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Abstract 

Background and objective: There is little epidemiological evidence considering the 

combined effect of dynapenia and low 25-hydroxyvitamin D [25(OH)D] on incident 

disability. Our aim was to investigate whether the combination of dynapenia and low 

25 (OH) D serum levels increases the risk of activities of daily living (ADL) incident 

disability. Design: Prospective cohort study. Settings: English Longitudinal Study of 

Ageing (ELSA). Participants: 4,630 community-dwelling adults aged 50 years and 

older without ADL disability at baseline. Measurements: The baseline sample was 

categorized into four groups i.e. non-dynapenic/normal 25 (OH) D, low 25 (OH) D 

only, dynapenic only and dynapenic/low 25 (OH) D according to their handgrip 

strength (<26 kg for men and <16 kg for women) and 25 (OH) D (≤ 50nmol/L). The 

outcome was the presence of any ADL disability two years after baseline according to 

the modified Katz Index. Incidence rate ratios (IRR) adjusted by sociodemographic, 

behavioral and clinical characteristics were estimated using Poisson regression. 

Results: The fully adjusted model showed that older adults with dynapenia only and 

those with lower serum levels of 25 (OH) D combined with dynapenia had higher 

incident ADL disability risk compared to non-dynapenic and those with normal serum 

levels of 25 (OH) D. The IRRs for lower 25 (OH) D serum levels combined with 

dynapenia were higher than for dynapenia only, however, the confidence intervals 

showed similar effect for these two groups. The IRRs were 1.31 for low 25(OH) D only 

(95% CI = 0.99 - 1.74), 1.77 for dynapenia only (95% CI = 1.08 - 2.88), and 1.94 for 

combined dynapenia and low 25(OH) D (95% CI = 1.28 - 2.94). Conclusion: 

Dynapenia only and dynapenia combined with low 25 (OH) D serum levels were 

important risk factors for ADL disability in middle-aged individuals and older adults in 

two years of follow up. 
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Introduction 

 

Low 25 (OH) D status is an increasingly important public health issue worldwide, in 

all population groups, although more common in older adults1. The importance of 25 

(OH) D in the absorption and metabolism of calcium for bone health is well known1 

and its deficiency increases osteoporosis, hip fractures risk and it is extremely frequent 

in chronic obstructive pulmonary disease2, cardiovascular disease3–5, cancer3 and 

chronic kidney disease6.  

 

Despite aging related hormonal changes being associated with musculoskeletal 

changes, the participation of low 25 (OH) D serum levels in muscular strength 

modulation is still controversial6–10. For example, longitudinal data from Dutch adults 

aged between 55 and 85 showed that 25 (OH) D serum levels lower than 25 nmol/liter 

increased the risk of loss of handgrip strength (≥ 40%) compared to baseline9. On the 

other hand, Verreault et al.10, also using three years of follow-up data from American 

women aged 65 and older, who were Medicare beneficiaries, found that 25 (OH) D 

deficiency was not associated with loss in muscle strength assessed by grip strength, 

maximum isometric strength of knee extensor and hip flexor.  

 

Dynapenia, defined as a reduction in muscle strength, has been shown to be associated 

with declines in physical functioning and is an important risk factor for disability11,12 

and mortality11,13. Rantanen et al.14, using 25 years of follow-up data from Japanese-

American participants aged between 45 and 68, found that dynapenia (lowest handgrip 

tertile < 37 kg) increased the risk of both basic (ADL) and instrumental (IADL) 

activities of daily living disability. Similarly, Al Snih et al.15, using 5 years of follow-

up data from older Mexican Americans, found that dynapenia (lowest handgrip quartile 

< 22.01 kg for men and < 14 kg for women), was a strong predictor of mortality.  

 

Data regarding 25 (OH) D serum levels in older adults with dynapenia are scarce and 

previous studies analyzed low 25 (OH) D serum levels and dynapenia as independent 

conditions. This analytical approach ignores the fact that both conditions can occur 

simultaneously in older adults and, therefore, increasing their risk of disability. In 

addition, dynapenic low 25 (OH) D cases are included separately on either dynapenia 



only or low 25 (OH) D only groups, which may lead to an overestimation of the 

association between dynapenia and low 25 (OH) D with disability. 

 

Therefore, our primary objective was to investigate whether the combination of 

dynapenia and low 25 (OH) D serum levels can increase the risk of activities of daily 

living (ADL) incident disability in a large representative sample of community-

dwelling English adults aged 50 years and older, who were ADL disability free at 

baseline. 

 

Methods 

 

Study Population 

 

ELSA is an ongoing prospective observational study of community-dwelling people 

aged 50 years and older in England that commenced in 2002. The ELSA sample was 

drawn from participants that had previously participated in the Health Survey for 

England (HSE); an annual health examination survey, which each year recruits a 

different nationally representative sample using a multi-staged stratified random 

probability design16. After baseline, follow-up interviews within ELSA occur every two 

years and health examinations i.e. a nurse visit, every four years. The first health 

examination was in 2004-05. A detailed description of the study can be found 

elsewhere17.  

