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Abstract

Objectives: Vitamin D plays an important role in musculoskeletal and nervous system

health. Although, the prevalence of vitamin D deficiency is fairly high and it may lead to bone
abnormalities and muscle weakness, it is a preventable condition. The aim of this prospective study
was to assess the effects of vitamin D supplementation on balance, mobility, grip strength, fatigue,
depression and quality of life.

Materials and Methods: Between October 1, 2015 and December 31, 2015, a total of 92 patients with
vitamin D insufficiency/deficiency were included in the study. Demographic characteristics of age,
gender, height, weight, serum 25-hydroxyvitamin [25-(OH)D], parathyroid hormone, alkaline
phosphatase (ALP), calcium, and phosphorus levels were recorded. The primary outcome was
assessed the [25-(OH) D] levels at 1 month and 3 month post-treatment. The secondary outcomes
were the efficacy of vitamin D administration on fatigue, mobility, balance, depression, quality of life
(QoL), muscle strength using The Multidimensional Assessment of Fatigue Scale (MAF), Timed Up
and Go Test (TUG), Single leg stance test (SLS), Beck Depression Inventory (BDI), The Nottingham
Health Profile(NHP), hand dynamometer, respectively at all visits.

Results: After the 1 month, the vitamin D supplementation had significantly improved muscle
strength, balance ability, mobility, QoL, depression, and fatigue symptoms. The levels of [25-(OH) D]
significant decreased after 3 months.

Conclusion: Supplemental vitamin D consistently demonstrated beneficial effects on muscle
strength, mobility, balance control, depression, fatigue and QoL. The 300,000 bolus of vitamin D was
well-tolerated and safe in adult population. We would recommend evaluating vitamin D status once
in three months.
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Oz

Amag: D vitamini, kas-iskelet sistemi ve sinir sistemi saghginda 6nemli bir rol oynar. D vitamini
eksikligi prevalansi olduk¢a yiiksek olup kemik anormallikleri ve kas glgsuzligia ile
sonuclanabilmesine ragmen, 6nlenebilir bir durumdur. Bu prospektif calismanin amaci, D vitamini
desteginin denge, mobilite, kavrama giicii, yorgunluk, depresyon ve yasam kalitesi tizerine etkilerini
degerlendirmektir.

Materyal ve Metot: Calismaya 1 Ekim 2015 - 31 Aralik 2015 tarihleri arasinda D vitamini yetersizligi /
eksiksizligi olan 92 hasta alindi. Yas, cinsiyet, boy, kilo, serum 25-hidroksivitamin D [25- (OH) D],
paratiroid hormon, alkalen fosfataz (ALP), kalsiyum ve fosfor seviyeleri kaydedildi. Primer sonug,
tedavi sonrasi 1 ay ve 3 ay sonra [25- (OH) D] seviyelerini degerlendirmekti. ikincil sonuglar; tiim
vizitlerde D vitamini uygulamasinin yorgunluk, mobilite, denge, depresyon, yasam kalitesi tizerine
etkinliginin, sirasiyla Yorgunluk Olgeginin Cok Boyutlu Degerlendirilmesi, Zamanli Kalk ve Yiirii
Testi, Tek Bacak Uzerinde Durma Testi, Beck Depresyon Envanteri, Nottingham Saglik Profili, el
dinamometresi, kullanilarak degerlendirilmesidir.

Bulgular: 1 ay sonra, D vitamini takviyesi kas gliciinii, denge yetenegini, mobiliteyi, yasam kalitesini,
depresyonu ve yorgunluk semptomlarini 6nemli 6l¢iide iyilestirdi. [25- (OH) D] diizeyleri diizeyleri 3
ay sonra belirgin olarak dasti.

Sonug: D vitamini takviyesi, kas kuvveti, mobilite, denge kontrolii, depresyon, yorgunluk ve yasam
kalitesi tizerinde faydali etkiler gostermistir. 300.000 IU bolus D vitamini takviyesi eriskinlerde iyi
tolere edilmistir. D vitamini diizeyinin ti¢ ayda bir degerlendirilmesini tavsiye ediyoruz.

Anahtar Kelimeler: Denge, Yorgunluk, Kas giicii, Yasam kalitesi, D vitamini
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Introduction

Vitamin D (vit D) plays an important role in musculoskeletal and nervous system
health.!

