithm that is used to assess 10-year risk of CHD in

individuals aged 20 to 79 years.243

While it was deemed to have satisfactory discriminative abilities in some American244

and European settings,245 the main criticism for use of the Framingham model is that it

was developed using data from a mainly white, middle class sample, at the peak of CVD

incidence in the USA, and could not be generalised to other populations, particularly those

with lower risk profiles.246 A systematic review of the Framingham model’s performance

in multiple countries showed it often either over- or under-estimated CVD risk in low and

high-risk populations, respectively, with predicted versus observed risk ratios varying

from 0.43 to 2.87.247 In the British population, the uncalibrated Framingham model not

only overestimated risk of CVD (by as much as 5% for men), but also underestimated

risk in some socioeconomic groups.248

Women have a higher baseline Framingham score than men, as the value allocated to

each component of the score is higher for the female gender than that for a male with the

exact same attributes. For instance, a woman who is 70 years old, currently smokes

cigarettes, has a systolic blood pressure of 140mmHg, a total cholesterol level of 6.2 and

HDL cholesterol level of 1.03 will have a Framingham score of 21, while a man with the

exact same characteristics will have a Framingham score of 16. Thus, the average woman
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will always have a higher Framingham score than the average man; which, importantly,

does not relate to proportionally higher risk of CVD.

To reflect the fact that women actually have lower baseline risk of CVD than men, the

gender differences in scores is corrected for when Framingham scores are translated into

10-year percentage risk of a fatal or non-fatal CVD event, at which point they actually

reflect overall a lower points-based risk for females than males. For instance, a woman

with a Framingham score of 15 will only have a 3% risk of experiencing a CVD event,

while a man with the same score will face a 20% chance of experiencing a similar event.

The QRISK calculator

Packaged as advancement in CVD risk prediction in the UK, the QRISK risk calculator

is a multifactorial algorithm that was developed to provide accurate assessment of CVD

in people in England and Wales, and was validated for use in the UK.249 Prior to its use,

clinicians in England and Wales used a modified version of the Framingham risk score.

However, due to the limitations of the Framingham scale in isolating ‘at risk’ individuals

in the population at a time when there was an eminent national initiative to lower the

threshold of using statins for primary CVD prevention,250 a study was carried out to derive

and validate an improved cardiovascular disease risk scoring equation for use in the UK.

The QRISK calculator is a computer based CVD prediction tool, whose main purpose is

to predict risk of suffering a heart attack or stroke over a 10 year period in individuals

aged 25 to 84 years using information about their demographics, health behaviours and

some clinical information.251 Although intended for use as a web-based calculator which

would normally be applied by a clinician in a primary care setting, the QRISK can be
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used by any individual with access to the Internet. Since its development, in addition to

annual updates, the QRISK calculator has been modified to incorporate additional risk

factor components to increase its efficiency in predicting CVD, resulting in a release of

the QRISK2 in 2016,252 and the QRISK3 in the latter part of 2017.253

To derive this equation the researchers utilised prospective data from a large, validated

electronic database (www.qresearch.org) representative of primary care and containing

the health records of 10 million patients over a 17 year period from 529 general practices.

After randomly selecting two thirds of participants for the study and development of the

equation, the remaining one third of the dataset was used to validate the algorithm.254 The

derivation sample comprised a cohort of patients aged 35-74 at the date of study entry,

drawn from patients registered with eligible practices from 1 January 1995 to 1 April

2007; all without a diagnosis of cardiovascular disease or diabetes before their entry date.

Following a priori selection of risk factors to be used in the model based on traditional

risk scores, Cox proportional hazard models were used to compute strength of association

with each variable, and to test for interactions. Each patient’s probability of experiencing

a cardiovascular event (heart attack or stroke) within 10 years was then calculated using

the characteristics of the patient and the baseline survivor function of all participants.

Performance of the resultant QRISK equation was tested and calibrated using the

validation dataset249 and later revised and re-validated externally,255 whereon the QRISK

calculator was deemed the best available tool for predicting risk of CVD among

individuals aged 25 to 84 years in the UK.
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The SCORE chart

The Systematic COronary Risk Evaluation (SCORE) charts are recommended as simple,

straightforward tools which can be used as first-line screening tools all across Europe.256

Replacing the borrowed New Zealand risk charts in previous guidelines, 257 and also

descendent from the Framingham score, the purpose of the original SCORE chart was to

predict 10-year risk of fatal CVD in 40-65 year-old men and women across Europe who

had no pre-existing atherosclerotic CVD.258

Based on risk functions used in the Framingham model, and enhanced for simplicity of

use by adopting the traffic light colour coded graphics of the New Zealand charts,259 the

SCORE chart is advertised as a fool-proof first-line screening tool, meant to prompt

further screening and intervention once an individual was found to have a 10-year

absolute risk of 20% or more.260 However, even as it was implemented, there were

demonstrable concerns that the chart was not entirely appropriate for the whole European

population as it used the same Framingham model which was known to either over- or

under- estimate risk in some populations, and whose end-points were not the same as

those used in other cohort studies and clinical trials.247 Thus, dependent on their country’s

background CVD risk profile, low- and high-risk versions of the SCORE chart have since

been developed, with the users in the UK advised to use the low-risk chart.

6.1.2 Gender differences in risk of CVD

The development and application of the CVD risk prediction tools above indicates gender

differences in risk of CVD which are supported by the literature.261 The differences in

risk arise mainly from individual risk factors that often favour women; the most important

being age, whose effect is largely attributed to circulating oestrogens present in women
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of fertile age.262 Additionally, differences in lipid regulation263 and vascular tone (dues

to sex hormones) also proffer pre-menopausal women with more resistance to the

ramifications of high blood pressure than men and post-menopausal women. 264 Further

explanation of gender differences in CVD incidence and mortality up to menopausal age

has been offered through the observation that risk factors such as smoking, heavy drinking

and poor dietary habits often accumulate more in younger men.265

Menopause transition is associated with a worsening CHD risk profile,266 and although

often underestimated, the risk of CHD in women rapidly becomes comparable to that of

male counterparts after menopause. Indeed, evidence from longitudinal data illustrates

increases in CVD incidence and mortality among post-menopausal women.267 While it

is suggested that the increased incidence and mortality may be due to the over-

representation of women in older age due to higher life-expectancy,268 steeper rises in

central obesity, cholesterol and blood pressure, are often observed in women, 269, 270 often

resulting in worse cardiac outcomes than those of men with similar risk profiles.261 In

addition, older women are more likely to be diagnosed with type II diabetes and as a

result, as highlighted by evidence from 37 prospective cohort studies, they develop higher

risk of fatal CHD (of up to 50% in some instances) compared to male diabetes sufferers.271

Barring the protective effect of gonadal hormones, women are more susceptible to the

effects of smoking, which is considered the second most important determinant of the sex

difference in CHD risk.272 Smoking increase the risk of MI incidence and CVD by about

50% among women compared to men who smoke similar amounts of tobacco per day.273

Furthermore, low physical activity is associated with worse outcomes for women, as

illustrated by evidence from a worldwide study of physical activity, which shows that the
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prevalence of obesity increased more rapidly in women as the number of footsteps taken

per day reduced (232% obesity increase for females versus 67% increase for males;

comparing lowest versus highest activity).274 To a lesser extent, various genes that

regulate insulin resistance and body fat distribution may also preferentially predispose

men to lower risk of CVD. 275, 276

6.1.3 Depression and cardiovascular disease

There is growing evidence that CVD and depression may have similar origins. While

evidence from a systematic review and meta-analysis of longitudinal data indicates that

prevalent CVD and stroke both predict depression in later life,277 there is evidence that

risk of CVD, in people apparently free of the disease, also predicts depression. Although

the mechanisms of this effect are unclear, biomarkers such as hyperglycaemia,

obesity/excessive weight, dyslipidaemia and hypertension have been implicated in the

development of depression,278 while specific cardiovascular disorders such as angina,279

hypertension280 and atrial fibrillation281 have also been linked in the development of

depression. The evidence of a relationship between circulating cholesterol levels and

development of depression is somewhat ambiguous.282

Although not limited to the following, other important risk factors strongly linked to both

CVD and depression are age, sex, smoking and socio-economic status.283 In addition,

individuals who eventually develop either disorder are also more likely to have pre-

existing diabetes284,285 obesity,286 chronic kidney disease287, 288 and rheumatoid arthritis289,

290 than the general population. Moreover, psycho-social factors such as loneliness and

social isolation have been implicated in the development of both CVD and depression. 291
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Following a causal model where risk factors for depression have been identified as similar

to those CVD, irrespective of the eventual relation in existent disease, an exploration of

a range of classic CVD risk factors in relation to depression may indicate whether a

standard algorithm for CVD may have predictive utility for depression. Dual use of such

an algorithm would increase the likelihood of identifying individuals at risk of depression,

thus creating an opportunity for early intervention as is the case for CVD. Furthermore,

as the use of such a tool would not increase either financial or time commitments of either

the clinician or the patient, it would be beneficial to all key stakeholders.

Although existent algorithms specific to depression would be most appropriate in this

endeavour, the use of a CVD risk prediction algorithm for predicting depression would

be beneficial for a number of reasons. While tools developed to predict anxiety and

depression like PredictD292 and PredictA293 tool have been identified as having good

discriminatory characteristics, they are disadvantaged by being impractical for

application in primary care as they require information (Short Form 12 scores) not

normally available to general practitioners (GPs).294 The same is the case with regards to

evidence that social media could be used to aid detection and diagnosis of depressive

disorders295 by observing online behaviour, where implementation of such would only

apply to individuals who engage with social medial – whereas a tool applied by a

physician would likely capture more individuals during routine primary care visits.

The importance of carrying out early interventions for mental health has previously been

emphasised based on evidence that it is value for money.296 At present, individuals who

are identified as being at high risk of CVD are offered lifestyle advice such as increasing

exercise and reducing alcohol consumption and smoking;240 factors which are also
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implicated in the development of depression. Pertinent to this, there is evidence that pre-

emptive interventions involving exercise and cognitive behavioural therapy could be used

to prevent new onset of anxiety and depression in older adults living with osteoarthritis.297

From the study above, it was proposed that interventions which engage older adults in

interventions to manage disabling and nuisance conditions (like pain) and also mental

health-promoting qualities (like CBT and exercise) could be an efficient approach to

optimising both physical and mental health.297 Accordingly, in addition to dual prediction

of risk of CVD and depression, current CVD lifestyle interventions could be augmented

and monitored in relation to depression.

6.2 Aims and objectives

It is apparent that depression and CVD have a number of have mutual risk factors, such

that elevated risk of one disorder often indicates risk of the other. Thus, the aim of the

present study is to investigate whether a disease prediction algorithm used to predict CVD

can also be used to predict depression symptoms.

