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Introduction
Vitamin D is a well-known regulatory factor, not only in calcium 

and phosphorus homeostasis, but also in extraskeletal actions. 
It contributes to tissue health, reduces telomere-shortening 
rate, reduces cancer risk and appears to influence the optimal 
ageing process [1,2]. Moreover, vitamin D deficiency is common 
amongst elderly people, is linked to many chronic illnesses and 
its receptor expression in muscles decreases with age [3,4]. 
7-Dehydrocholesterol concentration, the substrate for UV-induced 
skin vitamin D synthesis, is significantly reduced in the elderly  

 
when compared to young adults [5]. In addition, nutrition intake, 
calcium absorption, renal 1-alpha-hydroxylase activity and 
vitamin D receptors in different tissues decline with advanced age 
[6,7]. Evidence from different countries has highlighted vitamin 
D deficiency as a prevalent public health problem, but data on 
the vitamin status in older adults are insufficient [8,9]. In clinical 
practice, measurement of the total serum 25-hydroxycholecalciferol 
(25(OH)D) level is recommended to determine vitamin D status. 
Oral vitamin D supplementation is considered safe, well founded 
and recommended for use all over the world [10].
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Vitamin D deficiency is common in older people and oral vitamin D supplementation 
is considered safe. The main aim of this study was to evaluate the efficacy of vitamin D 
supplementation and its relationship to muscle strength and function in the oldest of 
the olds with functional decline. A total of 44 nursing home residents (mean age 85.1 
years) participated in the study. The serum concentrations of 25-hydroxycholecalciferol 
(25(OH)D) and parathyroid hormone were measured at the beginning of the study, 
at three months and at six months. Based on their initial 25(OH)D measurement, the 
subjects were divided into two subgroups: one with 21 patients with 25(OH)D <10 ng/ml 
and the other with 23 patients with 25(OH)D ≥10 ng/ml. All the participants followed a 
three-month oral calciferol supplementation schedule. At the beginning of the study and 
after three months of vitamin D supplementation, all the participants had their handgrip 
strength assessed and were administered the timed up and go test (TUGT). For the whole 
group, the mean (SD) 25(OH)D serum concentration at the beginning of the study was 
10.10 (6.07) ng/ml (8.11 (1.01) ng/ml in the first subgroup and 15.92 (9.02) ng/ml in 
the other); after three months of calciferol supplementation it was 32.05 (6.61) ng/ml 
(p<0.001). No relationship was found between vitamin D status and handgrip strength 
nor TUGT. Vitamin D supplementation is effective to increase in 25(OH)D serum levels 
in elderly patients with functional decline. However, no relationship between vitamin D 
concentration and muscle strength and function was observed.
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The population of geriatric patients is usually characterised by 
the presence of geriatric giants. In clinical practice, the evaluation 
of new geriatric giants such as sarcopenia could prove to be a 
crucial augmentation since it represents a powerful predictor of 
functional decline and poor patient outcome. In 2019, Cruz-Jentoft 
et al. published a revised European consensus on the definition and 
diagnosis of sarcopenia. The authors of these guidelines emphasised 
that focusing on low muscle strength – to detect cases of sarcopenia 
– and on poor physical performance – to identify sarcopenia 
severity – could be useful not only for scientific researchers but 
also for healthcare professionals. The European Working Group on 
Sarcopenia in Older People (EWGSOP2) also provided clear cut-off 
points for measurements, such as the timed up and go test (TUGT) 
and handgrip strength, that identify and characterise sarcopenia 
[11]. The main aim of this study was to evaluate the efficacy of 
vitamin D supplementation and its relationship to muscle strength 
and function in the oldest of the olds with functional decline.