The prevalence of vit D deficiency is fairly high and it may lead to bone abnormalities
and muscle weakness."? In otherwise, it has also been associated with musculoskeletal
pain, headache, depression, fatigue, impaired cognitive performance, cancer, heart
disease, fractures and falls, autoimmune diseases.3 But it is a preventable condition,
and the cost of prevention is inexpensive in most of the countries.? A meta-analysis
published in 2007 showed that vitamin D supplementation was associated with
significantly reduced mortality.*

Sources of Vit D are sunlight, food, and supplements, with sunlight being the
predominant source. Pigmented skin, sun creams with a protection factor of 15 or
more, clothing that hides the face and forearms and the poor winter sun in the UK all
lead to lower levels of vit D synthesis in the skin.2

Vitamin D status is usually assessed by measuring serum 25-hydroxyvitamin D [25-
(OH)D] levels with most authors and Endocrine Society Clinical Practice Guideline
defining adequate, insufficient, deficient, and severe deficient levels as >75 nmol/l (>30
pg/l), 50-75 nmol/l, (=21-29 pg/L), 25-49 nmol/L (=10-19 pg/L), and <25 nmol/L(<10
pg/L), respectively. '3

Muscle strength plays a widely recognized key role in overall functional status.
However, the effects of vitamin D status on muscle function are debatable, some
studies had been indicated that associations between vitamin D status and muscle
strength, body sway and physical performance. Hand grip strength (HGS) may be

used as a indicator of muscle strength and function and a clinical marker of mobility."
14

Although there are many studies about the effects of vit D on muscle strength,
mobility, health status, depression; most of them were observational studies and
generally consisted of geriatric population and different parameters were evaluated in
each study.’> The aim of this prospective study was to assess the effects of vitamin D
supplementation on balance, mobility, grip strength, fatigue, depression and quality of
life in adult population.

Materials and Methods
Study population

One hundred subjects who had vitamin D deficiency were recruited between October
1, 2015 and December 31, 2015 after approval from the Ethics Commitee. We followed
ethical guidance which recommends adherence to the 2008 version of the Declaration
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of Helsinki. All subjects were informed verbally and written consent prior to
participation.

Exclusion criteria included normal level of serum [25-(OH) D], known severe anemia,
pregnant or lactating women, musculoskeletal or neurological limitations, known
inflammatory conditions, thyroid dysfunctions, vestibulopathies, drugs use that could
affect balance and osteoporosis, major systemic diseases such as malignancy, diabetes
mellitus (DM), severe cardiopulmonary disease and metabolic bone diseases and
geriatric populations (age> 65 years).

Study design

The Chromsystems high-pressure liquid chromatography (HPLC) vitamin D2/D3 kit
(Chromsystems Instruments and Chemicals GmbH, Grafelfing, Munich, Germany) was
used to measure the serum [25-(OH)D] levels of the patients. Patients with severe vit D
deficiency (<10 pg/L) received oral vitamin D (300,000 IU) twice times per week for
two weeks and patients with vit D insufficiency (<30 pg/L) received oral vitamin D
(150,000 IU) twice times per week for one week. The patients were evaluated before,1
and 3 month after the replacement therapy. We collected the following data for each
patient: age, gender, weight, height, serum levels of 25-OHD, parathyroid hormone,
alkaline phosphatase, calcium, phosphorus, albumin, calcitonin, thyroid stimulating
hormone, hemoglobin. We assessed the fatigue, mobility, balance, health status,
psychological status, muscle strength at all visits and the serum levels of 25-OHD,
parathyroid hormone, alkaline phosphatase, calcium, phosphorus, albumine were
determined at the same time.

Study measurements

The Nottingham Health Profile (NHP) evaluates health-related quality of life related to
self-perceived physical, emotional, and social health status.'®'7 The validity and
reliability of the Turkish version has been established Kiiciikdeveci et al.*® The
measurement with a ‘yes’/'no’ answer to 38 items was composed of six sections that
tested physical activity(eight items), fatigue(three items), pain(eight items), social
isolation(five items), sleeping(five items) and emotional reactions(nine items). The
scores were between o and 100 for each subcategory, where o indicates good health
and 100 indicates poor health. Each s subcategory had different statement-scores and
these statements were randomized in the measurement. 7