Based on the commonality of risk factors between depression and CVD, my hypothesis

for this present study is that a CVD risk prediction tool can also be used to predict future

depression. Considering that the QRISK2 was introduced in the UK as advancement in

CVD risk prediction tailored for the UK population, it is also my hypothesis that the

QRISK2is likely to provide the most utility in predicting depression in older people in

England, if any is to be found.
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6.3 Methods

6.3.1 Selection of study participants

The data for this investigation were taken from wave 2 of ELSA (2004/2005), which is

when measurement of biological CVD measurements was first taken. Figure 8 displays

the selection process of the ELSA subsample for the present study. To start with, from

the 11,391 core participants of ELSA who took part in the first wave (2002/2003) of the

study, 2,611 were lost to follow-up at wave 2. Of the remaining 8,780 participants who

took part in wave 2, a total of 92 participants who participated via a proxy were

automatically excluded.

Furthermore 1,022 participants who had not received a nurse visit (and thus had no

measures for biological risk factors), and an additional 1,999 participants who did not

have blood samples taken were excluded. Reasons for failure to acquire biological

measure where consent to a nurse visit had been given (such as failure to obtain an

adequate blood sample), are described in detail in Chapter 3.2. A total of 350 participants

who had reported physician’s diagnosis of CVD prior to or in 2004/2005 were also

excluded, in order to limit the study to ‘at-risk’ participants only.

Next, 79 participants who had missing values for depression symptoms at baseline, and

1,136 who had reported having depression symptoms were excluded. A total of 378

participants who had not provided responses to any of the questions about depression at

any subsequent wave (after wave 2) were also excluded. Finally, for valid comparability

between the QRISK2 score and Framingham model, analysis was limited to individuals

aged up to 79 years, thus 289 participants aged 80 years and above were excluded. This

resulted in a final analytical sample of 3,435 participants.
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Core participants of ELSA (aged 50 years and above) at the beginning of wave 1 in 2002/03, where

Lost to follow-up at wave 2 in

2004/05 (2,611)

Missing values for depression

symptoms (79)

Had depression symptoms at

baseline (1,136)

Analytical sample: (3,435)

Core participants at the beginning of wave 2 (8,780)

Interviewed via proxy (92)

Reported CVD diagnosis at wave 1

(350)

Did not receive a nurse visit

(1,022)

Missing values for CVD risk

biomarkers (1,999)

Depression symptoms not measured

at any follow-up wave (378)

Figure 8: Sample selection for longitudinal analysis of the association between CVD risk factors and
development of depression symptoms: the English Longitudinal Study of Ageing, 2004/05

Aged 80 years and above

(289)
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6.3.2 Exposures: Cardiovascular disease prediction algorithms

1. The Framingham Model

Framingham scores were measured in ELSA participants firstly by ascertaining their (1)

gender, which is then used to calculate scores dependent on their (2) age, (3) systolic

blood pressure, (4) current smoking, serum levels of (5) total cholesterol and (6) high-

density lipoprotein cholesterol, (7) diabetes, and (8) the use of antihypertensive treatment.

Appendix 6 illustrates the allocation of scores according to the Framingham model for

both women and men, which were applied accordingly to each participant in this study.

Additionally, appendix 7 illustrates the allocation of Framingham 10-year percentage risk

of fatal and non-fatal CVD.

2. The QRISK2 calculator

The QRISK2, which was the prevalent version of the QRISK calculator at the time of

these analyses, contains some of the traditional risk factors as employed in the

Framingham score such as (1) age, (2) sex, (3) systolic blood pressure, (4) smoking status

and (5) use of antihypertensive medication, and also has additional components used to

quantify the risk related to (6) total serum cholesterol to high density lipoprotein (HDL)

ratio, (7) body mass index (BMI), (8) family history of cardiovascular disease, (9) social

deprivation (derived from the Townsend score, which is extrapolated from the

participant’s postal code) and (10) ethnicity. Although initially not present when it was

first implemented, the updated version of QRISK2 (2016) also factors in pre-existing

diagnoses of (11) diabetes, (12) kidney disease, (13) rheumatoid arthritis, and (14) atrial

fibrillation.298 Calculation of CVD risk according to QRISK calculator were carried out

using the online calculator for each individual, and rounded to the nearest fifth percentile



142

point. An image of the 2016 online version of the QRISK2 calculator is presented in

appendix 8.

3. SCORE chart

Composed of two independent charts for use in different parts of Europe, both SCORE

charts contain the appropriate scores to be applied to individuals in correspondence with

their (1) gender, (2) age, (3) total cholesterol, (4) systolic blood pressure and (5) smoking

status. These scores are aggregated in a risk chart with colour-coded risk cells, whose

colour scheme represents a traffic light style warning system, such that green reflects low

risk of CVD and red indicates very high risk of cardiovascular event within the following

10 years. Appendix 9 displays the low risk SCORE chart, which was employed to

calculate CVD risk for each participant in this present study.

6.3.3 CVD risk factors in ELSA

Table 19 displays the components of the QRISK2 calculator, the Framingham model and

SCORE chart, illustrating which CVD risk algorithm each component belongs to, and

showing components which are common to more than one algorithm. In addition, the

table contains a description of how the components are recorded in ELSA and how data

were collected from participants. Of note, family history of CVD and diagnosis of atrial

fibrillation, which are components of the QRISK2 calculator, were only recorded in the

1998 cycle of HSE only, resulting in missing data for participants recruited from the 1999

and 2001 HSE surveys.
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Table 19: Components of the cardiovascular disease risk prediction algorithms
and how they are recorded in the English Longitudinal Study of Ageing 2004

CVD risk factors F S Q Type of variable and how the information is collected in
ELSA

Gender    Binary
Age    Continuous (Measured in whole years)
Systolic blood
pressure

   Continuous (Blood pressure was measured three times during
the nurse visit using an Omron blood pressure monitor with
the participant seated and then averaged. Reported as
millimetres of mercury (mmHg))

Smoking status    Binary (Yes/ No. Participants were asked if they had ever
smoked, and individuals who responded in the affirmative
were asked if they were still smokers at the time of data
collection. Participants who responded “yes” to both
questions were classed as current smokers)

HDL cholesterol  Continuous (Whole blood samples taken from consenting
participants and stored in plain tubes. Serum samples were
assayed for total and HDL cholesterol at the Royal Victoria
Infirmary, Newcastle-upon-Tyne, UK.299 Reported as
millimoles per litre (mmol/l))

Total cholesterol   Continuous (As above)
Cholesterol/HDL
ratio

 Continuous (As above)

BMI   Continuous (Height and weight without shoes was measured
to the nearest millimetre using a portable stadiometer and
0.1 kg using a portable electronic scale, respectively. BMI
(kg/m2) calculated by dividing each individual’s measured
weight by height squared.)300

Material
deprivation

 Categorical, quintiles (A measure of socio-economic status
assessed using the index of multiple deprivation (IMD) score;
a weighted composite derived from income, employment,
health deprivation and disability, education skills and
training, barriers to housing and services, crime, and living
environment. Matched to ELSA participants using their
postal codes. Scores were divided into quintiles, with the
least deprived participants belonging to the lowest quintile)301

Ethnicity  Categorical (White or not stated, Indian, Pakistani,
Bangladeshi, Other Asian, Black African, Black Caribbean,
Chinese, Other)

Family history of
CVD

 Binary (Yes/ No). Recorded in 1998 HSE wave 0 only

Kidney disease  Binary (Yes/ No, Self-report of physician’s diagnosis).
Recorded in 1998 HSE wave 0 only

Rheumatoid
arthritis

 Binary (Yes/ No, Self-report of physician’s diagnosis)

Atrial Fibrillation  Binary (Yes/ No, Self-report of physician’s diagnosis)
Diabetes   Binary (Yes/ No, Self-report of physician’s diagnosis)
Antihypertensive
medication use

  Binary (Yes/No). Participants asked whether they were
taking drugs prescribed for blood pressure

F Components of the Framingham model
S Component of SCORE chart
Q Components of QRISK2 calculator
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6.3.4 Outcome: Depression Symptoms

The main outcome of this study is depression symptoms, measured using the 8-itme CES-

D, which is described in Chapter 3.3.

6.3.5 Statistical methods

Firstly, the distribution of each individual component of the three CVD risk algorithms

was assessed according to gender, and differences between means and proportions were

tested using the Chi2 test and analysis of variance (ANOVA). Following this, the odds

for developing depression symptoms over an 8 year follow-up period were computed for

each CVD risk factor using Generalized Estimating Equations (GEE) logistic regressions

with exchangeable correlation matrices. This was done using data from all participation

waves from wave 2 (baseline) to wave 6 of ELSA; also according to gender. Risk was

assessed according to standard deviation change for all continuous variables. Due to lack

of ethnic variation in ELSA, adjustments for ethnicity were not made in any analyses, and

because of the volume of missing data for this factors, atrial fibrillation and family history

of CVD were excluded from some analyses.

The GEE approach was chosen for this analysis as it accounts for the individual

correlation in reports of depression symptoms by firstly computing naive standard errors

while assuming complete independence of measures, and then computing adjustments to

the naive standard errors. This adjustment results in robust standard errors and separates

the nuisance variation due to population-wide behaviour from the variation related to

trends with time while still incorporating the population-wide variance within its variance

structure.302 Thus, it provides a population average of the association between each CVD

risk factor (time non-varying) and depression symptoms (time-varying) over time.
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Finally, risk of CVD was calculated for each participant according to the Framingham

model, the QRISK2 calculator, and the SCORE chart. As the SCORE chart is intended

for calculation of CVD risk up to 65 years, age was truncated such that individuals who

were older than 65 years were allocated the same SCORE risk as those aged 65 years.

Bivariate logistic regressions were used to investigate the odds of developing depression

symptoms after 8 years of follow-up according to each of the three algorithms. To serve

as sensitivity analyses, bivariate logistic regressions were used to assess the predictive

capacity of each individual CVD risk factor in predicting a CVD event; that is, either

mortality, MI, stroke, CHF or angina. Further sensitivity analyses were carried out for

each CVD risk algorithm, testing for their capacity for predicting CVD event following

8 years of follow-up in ELSA.