Materials and Methods
The study group consisted of 32 women and 12 men aged 

between 75 and 98 years with a mean age of 85.1 years. All the 
subjects were nursing home residents with similar levels of 
sun exposure and diets that contained about 700 mg of calcium. 
They were characterised by functional dependence with scores 
in the Activities of Daily Living test (Barthel scale) below 40 
points. All participants were suffering from vitamin D deficiency 
or insufficiency coexisting with comorbidity: 18 subjects were 
diagnosed with heart failure, 19 subjects with hypertension, 29 
subjects with other cardiovascular diseases, six subjects with 
pulmonary diseases, 13 subjects with diabetes, 16 subjects with 
gastritis, 27 subjects with osteoarthritis and 25 subjects with 
lower renal filtration. The exclusion criteria applied were advanced 
heart failure (NYHA class IV) and severe liver or kidney failure. The 
Bioethics Committee of the Medical University of Warsaw approved 
the study. This study was conducted over a 6-month period from July 
2016 to January 2017. The protocol involved taking blood samples 
three times during the study: at the beginning, at three months and 
at six months. The serum concentrations of 25(OH)D, calcium and 
Parathyroid Hormone (PTH) were measured in all subjects at the 
beginning of the study. The initial serum vitamin D level was used 
as the indicator to divide the patients into two subgroups based on 
their 25(OH)D blood concentration. The first subgroup consisted of 
21 patients with a 25(OH)D serum concentration below 10 ng/ml. 
The other subgroup consisted of 23 patients with a 25(OH)D serum 
concentration equal to or above 10 ng/ml. All the participants 
followed a three-month oral calciferol supplementation schedule. 

The participants in the subgroup with 25(OH)D blood 
concentration lower than 10 ng/ml received 4000 IU of calciferol 
daily for one month and 2000 IU daily for the next two months. The 
participants in the subgroup with 25(OH)D blood concentration 

higher than or equal to 10 ng/ml received 2000 IU of calciferol daily 
for three months. The 25(OH)D serum level was then measured 
after three months of vitamin D supplementation. The third and 
final measurement of the serum level of 25(OH)D took place after 
another three months (during which vitamin D supplementation 
was no longer administered), i.e. six months after the start of the 
study. PTH was measured at the beginning of the study and after 
three months of vitamin D supplementation. At the beginning 
of the study, only one participant took over-the-counter vitamin 
D supplementation; all the other participants were prescribed 
vitamin D supplementation. At the beginning of the study, according 
to the recommendations of the Polish Society of Physiotherapy, all 
the participants had their handgrip strength assessed and were 
administered the TUGT. Following three months of vitamin D 
supplementation, the same tests were conducted. Characteristics 
of the study group are detailed in Table 1. The 25(OH)D serum 
concentration was measured by chemiluminescent immunoassay 
and a Liaison analyser. The data were analysed by the Pearson 
correlation coefficient using R 3.4.1 (R Core Team (2017). R: A 
language and environment for statistical computing. R Foundation 
for Statistical Computing, Vienna, Austria). p<0.05 was considered 
to be statistically significant.

Table 1: Characteristics of the study group.

Characteristics

Number of subjects, N 44

Sex  

Women (%)     32 (72.7)

Men (%)     12 (27.3)

Nursing home stay, years, mean [min/max] 1.50 [0.50, 3.00]

Age, years, mean (SD)  85.10 (7.20)

Body mass, kg, mean (SD)  64.44 (13.07)

Height, cm, mean (SD) 151.43 (11.34)

Body mass index, BMI, mean (SD)  28.40 (5.54)

Arm circumference, cm, mean (SD)  26.39 (3.82)

Calf circumference, cm, mean (SD)  32.47 (3.55)

Results
For the whole group, the first measurement of vitamin D status 

(taken at the beginning of the study) determined from the 25(OH)
D serum concentration was 10.10 (6.07) ng/ml (mean (SD)). 
Specifically, it was 8.11 (1.01) ng/ml in the subgroup with initial 
vitamin 25(OH)D status below 10 ng/ml and 15.92 (9.02) ng/ml 
in the subgroup with initial vitamin 25(OH)D status equal to or 
above 10 ng/ml. For the second measurement (taken after three 
months of vitamin D supplementation), the mean (SD) 25(OH)
D serum level for all the subjects was significantly higher – 32.05 
(6.61) ng/ml, p<0.001 – with the median being above 31 ng/ml for 
each subgroup. For the third measurement (taken after another 
three months during which vitamin D supplementation was no 
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longer administered), the mean (SD) 25(OH)D serum level was 
significantly lower – 21.65 (6.28) ng/ml, p<0.001 (this trend was 
observed in both subgroups). The data are presented in Figure 1. A 
statistically significant correlation was found in the vitamin D status 
difference between the first and the second measurement; the 
correlation factor being –0.63, p<0.001. The mean (SD) PTH serum 
concentration at the beginning of the study was 61.35 (26.34) mg/
ml. After three months of vitamin D supplementation, it increased 
to 68.16 (34.14) mg/ml, without statistical significance (p=0.06). 
A statistically significant difference was found between the two 
subgroups at the beginning of the study: the mean (SD) PTH serum 
concentration was 88.10 (51.83) mg/ml in the first subgroup and 

