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Vitamin D deficiency is quite common and highly prevalent in some regions of the world,
seriously compromising quality of elderly people life. Optimal vitamin D level in serum is
associated with stronger muscles and indicates additional 4-11 % improvement of muscular
performance and 17 % risk reduction of elderly people falls. Increased risk of falls due to sar-
copenia is strongly associated with such undesirable health outcomes as disability, institution-
alization, and eventually death. This study analyzes vitamin D status in 69 elderly people with
sarcopenia among 230 patricipants (96.5% of women, mean age of 74.1 * 6.5 years), equaling
to 30% (8.7 % in men, 91.3 % in women) prevalence in this age group. For evaluation of sar-
copenia level, EWGSOP criteria were used. Muscle strength was assessed by a handheld dy-
namometer and muscle functioning was evaluated by SPPB-tests (walking speed, Five-Times-
Sit-to-Stand-Test and standing balance). Insufficient vitamin D supply was found in 97 % of
subjects with sarcopenia and 85.8% — without sarcopenia. Optimal vitamin D levels were
identified only in 3 % of sarcopenic subjects and 14.2 % of non-sarcopenic ones with p < 0.01.
Mean Vitamin 25 (OH) D level in general population constituted 19.6 + 5.44 ng/ml. Mean vi-
tamin D level amog sarcopenic subjects aged 65-84 years constituted 18.2 + 3.04 ng/ ml, while
among older individuals aged 85+ years — 15.1 + 6.43 ng/ml, p > 0.05. Histroy of falls within
12 months prior to the study was reported in 89.9 % of patients with sarcopenia. Among them
vitamin D deficiency was found in 60.3 % (95 % CI: 53.0-67.4, x> = 8.81 with p = 0.012). 85.8 %
of individuals with vitamin D deficiency had low muscle strength (x? = 174.61, p < 0.001).
60.4% of participants with sarcopenia and vitamin D deficiency had low total SPPB score
(CI: 45.3-74.2, p < 0.05). Obtained data is indicative of high vitamin D deficiency prevalence.
It was found out that Sarcopenia increases risk of vitamin D deficiency by 1.2 times (RR 1.2,
95% CI: 1.06-1.36, p < 0.01) in all studied age groups.
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1. Introduction

High prevalence of vitamin D deficiency in different populations of different world
regions was proved in numerous surveys [1-3]. Lack and deficiency of 25(OH)D appeared
to be more common in older age groups [4], causing variety of symptoms and major
health consequences in the most vulnerable elderly population [5-8]. Large number of
investigations revealed strong correlation between vitamin D deficiency and increased
risk of falls and fractures [9; 10], but also associated with comorbide states, such as
cardiovascular disceases, malignant neoplasms, neuropsychic disorders, infections, and
autoimmune diseases [11-15]. Meta-analysis of cohort studies demonstrated beneficial
effect of continuous vitamin D intake on reducing overall mortality, mostly among aged
less 80 years [16; 17]. It was found out that serum levels of vitamin 25 (OH) D less than
10 ng/l are associated with lower muscle strength due to sarcopenia, leading to balance
disorders, falls and fractures in the elderly [5; 18-20].

Russia currently launched a few long-term studies to assess the prevalence of vitamin
D deficiency in general population, with special focus on the age group > 65 years [21-
23]. This report provides data from the populational study conducted in the North-West
of Russia, as a part of Nationwide program, with a special focus on 25 (OH) D deficiency
in sarcopenic subjects aged > 65 years.

2. Materials and methods

2.1. Study of presented sampled participants

All study participants were recruited from a geriatric doctor based on the following
inclusion criteria: residents of the community, age 265 years, adequate physical functioning
and absence of any conditions compromising it; able to move around without walking aid,
and absence of cognitive impairment based on total score ofr Mini mental state examina-
tion (MMSE).

Exclusion criteria were as follows: nursing home residence, use of hormone
replacement and/or psychotropic drugs, cerebrovascular diseases, severe decompensated
heart and renal diseases, non-controlled malignacies, neurological or psychiatric disorders,
any kind of dizziness, blurred vision or lightheadedness when rising or standing for long
time, indicative of orthostatic hypotension and/or vestibular disorders.

All the patients signed informed consent statement prior to inclusion into the study.