6.4 Results

6.4.1 Baseline Characteristics of study participants

In total, 3,435 ELSA participants were eligible for the present analyses – that is, people

who were free of depression at baseline, had not been previously diagnosed with CVD,

and had non-missing data for biological CVD risk factors at baseline. Compared with

ELSA participants who were not eligible for this study, this eligible sub-sample were

younger, and comprised a smaller proportion of women (53.3% compared to 56.2%) (see

table 20). Participants in this group had somewhat lower BMI, and higher mean HDL

and total cholesterol. While there were no clear group differences according to systolic

blood pressure and family history of CVD, eligible participants were significantly less

likely to report kidney disease, rheumatoid arthritis, atrial fibrillation and diabetes, and

were also less likely to be using antihypertensive medication. Notably, eligible study

participants were wealthier than those excluded.
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Table 21 displays the baseline characteristics of the 3,435 eligible study participants, who

were aged 52 years and above and were free from depression at baseline (reported 3 or

less symptoms of depression). The table presents a comparison of participants according

to their gender, where it can be observed that women had significantly higher HDL and

total cholesterol than men, and were less likely to report diagnosis of diabetes. Of the

3,345 participants, only 1,519 had data for family history of CVD and atrial fibrillation,

and while there was no difference between men and women with regards to family history

of CVD, women were more likely to report diagnosis of atrial fibrillation.

Mean Framingham scores for women were only marginally higher than those for men

(15.20 compared to 12.85), indicating that the correlating 10-year risk of a CVD event

for men would actually be higher for men than for women. Indeed, when Framingham

scores were converted into 10-year risk of suffering a fatal or non-fatal CVD event, it was

evident that men actually had a higher mean 10-year percentage risk (5.39) than women

(4.34). The same was observed for the SCORE chart, according to which the mean 10-

year risk of suffering a fatal CVD event remained lower for women than men (1.46%

compared to 2.96%). While the average 10-year risk of a CVD event was remarkably

higher for both men and women according to QRISK calculator compared to predictions

based on either the Framingham model or SCORE chart, similar gender differences

could once again be observed, such that men had a higher mean QRISK percentage

(22.76) than women (16.42).
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Table 20: Baseline characteristics of 8,780 depression and CVD free participants of
the English Longitudinal Study of Ageing in 2004/5 according to eligibility criteriaa

for the CVD risk factors/depression study

CVD risk factors F S Q Eligible
N=3,435

Not eligible
N=5,345

All

Female, % (s.e.)    53.28
(0.85)

56.15
(0.70)

55.02
(0.53)

Age (years), mean (s.e.)    63.59
(0.13)

69.20
(0.15)

66.93
(0.11)

Systolic Blood pressure
(mmHg), mean (s.e.)

   134.23
(0.31)

136.44
(0.35)

135.30
(0.23)

Current smoker, % (s.e.)    11.21
(0.54)

17.66
(0.52)

15.14
(0.38)

HDL cholesterol (mg/dl), mean
(s.e.)

 1.54
(0.01)

1.50
(0.01)

1.52
(0.01)

Total cholesterol (mg/dl), mean
(s.e.)

  6.00
(0.02)

5.79
(0.03)

5.91
(0.02)

Cholesterol/HDL ratio, mean
(s.e.)

 4.04
(0.02)

2.80
(0.02)

4.03
(0.01)

BMI (kg/m2), mean (s.e.)   27.83
(0.08)

28.02
(0.08)

27.92
(0.06)

Highest quintile of material
deprivation, % (s.e.)

 9.05
(0.49)

17.40
(0.52)

14.13
(0.37)

Family history of CVDb, %
(s.e.)

 15.67
(0.93)

16.52
(0.80)

16.17
(0.61)

Kidney disease, % (s.e.)  0.76
(0.15)

1.53
(0.17)

1.23
(0.12)

Rheumatoid arthritis, % (s.e.)  4.60
(0.36)

8.38
(0.38)

6.90
(0.27)

Atrial Fibrillationb, , % (s.e.)  4.95
(0.50)

8.51
(0.59)

6.64
(0.41)

Diabetes, % (s.e.)   5.62
(0.39)

9.80
(0.42)

8.17
(0.29)

Antihypertensive medication
use, % (s.e.)

  12.98
(0.57)

16.22
(0.50)

14.95
(0.38)

a Eligibility criteria were: No depression symptoms and CVD diagnosis at baseline, no
missing CVD risk factor measures, and had values for depression symptoms on at least
one occasion at follow-up

F Components of the Framingham model
S Component of SCORE chart
Q Components of QRISK2 calculator
b Only 3,692 participants had these data collected in HSE survey



148

Table 21: Baseline characteristics of 3,435 depression-free participants with no
previous diagnosis of CVD and non-missing CVD risk factor values: the English
Longitudinal Study of Ageing, 2004/5

F S Q Female
(N = 1,830)

Male
(N = 1,605)

All

Age (years), mean (SE)    63.47
(0.17)

63.73
(0.21)

63.59
(0.15)

Systolic Blood
pressure(mmHg), mean (SE)

   133.06
(0.45)

135.58
(0.42)

134.23
(0.31)

HDL cholesterol (mg/dl), mean
(SE)

 1.68
(0.01)

1.39
(0.01)

1.54
(0.01)

Total cholesterol (mg/dl), mean
(SE)

  6.23
(0.03)

5.74
(0.03)

6.00
(0.02)

Cholesterol/HDL ratio, mean
(SE)

 3.85
(0.02)

4.25
(0.02)

4.03
(0.02)

BMI (kg/m2), mean (SE)   27.89
(0.12)

27.76
(0.10)

27.83
(0.08)

Current smoker, % (SE)    11.04
(0.73)

11.40
(0.79)

10.21
(0.54)

Highest quintile of material
deprivation, % (SE)

 9.13
(0.67)

8.97
(0.71)

9.05
(0.48)

Family history of CVD b,, %
(SE)

 15.08
(1.25)

16.36
(1.40)

15.67
(0.93)

Kidney disease, % (SE)  0.87
(0.22)

0.62
(0.20)

0.76
(0.15)

Rheumatoid arthritis, % (SE)  4.97
(0.51)

4.17
(0.50)

4.59
(0.36)

Atrial fibrillationb, % (SE)   4.50
(0.72)

3.30
(0.67)

3.94
(0.50)

Diabetes, % (SE)   4.64
(0.49)

6.73
(0.63)

5.62
(0.39)

Antihypertensive medication
use, % (SE)

  12.90
(0.78)

13.08
(0.84)

12.98
(0.57)

Risk Scores
Framingham score, mean (SE)  15.20

(0.08)
12.85
(0.05)

14.10
(0.05)

Framingham 10 year % risk of
CVD, mean (SE)

 4.34
(0.10)

5.39
(0.23)

4.83
(0.12)

SCORE 10 year % risk of fatal
CVD, mean (SE)

 1.46
(0.03)

2.96
(0.05)

2.16
(0.03)

QRISK 10 year % risk of heart
attack or stroke, mean (SE)

 16.42
(0.21)

22.76
(0.25)

19.38
(0.17)

F Components of the Framingham model
S Component of SCORE chart
Q Components of QRISK2 calculator
b Only 1,519 participants with these data; values excluded from final QRISK2 calculation
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6.4.2 The association between individual CVD risk factors and depression

After baseline, the prevalence of people reporting incident depression symptoms was

stable over time. The prevalence of depression at each wave and proportion of recurrent

cases is displayed in table 22.

Table 22: Prevalence and recurrence of depression by wave

Reports of symptoms > 4 by wave

Wave 2 Wave 3 Wave 4 Wave 5 Wave 6

Number of
participants

3,435 3,294 2,970 2,593 2,651

Prevalence % (n) 0 7.01 (231) 7.31 (217) 7.76 (218) 8.07 (214)

Reported
depression in
previous wave %,
(n)

N/A 0 28.43 (58) 32.46 (62) 38.89 (70)

Where 7.0% of the participants who took part in wave 3 (in 2006) reported depression

symptoms, 8.1% reported the same in wave 6, which was the highest proportion or

depression incidence for all waves. Although the proportion of participants with

depression symptoms did not vary much with each wave, these symptoms did not appear

to be a persistent state in individuals, as on average, just over a quarter of participants

who reported depression symptoms in any one wave would have done so in a previous

wave. Similar proportions of depression prevalence and recurrence were observed for

the whole ELSA sample.

The relationship between the development of depression symptoms in these ELSA

participants and each CVD risk factor that is included in either the Framingham model,

SCORE chart or QRISK2 calculator is displayed in table 23.
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For the 3,435 participants in these analyses, increasing age, higher BMI, current smoking,

use of antihypertensive medication, being materially deprived and having a diagnosis of

either rheumatoid arthritis or atrial fibrillation were all associated with increased risk of

developing depression symptoms for both men and women. Of note having the following

characteristics was associated with an increased risk greater than 50% compared to

individuals who did not possess them: atrial fibrillation (OR, 1.70; 95% CI 1.02, 2.83),

material deprivation (1.80; 1.33, 2.46), rheumatoid arthritis (1.61; 1.15, 2.27), use of

antihypertensive medication (1.57; 1.26, 1.97), and smoking (1.51; 1.19; 1.93)

When these associations were stratified according to gender, the increased risk of

depression symptoms associated with atrial fibrillation, material deprivation, rheumatoid

arthritis and BMI was only apparent in women. Thus, the only CVD risk components

which were significantly associated with depression symptoms in men were use of

antihypertensive medication (OR 1.88, 95% CI 1.31, 2.70), material deprivation (2.01;

1.15, 3.47) and current smoking (1.71 95% CI 1.15, 2.55).
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Table 23: Odds Ratio (95% confidence intervals) for the relation of CVD risk
factors with the risk of developing depression symptoms over an 8 year follow-up

period among 3,435 participants in the English Longitudinal Study of Ageing,
2004/5

Risk factors
Referent is absence
of risk, or SD
increase for
continuous variables

F S Q Women
(610 new

cases)

Men
(270 new

cases)

OR* (CI)
(All

participants)

P value for
gender

interaction

Age (years)    1.28
(1.12, 1.45)

1.06
(0.88, 1.27)

1.20
(1.08, 1.33)

0.116

Systolic Blood
pressure, (mmHg)

   1.00
(1.00, 1.01)

1.00
(1.00, 1.01)

1.07
(0.98, 1.17)

0.676

Current smoker    1.43
(1.06, 1.94)

1.71
(1.15, 2.55)

1.51
(1.19, 1.93)

0.443

HDL cholesterol
(mg/dl)

 0.89
(0.80, 1.00)

0.86
(0.72, 1.03)

1.02
(0.93, 1.11)

0.994

Total cholesterol
(mg/dl)

  1.01
(0.91, 1.12)

0.95
(0.82, 1.12)

1.07
(0.99, 1.17)

0.629

Cholesterol/HDL
ratio

 1.13
(1.02, 1.26)

1.09
(0.95, 1.26)

1.03
(0.95, 1.12)

0.453

BMI, (kg/m2)   1.19
(1.09, 1.30)

1.11
(0.95, 1.31)