55.10 (18.23) mg/ml in the other subgroup, p<0.01. This was 
also the case after three months of vitamin D supplementation: 
86.69 (43.45) mg/ml in the first subgroup and 57.13 (22.10) 
mg/ml in the other subgroup, p<0.01. No statistically significant 
correlation was observed between vitamin D concentrations and 
PTH levels. To investigate the relationship between vitamin D 
status and physical performance, the TUGT and handgrip strength 
were compared before and after vitamin D supplementation. No 
significant difference was observed in the patients’ walking speed 
or muscle strength. There was no correlation between the 25(OH)
D concentration and handgrip strength nor between the 25(OH)D 
concentration and the TUGT. The data are presented in Tables 2 & 3. 

Figure 1: 25(OH)D serum concentrations (ng/ml) of nursing home residents before and after vitamin D supplementation (at 
the beginning of the study [1], after three months of vitamin D supplementation [2], after another three months during which 
vitamin D supplementation was no longer administered [3]).

Table 2: Comparison of handgrip strength and timed up and go test (TUGT) at the beginning of the study and after three months of 
vitamin D supplementation (t test).

Measurements at the Beginning of 
the Study

Measurements after Three Months of 
Vitamin D Supplementation p Value

HANDGRIP STRENGTH FOR RIGHT 
HAND, kg, mean (SD)

Min–Max

14.5 (4.8)

5–27

14.8 (5.3)

2–26
p=0.426

HANDGRIP STRENGTH FOR LEFT 
HAND, kg, mean (SD)

Min–Max

12.9 (6.8)

1–24

12.6 (5.5)

4–26
p=0.464

TUGT, s, mean (SD)

Min–Max

31.8 (19.8)

8-104

30.9 (15.4)

8–75
p=0.724
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Table 3: Correlation of 25(OH)D serum concentration with handgrip strength and 25(OH)D serum concentration with the timed up 
and go test (TUGT) at the beginning of the study and after three months of vitamin D supplementation.

Variable
Correlation Factor with 25(OH)D at the Beginning of 

the Study
Correlation Factor with 25(OH)D after Three Months 

of Vitamin D Supplementation

Correlation Factor p value Correlation Factor p Value

Handgrip Strength for Right 
Hand 0.332 0.078 0.21 0.24

Handgrip Strength for Left 
Hand 0.311 0.089 0.329 0.061

TUGT* 0.267 0.116 0.094 0.602

Note: *TUGT- timed up and go test

Discussion
Our data suggest that, in the oldest of elderly nursing home 

residents, a three-month vitamin D supplementation is sufficient 
to achieve a normal serum concentration of 25(OH)D. A higher 
increase in vitamin D status was observed in the subgroup with an 
initial 25(OH)D serum concentration below 10 ng/ml. This finding 
is in accordance with literature data [12-15]. In Poland, contrary 
to other countries, not only is the serum concentration of 25(OH)D 
very low in nursing home residents, but the level of supplementation 
also appears to be insufficient; only one of the participants in our 
study was being supplemented with a dose of 2000 IU vitamin D 
per day. Furthermore, the process of fortifying food with vitamin D 
is not practiced in Poland. At the same time, low levels of outdoor 
activity combined with reduced skin production in the elderly likely 
constitute crucial factors of vitamin D deficiency. Our study also 
revealed that, in elderly subjects with functional decline (a common 
characteristic for nursing home residents), 25(OH)D levels are 
lower than in younger groups without physical decline. Płudowski 
et al. reported that the lowest mean of vitamin D status in the 
Polish urban adult population is about 15 ng/ml. Additionally, in 
populations over 80 years of age, the mean vitamin D status is 17.5 
ng/ml, higher than in our study [16]. Taking into account the lower 
25(OH)D concentration after three successive months without 
supplementation, sufficient vitamin D supplementation should be 
systematically applied to achieve permanent optimal blood 25(OH)
D concentrations necessary for skeletal and extraskeletal actions. 
Nonetheless, at the time this study was conducted, the Polish 
guidelines for vitamin D supplementation were not well established 
and as a consequence may be the main reason for the low compliance 
of the recommendations for vitamin D supplementation [17].