Timed Up and Go Test (TUG Test) is a reliable, cost-effective and time-efficient way to
evaluate functional mobility by measuring the time required by the subjects to do
subsequent activities: standing up from a 46 centimeter-high chair with back and arm
support, walking for 3 meters, turn back to the chair, and sit back. A cutoff point of 10
seconds has been applied to identify persons with an impaired mobility.®®9

Single leg stance test (SLS Test) was used for assessment of balance. Participants
performed a single leg standing assessment with and without visual feed-back,
balancing on their dominant leg for as long as they could without any assistance from
the objects, while keeping their non-dominant leg flexed the hip and knee between 60°
and go°and maintain this position for 30 seconds and performed 3 additional
repetitions. One minute rest period was given between trials. Average times were
recorded.?®
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Grip strength was measured with a Riester hand dynamometer.* Hand grip strength
(HGS) was measured from the dominant hand while sitting, with the forearm flexed
from the elbow at 9o° angle. Three maximal contractions lasting 3 seconds, each with
one minute rest between were recorded. An average of the 3 contractions was used as
the criterion score.

Beck Depression Inventory (BDI) is a self- a self-administered questionnaire which is
the validated Turkish version of the 21 items in multiple-choice format.?> 2> When the
test is scored, a value of o to 3 is assigned for each answer and then the total score is
compared to a key to determine the depression’s severity. The standard cut-off scores
are as follows: 0-9: indicates minimal depression ,10-18: indicates mild depression 19-
29: indicates moderate depression 30-63: indicates severe depression.

Fatigue was evaluated by Multidimensional Assessment of Fatigue Scale (MAF). MAF
has 16 items that measure five dimensions of fatigue: degree (item 1), severity (item 2),
distress (item 3), degree of interference with activities of daily living (items 4-14), and
timing (items 15-16). The index score can range from 1(no fatigue) to 50 (extreme
fatigue).>

Statistical Analysis

SPSS for Windows version 22.0 software was used for all analyses (SPSS Inc., Chicago,
ILL, USA). The distribution of dependent variables was examined by Pearson test.
Descriptive statistics were used to describe the demographic characteristics of the
patients. Time effect on variables were evaluated by paired sample t test. The level of
significance was set at p<0.05.

Results

At the beginning of the study 66.30 % of the subjects had a [25-(OH) D] level below 10
pg/L, 33.70 % had a [25-(OH) D] level between 10 and 30 pg/L. Any adverse events or
toxicity due to therapy were documented. 8 participants was lost to follow-up. Finally,
ninety-two patients aged with 20-65 years were included for the analysis. Most of the
participants in our study were women (95.70%) The demographical and clinical
characteristics of subjects are shown in Table 1.

There was no significant difference between times in terms of the levels of serum
albumin (Alb), calcium (Ca), phosphorus (P), alkaline phosphatase (ALP).
Supplemental vit D led to significant reductions in PTH from baseline at 4 and 12
weeks (Table 2).

The levels of [25-(OH)D], SLS and HGS scores significantly increased after the
replacement therapy. However, SLS and HGS scores remains the same, levels of [25-
(OH) D] significant decreased after 3 months. Balance were similarly affected by
hypovitaminosis D, independently of visual feed-back (Table 3).

All NHP sub-scores except for social isolation, MAF, BDI and TUG scores significantly
decreased after the therapy and continued to decrease after 3 months. NHP sub-scores
of social isolation tended to decrease but not statistically significant (Table 3).
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Table 1. Demographic and clinical characteristics of the subjects

Subjects (n=92)
(meanz= SD)

Age (year) 45.11£ 10.90 (21-65)
BMI (kg/cm?) 28.32+ 5.1 (18.7-44.4)
Hb (g/dl) 13.30% 1.33 (10.3-16.3)
MCV 81.66+ 6.60 (60.9- 100.7)
Sedim (mm/ h) 14.10% 10.61 (1-47)
Urea 26.11+ 8.50 (12-53)
Creatinine 0.66£ 0.12 (0.4-1.2)
TSH (Uiu/ ml) 1.95+ 1.12 (0.02-5.36)
Calcitonin 2.37+ 0.91 (2-7.18)

(body mass index (BMI), hemoglobin (Hb), hematocrit (Htc), sedimentation (sedim), creatinine (Cre),
thyroid stimulating hormone (TSH), Standard deviation (SD), mean corpuscular volume (MCV)

Table 2. Laboratory variables pre and post treatment.