1.19
(1.10, 1.29)

0.933

Highest quintile of
deprivation a

 1.72
(1.19, 2.49)

2.01
(1.15, 3.47)

1.80
(1.33, 2.46)

0.872

Family history of
CVD b

 0.90
(0.58, 1.39)

1.31
(0.77, 2.21)

1.01
(0.72, 1.42)

0.109

Kidney disease  1.29
(0.47, 3.53)

2.49
(0.67, 8.85)

1.66
(0.75, 3.69)

0.161

Rheumatoid arthritis  1.68
(1.12, 2.51)

1.30
(0.67, 2.56)

1.61
(1.15, 2.27)

0.411

Atrial fibrillation b  2.25
(1.30, 3.90)

0.38
(0.07, 2.19)

1.70
(1.02, 2.83)

0.126

Diabetes   1.18
(0.73, 1.89)

1.47
(0.87, 2.47)

1.20
(0.84, 1.71)

0.451

Antihypertensive
medication use

  1.46
(1.10, 1.93)

1.88
(1.31, 2.70)

1.57
(1.26, 1.97)

0.521

F Components of the Framingham model
S Component of SCORE chart
Q Components of QRISK2 calculator
a Referent is lowest quintile of material deprivation
b, Only 1,519 participants with feed-forward data from HSE; values excluded from final

QRISK2 calculation
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6.4.3 The association between CVD risk score and depression symptoms

Following application of CVD risk scores to individuals according to the respective

algorithms, it can be observed from table 24 that having a higher Framingham risk score

was significantly associated with increased risk of developing depression symptoms in

women only (OR 1.34; 95% CI 1.13, 1.58 per standard deviation change). Although

results were not significant according to traditional thresholds, it could also be inferred

that a standard deviation change in Framingham scores was also associated with increased

risk of depression symptoms for men (OR 1.22: 95% CI 0.83, 1.82). Pooled gender

analyses were not appropriate for the Framingham score as the model is applied

differently according to gender.

Table 24: Odds Ratio for development of depression symptoms after 8 years of
follow-up according to CVD risk algorithm at baseline: English Longitudinal
Study of Ageing 2004/5

CVD Risk algorithm Women
(New cases =

417)

Men
(New cases =

203)

OR (CI) for Men
and Women
(New cases =

620)
Per-point increase in
Framingham risk (%)

1.10
(1.04, 1.16)

1.07
(0.94, 1.21)

1.13
(1.08, 1.19)

SD change in
Framingham score

1.34
(1.13, 1.58)

1.22
(0.83, 1.82)

N/A*

Per-point increase in
SCORE (%)

1.20
(1.06, 1.37)

1.16
(1.04, 1.29)

1.05
(0.98, 1.14)

SD change in SCORE
(%)

1.40
(1.11, 1.77)

1.31
(1.08, 1.60)

1.10
(0.96, 1.27)

Per-point increase in
QRISK (%)

1.04
(1.02, 1.06)

1.02
(0.99, 1.04)

1.02
(1.00, 1.03)

SD change in total
QRISK (%)**

1.61
(1.30, 2.00)

1.24
(0.92, 1.68)

1.23
(1.04, 1.46)

* Women have a higher baseline Framingham score than men, therefore pooled score is
not appropriate.

** Family history of CVD and atrial fibrillation excluded from QRISK calculation due
to missing data
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As these gender differences are reflected in the final Framingham 10-year risk prediction

percentage, a pooled gender analysis is appropriate according to this measure of risk

prediction. Accordingly, the pooled gender analysis shows that a single percentage point

increase in 10-year risk of fatal or non-fatal CVD as predicted by the Framingham model

is associated with a 13% increase in the risk of developing depression symptoms (OR

1.13; CI 1.08, 1.19). As such, a 1% increase in CVD risk is associated with a 13% risk

in developing depression symptom. However, taking into account that Framingham risk

only increments in single units up to a certain point and then increments exponentially

after the 6% mark; it is also true that an increase in CVD risk from 20% to 25% is also

associated with a 13% increase in risk of developing depression symptoms. When

assessed according to gender, the association between Framingham risk and depression

symptoms is once again more prominent in women, for who increased 10-year risk of

CVD is associated with a 10% increase in the risk of developing depression symptoms

(OR 1.10; CI 1.04, 1.16).

With regards to the SCORE risk chart, the pooled gender analysis showed that increased

CVD risk according to this algorithm did not predict depression symptoms. However,

when assessed by gender, increased risk of CVD does also relate to increased risk of

depression in both men and women. According to the SCORE chart, a single percentage

increase in the 10-year risk of fatal CVD increased the odds of developing depression by

20% over an 8-year follow-up period in women (OR 1.20; CI 1.06, 1.37), and a slightly

more modest increase in men (1.16; 1.04, 1.29).
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Finally, prediction of depression risk according to the QRISK2 calculator indicated that

a standard deviation increase in CVD risk related to a 23% increase in risk of developing

depression symptoms after 8 years of follow-up (OR 1.23, 95% CI 1.04, 1.46). Women

were once again at higher risk of developing depression symptoms according to the

QRISK2 calculator when compared with men (OR for women 1.61, 95% CI 1.30, 2.00;

OR for men 1.24, 95% CI 0.92, 1.68).

6.4.4 Sensitivity analyses

Sensitivity analyses for the predictive capacity of individual CVD risk factors in

predicting CVD events are displayed in table 25. As expected, increasing age, systolic

blood pressure, material deprivation, use of antihypertensive medication and diagnosis of

diabetes were associated with increased risk of developing CVD for both men and

women. However, the pooled gender analysis did not reveal an association between

development of CVD and cholesterol, smoking status, family history of CVD, diagnosis

of atrial fibrillation and BMI, all factors which tend to be implicated in the development

of CVD.

From these analyses, it can be observed that the risk of developing CVD more than

doubled as a result of diagnoses of diabetes (OR 2.61; 95% CI 1.84, 3.70), use of

antihypertensive medication (2.40; 1.86, 3.11) and material deprivation (2.40; 1.68, 3.44).

Gender differences were observed for rheumatoid arthritis, for which increased odds of

developing CVD were observed for women but not for men. Additionally, the effect of

total cholesterol on development of CVD was different according to gender (p value for

interaction = 0.030).
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Thus, with regards to developing either depression symptoms or CVD, increased risk was

observed in both cases for age, systolic blood pressure, use of antihypertensive

medication, material deprivation and diabetes if diabetes for both women and men, while

diagnosis of atrial fibrillation increased the risk of both conditions in women only.

Interestingly, in this sample, current smoking, which is often reported as being a large

risk factor for CVD was only associated with development of depression symptoms but

not CVD in this sample.

Sensitivity analyses performed for each risk prediction tool against its ability to predict

CVD events demonstrated that the Framingham model, SCORE chart and QRISK2

calculator all strongly predicted CVD events in the 8-year follow-up period in ELSA (see

table 26). While a single percentage increase does not equate to a one point increase in

risk of CVD for any of the algorithms, it is worth noting that the increments in each of

the calculators are not strictly single unit increments, as described in chapter 7.1.2.

In summary, the above sensitivity analyses illustrated that the CVD risk algorithms above

appropriately indicated increased risk of CVD. Notably, CVD risk prediction according

to the QRISK2 calculator was most aligned to expected predictions, as a 1% increase in

risk according to QRISK2 related to a similar increase in risk of CVD event in the analytic

sample.
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Table 25: Odds Ratio (95% confidence intervals) for the relation of CVD risk factors
with the risk of new CVD events (fatal and non-fatal) after 8 years of follow-up among
3,435 participants in the English Longitudinal Study of Ageing, 2004/5

F Components of the Framingham model
S Component of SCORE chart
Q Components of QRISK2 calculator
* Referent is lowest quintile of material deprivation
** Only 1,649 participants with feed-forward data from HSE

Risk factors
Referent is absence of
risk, or SD increase
for continuous
variables

F S Q OR (CI) for
Women only

(179 new
cases)

OR (CI) for
Men only
(214 new

cases)

OR* (CI) P value
for

interacti
on

Age (years)    2.32
(1.90, 2.82)

1.95
(1.63, 2.33)

2.12
(1.85, 2.41)

0.204

Systolic Blood
pressure (mmHg)

   1.41
(1.22, 1.62)

1.26
(1.08, 1.47)

1.34
(1.21, 1.49)

0.308

Current smoker    1.28
(0.81, 2.02)

1.20
(0.78, 1.85)

1.24
(0.91, 1.70)

0.839

HDL cholesterol
(mg/dl)

 0.77
(0.65, 0.92)

0.70
(0.58, 0.85)

0.72
(0.64, 0.81)

0.425

Total cholesterol
(mg/dl)

  0.85
(0.72, 1.00)

0.66
(0.56, 0.78)

0.73
(0.65, 0.81)

0.030

Cholesterol/HDL ratio  1.13
(0.96, 1.31)

0.92
(0.80, 1.06)

1.04
(0.94, 1.16)

0.062

BMI, (kg/m2)   1.06
(0.93, 1.21)

1.18
(1.00, 1.38)

1.10
(1.00, 1.22)

0.325

Highest quintile of
deprivation*

 2.23
(1.30, 3.83)

2.59
(1.60, 4.21)

2.40
(1.68, 3.44)

0.905

Has family history of
CVD**

 1.37
(0.77, 2.46)

0.95
(0.55, 1.65)

1.13
(0.76, 1.69)

0.370

Rheumatoid arthritis  1.90
(1.06, 3.37)

1.60
(0.86, 2.99)

1.72
(1.13, 2.62)

0.697

Atrial fibrillation**  1.75
(0.71, 4.34)

1.85
(0.71, 4.80)

1.71
(0.89, 3.28)

0.937

Diabetes  2.25
(1.28, 3.97)

2.74
(1.75, 4.30)

2.61
(1.84, 3.70)

0.589

Antihypertensive
medication use

  1.90
(1.29, 2.81)

2.93
(2.10, 4.15)

2.40
(1.86, 3.11)

0.101
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Table 26: Odds Ratio (95% confidence intervals) for development of fatal or non-
fatal CVD event during follow-up according to CVD risk at baseline as predicted
by CVD risk algorithms: English Longitudinal Study of Ageing 2004/5 -2012/13

CVD Risk
algorithm

Women
(New cases = 179)

Men
(New cases = 214)

All participants
(New cases = 393)

Per-point increase
in Framingham risk
(%)

1.20
(1.15, 1.27)

1.30
(1.20, 1.40)

1.14
(1.10, 1.18)

SD change in
Framingham score

1.81
(1.55, 2.12)

2.26
(1.77, 2.88)

N/A

Per-point increase
in SCORE (%)

1.40
(1.27, 1.56)

1.16
(1.09, 1.23)

1.22 (1.16, 1.28)

SD change in
SCORE%

1.84
(1.53, 2.23)

1.29
(1.16, 1.45)

1.43
(1.30, 1.55)

Per-point increase
in QRISK (%)

1.06
(1.05, 1.09)

1.06
(1.05, 1.08)

1.06
(1.05, 1.08)

SD change in total
QRISK %**

2.20
(1.83, 2.63)

2.06
(1.75, 2.43)

2.10
(1.87, 2.36)

** Family history of CVD and atrial fibrillation excluded from QRISK calculation due to
missing data

6.5 Discussion

6.5.1 Main findings of the CVD risk factors study

This study shows that among people aged 52 years and above, increased 10-year risk of

a CVD event as predicted by the QRISK2 and Framingham model also indicated

increased risk of developing depression symptoms after 8 years of follow-up in women

only. Increased risk of CVD according to the SCORE chart was associated with increased

risk of depression symptoms after 8 years of follow-up in men and women separately, but

not in pooled gender analyses. Material deprivation and use of antihypertensive

medication were associated with risk of both depression symptoms and CVD, while

elevated cholesterol levels, systolic blood pressure, family history of CVD, and diagnosis

of kidney disease and diabetes were not associated with risk of depression.
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6.5.2: Relation of present findings with existing literature

Traditionally, risk of depression in the elderly has been ascribed to extrinsic socio-

economic and behavioural factors such as poor social network and living conditions,

stressful events, and lower level of education and income.37 Additionally, age and being

of female gender are often associated with increased risk of depression in older people.

