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Summary



Symptoms of depression and poor physical functioning are common in older adults. 
Although major depressive disorder (MDD) is somewhat less prevalent in older 
persons than in younger adults, about 1 in 7 persons of ≥65 years experience clinically 
relevant depressive symptoms (or: subthreshold depression). Despite its substantial 
negative impact on quality of life, recognition and treatment of depressive symptoms 
in older persons is suboptimal. In addition, over 50% of older persons experience 
one or more functional limitations. These impairments in physical functioning can 
compromise independency in daily life. Moreover, poor physical functioning and 
depressive symptoms can reinforce each other. 
  Vitamin D supplementation has been suggested as a safe, inexpensive and acceptable 
treatment strategy to improve both emotional and physical functioning. Vitamin D 
deficiency is common among older adults: around 50% of the older population – both 
in the Netherlands and worldwide – has a serum 25(OH)D concentration below 50 
nmol/L, which is a commonly used cutoff to indicate a deficient vitamin D status. 
  The classical function of vitamin D is the regulation of calcium metabolism, 
thereby promoting bone mineralization. However, the past years have brought forth a 
plethora of studies indicating that vitamin D also plays a role in extraskeletal health. 
Mechanistic studies suggest a role for vitamin D at extraskeletal sites such as muscle 
tissue and depression-related brain areas. In addition, numerous observational studies 
have demonstrated associations of low vitamin D status with depressive symptoms 
and poor physical functioning. In contrast to this, evidence from randomized clinical 
trials (RCTs) has been conflicting.

The aim of this thesis was to elucidate the role of vitamin D in the emotional and 
physical health of older persons. Specifically, we studied the influence of vitamin D on 
depressive symptoms, anxiety symptoms, mortality risk, functional limitations, and 
physical performance. After a general introduction on the above-mentioned topics 
in Chapter 1, Chapters 2 through 7 described the cohort studies and the randomized 
placebo-controlled supplementation trial that we conducted to investigate our 
research questions. In Chapter 8, we examined whether supplementation with 
B-vitamins would improve depressive symptoms and health-related quality of life in 
older adults with elevated homocysteine levels. Finally, in Chapter 9 the findings of 
this thesis were integrated with the current literature in the field and the implications 
of the results were discussed. 

Chapters 2 and 3 described two cohort studies with data from the Longitudinal 
Aging Study Amsterdam (LASA). LASA is a large ongoing population-based study 
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including multiple cohorts of older persons. Every three years, it measures a wealth 
of physical, emotional, social and cognitive health outcomes to shed light on diverse 
aspects of aging. 
  In Chapter 2, we investigated whether serum 25(OH)D concentrations predicted 
depressive symptoms, both cross-sectionally and over 6 years. We studied two large 
samples, including a younger-old (55-65 years) and an older cohort (≥65 years). 
After adjustment for confounding, 25(OH)D was not significantly associated with 
depressive symptoms cross-sectionally, but our longitudinal analyses revealed an 
inverse association of 25(OH)D levels with depressive symptoms over time in older 
women with baseline 25(OH)D levels below 75 nmol/L. This association was partially 
mediated by physical functioning, indicating that in older women with 25(OH)D levels 
below 75 nmol/L, physical performance and, to a lesser extent, functional limitations 
declined over time which in turn increased depressive symptoms. These associations 
were not observed in men or the younger-old persons. 
  Chapter 3 described a novel way of examining the relation between vitamin D 
and depressive symptoms: we studied the association between change in 25(OH)D 
concentrations and parallel change in depressive symptoms over time (6-13 years). 
The same two LASA cohorts as in the previous chapter were used. In younger-old 
persons with baseline 25(OH)D below the median of 59 nmol/L, we found that a 
decrease of 25(OH)D over time was associated with a modest increase of depressive 
symptoms. In contrast to Chapter 2, no differences between men and women and no 
significant associations in the older cohort were observed. 

Chapters 4 and 5 reported on the design and results of the D-Vitaal study: a randomized 
double-blind placebo-controlled trial to examine whether daily supplementation with 
1200 IU vitamin D for 12 months would improve depressive symptoms and physical 
functioning in a high-risk population of community-dwelling older adults. Inclusion 
criteria for the participants included presence of clinically relevant depressive 
symptoms (but no MDD), at least one functional limitation, and serum 25(OH)D 
concentrations between 15 and 50/70 nmol/L (winter/summer, respectively). Primary 
outcomes were change in depressive symptoms, functional limitations, and physical 
performance. By including at-risk persons with relatively low vitamin D status and 
symptoms of the conditions under study, we aimed to optimize the chance to find an 
effect of the supplementation, if such an effect exists. 
  We enrolled 155 participants of 60-80 years in the study. The supplementation 
increased 25(OH)D levels to a mean of 85 (SD: 16) nmol/L after 6 months, whereas the 
mean level in the placebo group remained stable at 43 (SD: 18) nmol/L. However, no 
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relevant effects of the supplementation were observed on any of the primary outcomes. 
Also for the secondary outcomes of anxiety symptoms, cognitive functioning, health-
related quality of life, mobility, and hand grip strength, we found no significant effects 
of the vitamin D supplementation. 