1.visit 2.visit 3.visit Py Pa P3
Mean+SD | Mean+SD | Mean+SD
Alb (g/dl) 5';;)11 > éiii 55291;—* 0.791 | 0.323 | 0.354
Ca (mg/dL) 9(;?‘92; %Zl : 9;535; 0.202 | 0.235 | 0.275
P (mg/dL) 30563(;: 30553; 3(;.662; 0.684 | 0.600 | 0.352
ALP (U/L) 7(1)'97;1 71.13841 6187'3; - 0.855 | 0.480 | 0.571
Vit D (pg/L) 1(;'.32 * 4106'ii 2195'.361 <0.001 | <0.001 | <0.001
PTH (pg/mL) 5263'.29001 ilgj ‘:;721; <0.001 | 0.076 | <0.001

Albumine (Alb), Calcium (Ca), Phosphorus (P), Alkaline phosphatase (ALP), vitamin d (vit D),
Parathyroid hormone (PTH)

* Differences between times analyzed by Paired Simple T Test, P1; p value between the first visit and the
second visit, P2; p value between the second and the third visit, P3; p value between the first visit and the
third visit.

Discussion

To our knowledge, this is the first study that evaluated together with the effects of vit
D supplementation on muscle strength, fatigue, balance, mobility, depression and
quality of life in adult population.

25-(OH)D seems to play an important role in the preservation of neuromuscular
functions. Otherwise, the relationship between vit D and muscular strength remains
yet controversial. Many studies showing lack of effect of vit D supplementation on
muscle strength have been published compared to studies documenting beneficial
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effects. This study supported that vit D supplementation have a significant effect on
muscle strength in adults. Likewise, a recently published systematic review and a

meta-analysis of randomized controlled trials reported that vit D supplementation has
a small but significant positive effect on muscle strength. Differences in populations

and methodology may partly explain this inconsistency. Another explanation for
incompatible results may be associated with the VDR gene polymorphisms. Some
human variants appear less sensitive to vit D and more likely to develop muscle

weakness."

Table 3. Health status, fatigue, psychological status, functional mobility, balance and

hand grip strength pre and post treatments

1.visit 2.visit 3.visit
Mean+SD | Meant SD | Mean+ SD P1 P2 P3

NHP- pain 58-44% 43-40% 39:72% <0.001 | 0.110 | <0.001
28.091 26.41 23.90

NHP- physical 31.45% 27.66+ 24.82+

activity 18.32 16.43 16.70 0-024 | 0009 | 0.004

NHP- fatigue G110 46.24% 44-25% <0.001 | 0.620 | 0.002
38.44 38.50 36.21

NHP- sleeping 3958+ 33-93% 23822 0.003 | 0.002 <0-001
31.10 29.44 25.80

NHP- social 16.95+ 14.37+ 10.90+

isolation 26.82 21.71 20.21 0-461 | 0492 | 0.710

NHP- emotional 32.84+ 23.95+ 20.39+ 0001 | 0180 | <0.001

react 28.88 26.20 23.90

MAF 30-11% 2432 21.90% <0.001 | 0.210 | <0.001
10.25 9.54 9.25

BDI 12.23% 1013+ 8.402 0.001 | 0.020 | <0.001
8.40 8.15 6.70
9.70% 9.11+ 9.15%

TUG(s) 203 183 6o <0.001 | 0.460 | 0.001

SLS- with visual 24-55% 26.10& 271 0.001 | <0.001 | <0.001
8.25 7.12 5.9

S.LS- without 9.55% 1413+ 1412+ 0.001 | 036 | <0.001

visual 7.83 10.60 9.80

HGS (bar) 0-37% 0-40% 0-40% <0.001 | 0.990 | 0.005
0.10 0.10 0.10

Nottingham Health Profile (NHP), Timed Up and Go Test (TUG Test)Single leg stance test (SLS Test)
Hand grip strength(HGS) Nottingham Health Profile (NHP) Multidimensional Assessment of Fatigue

(MAF) Paired Simple T Test, P1; p value between the first visit and the second visit,, P2; p value between the
second and the third visit, P3; p value between the first visit and the third visit.