Increasingly however, biomarkers indicating cardio-metabolic disorders such as diabetes

mellitus, obesity/excessive weight, dyslipidaemia and hypertension have also been

implicated in the development of depression.278 Moreover, there is growing evidence that

those socio-economic factors usually associated with depression (loneliness, social

isolation) also lead to development of CVD.291

This present study illustrates that risk of future depression and of experiencing a CVD

event is associated with material deprivation and use of hypertensive medication.

Congruent with these findings age, sex, smoking and social status are often identified as

the most important indicators of risk of CVD and depression.283 In addition, various

sources also identify diabetes, obesity, loneliness, isolation,291 chronic kidney disease,

rheumatoid arthritis angina, hypertension, atrial fibrillation, and cholesterol as risk factors

for both.284,285,286,325,288,287 While mechanisms of association were not explored and thus

remain unclear, this study strengthens the proposition that risk of CVD can predict risk

of depression.

Although multiple behavioural factors such as smoking, sedentary behaviour and alcohol

consumption have been implicated in the development of both CVD and depression,265 it

is notable that only smoking is contained in the CVD prediction tools employed for this

study. Due to challenges in quantification, and interaction with other risk factors,
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sedentary behaviour in particular was excluded in the development of the Framingham

model,243 possibly presenting similar challenges in the development of other algorithms.

However, awareness of these additional shared risk factors further illustrates the co-

existence of CVD risk and depression risk, and strengthens the argument for further

consideration of shared risk prediction processes.

It has been suggested that this common risk not only progresses to cause the individual

disorders, but that once contracted, the combined effect of depression and CVD results in

increased mortality, such that mortality rates for one disorder would reduce if the other

were not present.303 While this present study was focused on extrapolating the relation

between risk factors for CVD and future risk of depression, a wealth of studies of

prevalent CVD has illustrated that CVD events may be an independent predictor of

depression.304

Conceivably, the reality of being diagnosed with CVD, or suffering a CVD event, is often

accompanied by feeling of sadness and a negative outlook on life. Beyond that, evidence

from multiple studies has highlighted increased rates of depression among people with

CVD, with significantly higher rates of depression being observed in patients who had

suffered from stroke in particular,305 whose depression rates appeared to increase steadily

over time.306 While further extensive research is required to affirm current findings, this

present study goes a step further in affirming suggestions that risk of CVD (prior to any

CVD events or diagnosis) is also indicative of risk of depression; as indicated by

commonality of risk factors.
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Although mechanisms of association are unclear, evidence from imaging studies show

that in older age depression can be a direct outcome of subcortical brain lesions on

strategic brain areas caused by cerebral atherosclerosis, which may disrupt the striato-

pallido-thalamo-cortical pathway, resulting in a condition known as ‘post-stroke

depression’.307 This indicates that some of the structural changes that eventually lead to

and ultimately characterise CHD are also linked with risk and development of depression,

particularly when they occur in the prefrontal cortex, amygdala, hippocampus and the

subcortical regions.308 However, while there are other causes of depression, this theory

offers no explanation for the CVD/ depression link when depression has been known to

precede vascular disease.309

Another proposition for the mechanisms that link vascular disorders to depression is that

of inflammatory pathways. It is believed that inflammation is an intrinsic part of

atherosclerosis in which the deposits that characterise this condition invoke (i) the

production of local and systemic cytokines such as interleukin-6 (IL-6), (ii) hepatocytic

acute-phase reactants such as C-reactive protein (CRP), and (iii) the expression and

endothelial shedding of soluble intercellular adhesion molecules (sICAMs) such as

sICAM-1.310,311 Due to the chronicity of atherosclerosis, the systemic low grade immune

response (known as the acute phase response due to the constant presence of acute phase

proteins) tends to persist in patients with CVD, and is especially prominent when acute

cardiac events are observed.312

Intriguingly, it has been noted that patients with depression show similar patterns of

immune activation to those just described,313 further illustrated through a meta-analysis

of samples of depressed patients without CVD, among whom the most consistent patterns
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of immune activation involved high circulating levels of IL-6.314 In addition, it has been

highlighted that individuals with either major depression or depression symptoms tend to

have high elevated circulatory levels of other inflammatory markers associated with

CVD, such as CRP, albumin and white blood cells.315 However, while similar

instruments may either play some precursory or featuring roles, it is yet to be proven that

the exact inflammatory pathways which lead to CVD are the exact same pathways which

also lead to depression.

6.5.3 Gender difference in CVD risk

While multiple risk factors may act cumulatively to cause CVD, a multifactorial

approach, one that takes into consideration all the risk factors separately, is probably the

best for investigating gender-specific differences in the CVD-depression link. Primarily,

the CVD risk factors that are more common among women in ELSA may explain why

the CVD prediction algorithms are more inclined to analogously predict depression

among them. While gender differences in baseline characteristics in ELSA are not

remarkable enough to fully explain the differences in risk of depression, some explanation

may lie in the fact that women tend to have higher rates of depression in general.316

Furthermore, study results indicating higher female mortality rates after MI may suggest

higher susceptibility to not only the outcomes of CVD, but to the overall effect of

individual risk factors, particularly with regards to development of depression. This may

be the case for diabetes, for instance.

While men were more likely to report diagnosis of diabetes in the ELSA sample, it has

been demonstrated that diabetes substantially increased the risk of depression in women

in much the same way as it has been shown to markedly increase the risk of death from
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coronary heart disease, compared to men.317 Extraneous to having higher risk of mortality

from CVD than men,318 women who were previously known to have a history of

depression or attempted suicide were also found to have a 14-fold hazard ratio for

ischemic heart disease death, while men had a much lower hazard ratio of 3.5.319

It has been posited that the greater adverse outcomes observed for women who have

diabetes may be explained by the less favourable cardiovascular profiles with regards to

blood pressure and lipid levels compared to men who have diabetes.320 Furthermore, it

has also been suggested that women respond differently physiologically to stressors such

as life trauma by producing more cortisol, which in turn increases obesity, dyslipidaemia

and other metabolic abnormalities over time; thus increasing the risk of both CVD and

depression.321 Intriguingly, one study showed that stress reduction customised for women

improved their prognosis in relation to coronary artery disease, while the same result was

not observed in men.322

While it is acknowledged that low socio-economic status (SES) predicts CVD, it is not

clear how it contributes to severity of disease and outcomes. It is however, widely

accepted that women suffer more exposure to low SES than men, and are more likely to

occupy the lower grades employment, income and wealth.323 Moreover, it is thought that

they are also more vulnerable to the effects of low wealth and income.324 Thus, low SES

is often cited as a reason why women are more likely to report depression symptoms.325

The observation made in this study of the lack of gender interaction between low SES

and depression may well signal that SES as a risk factor should be viewed differently for

CVD and depression. Taking into account that this present sample composed of

participants who were generally wealthier than the full ELSA sample, it would be prudent
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to investigate this relationship further in a sample that has wider representation of socio-

economic gradients.

6.5.4 Differences in depression risk according to theQRISK2 and Framingham model

The risk prediction algorithms employed in the present study are administered according

to gender with regards to CVD, so it would likely follow that they would behave

differently dependent on if they were applied to males or females. This seems to be the

case for the all the three algorithms in relation to depression risk, which is not uniform

when assessed according to gender.

Aside from the gender differences, it is notable that not all components common to the

CVD prediction algorithms are independently predictive of depression symptoms in this

present study. Though comparison of all three algorithms in relation to both CVD and

depression may shed light on the aspects of CVD risk that predict depression, as age was

truncated at 65 years for the calculation of CVD risk according to the SCORE chart,

comparison of the three tools would not be completely valid in this context. Therefore,

the QRISK2 calculator and Framingham model will be compared hereon.

While only three of the eight components of the Framingham model (smoking, age and

use of hypertensive medication) were independently predictive of depression symptoms

particularly in women, seven components of the QRISK2’s twelve components were

independently predictive of depression. This difference in ‘proportional representation’

may partially explain the stronger capacity of the QRISK2 not only in predicting CVD,

but also in predicting depression symptoms in the ELSA sample. Additional rationale for

the absolute differences in the risk score may lie behind the methodology behind the
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formulation of each algorithms, and thus the weight placed upon each risk factor. As

such, it may be that the components of CVD risk which predict depression carry more

weight in the QRISK2 equation than in the Framingham algorithm. Ultimately, the two

risk factors similarly predict increased risk of depression in women.

In addition to the predictive strength that each instrumental risk factor may have added to

the QRISK2, it may be suggested that the QRISK2 may be a more efficient tool for

predicting depression in the English population than the Framingham score simply

because it was tailored for use on subjects in England. As illustrated in sensitivity

analyses, while a single unit increase Framingham risk equated to an increased risk of a

CVD event greater than 10%, each unit increase in QRISK2 indicated similarly raised

risk of CVD in the ELSA sample. Given that the predictive capacity of the QRISK2 has

been validated as more appropriate for the English population, so may it be that the risk

estimates drawn from it are also more appropriate in this context. However, based on risk

estimates for depression symptoms, there is a possibility that the QRISK2 calculator

actually overestimates risk of depression in the ELSA sample, and may not necessarily

be more appropriate in this context.