 

We analysed baseline data from wave 6 (2012-13), as this was the first time that 25 

(OH) D serum levels were ascertained in ELSA. The outcome was assessed at wave 7 

(2014-15). Wave 6 had 10,601 respondents that also included non-core members, such 

as partners. Only the 9,169 core sample members eligible for a nurse visit at which 

blood samples could be taken were included. Of those, 8,054 had a nurse visit. Blood 

samples were obtained from 6,126 participants, and 25 (OH) D concentrations were 

ascertained in 6,112. 5,377 participants answered all the questions included in this study 

and 4,630 had no ADL disability at baseline. 

 

Assessment of 25-hydroxyvitamin D – 25 (OH) D 

 



Blood samples were not taken from those who had a clotting or bleeding disorder (e.g. 

haemophilia or low platelets), had ever had a seizure, were currently on anticoagulant 

drugs (e.g. warfarin therapy) or were did not give their consent in writing. The analyses 

of blood samples were carried out at the Royal Victoria Infirmary (Newcastle-upon-

Tyne, UK)18. Serum 25 (OH) D levels were measured by the Diasorin Liaison 

immunoassay that detects both 25 (OH) D2 and 25 (OH) D3 and therefore, provides the 

total circulating 25 (OH) D level, as previously described (Vitamin D). The assay for 

25 (OH) D has an analytical sensitivity (lower detection limit) of 7.5 nmol/L. The 

detection limit represents the lowest measurable analysis level that can be distinguished 

from zero. All assays were performed in duplicate. The coefficient of variation ranged 

from 8.7% to 9.4%. The laboratory performing the 25 (OH) D analyses took part in the 

Internal and the Vitamin D External Quality Assessment Schemes (DEQAS). Low 25 

(OH) D was defined as 25 (OH) D ≤ 50 nmol/L19. 

 

Strength 

 

Grip strength (kg) of the dominant hand was assessed using the Smedley hand-held 

dynamometer. Maximum strength tests were performed with a one-minute rest between 

tests and the highest value was used. Dynapenia was defined based on two cutoff points 

for grip strength: < 26 kg for men and < 16 kg for women20. 

 

Classification of the groups 

 

We constructed a four-category variable based on participants’ dynapenia status and 25 

(OH) D serum levels. The categories were as follow: non-dynapenic/normal 25 (OH) 

D, non-dynapenic/low 25 (OH) D, dynapenic/ normal 25 (OH) D and dynapenic/low 

25 (OH) D. 

 

Activities of Daily Living (ADL) disability 

 

Self-reported ADL disability was measured at baseline and two years later. Disability 

was defined herein as a difficult to perform one of the following six ADL activities: 

dressing, walking across a room, bathing or showering, eating, getting in or out of bed 

and using the toilet according to the modified Katz Index21,22. Only individuals without 



any ADL disability at baseline were included in our study. The outcome was the 

presence or absence of ADL disability two years after the baseline. 

 

Covariates 

 

Age was coded into four groups. Marital status was classified as single, married, 

divorced/separated and widowed. Level of education was classified into lower than “O-

level” or equivalent (0-11 years of schooling), lower than “A-level” or equivalent (12-

13 years) and a higher qualification (>13 years). Total non-pension household wealth 

included financial wealth, the value of any home and other property, the value of any 

business assets and physical wealth such as artwork and jewellery, net of debt. Wealth 

is the most robust indicator of socioeconomic circumstances in ELSA, and has been 

found to be more strongly associated with the risk of death than any other 

socioeconomic position indicator at older ages23.  

 

Smoking status was classified into non-smokers, former smokers or current smokers. 

Frequency of alcohol consumption was classified as rarely/never (even once a week), 

frequently (2 - 6 times a week), daily and missing data. Self-reported level of physical 

activity (PA) included three questions on the frequency of participation in vigorous, 

moderate, and mild physical activities (more than once per week, once per week, one 

to three times per month, or hardly ever). PA was categorized into four groups, as 

previously described: inactive (no activity on a weekly basis); only mild activity at least 

once a week; at least moderate but no vigorous activity at least once a week; and any 

vigorous activity at least once a week24.  

 

Self-reported doctor diagnosed chronic diseases including hypertension, diabetes, 

osteoporosis, cancer, stroke, arthritis, lung disease and cardiovascular diseases (angina, 

heart attack, heart failure and heart murmur or heart rhythm) were assessed. Depressive 

symptoms were measured by the shortened version of the Centre for Epidemiological 

Studies-Depression (CES-D) Scale25. A dichotomous variable was derived using the 

validated cut point of four or more depressive symptoms to classify depression26,27. 

