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Abstract

Background: Little is known about long-term outcomes of reading problems in childhood on
affective symptoms across the life course. The aim of this research was to test longitudinal
associations between reading problems in childhood and affective symptoms from adolescence

to early old age.

Methods: Data were from the National Survey of Health and Development (British 1946 birth
cohort). A measure of reading problems was available at age 11. Affective symptoms were
assessed at ages 13, 15, 35, 43, 53, 60-64 and 69. Path analyses tested longitudinal associations
between reading problems and affective symptoms from adolescence to early old age. Linear
regressions tested associations between reading problems in childhood and accumulation of
affective symptoms across the life course (age 13 to 69). Models were adjusted for sex,

education, conduct problems, and socioeconomic position in childhood and adulthood.

Results: After full adjustment, reading problems were significantly associated with higher
affective symptoms in adolescence (ages 13 and 15) but not affective symptoms in adulthood
(ages 36, 43, 53, 60-64, and 69). Reading problems were not associated with accumulation of

affective symptoms across the life course.

Limitations: Attrition was limitation of this study, due to the long follow-up period. In order to

account for missing data, full information maximum likelihood (FIML) was used.

Conclusions: Childhood reading problems are associated with higher affective symptoms in
adolescence, but this does not persist into adulthood. These results highlight an important period
in adolescence when reading problems may exert a particularly strong effect on affective

symptoms.
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Introduction

Reading problems in childhood are commonly comorbid with mental health problems,
including externalising symptoms (Bennett et al., 2003) and internalising symptoms (Maughan
and Carroll, 2006). Research has shown that children with reading problems are at increased risk
of emotional problems. Indeed, one study reported that approximately 9.9% of children with a
reading problem also show symptoms of anxiety disorder, a figure that is significantly higher
than for children without a reading problem (3.9%) (Carroll et al., 2005). Cross-sectional
associations have been observed showing higher rates of depressive symptoms, including self-
blame, low energy and suicidal ideation in children with reading problems compared to those

without (Boetsch et al., 1996; Mammarella et al., 2016; Willcutt and Pennington, 2000).

There is limited research which has tested this association using a longitudinal design. One
such study provided evidence that severe and persistent reading problems were associated with
depressed mood in a sample of boys between the ages 7-10 at initial assessment, though not for
those who had already entered into adolescence (Maughan et al., 2003). However, evidence
testing longitudinal associations between reading problems and mental health is scarce and the
limited research available uses only relatively short follow-up periods. As such, it is currently
unknown whether associations between reading problems and affective symptoms persist across

the life course into older age.

Consequently, this research aimed to test longitudinal associations between reading problems
in childhood and affective symptoms from adolescence to early old age, using a follow-up period
of nearly six decades, while adjusting for conduct problems in adolescence. It is known that
externalising problems co-occur frequently with both affective symptoms (Polier et al., 2012)

and reading problems (Carroll et al., 2005). As such, it is important to include externalising



symptoms in models to ensure that associations observed between reading problems and

affective symptoms are not simply due to comorbid externalising problems.



Methods

Participants

Data were from the National Survey of Health and Development (NSHD; the British
1946 birth cohort), a population-based sample initially consisting of 5362 men and women born
in England Scotland and Wales during one week of 1946. Cohort members have been followed
up 24 times up to the most recent data collection in 2015, when participants were aged 69 (Kuh
et al., 2016). Ethical approval for this sweep was obtained from NRES Queen Square REC and

Scotland A REC.

Measures

Affective symptoms

Affective symptoms have been measured at seven time points over the life course in
NSHD at ages 13, 15, 36, 43, 53, 60-64, and 69 (Kuh et al., 2016, 2011; Wadsworth et al., 2006).
In adolescence (ages 13 and 15), mental health was assessed by the cohort member’s teacher
using a forerunner of the Rutter A scale, from which measures of affective symptoms were
derived. In adulthood, mental health was assessed directly from the cohort member using the
Present State Examination (PSE) at age 36, the Psychiatric Symptom Frequency scale (PSF) at
age 43, and the General Health Questionnaire (GHQ) at ages 53, 60-64, and 69. The use of sum
scores to capture affective symptoms has been criticised in recent years, because sum scores rely
on the assumption that all items on a depression questionnaire are equivalent and interchangeable
indicators of depression severity (Fried and Nesse, 2015). It is now believed that assigning an
equal weight to all items on a depression scale regardless of loading value may obfuscate

valuable information in depression research. For this reason, latent scores of affective symptoms



were generated from the available measures and used at all ages instead of sum scores. Latent
factor scores of affective symptoms for each age up to 53 were derived previously (Colman et
al., 2007) and latent factor scores were also generated for ages 60-64 and 69 for this analysis

using confirmatory factor analysis (see below).