Further focus on the individual components of each of the risk factors strongly associated

with risk of depression also displays their roles as indicators of some loss of function or

negative life circumstances. As such, it is conceivable that the pathway by which these

risk factors are related may not be purely biological. While as the pathophysiology of

rheumatoid arthritis, treated hypertension and atrial fibrillation for instance may be linked

with the mechanisms by which risk of CVD contributes to risk of depression, it is equally

likely that an individual living with a chronic condition may develop depression
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symptoms purely because they have a chronic condition, as described earlier in the

scenario where one may become depressed due to diagnosis of CVD.

Thus, all considered, while the evidence from this study shows that cardiovascular risk

prediction tools could be used to predict depression, particularly in women, further studies

would be required to not only cement or refute this evidence, but to explore possible

biological mechanisms. Furthermore, replications of this present study would be required

in larger samples encompassing wider age ranges, to arrive at risk estimates that could be

applied to the general population.

If findings from the present study are indeed reflective of the true relation between CVD

prediction algorithms and depression, further research would be especially important in

order to quantify CVD risk scores that can easily be related to risk of depression. From

present findings, a 1% increase in risk of CVD does not necessarily relate to a 1% increase

in risk of depression symptoms, as illustrated in the case of the Framingham model, where

risk of depression in women according to each unit increase the risk score was 10% in the

ELSA sample. Attempting to use either of these CVD risk prediction tools to quantify

risk of depression would be challenging at the very least, and much more investigation

into feasibility of application would be required. Contrastingly, with diversity of the

general UK population in mind, as the Framingham model has also been known to over-

predict CVD in some Mediterranean and European populations, it could be suggested that

it may well also over-predict depression symptoms in the same manner, in which case it

may then actually modest capacity for predicting depression symptoms. As such, this

particular association requires further investigation.
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As partially implied, part of the reason the Framingham model may not show congruent

results may be due to the characteristics of this present sample, who when compared with

the rest of ELSA participants were significantly healthier, wealthier, and younger. Risk

of disease in the general population is likely to be higher than that observed in this study.

As such, further studies of the CVD – depression association, which dictates that

participants with existent disease and missing risk factor measures be excluded, should

preferably be further investigated in a trial in clinical practice.

6.5.5 Strengths and limitations

The main strength of this study is that it has a large, nationally representative sample of

people aged 50 years, who have been well retained over the follow-up period to date.

Furthermore, the longitudinal nature of this study allows for an assessment of

directionality, highlighting in this instance that CVD risk factors are associated with

development of depression symptoms, and that a CVD prediction algorithm can be used

to predict depression symptoms.

An additional strength of this study is that it employs a comprehensive depression

symptomatology tool, the CES-D, which has been used in a number of studies of the

elderly. Compared to a host of studies of depression in older people, this present study

not only utilises data from participants who are followed up over a long period, but also

assess the predictive capacity of CVD risk prediction algorithms in predicting depression;

an association of clinical importance that to my awareness has not been tested before.

This study therefore offers novel evidence that shows that it may be possible to predict

depression in older people, in a way that is simple and inexpensive.
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This study also has some limitations. The lack of sufficient participant data for some risk

factor components has resulted in a much more limited sample than would have been

desired, and may have introduced some selection bias. In some instances, participants

had missing values for some of the components which would have been used to calculate

QRISK scores (family history of CVD and atrial fibrillation). However, it is likely that

the effect of those missing values actually under-estimated the risk of depression as

opposed to over-estimating it, in which case the QRISK2 calculator is likely to have better

utility for predicting depression symptoms than represented in this study.

Aside from missing aggregate data, it was identified in this study that minority ethnic

groups were severely under-represented, leading to omission of this risk factor in the

calculation of CVD risk. As such, findings from this study cannot be generalised to

ethnicities other than Caucasians. Indeed, as risk profiles are known to differ in relation

to ethnicity,298 this should also be considered in the development of depression. Finally,

as restrictions were made in selecting the analytical sample to limit the study to those who

had values for CVD risk factors, the analytical sample for this study was less than half of

the total ELSA sample. Such restrictions likely reduced statistical power, which could

explain the lack of a significant association between CVD and depression in men. As

such, further investigations using larger, and more widely characterised samples

according so ethnicity and socio-economic status, are warranted.
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Chapter 7: Overarching discussion

The aim of this study was to carry out a multidisciplinary exploration of predictors of

depression in older people by investigating the relation of IGF-1, Internet use and CVD

risk factor with depression symptoms in individuals aged 50 years and over. Based on

the literature, my primary hypothesis was that low levels of circulating IGF-1 would

predict future symptoms of depression in older people. It was also my hypothesis that

high Internet use, especially for the purpose of social interaction, would reduce the risk

of developing depression symptoms in people aged 50 years and over. Finally, I

hypothesised that a risk assessment tool used to predict the future probability of CVD

could also be used to predict the future probability of depression.

With respect to my first research objective, I found that having serum IGF-1 levels at

opposing ends of the continuum was associated with a slightly higher risk of depression

symptoms, while having median levels was associated with the lowest risk; an association

which could best be described as U-shaped. These results were in concordance with

previous findings that having low levels of circulating IGF-1 was associated with higher

risk of developing depression symptoms and that having median levels of IGF-1 was

associated with lower risk of both prevalent and incident depression symptoms. 163, 165

The second investigation in this thesis illustrated that using the Internet was associated

with a reduced risk of developing depression symptoms. While this relationship was

partially explained by loneliness, low educational attainment and low wealth, it appeared

from cross-sectional analyses that the reduced risk of depression related to Internet use

could be linked to communication via email. Additionally, increased intensity of Internet

use was associated with reduced risk of depression such that a ‘dose response’ effect
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could be intimated. However, due to the possibility of reverse causation, these findings

are relayed with caution.

The third investigation illustrated that while CVD risk factors as clustered within the

QRISK2 calculator, Framingham model and SCORE chart were predictive of depression

symptoms in women; this relation was often not observed in men. Sensitivity analyses

to assess the capacity of CVD risk algorithms to predict CVD events in ELSA participants

indicated that increased risk of CVD at baseline according to all three algorithms correctly

indicated increased risk of a CVD event at follow-up.

7.1 Implications

This study contributes to a better understanding of predictors of depression in older

people, and adds to the understanding of the origins of depression by illustrating the

potential role for IGF-1, Internet use, and elevated CVD risk. The main motivation for

this research was to advance research efforts in recognition of the wider scope of

biological, behavioural and psychosocial evidence to date, and attempt to move the

knowledge base forward in harmony. Thus, novel predictors of depression were

considered in relation to these themes and in relation to our evolving society, and

represented according to available data.

Altogether this study advances knowledge of risk factors for depression in older people,

and taking into account the current burden of depression, these findings can be utilised to

further research efforts and to inform practice. While it is unclear whether awareness of

depression risk necessarily reduces future incidence, some evidence indicates that
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identification and pro-active management of depression risk may be value for money,296

particularly when individuals suffer from other chronic conditions.297

My findings of an association between IGF-1 and depression symptoms are not sufficient

to be utilised for diagnosis of depression, in the same way as awareness of Internet use

practices would not necessarily aid identification of individuals at risk of depression.

However, taking into account that depression is usually a result of the malfunction of a

combination of social and biological systems, the findings from this study could be used

in conjunction with information about other factors to paint a more informative picture of

the profile of an individual at risk of depression.

While not investigated in the present study, it has been indicated in previous studies that

anti-depressants may play a role in the relationship between IGF-1 and depression.

Although it has been suggested that the use of some antidepressants may increase

expression of IGF-1,178 thereby resulting in elevation of mood, other evidence indicates

either no effect,179 or even the opposite.180 As such, the role of IGF-1 should be

considered in relation to assessment of the effect of anti-depressants, and possibly in the

development of future therapies.

While the association between IGF-1 and depression symptoms is difficult to interpret in

relation to implications for healthcare practice, the results of this and other studies of the

role of IGF-1 indicate that it would be of value to maintain ‘normal’ levels of IGF-1.

While this may be achievable through dietary interventions, such a goal may require more

invasive manipulations of IGF-1. While licensed IGF-1 therapies do exist, any move to
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manipulate circulating levels requires more extensive research to ascertain safety and

feasibility.

Taking into account the buffering role of social support,193 associations observed in this

present study in relation to use of the Internet for communication allude to the need for

more proactive ways of not only investigating novel risk factors, but of considering

changes in the social environment and the role that known predictors play. Indeed, with

dynamic social and relationship structures and evolving modes of communication,

combinations of risk factors for depression will likely require continuous assessment for

relevance to prevalent social norms.

Importantly, unlike in any other age group, this study illustrated that increased frequency

of Internet use was associated with lower odds of depression symptoms by older people.

Although these findings were cross-sectional and thus may have been subject to reverse-

causation, unlike in young people where ‘generous’ Internet use is often cautioned against

due to the fact that it reduces time spent with other people in the immediate environment

and increases exposure to cyberbullying and trolling,218 the opposite is likely true in older

people, among whom the Internet likely engenders an extension to social interactions,

connectedness and support. Indeed, while previous researchers have pointed to the

potentially isolating effects of the Internet,195 this present study highlights that individual

who report higher Internet use are not only less likely to report that they feel isolated, but

are also less likely to report symptoms of depression.

While it has previously been suggested that social ties formed or maintained on the

Internet were likely to be weaker than real life ties,190 this study illustrates that physical
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social ties are not necessarily any better than those developed or maintained on the

Internet with regards to depression. Moreover, online social ties are often formed with

individuals that one had/ has physical ties, and serve to extend that relationship across the

barriers of distance and busy lifestyles. The fact that one can also connect with strangers

who have similar interests, and engage in other forms of entertainment, is almost certainly

an added bonus.

With recent features that allow voice and video conversations, online communications

are indeed just a short step of the imagination away from being almost like ‘face-to-face’

interactions. Although physical assistance cannot be provided over the Internet, it is

likely that psychological well-being is much more dependent on the intangible aspects of

relationships, and that the importance of physical support (especially where suitably

provided by health and social services) is over-emphasised.

As it has been observed that online communication is likely beneficial to older people,

this study implies that Internet access for all older people should be encouraged and

facilitated, where possible. Understandably, there are a number of barriers for such an

encompassing intervention. To start with, there are age-related issues such as impaired

vision, problems with manual dexterity and mobility, memory and cognition challenges,

and limitations with activities of daily life.326 Some of the characteristics of the

technology such as complex screens, small print, computer keyboard formats, usability

issues with system designs, computer jargon, and the fact that some technologies are

complex to use or simply do not work well may put some individuals off attempting to

use the Internet.327 As older age can be accompanied by physical, cognitive and/or

behavioural change that can either support or limit Internet use, measures to enhance
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engagement may include the use of large screen devices with large keys, voice prompts

and responsive keypads.