Moreover, optimal vitamin D blood concentration can be defined 
by several criteria, for example PTH. In a global study, certain 
correlation trends with PTH have been found in subgroups with an 
initial lower vitamin D status and significantly higher PTH [18]. It 
is important to take into account that for PTH stabilisation a period 
of about 12 months is necessary. In the present study, significant 
correlations were not found between vitamin D status and PTH. It 
is likely that the small number of participants, their comorbidity, as 

well as the high standard deviation of the PTH values substantially 
contributed to the background of multifactorial mechanisms 
influencing the relationship between vitamin D metabolites and 
PTH [19,20]. In contrast, a study by Fisher et al. reported that the 
only predictor of hip fracture was elevated serum PTH inversely 
correlated with vitamin D status [21]. In our study, evaluation of the 
relationship between vitamin D status and physical performance 
revealed that three months of supplementation had no impact 
on muscle strength and muscle function measured by the TUGT. 
Furthermore, no correlations were found between vitamin D status 
and handgrip strength or muscle function in both subgroups at the 
beginning of the study nor after three months of supplementation. It 
should be mentioned that all nursing home residents in Poland are 
encouraged to partake in long-term physiotherapy. It is possible that 
the very poor initial physical performance of our subjects (only one 
person completed the TUGT within the normal time) contributed to 
the lack of pleiotropic effects of vitamin D supplementation. In line 
with our data, Matheï et al. reported no relation between vitamin D 
status and physical performance in octogenarians [22]. Conversely, 
studies by Jing et al. and Aspell et al. in younger subjects reported 
that vitamin D status was related to handgrip strength and physical 
performance [23,24]. 

This finding raises the possibility that in advanced age, despite 
the observed changes in laboratory tests, the impact on clinical 
symptoms differs from younger groups. Additionally, as opposed 
to younger and healthier populations, the duration of vitamin D 
deficiency in the oldest olds may be prolonged enough to diminish 
potential correlations [25]. Thus, it should be taken into account 
that probably not all elderly people will benefit from vitamin D 
supplementation when considering poor physical function and 
functional decline. Currently, the evaluation, prevention and 
treatment of vitamin D deficiency appear to be well established; 
however, how this influences the clinical outcome of the oldest olds 
remains an issue of debate [26-28]. The primary limitation of this 
study was the small number of participants, making it impossible to 
create a clearly homogeneous population. The second limitation was 
the study’s short duration which prohibited the evaluation of long-
term supplementation effects. In addition, it should be highlighted 
that our study was carried out before the Polish guidelines for 

http://dx.doi.org/10.26717/BJSTR.2021.34.005583


Copyright@ Małgorzata Kupisz-Urbańska | Biomed J Sci & Tech Res | BJSTR. MS.ID.005583.

Volume 34- Issue 4 DOI: 10.26717/BJSTR.2021.34.005583

26955

vitamin D supplementation were published. Therefore, not every 
nursing home was conducting and maintaining sufficient vitamin D 
supplementation. In Poland, as in all other countries, the number of 
the very oldest nursing home residents will increase in the coming 
years. This particular population is of special interest as it may be 
representative of patients with unsuccessful ageing processes. 

Conclusion
Our study presents data indicating that vitamin D 

supplementation is effective amongst advanced age patients with 
comorbidity and functional decline. However, no relationship 
between vitamin D status and sarcopenia characteristics (muscle 
strength and function) was observed. Further studies are needed 
to fully assess the clinical impact of vitamin D supplementation in 
subjects ageing unsuccessfully.
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