To derive a score of accumulation, cut-off scores were used to generate a binary measure
of affective symptoms at each available time-point to indicate whether symptoms reached
clinical thresholds for potentially diagnosable affective problems. In line with previous research
in NSHD (James et al., 2018), cut-off scores used differed depending on the instrument
administered. At ages 13 and 15, the cut-off used was the >91% percentile of the latent scores
derived from the teacher rated forerunner of the Rutter A scale (Colman et al., 2007). At age 36,
the standard Index of Definition >5 on the Present State Examination was used. At age 43, the
cut-off used was a score of >23 on the Psychiatric Symptom Frequency scale. At ages 53, 60-64
and 69, the standard cut-off of score of >5 on the General Health Questionnaire was used. The
measure of accumulation was derived by summing the number of time points cohort members
met the threshold across all available waves, creating a score ranging from 0-7. Due to small
frequencies in groups reaching cut-off scores repeatedly across testing waves, this measure was
recoded into three categories: 1. Never reached threshold; 2. Reached threshold at one time

point; 3. Reached threshold at two or more time points.

Reading Problems

A measure of reading problems was previously derived at age 11 (Gaysina et al., 2010).
Specifically, cohort members completed a test of general cognitive ability and a reading test. The
general cognitive ability test was comprised of 80 verbal and non-verbal reasoning questions,

and the reading test was composed of 50 words of increasing difficulty which cohort members



were asked to pronounce. Cohort members were classified as having a reading problem if they
obtained a score 1.5 SD below the mean on the reading test, in addition to a score at least 70% of

the maximum on the test of general cognitive ability (Gaysina et al., 2010).

Covariates

Sex, education, adolescent conduct problems, and socioeconomic position in childhood
and adulthood were used as covariates. Education was captured by the highest level of
educational qualification by age 26, coded into three categories: 1. None; 2. Vocational or
ordinary (‘O’ level); 3. A Level or higher. Conduct problems were assessed at ages 13 and 15
using the teacher rated forerunner of the Rutter A scale. Items for conduct problems included
unpunctuality, restlessness, truancy, daydreaming, indiscipline, disobedience and lying. Factor
analysis was conducted previously to generate a summary measure of conduct problems. The
scores were coded into three categories: absent, mild, or severe conduct problems. This was
based on validated percentile cuts (0-75%: Absent, 76-93%: Mild, 94% and higher: Severe)
(Colman et al., 2009; Ghodsian et al., 1980; Rodgers, 1990). Social class of the cohort member’s
father was used to represent socioeconomic position in childhood when the cohort member was
4, 11, or 15. Social class of the cohort member at age 53 or earlier if this was missing was used
to represent socioeconomic position in adulthood. Both measures were coded into six categories
according to the UK Registrar General: 1. Professional; 2. Intermediate; 3. Skilled non-manual;

4. Skilled manual; 5. Partly skilled; 6. Unskilled.

Statistical analyses

Missingness in the data was explored and the sample with missing data was compared to

the sample with complete data on key variables using chi square and t-tests as appropriate. In



subsequent analyses, full information maximum likelihood (FIML) was used to account for

missing data (Enders, 2001a, 2001b; Enders and Bandalos, 2001).

Latent scores of affective symptoms at all ages up to 53 were derived previously in
NSHD (Colman et al., 2007). Confirmatory factor analysis (CFA) was used to derive latent
factor scores of affective symptoms at ages 60-64 and 69. This model fit to the data well (3
(1483) = 4523.80, p <.001; CFI=0.926; TLI = 0.923; RMSEA = 0.029), and as such the latent
scores were used in subsequent analyses. Path models were used to test associations between
reading problems in childhood and latent scores of affective symptoms at each age. Path models
were used rather than multiple regression to account for multiple outcome variables within
model and so model fit could be tested and evaluated (Streiner, 2005). Model fit was assessed
using standard fit indices: chi-square; comparative fit index (CFI); Tucker-Lewis index (TLI);
and root mean square error of approximation (RMSEA) (Hooper et al., 2008). Linear regressions
were used to test associations between reading problems in childhood and accumulation of

affective symptoms from age 13 to 69.