It has been noted that the elderly generation tend to be suspicious of newer technology,328

and may not only perceive any benefit from using the Internet, but may also believe that

it as dangerous, unnecessarily expensive, and too difficult and complicated to learn;

which in turn will lower their confidence and ability to use the technology.329

Furthermore, those that do want to engage with the Internet may struggle to get access to

training and support as they may not afford it, or just do not know how to access the

support that they need, particularly from trainers who are sensitive of the needs of older

learners.330

Additionally, frail older people may need more support than younger individuals and

more physically able older people. As such, it is encouraged that communities set up

meetings or home visits aimed at opening up the world of online communication where

older people are given information about online social platforms, and given instructions

on how to navigate them safely through individualised assessments of learning times,

speed of performance, retention over time and subjective satisfaction.

Although the cost of Internet access has reduced dramatically over the years, increasing

access at affordable cost can be an expensive exercise for local authorities, charities, or

any other interested parties, as it will still include set-up and maintenance. As such, all

these measures which require further funding would benefit from wider dissemination

and discussion, so that whoever is able does their part in improving access and use of the

Internet for older people. However, as cautioned earlier, efforts to increase the time spent
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online by older people should be balanced against other factors which are also essential

for well-being, such as maintaining adequate physical activity, and performing basic

(personal hygiene) and instrumental (housework, preparing meals) activities of daily

living.226

The evolving characteristics of risk factors for depression may explain how the QRISK2

calculator, as the most comprehensive and advanced of CVD risk factor algorithms, had

stronger capacity to predict depression than the Framingham model. Components of the

QRISK2 calculator, such as the measure of material deprivation and information on

diagnoses of rheumatoid arthritis and atrial fibrillation may have reflected incorporation

of the dynamism of risk factors for depression, and may explain the higher risk estimates

derived from it in a UK population. As such, further scrutiny of the link between dynamic

risk factors for both CVD and depression may be of some utility in predicting depression,

thus advancing the agenda for preventative healthcare.

While there is some evidence that CVD risk prediction tools could have some utility in

predicting depression in older people, particularly in women, increased risk of CVD

according to the algorithms does not equate to depression risk, which introduces some

challenges about how this could be useful for quantifying and interpreting risk of

depression in clinical practice. As such, it would be premature at this point to stress any

of the present findings without carrying out further studies in samples that encompass

wider age-groups, ethnic and socio-economic backgrounds. A natural next step would be

to consider the role and utility of those risk factors imbedded within the present CVD

prediction algorithms that also predict depression symptoms in older people.
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While the results presented in this thesis suggest that a CVD risk prediction algorithm

could be used to predict depression, this relationship requires extensive research before

any firm conclusions can be reached. Indeed, the evidence mostly points to this likely

being the case for women only. From this present investigation, CVD prediction

algorithms indicate increased risk of depression in women only, and it may prudent to

consider this in relation to women who have increased risk of CVD, even though it is not

possible to measure the exact extent of their increased risk of depression. This information

could be used to guide assessment of long term female patients who have increased risk

of CVD with regards to their elevated risk of also suffering from depression. While

caution is stressed with regards to the inconclusiveness of these findings, were any actions

to be taken in relation to these, they should be balanced against the potential impact on

doctors’ decision making and patient outcomes, as actions may result in overmedication

of female patients.

7.2 Recommendations for future research

The first recommendation for future research following the investigations above is for

further and more intensive investigations of the association between IGF-1 and

depression to be carried out. The next ideal step would be in the form of a large

randomised trial. However, considering the challenges involved in randomising

circulating IGF-1 levels, it is likely that larger observational studies in socio-

economically diverse populations of all age-groups would be more plausible, results of

which could be used to build on current evidence. From these observational studies,

causal inference methods such as Mendelian randomisation could be employed, and

would be conducive for establishing whether a causal relationship exists between IGF-1

and depression. This type of study could be performed using data such as employed in
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the present study, interrogating an instrumental variable in the form of a genetic marker

for IGF-1, which would then be regarded in a similar way to random assignment in a

clinical trial.

While it has been found that IGF-1 levels were elevated in patients already diagnosed

with depression,161,162 the role of anti-depressants in this predicament has not been

investigated much in humans. Evidence from animal studies on the other hand has

indicated that antidepressants may improve expression of IGF-1 and other neutrophic and

growth factors in the hippocampus, such that subjects that were given anti-depressants

were also more likely to have elevated levels of IGF-1, and increased levels of IGF-1

resulted in reduced symptoms of depression.148 While it has been argued that these animal

models are not relevant to humans,176 it is feasible that a key route by which

antidepressants correct mood is either through adjustments of the somatotrophic axis, or

the expression and function of neutrophic factors such as IGF-1.

Indeed such findings of the antidepressant/ IGF-1 interplay are being indicated in

antidepressant development studies.331 Considering the complex mechanisms by which

antidepressants may affect IGF-1 levels and thus psychological homeostasis, it is

recommended that future research be focused on investigating how manipulation of the

somatotrophic axis, and cerebrospinal or serum IGF-1 levels in particular, influences

mood. To this end, interventions such as increasing exercise and infusing recombinant

IGF-1 have been shown to increase or normalise levels,143,148 both of which may be of

consideration for the future.
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While the exact relationship between IGF-1 and depression is unclear, it is evident that

having ‘normal’ levels of IGF-1 is linked with lower risk of both somatic and physical

illness, and that it is also often associated with other social and lifestyle factors that often

predict positive health outcomes. Further studies are needed to examine if the observed

association with depression symptoms is likely to be causal before meaningful

discussions about normalising IGF-1 levels with drugs could be useful in the prevention

of depressive symptoms in older people.

As proposed through the social enhancement theory, it is plausible that the benefits of

online communication are only perceived by certainly personality types. As such, it is

recommended that future researchers on this matter explore how personality features may

affect the relationship between Internet use and depression. Furthermore, it may be useful

to have some qualitative data on how exactly the Internet affects mood in people of

different ethnicities, gender, personality, sexuality and religion.

In consideration of the role and utility of risk factors imbedded within CVD prediction

algorithms and how they predict depression symptoms in older people, sub-analyses of

these risk factors may be may be useful in forming a risk prediction algorithm within

another risk prediction algorithm. Thus, the CVD prediction tool would continue to be

applied as per current practice, and only those factors that predict depression would be

used to predict depression, such that a secondary calculator (for depression) would be

embedded within a CVD prediction tool.

In particular, the role of higher BMI, current smoking, use of antihypertensive

medication, material deprivation and having a diagnosis of any circulatory disorder
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should be investigated. Supplementary to the above, a trial in which development of

depression is assessed following CVD risk factors modification would shed more light

on the CVD risk / depression link. Such a trial could be made up two or more groups,

where at least group would have particular risk factors modified through improved

education or pharmacological intervention. Development of depression over time

following such interventions could then be assessed.

Considering the challenges and expense of developing and implementing a bespoke risk

prediction tool for depression, further investigation of the use of a CVD risk prediction

tool for dual use could also be explored not only placing more weight on the strongest

predictors of depression already embedded in the model, but also considering addition of

more components. These additional components would only contribute to prediction of

depression once all the values are added to the calculator. Thus, the possibility of

embedding a secondary calculator within any CVD prediction tool could be explored,

using only the components that strongly predict depression, and arriving at a risk scores

that predict both risk of CVD and depression over time. Extensive research is required

before any of the CVD prediction tools interrogated in this investigation could be used to

predict risk of depression in the general population.

While the study was carried out rigorously using an accepted measure of depression, the

consistency of the above CVD-depression finding could be examined using different

measures of depression, and possibly additional CVD risk prediction algorithms. It would

be of particular interest to elucidate any gender differences in risk of depression according

to CVD risk factors, and to ascertain the direction of future research in relation to these.

Research encompassing wider age-groups would also add value to the present findings,
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and advance investigations into depression risk prediction that would be applicable to all

ages. Following this, more work would be needed to evaluate the performance of

different models across countries, allowing for the models to be tailored to different

subpopulations.

Taking all the investigation in this thesis together, considering changes in social

relationships in the information age, the role of Internet use should be explored further in

older people, with particular focus on enabling communication and shedding more light

on other types of activities that could enhance psychological well-being. Furthermore,

there is scope for trials to shed more light on the relationship between IGF-1, CVD risk

factors and depression in older people. Finally, while more information has been added

to current knowledge on depression, consideration of all possible risk factors has not been

exhausted, and future researchers are encouraged to consider other possible predictors of

depression in older people.

7.3 Strengths and limitations

As indicated throughout this thesis, the main strength of this study is that it used data from

a large, nationally representative sample of people aged 50 years and over. Considering

the effect of chronic illness and mortality on this age-group, approximately 70% of core

participants responded to waves at least up to wave 3, with refresher waves also being

added regularly to keep the study representative of the general population.332 The

longitudinal aspects of the study allowed for an assessment of directionality, highlighting

associations between IGF-1, Internet use, and CVD risk factors and future development

of depression symptoms.
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The study made use of IGF-1 measures that had been collected by a nurse and process in

a recognised laboratory using validated techniques. Other measures utilised in predicting

risk of depression which were measured and reported in a similarly rigorous manner were

BMI, systolic blood pressure and serum cholesterol. While random error could still have

affected the measurements, each of the investigations in this thesis involved relatively

large analytical samples, whose biological measurement were repeated and averaged in

some instances.

This study also owes much of its strength to the use CES-D, which is a well-validated and

comprehensive depression symptomatology tool, and has been used in a number of

epidemiologic studies of the elderly.71,73 While the CES-D is a widely used questionnaire

in observational studies, it does not itself provide a diagnosis of depression. Nevertheless,

investigators have found the CES-D to be highly sensitive and specific when used in

population samples, with a sensitivity of range of 70% to 99%, a specificity to range of

56% to 94%, in various population samples.333,334 In this context, sensitivity refers to the

level to which the CES-D could isolate individuals truly suffering from depression (i.e.,

true positives) as determined by established independent and respectably valid criterion

such as clinical diagnoses of depression, and by the same criterion, specificity was its

capability to accurately identify individuals that were not suffering from depression (i.e.,

true negatives).

While this is a novel study which illustrates important results with potentially large public

health implications, it is prone to the effects of missing data that can be found in any

observational study of its nature. Although ELSA participants were generally well-

retained through the course of the study, in this present study a proportion of the 9,148
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depression-free individuals who were initially recruited to ELSA in 2002 were at times

excluded from analyses due to loss to follow-up or for missing data such as item or unit

non-response.