2.2. Definitions of sarcopenia

All 230 participants in the study were subjected to anthropometric evaluation
(height and weight, body mass index — BMI). Following EWGSOP criteria, the diagnosis
of sarcopenia was based on Dual Energy X-ray (DXA HOLOGIC Explorer QDR)
measurement of skeletal muscle mass index (SMI) defined as appendicular skeletal mass/
height? (kg/m?). Handgrip strength was evaluated by handheld dynamometer (HDD),
and muscle function was assessed using Short Physical Performance Battery (SPPB) tests
(evaluating balance, gait, side-by-side together in semi-tandem and tandem positions,
time to walk 4 meters to pass at the usual speed and time to rise from a chair and return
to the seated position five times).
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2.3. Assessment blood samples

Blood samples were collected in cold weather conditions (from September to May)
from 179 patients, and serum was stored at =70 °C. Serum 25-hydroxyvitamin D (25 (OH)
D) was mesured using chemiluminescent immunoassay, ng/ml (Abbott Architect, USA).
Vitamin D and Calcium intake was forbidden within 12 months prior to enrolment.

Vitamin D status was evaluated in accordance with Endocrine society criteria (ENDO,
2011) [26], which are also used by Cetral European Endocrine associations [27]. Vitamin
D deficit was diagnosed at 25 (OH) D level in serum less than 20 ng/mL, insufficiency
of vitamin D — at level equal 20-29 ng/mL, and sufficiency of vitamin D — at level over
30 ng/mL.

2.4. Statistic analysis

Skeletal muscle mass index cut off values < 5.45 kg/m? for women and < 7.26 kg/m?
for men were used for establishing the clinical diagnosis of sarcopenia. Handgrip strength
was evaluated by using handheld dynamometer (HDD). The test values were considered
low based on thresholds < 20 kg for women, and < 30 kg for men. Muscle function was
assessed using Short Physical Performance Battery (SPPB) tests (evaluating balance, gait,
strength and endurance by examining an individual’s ability to stand with the feet side-
by-side together in semi-tandem and tandem positions, time to walk 4 meters to pass at
the usual speed and time to rise from a chair and return to the seated position five times).
The SPPB test total score was calculated by summarizing individual scores per task us-
ing a standardized 0 to 12 scale. The total SPPB score < 9 was considered low. Vitamin D
status was assessed according to the Endocrine Society criteria (ENDO, 2011) [26], which
are also used by the Central European Endocrinology Associations [27]. Vitamin D defi-
ciency was diagnosed at serum 25(OH)D levels < 20 ng/ml, insufficiency — 20-29 ng/ml
levels, and sufficiency > 30 ng/ml.

The level of significance was 5% (p < 0.05) and all the analyses were conducted us-
ing soft ware STATISTICA for Windows (version 10 of BXXR310F964808FA-V). All the
data were presented as mean value + standard deviation (SD). Comparison of frequency
distributions of qualitative variables was assessed by nonparametric c2 test. Comparison
of quantitarive variables was performed using ANOVA. Pearson correlation was used to
find the correlation between analysed variables.

3. Results

3.1. Original Patient Characteristics

230 patients aged > 65 years (222 women — 96.5% and 8 men — 3.5%), mean age
74.1 £ 6.5 years, living at latitude northern 59° and at Eastern longitude 35°. Based on the
sarcopenia status all participants were divided into two major groups: sarcopenic older
adults (n = 69) and non-sarcopenic older adults (n = 161). The total study population
was broken into 3 age groups: A-group include people aged 65-74 years, group B — 75-
84 years, group C — patients older than 85 years. Analysis of studied population revealed,
that sarcopenia prevalence increases with patients age and at the age 85 years and older
were revealed rather frequently (p < 0.01). Obesity and metabolic syndrome are seldom
revealed with statistical significance among patients with sarcopenia (p < 0.0001). Male
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gender possesses increased risk of sarcopenia (p = 0.01). It is natural, that prevalence of
sarcopenia increases with age, with the number of sarcopenic individuals prevailing the
number of non-sarcopenic in group C (p < 0.01). Low and normal BMI values increase the
risk of sarcopenia (p < 0.0001). Individuals from both — sarcopenic and non-sarcopenic
groups — had similar educational levels, living standards, smoking status, and disability
status (Table 1).