Cognitive function was measured by a memory test that consisted of 10 randomly 

selected words that the respondents were asked to recall immediately and five minutes 



later. We used the total number of recalled words (possible range: 0 to 20 words) as a 

marker of memory28. 

 

Nurses measured participants’ body weight to the nearest 0.1 kg using Tanita electronic 

scales (Tanita Co, IL, USA) without shoes and in light clothing, and height was 

measured using a Stadiometer with the Frankfurt plane in the horizontal position. Body 

mass index (BMI) was calculated using the standard formula [weight (kg)/height2 (m2)] 

and used as a continuous variable.  

 

Season of blood sampling was categorized into summer (Jun–Aug), autumn (Sept–

Nov), winter (Dec–Feb), and spring (Mar–May). 

 

Statistical analyses 

 

Differences in participants’ characteristics according to their follow-up status were 

analyzed using the Rao and Scott Wald test and the chi-square test with the Rao-Scott 

correction. For the analysis of associated factors, the outcome was the presence or 

absence of ADL disability in 2014/15.  

 

Poisson’s regression analysis was used to investigate the unadjusted and adjusted 

association between dynapenia status and 25OHD serum levels and ADL disability. 

Poisson’s regression was performed because it offers better consistency and efficiency 

than logistic regression to estimate relative risk in longitudinal studies when both are 

compared with the Mantel-Haenszel method29. Following the unadjusted model (model 

1), a further model (model 2) was derived to investigate the association between 

dynapenia status and 25 (OH) D serum levels with the outcome ADL and adjusted for 

potential confounders.  

 

Poisson post-estimates were calculated in order to confirm the differences found 

between non-dynapenic/low 25 (OH) D serum levels, dynapenic/normal 25 (OH) D 

serum levels and dynapenic/low 25 (OH) D serum levels groups in the Poisson models. 

All the analyses were performed using STATA version 14.0. 

 

Ethics Approval and Informed Consent 



 

All participants gave written informed consent. The National Research Ethics Service 

(London Multicentre Research Ethics Committee (MREC/01/2/91) has approved the 

English Longitudinal Study of Ageing. 

 

Results 

 

The average age was 66.2 years (SD = 8.7), 54.2% were female, 68.6% married. 41.6% 

were non-dynapenic and had normal 25 (OH) D levels, 50.7% were non-dynapenic with 

low 25 (OH) D, 3.1% dynapenic and normal 25 (OH) D and 4.6% dynapenic and low 

25 (OH) D. Baseline characteristics of the 4,630 subjects according dynapenia and 25 

(OH) D status are shown in Table 1. 

 

The excluded participants due to missing data on handgrip strength, 25 (OH) D and 

other covariates (but all ADL disability free at baseline) were older, separated, had a 

lower level of education and wealth, were sedentary, current smoker, reported more 

high blood pressure, diabetes, stroke, arthritis and cardiovascular diseases, worse 

cognitive function, more depressive symptoms and higher BMI (p <0.05 data not 

shown). The dropout rate between wave 6 and wave 7 was 10%. 

 

Table 2 shows the IRRs for ADL disability risk according to dynapenia and 25 (OH) D 

status. The fully adjusted models showed that individuals with dynapenia and low 25 

(OH) D levels and dynapenic only had higher ADL disability risk than non-

dynapenic/non-low 25 (OH) D individuals in two years of follow up. The IRRs were 

1.94 for dynapenia and low 25 (OH) D (95% CI = 1.28-2.94) and 1.77 for dynapenia 

only (95% CI = 1.08-2.88). 

 

Poisson post-estimation showed no significant differences between non-dynapenic/low 

25 (OH) D serum levels and dynapenic only individuals (p=0.21) as well as between 

dynapenic only and those dynapenic/low 25 (OH) D (p=0.72). However, a significant 

difference was found between non-dynapenic/low 25 (OH) D serum levels individuals 

and dynapenic/low 25 (OH) D serum levels (p=0.04). 

 

Discussion 



 

In this large nationally representative sample of community-dwelling English adults 

aged 50 years and older, we demonstrated that those who were dynapenic only and 

dynapenic with low 25 (OH) D serum levels had a higher risk to develop ADL disability 

than non-dynapenic/normal 25 (OH) D serum levels in a short two years follow-up 

period. To the best of our knowledge, this is the first study to analyze the combined 

effect of dynapenia and low 25 (OH) D serum levels on incident ADL disability. 