Chapter 6 investigated whether low vitamin D status is associated with anxiety 
symptoms. Again, two large LASA cohorts of older persons were used for this cross-
sectional and longitudinal study. Similar to the secondary results of the D-Vitaal trial, 
no significant link between serum 25(OH)D concentrations and symptoms of anxiety 
could be established after adjustment for confounders, both cross-sectionally and after 
3 to 6 years of follow-up.

In Chapter 7, we used LASA data to study the association of 25(OH)D and parathyroid 
hormone (PTH) with overall and disease-specific (cardiovascular and cancer-related) 
mortality. Follow-up time was 18 years for overall mortality and 13 years for disease-
specific mortality. Our results indicated that persons with 25(OH)D concentrations 
below 50 nmol/L had a higher risk of overall mortality, compared to persons with a 
25(OH)D level of ≥75 nmol/L. Furthermore, high PTH concentrations (≥7 pmol/L) 
were associated with a higher overall and cardiovascular mortality risk in men. We 
found no significant association of 25(OH)D or PTH with cancer-related mortality.

A somewhat different topic was explored in Chapter 8. In this chapter, secondary 
analyses of the B-PROOF trial were described. The B-PROOF study was a randomized 
placebo-controlled trial on the effect of vitamin B12 and folic acid supplementation 
to prevent osteoporotic fractures in older persons with elevated homocysteine 
(Hcy) concentrations. In this large study sample (N=2919), we investigated whether 
the B-vitamin supplementation would improve depressive symptoms and health-
related quality of life (HR-QoL). Although previous studies had found evidence 
for associations of low vitamin B12, low folate, and high Hcy levels with depressive 
symptoms and low HR-QoL, we did not observe clinically relevant effects of the 
supplementation on either outcome. 

Finally, Chapter 9 integrated the results of the previous chapters with the existing 
literature and provided recommendations for future research and clinical practice. 
According to the studies described in this thesis, vitamin D supplementation to 
alleviate depressive symptoms and poor physical functioning in older adults is not 
recommended. Nevertheless, we cannot make firm statements on a potential effect of 
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vitamin D on these conditions in persons with (very) low 25(OH)D concentrations, e.g. 
<30 or <25 nmol/L, as the baseline vitamin D status of our participants may have been 
too high to detect an effect. Although ethically complex, this comprises an important 
topic for future research. 
  Similarly, supplementation with vitamin B12 and folic acid to improve depressive 
symptoms and HR-QoL in older persons with mildly elevated Hcy concentrations 
proved ineffective, but Hcy and depressive symptoms may have been too low and 
vitamin B12 and folate concentrations not low enough to detect a potential effect.

Despite the possibility that vitamin D supplementation has a beneficial effect if  
25(OH)D levels are low, the current state of research implies only a limited role of 
vitamin D in extraskeletal health beyond the developmental stages of life. The many 
negative trials tell us to curb our enthusiasm for vitamin D as a panacea for a wide 
variety of health conditions. It is suggested that vitamin D might be a marker for poor 
health rather than a causal factor for disease, although it is not yet entirely clear how 
this works.

Health guidelines advocate a 25(OH)D concentration of at least 50 nmol/L for older 
persons to ensure its beneficial calcemic effects. Moderate sunshine exposure can 
raise 25(OH)D levels above this threshold, but this depends on many factors, such 
as season, latitude, and clothing. Moreover, overexposure to the sun can cause skin 
cancer.
  Vitamin D can also be obtained from foods such as fatty fish, but it is very difficult 
to achieve a healthy vitamin D status from diet only. Therefore, supplementation 
with vitamin D is needed as well. Although Chapters 2 and 3 found that 25(OH)D 
concentrations above 75 nmol/L were associated with fewer depressive symptoms in 
subgroups, our D-Vitaal trial did not replicate this. Moreover, residual or unmeasured 
confounding cannot be ruled out in Chapters 2 and 3. Therefore, this thesis does not 
provide convincing evidence to change the current vitamin D guidelines for older 
persons. It is, however, important to increase awareness of these guidelines.

Depression and depressive symptoms have a high burden of disease and significantly 
decrease quality of life. Furthermore, impairments in daily physical functioning 
are limiting and can reinforce depressive symptoms. Therefore, it is crucial that we 
keep searching for adequate and acceptable treatment and prevention strategies for 
depression and poor physical functioning in older persons. 
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Overall, this thesis contributes to the increase in knowledge on the extraskeletal effects 
of vitamin D. To conclude, the influence of vitamin D on the emotional and physical 
functioning of older persons seems limited, but future research should elucidate 
whether this also holds in persons with very low vitamin D status.
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