Table 1. Characteristics of studied group

- Sarcopenic older adults | Non-sarcopenic older

Characteristics (n = 69) adults (n = 161) P-value
Age,years [mean (+SD)] 75.9 (6.8) 73.1 (6.1) 0.0023
65-74y [n (%)] 24 (34.8) 88 (54.7) 0.0057
75-84y 36 (52.2) 65 (40.4) 0.098
>85y 9 (13.0) 8 (5.0) 0.032
Sex [n (%)]
Women 63 (91.3) 159 (98.8) 0.010
Men 6 (8.7) 2(1.2) :
Disability 50 (72.5) 117 (72.7) 0.97
Single-living people 29 (42.0) 73 (45.3) 0.64
Smoking status [n (%)]
Never 65 (94.2) 157 (97.5)

0.25

Former 4 (5.8) 4(2.5)
Prevalent disease [n (%)]
Cardiovascular disease 50 (72.5) 121 (75.2) 0.69
Metabolic syndrome 6(8.7) 80 (49.7) <0.0001
Obesity 2(2.9) 65 (40.4) <0.0001
Chronic Obstructive Pulmonary Diseases 4(5.8) 13 (8.1) 0.54
Diabetes 4 (5.8) 16 (9.9) 0.31

3.2. Vitamin D provision

Serum vitamin 25 (OH) D levels were measured for 179 patients (66 with sarcopenia
and 113 without sarcopenia) among 230 elderly patients. Measured vitamin 25 (OH) D
concentration varied from 2.3 to 70.5 ng/mL. Mean (+ SD) vitamin D level constituted
19.6 + 5.44 ng/ml in studied samples of 179 patients, 17.8 + 8.6 ng/ml — in sarcopenic,
and 20.7 + 5.44 ng/ml — in non-sarcopenic (p = 0.016). Therefore, based on the Endo-
crine Society criteria (ENDO, 2011) and Central European Guidelines [27], vitamin D
deficiency was reveales in 60.3% (95% CI: 53,0-67,4, X2 = 8,81, p = 0.012), vitamin D
insufficiency—in 29.6 % and vitamin D sufficiency — in only 10.1 % out of 179 examined
patients (Table 2).

Optimal vitamin 25 (OH) D level (vitamin D level > 30 ng/mL) was found only in
3% of sarcopenic patients and in 14.2 % of non-sarcopenic ones.

Among 179 patient evaluated mean vitamin 25 (OH) D levels in group A (aged 65 to
74 years; n = 83: 80 F/3 M) constituted 20.3 £ 7.71 ng/mL, in group B (aged 75 to 84 years;
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Table 2. Prevalence of vitamin D deficiency and insufficiency in the studied population and

groups with and without sarcopenia

Sarcopenic older adults Non-sarcopenic older Overall
Serum 25 (OH)D (n = 66) adults (n = 113) (n=179) *
levels P
Abs.,(%) 95% CI Abs.,(%) 95% CI Abs.,(%) 95% CI
<20 ng/ml 48(72.7) | 61.2-82.9 | 60(53.1) | 43.8-62.3 |108(60.3)| 53.0-67.4
20 to 29 ng/ml 16 (24.2) 14.6-35.4 | 37(32.7) | 24.3-41.7 | 53(29.6) | 23.1-36.5 0.012
> 30 ng/ml 2(3.0) 0.3-8.6 16 (14.2) | 8.3-21.2 | 18(10.1) 6.1-14.9

* — Fisher’s criterion.

n = 85: 81 F/4 M) — 19.3 £ 15.9 ng/mL, in group C (aged >85 years;n = 11: 11 F/0 M) —
16.7 £ 6.43 ng/mL (p < 0.05). Gender M/F differences in mean vitamin D levels in 3 ana-
lysed age groups were as follows: group A — 14.5 + 2.47 ng/ml vs 20.6 + 7.71 ng/ml
(p <0.01), and group B — 15.5 + 4.1 ng/ml vs 19.5 + 4.21 ng/ml (p < 0.05).

Comparison of mean serum 25 (OH) D levels in 3 age groups in relation to sarcope-
nia status is presented in Fig. 1.