Interaction terms between sex and reading problems were tested at the 10% level.
Interaction terms were not significant (Table S1), and as such sex was used as a covariate, rather
than a stratifying variable. All models were initially run unadjusted, and then fully adjusted for
sex, adolescent conduct problems, education and socioeconomic position in childhood and in

adulthood. Analyses were run in Mplus (Muthén and Muthén, 2017), and RStudio.



Results
Demographic information and missing data analysis

The sample with missing data (N = 4356) had significantly higher affective symptoms at
ages 13, 15, 36, and 43 than the sample with complete data (N = 1006), but not at ages 53, 60-64
or 69 (Table 1). The sample with missing data were also significantly more likely to have a
reading problem in childhood, have conduct problems, have less education, and be from a lower
socioeconomic position in childhood and adulthood than the sample with complete data.
However, the sample with missing data did not differ significantly from the sample with
complete data on sex or the number of time points with case-level affective symptoms. Due to
these differences, missing data was handled using full information maximum likelihood (FIML),
resulting in an analytic sample of 3363 people. Demographic information for the analytic sample

included in fully adjusted models (N = 3336) is described in Table 2.

Associations between childhood reading problems and affective symptoms in adolescence

and adulthood

The unadjusted and fully adjusted path models were both a good fit to the data
(Unadjusted: N =3965; %> (2) =3.97, p = .14; CF1 = 0.999; TLI = 0.991; RMSEA = 0.016.
Adjusted: N =3336; x*> (3) = 3.82, p = .28; CFI = 1.000; TLI = 0.994; RMSEA = 0.009).
Reading problems at age 11 were significantly associated with higher affective symptoms in
adolescence (at ages 13 and 15), but not in adulthood (at ages 36, 43, 53, 60-64 and 69) (Table
3). These findings remained consistent after full adjustment for sex, education, adolescent

conduct problems and socioeconomic position in childhood and adulthood.
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Associations between reading problems in childhood and accumulation of affective

symptoms from adolescence to early old age

Linear regression models were fit to model associations between reading problems in
childhood and accumulation of affective symptoms from adolescence to early old age
(represented by the number of time points with case-level affective symptoms between ages 13
and 69). Results from regression models revealed that in both unadjusted and fully adjusted
models, reading problems at age 11 were not significantly associated with the accumulation of

affective symptoms (Table 4).
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Discussion

Summary of findings

These results reveal that reading problems at age 11 are associated with higher affective
symptoms in adolescence, but this does not persist into adulthood. Additionally, childhood
reading problems are not associated with accumulation of affective symptoms over time from

adolescence through to early old age.

This builds on previous research which shows that internalising and externalising
symptoms are commonly comorbid with reading disability in children (Carroll et al., 2005;
Maughan and Carroll, 2006). Specifically, children with reading problems report significantly
more symptoms of generalised and social anxiety (Mammarella et al., 2016), higher depressive
and withdrawal symptoms (Dahle et al., 2011; Mammarella et al., 2016) , and higher rates of
conduct disorders (Carroll et al., 2005). Results from this study complement and further extend
existing literature by testing associations between reading problems and affective symptoms over
a considerably longer period of time than considered in previous research (over nearly six
decades). Specifically, results from this study show that associations between reading problems
and affective symptoms are only evident in childhood and adolescence, but not later in the life

course (age 36 through 69).

There are at least four plausible hypotheses as to why associations between reading
problems at age 11 and affective symptoms at ages 13 and 15 may be observed; 1. Shared risk; 2.
Confounding; 3. Reverse causality; 4. Indirect pathway. The shared risk hypothesis states that
associations may arise due to shared underlying risk factors, such as genetic or socio-behavioural