Some measurements such as Internet use and other behaviour-related covariates like

alcohol consumption, physical activity and smoking were self-reported, which may have

introduced some reporter and recall bias. However, it is often not possible to collect this

type of information without being exceptionally intrusive, which would likely reduce

participation rates. In the meantime, multiple alternatives which involve the use of

technology and biological proxies are being explored and would add value to this type of

research in the future.

While observational nature of information sourcing employed in ELSA makes it

impossible to make any firm assertions about cause and effect, findings from this present

study add value to considerations of direct of associations. In all three investigations in

this thesis, participants were free from depression at baseline, and possible confounders

were accounted for using advanced statistical techniques. additionally, the approach used

to adjust for confounding in this present study make it make it simple to consider the role

of biological, psychological, social, economic and health factors. Such considerations

can be used to inform the structure of future investigations in older people in relation to

these or other predictors.

Although multiple factors were considered in relation to possible confounding, through

oversight or lack of data, not all confounders were accounted for in this study. For

instance, with regards to the investigation of the association between IGF-1 and
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depression, severe kidney disease, which is known to be associated with both IGF-1 and

depression was not measured.186 While this lack of measurement would not matter in a

randomised trial, where it would be expected that potential confounders such as acute

kidney disease would also be randomly distributed, randomisation is not always possible

or ethical in human studies. It may however be possible to identify an instrumental

variable such as a genetic marker which would essentially be randomly assigned, and

could be utilised in future research as indicated above.

Factors such as quality of online and offline social networks, and personality types may

play a role in the relationship between Internet use and depression, but were not measured,

and so could not be accounted for. As an example, it may be the case that extroverts are

more likely to use the Internet, and that they too are less likely to develop depression.

Were this confounding to be accounted for, it could shift the association between Internet

use and depression towards the null. However, it has been shown in some instances that

adjusting for a known confounder does not necessarily remove bias.335

While consideration of potential confounders were made with reference to existent

literature and bivariate analysis, there may have been some oversight in not adjusting for

potential confounders that were actually measured in ELSA but not accounted for in this

study. For instance, cognitive impairment, vision/hearing impairment or

functioning/frailty may alter the relationship between Internet use and depression. It is

likely that an individual with increasing frailty may be less likely to use the Internet, and

may also be more likely to be depressed. An awareness of this limitation can be addressed

in future research.
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Due to the observational nature of this study, it remains possible that that there is residual

confounding that is both unmeasured through omission or as yet unknown in the context

of the investigations in this thesis. However, it has been argued that strong associations

are unlikely to be solely attributable to confounding, as strong confounders are likely to

be detected in the study population or documented in the literature as strong

confounders.336 However, due to the novelty of some of the studies in this thesis, it is

plausible that that there are strong confounders that have not been considered either in the

past or on this occasion, and thus would not have been measured or adjusted for.

Finally, with regards to confounding, associations observed in this study may have been

affected by how some covariates were classed. While rationale was given for the method

in which covariates were classified, such as in the case of objective and subjective

isolation, there is a potential that some variables may have been misclassified, which in

turn would have introduce bias.337 Indeed, even where rationale were given, variables

may still have been misclassified, in which case it would be prudent to consider handling

them differently in future research. In general, although there were challenges in

classifying some measures such as co-morbidities (as these are addressed in a variety of

ways in the literature), efforts were made to measure confounders according to validated

measures.

Missing data are a common problem in depression studies, and are often more pronounced

in studies where self –report instruments are used such as the present,338 and an awareness

of the amount of missing data and the reason that is missing is often useful for creating

strategies to ensure studies are fit for purpose and can be used to make inferences to the

source population. Methods such as the application of weights (where greater weight is
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given to some responders based on similarities to non-responders) and imputation (where

missing values are estimated based on other characteristics of non-responders) are often

used to circumvent potential bias. 339, 340 While imputation produces unbiased estimates

of the mean when the data are missing completely at random or missing at random, it can

produce biased measures of association through over-estimation of values derived from

correlated observations.

Based on the objectives of this study, ascribing values through imputations was unlikely

to add value where biological associations did indeed exist, and may have over-

complicated analyses and introduced bias through analytical methodology. Additionally,

while it is recommended that weights (generated from HSE and ELSA data) be used when

certain types of data manipulation such as clustering are used,339 that has not been the

case in the present study. It was against these considerations that the differences in

sample according to missing data were scrutinised, and analytical techniques applied to

adjust for these.

As indicated throughout, excluded participants were generally socio-economically

disadvantaged and often carried less desirable attributes in relation to depression. In turn,

these aspects have been considered and discussed in each individual study, often

indicating that associations would still have been observed regardless of missing data.

This being the case, present findings are potentially not generalisable to certain

populations groups. For instance, findings related to CVD risk factors and depression

cannot be generalised to individuals of ethnicities other than white, as the sample in which

the investigation was carried almost completely consisted of white participants.

Furthermore, although differences according to socio-economic advantage have been
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described in the context of each investigation and adjusted for in analyses, caution should

be exercised when relating findings to socio-economically disadvantaged populations.

While Internet use has generally been described as having a positive association with

emotional well-being in older people, further consideration within that population such

as sexuality and religion should be made before blanket measures are applied.

Were the results of the study only to be ascribed to the population sub-sample with

attributes of the participants in the present study, the sample size in this thesis is suitably

large to make inferences to a sizeable proportion of people aged 50 years and over living

in England. Additionally, to account for differences that may have been introduced by

non-response after baseline, sensitivity analyses were carried out in subjects with

complete data at all waves, also adjusted for difference in baseline characteristics.

However, such restrictions, as with restrictions made in selecting the analytical sample

resulted in a reduction in sample size which have may have reduced statistical power in

some instances. As such, further investigation using larger samples sizes are called for,

particular in the studies such that of IGF-1 and depression, and CVD risk factors in men,

where some patterns of association were observed, but could not be strongly asserted due

to lack of significance according to traditional thresholds.

7.4 Conclusion

This research expands on current understanding of the predictors of depression in older

people, and has illustrated the predictive capacity of IGF-1, Internet use and CVD risk

factors in predicting depression symptoms. Firstly, it was identified that a U-shaped

relationship described the relationship between IGF-1 and depression symptoms, such

that participants with low and high serum levels had slightly higher risk of depression,
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and those with median levels experienced the lowest risk. Secondly, it was illustrated

that increased use of the Internet, particularly for communication via email, was

associated with reduced risk of depression. Finally, it was determined that CVD risk

factors could be used to predict risk of depression – particularly in women, and that risk

factors as encompassed within the QRISK2 calculator had better utility than the

Framingham model.

While the association between CVD risk factors in particular certainly requires further

investigation, the identification of a U-shaped relationship between IGF-1 and depression

not only affirms findings from the two existent population studies, but adds valuable

information about elevated levels of IGF-1 that should also be noted where interventions

that may alter IGF-1 levels are planned. While also affirming previous findings of the

association between Internet use and depression in older people, this study has been the

first to identify that increased intensity of Internet use, particularly for social interactions,

is associated with lower risk of reporting depression symptoms. Thus, while caution is

stressed with regards to balancing this with other activities of daily living, measures to

increase confident use of the Internet by older people should be explored.

Finally, it should be noted that while this study has identified relatively novel predictors

of depression in older people, the need for exploration of any further causal or protective

factors remains a priority. This will likely continue to be the case in perpetually changing

social and economic environments, which will require proactive explorations and

interventions from researchers and policy-makers.
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Appendix 3: Abstract for presentation of IGF-1 – depression findings at the
Wellcome Trust Scientific Conference ‘Longitudinal Studies: Maximising their
value for Ageing Research’, August 2015
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Appendix 4: Presentation of IGF-1 – depression findings at the Wellcome Trust
Scientific Conference ‘Longitudinal Studies: Maximising their value for Ageing
Research’, August 2015
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Appendix 5: Presentation of findings of the relationship between Internet use

future depression, ELSA Wave 7 Launch conference, 2016.
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Appendix 6: Framingham model score allocation by risk factor and gender

Risk Factor Sub-category Points allocated
if Female

Points allocated
if Male

Age (years) 50–54 6 6
55–59 8 8
60–64 10 10
65–69 12 11
70–74 14 12
75–79 16 13

Total Cholesterol
(Age 50 – 59 years)

Less than 4.138mmol/l 0 0

4.137 – 5.171mmol/l 2 2
5.172 – 6.205mmol/l 4 3

6.2064 – 7.2407mmol/l 5 4
7.2408mmol/l and higher 7 5

(Age 60 – 69 years) Less than 4.138mmol/l 0 0
4.137 – 5.171mmol/l 1 1
5.172 – 6.205mmol/l 2 1

6.2064 – 7.2407mmol/l 3 2
7.2408mmol/l and higher 4 3

(Age 50 – 59 years) Less than 4.138mmol/l 0 0
4.137 – 5.171mmol/l 1 0
5.172 – 6.205mmol/l 1 0

6.2064 – 7.2407mmol/l 2 1
7.2408mmol/l and higher 2 1

Smoking: Non smoker 0 0
Smoking: Smoker Aged 50 59 years 4 3

Aged 60–69 years 2 1
Aged 70–79 years 1 1

HDL cholesterol 1.552mmols/l or higher -1 -1
1.293 – 1.551mmols/l 0 0
1.034 – 1.292mmols/l 1 1

Less than 1.292mmols/l 2 2
Systolic Blood
Pressure: Untreated

Under 120mmHg 0 0

120 – 129mmHg 1 0
130 – 139mmHg 2 1
140 – 159mmHg 3 1

160 or higher 4 2
Systolic Blood
Pressure: Treated

Under 120mmHg 0 0

120 – 129mmHg 3 1
130 – 139mmHg 4 2
140 – 159mmHg 5 2

160 or higher 6 3
Highest possible score 35 26
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Appendix 7: Allocation of 10-year percentage risk of fatal and non-fatal CVD
according to Framingham scores

Percentage risk Matching points for
Females

Matching points for male

<1 <9 0
1% 9-12 1-4
2 13-14 5-6
3 15 7
4 16 8
5 17 9
6 18 10
8 19 11
10 - 12
11 20

13
14 21

14
17 22

15
22 23

16
27 24

30+ 25+ 17+



240

Appendix 8: Image of QRISK2 Online Calculator

Image source: https://qrisk.org/2016/ (accessed on 25 July 2017)
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Appendix 9: SCORE – European low risk chart: 10-year risk of fatal CVD in low
risk regions of Europe by gender, age, systolic blood pressure total cholesterol and
smoking status

Image source:

https://openi.nlm.nih.gov/imgs/512/73/3405365/PMC3405365_13167_2011_66_Fig3_HTML.p
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