Mean vitamin 25 (OH) D values in group A in relation to sarcopenia were as follows:
in subjects with sarcopenia (n = 23: 21 F/2 M) 18.2 + 3.04 ng/ml, and without sarcope-
nia (n = 60: 59 F/1 M) — 21.1 + 1.63 ng/ml (p < 0.05); in group B in sarcopenic subjects
(n = 35:31 F/4 M) 17.9 + 1.45 ng/ml, in non-sarcopenic (n = 50: 50 F/0 M) — 20.2 +
1.63 ng/ml (p < 0.01), in group C — sarcopenic (n = 8: 8 F/0 M) — 15.1 + 1.63 ng/ml, and
non-sarcopenic (n = 3: 3 F/0 M) — 20.9 + 1.23 ng/ml (p < 0.01)

Vitamin D deficiency was revealed among all men regardless of their sarcopenia sta-
tus. As for female population, vitamin 25 (OH) D deficiency (<20 ng/ml) was detected in
70 % of patients with sarcopenia and 52.7 % without sarcopenia, vitamin 25 (OH) D insuf-
ficiency (20-29 ng/ml) was found in 26.7 % sarcopenic females and 33 % non-sarcopenic,
while optimal vitamin 25 (OH) D levels (=30 ng / ml) present only in 3.3 % of sarcopenic
women and in 14.3 % — non-sarcopenic (p < 0.01) (Fig. 2).

3.3. Vitamin D and skeletal muscles

Analysis of skeletal muscle parameters was carried out in relation to vitamin 25(OH)
D levels (see Table 3).

Multivariate analysis showed lower mean handgrip strength values in vitamin D de-
ficient (< 20 ng / mL) patients, equaling to 15.5 + 4.3 kg, as compared to individuals with
sufficient vitamin D levels — 22.6 + 4.7 kg (p < 0.001). Mean gait speed in vitamin D
deficient patients constituted 0.63 + 0.16 m/s, while in case of patients with sufficient vi-
tamin D level — 0.84 £ 0.12 m/s. SPPB mean score in vitamin D deficient cases was 7.1 +
2.4 points, and in case of vitamin D sufficient patients — 10.1 + 1.6 points. 85.8 % patients
with vitamin D deficit had low handgrip strength (x* = 174.61, p < 0.001). And 60.4 % of
participants with sarcopenia and vitamin D deficit had low total SPPB score (95% CI:
45.3-74.2, p < 0.05).
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Fig. 1. Mean serum 25 (OH) D levels in sarcopenic and non-sarcopenic patients in
3 studied age groups.
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Fig. 2. Prevalence of vitamin D deficiency and its insufficiency in performed study
among men and women with and without sarcopenia.

Table 3. Correlation of serum 25(OH)D level with skeletal muscles parameters

Serum 25 (OH) D levels, Serum 25 (OH) D levels, ng/ml
b ng/ml, Me [Q1; Q3] (M+0)
arameters
>30 |20t029| <20 R >30 | 20t029 <20 Overall .
(n=18) | (n=53) | (n=108) | P (n=18) | (n=53) | n=108) | (n=230) | P
Handgrip 22.0 18.0 15.0
strength, 200 | [1505 |15 g )| <0001 | 226447 | 17.0£3.9 | 155443 | 17.0+48 | <0.001
kg 250] | 19.0] e
. 0.85 0.71
;*;‘;Speed’ [080; | [0.61; | o 2'60476] <0.001 | 0.84+0,.2 | 0.70+0.18 | 0.63+0.16 | 0.69+0.18 | <0.001
091] | 0.80] e
SPPB 10.0 9.0 20
score, [10.0; | (7.0, | (o070 0) <0001 101416 | 80526 | 7124 | 78426 |<0.001
point 11.0] | 10.0] e

A — Mann-Whitney U test; * — Welch test.
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4. Discussion

Sarcopenia is a common clinical problem for people aged over 65 years, associated
with many unfavorable outcomes [28]. The prevalence of sarcopenia varies widely, de-
pending on specific population studied (such as community residents, or people living in
nursing or care homes in respective environment, or different social and ethnic groups, or
geography of residence, etc.) [29; 30] and differences in the methods used to evaluate mus-
cle mass, handgrip strength and physical performance. A number of factors are known
to affect muscle strength and muscle function with aging, and the relationship between
skeletal muscle health and vitamin D levels has been well documented in clinical studies
[32; 33]. A wide range of muscle deficiencies associated with varying degrees of vitamin
D deficiency has been described, as well as positive effects of vitamin D supplementation.