risk (e.g. socioeconomic position). The confounding hypothesis is that associations may be
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observed due to other variables or comorbidities present in childhood, for example conduct
problems (Bennett et al., 2003; Carroll et al., 2005). However, observed associations between
childhood reading problems and adolescent affective symptoms remained evident even when
adolescent conduct problems were also included in the models, which suggests that these
associations are not solely attributable to comorbid externalising symptoms. The reverse
causality hypothesis states that associations may operate in the opposite direction, whereby the
presence of affective symptoms in childhood may lead to increased risk of developing reading
problems. For example, people with higher affective symptoms may be less likely to engage with
education, which in turn may lead to higher rates of reading problems. It is also plausible that
associations between reading problems and affective symptoms may be bidirectional.
Unfortunately, there were no measures of affective symptoms available prior to the assessment
of reading problems in this dataset, meaning that bi-directionality cannot be tested. The indirect
pathway hypothesis is that there may be an effect of childhood reading problems on adolescent
affective symptoms operating through various social or behavioural mechanisms. For example,
one potential pathway is through self-esteem. Specifically, research has shown that reading
problems in childhood are associated with lower self-esteem, which may be a consequence of
subjective awareness of poorer academic performance compared with peers (Humphrey and
Mullins, 2002). This lowered self-esteem may in turn increase vulnerability for experiencing

subsequent affective problems.

Findings from this study show that affective symptoms associated with childhood reading
problems are evident in adolescence but for affective symptoms at least this does not appear to
persist into adulthood. As described above, self-esteem is one potential mechanism of the

association between reading problems and adolescent affective symptoms. However, research
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has shown that childhood literacy is not associated with lower global self-esteem in adulthood
(Maughan and Hagell, 1996). As such, it is plausible that reading problems are associated with
poorer self-esteem in childhood and adolescence given that the development of literacy skills is a
core part of the school curriculum. However, as people transition into adulthood and leave
school, reading ability may become less central to self-esteem. This could potentially explain
why associations between reading problems and affective symptoms are specific to childhood

and adolescence, and do not persist into adulthood.

Strengths and limitations

The strengths of this study are the use of a large population-based birth cohort with a
follow up period across nearly seven decades. Additionally, prospective measures were available

for childhood reading problems and for affective symptoms across the life course.

However, there are several limitations which should be acknowledged and considered
when interpreting results. Furthermore, different instruments were used to capture affective
symptoms over time. Additionally, affective symptoms in adolescence were teacher rated,
whereas all adult measures were rated by the cohort member themselves. This may mean that
measures of affective symptoms may not be comparable over time. In order to account for this in
part, latent scores and respective clinical cut-offs were used to make measures more comparable
over time. Furthermore, there were no measures of affective symptoms earlier than age 13,
meaning we could not eliminate the possibility of reverse causality where affective symptoms in
childhood may contribute to development of reading problems. Finally, attrition was an issue in
this cohort, and missing data analyses revealed that the sample with complete data differed from

the sample with missing data on key variables, including on educational attainment and
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socioeconomic position. In order to account for missing data and loss to follow up, full

information maximum likelihood (FIML) was used for analyses.

Future research and conclusions

In conclusion, this research shows that reading problems in childhood are associated with
higher affective symptoms in adolescence, but not in adulthood (age 36 to 69). Childhood
reading problems are not associated with accumulation of affective symptoms from adolescence
to early old age (13 to 69). Future research should focus on testing whether intervention to
improve literacy in childhood can also help to reduce levels of affective symptoms in

adolescence.
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Table 1: Missing data analysis.

Mean (SD) or N (%)
Difference
Sample with missing data  Sample with complete data
(N=4356) (N=1006)
Affective symptoms
Age 13 0.01 (0.55) -0.06 (0.51) t(1961.1)=3.62, p <.001
Age 15 0.02 (0.58) -0.07 (0.51) t(2025.7) =4.64, p <.001
Age 36 0.29 (0.87) 0.19 (0.81) t(2041.8) =3.28, p =.001
Age 43 0.05 (0.66) -0.03 (0.63) t(2037.5)=3.63, p <.001
Age 53 0.20 (0.50) 0.17 (0.49) t(2096.6) =1.39,p=.16
Age 60-64 0.13 (0.56) 0.11 (0.59) t(2098.9)=1.01, p = .31
Age 69 0.16 (0.58) 0.14 (0.61) t(2067.7)=0.94, p = .35
Number of time points with case-level affective symptoms
0 56 (56.57) 533 (52.98)
1 29 (29.29) 289 (28.73) ¥ (2)=1.09,p=.58
>2 14 (14.14) 184 (18.29)
Conduct problems
Absent 2367 (73.40) 795 (79.03)
Mild 607 (18.82) 164 (16.30) ¥ (2) = 16.46, p < .001
Severe 251 (7.78) 47 (4.67)
Reading Problems
Yes 279 (9.43) 54 (5.37)
No 2680 (90.57) 952 (94.63) X (1)=15.57. p <001
Sex
Male 2303 (52.87) 512 (50.89) 2 (1)=120, p= 27
Female 2053 (47.13) 494 (49.11)
Educational attainment
None 1467 (42.82) 298 (29.62) ¥ (2)=61.82, p<.001
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Vocational or GCSE 918 (26.80) 298 (29.62)
A Level or higher 1041 (30.39) 410 (40.76)
Childhood socioeconomic position
Professional 214 (5.84) 76 (7.55)
Intermediate 702 (19.14) 205 (20.38)
Sk%lled Non-Manual 552 (15.05) 177 (17.59) 2 (5) = 17.48. p = 004
Skiled Manual 1225 (33.41) 329 (32.70)
Partly Skilled 710 (19.36) 172 (17.10)
Unskilled 264 (7.20) 47 (4.67)
Adulthood socioeconomic position
Professional 194 (6.07) 88 (8.75)
Intermediate 997 (31.21) 410 (40.76)
Sk%lled Non-Manual 747 (23.39) 233 (23.16) 2 (5)=59.37. p < 001
Skiled Manual 666 (20.85) 148 (14.71)
Partly Skilled 445 (13.93) 93 (9.24)
Unskilled 145 (4.54) 34 (3.38)
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Table 2: Demographic information for analytic sample (N=3336).