 

The findings from the literature investigating the relationship between muscle strength, 

25 (OH) D serum levels and disability are conflicting. A study using cross-sectional 

data from 4,100 American men and women aged 60 and older found that walking speed 

and chair rise test performance as well as measures of lower extremity function, were 

associated with 25 (OH) D serum levels30. The performance times for both tests were 

higher for participants with 25 (OH) D levels between 22.5 and 94 nmol/l compared to 

those individuals with 25 (OH) D levels between 22.5 and 40 nmol/l. Similarly, 

Wicherts et al19, analysing cross-sectional data from Dutch men and women aged 

between 65 and 88 years, found that individuals with serum levels of 25 (OH) D lower 

than 50 nmol/L had worse physical performance as measured by walking speed and 

chair rise test compared to those with levels above 75 nmol/L. In addition, the authors 

demonstrated, longitudinally, that those with serum levels of 25 (OH) D lower than 50 

nmol/L had worse physical performance at three years’ follow-up compared to those 

with levels above 75 nmol/L.  

 

Another study analyzing 2,099 men and women aged 70 to 79 years, who were free 

from disability at baseline as measured by the ability to walk a quarter of a mile or 

climbing ten steps, also found that levels of 25 (OH) D lower than 50 nmol/L were 

associated with higher risk to develop mobility limitation and disability31. However, a 

risk, on a smaller scale, was also observed in those with 25 (OH) D levels between 50 

and 75 nmol/L. Hirani et al.32, analyzing data from Australian men aged 70 years, found 

that 25 (OH) D serum levels lower than 50 nmol/L were associated with incident 

disability and lower grip strength suggesting that lower levels of 25 (OH) D could be 

associated with higher risk of loss of muscle mass and strength. 

 



Yet, not all epidemiological evidence reported associations between dynapenia, low 25 

(OH) D levels and disability. Verreault et al.10 analyzing data from 628 American 

women aged 65 and older, who had moderate to severe disability at baseline, found that 

25 (OH) D serum levels lower than 25 nmol/L were not associated with declines in hip 

flexor strength, knee extensor strength, grip strength, walking speed, time for repeated 

chair stands and disability in activities involving mobility and upper extremity function. 

These muscle characteristics were assessed at baseline and during three years of follow-

up. However, the analyses were restricted only to women who already had moderate to 

severe disability which did not demonstrate any effect of low 25 (OH) D levels on the 

outcome. There were also few participants with low 25 (OH) D in the analyses making 

it difficult to detect any significant different between the groups. Mathei et al.33, using 

cross-sectional data from the Belfrail study to investigate the relationship between 25 

(OH) D serum level and muscle performance using both measures of global physical 

performance and muscle strength among persons aged 80 years and older, could not 

confirm the findings of previous studies showing an association between serum 25 (OH) 

D and physical performance in the elderly. In addition, despite critiques about the 

different samples included and lack of information about previous 25 (OH) D serum 

levels, the findings from a meta-analysis conducted by Muir and Montero-Odasso, 

using only data from older adults, did not support the benefits of a daily 25 (OH) D 

supplement (800 IU to 1000 IU per day) on muscle strength, but only in terms of balance 

and mobility34. 

 

Our study has several strengths and potential limitations that need to be considered. A 

major strength is the large and representative sample of community-dwelling English 

men and women aged 50 years and older using a wide range of covariates. In addition, 

certified examiners following standardized protocols, assuring excellent quality of data, 

performed all examinations and laboratory measurements. We would like to 

acknowledge some limitations. First, ADL disability was based on a self-report 

measure. However, the instruments used in this study are the ones used in research 

investigating disability internationally17. Second, the drop-out rate due to follow-up 

despite being small could be a source of bias. However, this type of bias is unavoidable 

in longitudinal studies of aging that only include community-dwelling older adults. 

Third, both 25 (OH) D serum levels and grip strength were measured only at baseline 

making it difficult to establish whether low 25 (OH) D levels cause muscle weakness 



or vice-versa. Furthermore, despite dynapenia combined with low 25 (OH) D levels 

showed higher IRRs compared to dynapenia only, the 95% CIs and Poisson post-

estimation indicated similar effects. However, it is important to highlight that these two 

groups had fewer individuals which could be an explanation for the similar CIs found. 

Finally, the individuals excluded from our analyses due to the lack of information could 

be a source of bias i.e. selection bias. For example, the excluded individuals had more 

chronic diseases and reported worst health behaviors.  

 

Conclusions/Relevance 

 

In summary, our main findings suggest that dynapenia on its own (handgrip strength ≤ 

26 kg for men or ≤ 16 kg for women) and dynapenia combined with low 25 (OH) D 

serum levels are important risk factors for incident ADL disability in middle-aged and 

older English adults in a two-year follow-up period. Our findings, along with other 

recent evidence showing the importance of vitamin D and muscle strength on multiple 

health outcomes, draw attention to the combined effect of these conditions on incident 

disability among older adults. Future prospective studies with longer follow-up, 

examining incident ADL disability in relation to dynapenic and vitamin D are required. 
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