The study was aimed to determine prevalence of the patients with sarcopenia among
residents at North-West of Russia. Sarcopenia was assessed following the EWGSOP guide-
lines; therefore the procedure included evaluation of the index of muscle mass, skeletal
muscle strength and physical performance [24]. The prevalence of sarcopenia in the pop-
ulation assessed equaled to 30.0%. According to the International Sarcopenia Initiative
Report (ISI, 2014), the prevalence of sarcopenia varies significantly, with inevitable re-
gional and age-related fluctuations, and achieveing 1-29 % levels — among community
residents, 14-33 % — in long-term care groups, and 10 % — in a single acute hospital care
survey. These data were collected from eighteen documents that were finally selected by
members of the ISI working group for inclusion into this review [30]. Prevalence of sar-
copenia in the Russian northwestern cohort was higher, than in other countries. Presum-
ably this difference can ne explained by some socio-economic (desolated single elderly
people, monotonous diet, sedentiary life styles) and environmental factors (insufficient
sunlight). A more sophisticated analysis produced quite expected results: higher preva-
lence of sarcopenia among elderly aged 85+ years. Multiple studies confirmed increasing
with age prevalence of sarcopenia [34; 35]. Prevalence of sarcopenia among studied three
age groups (A: 65-74, B: 75-84, C: 85 years and older), reached 21.4 %, 35.6 % and 52.9 %,
respectively.

Clinical relationship between serum vitamin D concentrations and muscle strength/
physical characteristics was determined in many observational studies. In the Invecchiare
in Chianti study (InCHIANTI) (966 individuals, 435 men and 531 women; mean age
75 years), significant correlation between low vitamin D levels and poor physical perfor-
mance was established using a hand grip test and a short physical battery test. Physical
performance of patients with serum vitamin D below 25 nmol/L was lower than in case of
patients with vitamin level above 25 nmol/L. The handgrip muscle strength based on ob-
tained high presicion dynamometry data was also significantly higher in case of individu-
als with vitamin D levels above 50 nmol/L as compared to patients whose level was lower
this threshold [36]. Mastaglia et al. reported higher lower limbs muscular strength of
women over 65 years with vitamin D levels greater than 50 nmol/L [37]. A meta-analysis
of seven studies showed that participants receiving low doses of vitamin D or placebo had
baseline muscle strength between 3 and 23 kg [38]. In detailed analysis of data from the
prospective study of Longitudinal Aging in Amsterdam (LASA) (1200 elderly men and
women, 3 years follow up), Visser et al. showed that elderly people with low vitamin D
levels (< 25 nmol/L) had 2.5-fold increased risk of sarcopenia, defined as a loss of more
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than 40 % of the arm strength or loss of more than 3 % muscle mass over a 3-year period
compared to patients with vitamin D levels over 50 nmol/L [39]. Bischoft-Ferrari et al.
in a survey of the US outpatient population aged 60-90 years (n = 4100) showed that
25 (OH) D concentrations between 40 and 94 nmol/L are associated with an improve-
ment in the function of lower extremities musculoskeletal system, than concentrations
< 40 nmol/L [40]. The older population is heterogeneous in age and related frailty due to
varying prevalence of chronic diseases and types of treatment, and also with respect to
dependence in daily life activities. Therefore, it can be expected, that studies envolving the
elderly will yield in general mixed results unless the population is defined more accurately
according to above mentioned factors. Moreover, the gender issue should be taken into
account, as most studies recruited only or predominantly women.

Our results are consistent with many published reports, indicating strong sociation
between vitamin D level and muscular status and performance. There’s an obvious trend
of deteriorating with age vitamin D deficiency/insufliciency, leaving only 10,1 % of studied
population with vitamin D sufficiency. This cross-sectional study established a direct as-
sociation between vitamin D status and parameters of muscle strength and physical per-
formance. Hence, handgrip strength, gait speed, and total SPPB score were significantly
lower in subjects with serum 25(OH)D levels < 20 ng/ml as compared to individuals with
normal vitamin D concentrations. Mean 25(OH)D levels were significantly lower among
women with established sarcopenia vs subjects without sarcopenia in all age groups (65-
75, 76-85, >85 years old): 18.2 + 3.04 vs. 21.1£1.63 ng/ml; 17.9+1.45 vs. 20.2£1.63 ng/ml,
and 15.1+1.63 vs. 20.9+1.23 ng/ml respectively.

5. Conclusion

Preliminary data from survey of elderly people living in the North-West region of
the Russian Federation show close relationship between vitamin D status and musclular
strength and function. Provided evidence indicate that vitamin D deficiency is associated
with a decrease in muscle strength and function. Studies with sufficient sample size and
more sophisticated analyses are needed to identify more precisely the prevalence and risk
factors for sarcopenia.
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