Mean (SD) N (%)

Affective symptoms

Age 13 -0.03 (0.54) -

Age 15 -0.02 (0.55) -

Age 36 0.24 (0.84) -

Age 43 0.01 (0.65) -

Age 53 0.19 (0.50) -

Age 60-64 0.12 (0.57) -

Age 69 0.14 (0.59) -
Conduct problems age 13-15

Absent - 2546 (76.32)

Mild - 575 (17.24)

Severe - 215 (6.45)
Number of time points with case-level affective symptoms

0 - 534 (52.98)

1 - 289 (28.67)

>2 - 185 (18.35)
Reading Problems

Yes - 283 (8.48)

No - 3053 (91.52)
Sex

Male - 1677 (50.27)

Female - 1659 (49.73)
Educational attainment

None - 1291 (38.70)

Vocational or GCSE - 926 (27.76)

A Level or higher - 1119 (33.54)

Childhood socioeconomic position

Professional - 198 (5.94)
Intermediate - 633 (18.98)
Skilled Non-Manual - 518 (15.53)
Skiled Manual - 1113 (33.36)
Partly Skilled - 666 (19.96)
Unskilled - 208 (6.24)
Adulthood socioeconomic position
Professional - 211 (6.33)
Intermediate - 1128 (33.81)
Skilled Non-Manual - 787 (23.59)
Skiled Manual - 648 (19.42)
Partly Skilled - 421 (12.62)
Unskilled - 141 (4.23)
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Table 3: Associations between reading problems at age 11 and affective symptoms from age 13 to 69.

Affective symptoms
Age 13 Age 15 Age 36 Age 43 Age 53 Age 60-64

Age 69

Unadjusted model: »? (2) = 3.97, p = .14; CFI = 0.999; TLI = 0.991; RMSEA = 0.016

Reading problems 0.10 (0.02), <.001*  0.08 (0.02), <.001 0.01 (0.02), .63 0.01 (0.02), .54 -0.01 (0.02), .67 0.04 (0.02), .06

0.04 (0.02), .11

Fully adjusted model: 32 (3) = 3.82, p = .28; CFI = 1.000; TLI = 0.994; RMSEA = 0.009

Reading problems 0.09 (0.02), <.001 0.05 (0.02), .01 -0.01 (0.02), .75 0.02 (0.02), .28 -0.01 (0.02), .69 0.03 (0.03), .29

0.02 (0.03), .50

* Output is presented as B (SE), p

** Coded where lower values represent higher socioeconomic position
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Table 4: Associations between reading problems at age 11 and number of time points with

case-level affective symptoms (accumulation).

Accumulation of affective symptoms

Unadjusted model
Reading problems 0.05 (0.04), .22*
Fully adjusted model
Reading problems 0.04 (0.04), .27
Sex 0.21 (0.03), <.001
Education -0.01 (0.04), .76
Childhood socioeconomic position** 0.003 (0.03), .93
Adulthood socioeconomic position** 0.03 (0.04), .45
Conduct problems 0.02 (0.03), .48

* Output is presented as B (SE), p

** Coded where lower values represent higher socioeconomic position
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