In that study, we performed HGS measurement to evaluate muscle strength. HGS is a
simple and reliable measure of muscle function and a better predictor of clinical
outcomes than low muscle mass. 2627 European working group reported that isometric
HGS is strongly related with lower extremity muscle power, knee extension torque and
calf cross sectional muscle area.’s
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The ability to move from one position to another called functional mobility is
conditioned by sensory, neuromuscular, and musculoskeletal system function, and
central nervous system integration process. There are many reports indicate that vit D
is involved in brain health and function. '>2® Especially, VDRs are found in almost all
brain areas including structures involved in motor control and balance such as the
substantia nigra, the hypothalamus and the cerebellum.”* 2® Based the two different
studies by Pfeifer M et al found that body sway is negatively correlated with vit D
levels. 29:3° A study by Bischoff et al showed significant functional mobility after vit D
and calcium supplementation for 12 weeks similar to our study’s result.' On the other
hand, in the study by Laksmi et al in elderly women aged 60 years old or above, no
significant correlation was found between vit D levels and functional mobility. It is
different from our study, in terms of design since it is an cross-sectional study and
higher mean age (70.20) and higher vit D levels (68.00 nmol/l).The lower vit D levels,
the more significant improvement could be observed after the supplementation. 3> On
the other hand, some literatures indicated that vitamin D had positive effects on
balance but lower than muscle strength improvements, while others reported no
effects.3>34 This clinical diversity can be explained by the VDR, including the brain.!

Fatigue is a state of tiredness or low energy and is the end result of underlying muscle
fatigue which is more commonly seen than muscle weakness.353% A study of 174
patients showed that normalization of low vit D level with ergocalciferol therapy
significantly improved the severity of fatigue symptoms.3> Based on another study’s
results, vitamin D deficiency is associated with fatigue and daytime sleepiness.3” This
study also showed that a significant reduction in the fatigue scores after the therapy.

Many studies indicated that low vit D levels were related to depression.” 937 On the
other hand, a recent meta-analysis reported that ineffectiveness of vit D
supplementation on depression.3® This conflict may be due to the differences in the
reached serum vit D levels following interventions or the study population diversity.

The current study showed that QoL improved significantly after the vit D
supplementation. Of course, muscle strength, balance, mobility, depression, fatigue
effect the QoL and all this parameter improved after the therapy. Similarly, Akytiz et al
reported that vit d supplementation might increase the overall QoL.4° Many studies in
various study population such as cancer, irritable bowel syndrome, diabetic
neuropathy also demonstrated that vit D deficiency was associated with a higher
severity of clinical symptoms and lower QoL.443

Vitamin D is one of the most cost-effective micronutrient supplements, that leads to
improving overall human health.44 However, there have been controversy about the
identification of the vit D deficiency and sufficiency, appropriate treatment strategy.4>
47 Severity of deficiency, body weight, sunlight exposure, skin pigmentation, dietary
practices, clothing and cultural habits, and many other population-specific factors,
needs to be considered in making uniform guidelines. ¢ A study from Indian
investigated the equivalent doses of oral cholecalciferol (60,000 IU weekly for 5 weeks)
versus intramuscular (IM) cholecalciferol (300,000 IU) in correcting Vit D deficiency
and they indicated both of them are effective treatment options. 4 Leventis and Kiely
demonstrated that considerable efficacy and safety of oral and IM regimens utilizing a
single dose of 300,000 IU vit D3 in treating vit D deficiency. 4 They concluded that the
high dose bolus of vit D was practical, safe and recommended administering 300,000
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[U oral vit D3 approximately three times per year. Similarly, in this study, the therapy
was well tolerated, was acceptable to patients and ensured compliance. No adverse
effects was reported during the study and serum calcium levels remained within
normal limits in all patients at all visits.

Of course, this study has a number of limitations. First, the duration of vit D deficiency
has not known. Second, improvement of the parameters after vit D supplementation
has not compared to controls. Third, our study had a small sample size and the
duration of follow up was short. Although a longer follow up could have better
characterized the time course of decline again in QoL, fatigue, depression, mobility,
strength; significant decline in vit D levels at 3 months are shown.

In conclusion, the present study showed better balance control, muscle strength, less
fatigue, and depression, and higher QoL in patients after vit D supplementation in
adults. We would recommend evaluating vitamin D status once a three months. The
300,000 bolus of vit D was well-tolerated and safe. Nevertheless, our results should be
confirmed by further long-term follow-up studies with a randomized control group on
wider populations to establish definite effectiveness.
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