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Abstract

Summary Previous studies have shown that improving vitamin D status among the elderly may lead to an improvement in
muscle mass and muscle strength. In our study, vitamin D supplementation showed significant improvements in vitamin D
concentrations as well as appendicular muscle mass in pre-sarcopenic older Lebanese people. However, we found no significant
effect on muscle strength.

Introduction Improving vitamin D status might improve muscle function and muscle mass that lead to sarcopenia in older
subjects. The aim of this randomized, controlled, double-blind study was to examine the effect of vitamin D supplementation
on handgrip strength and appendicular skeletal muscle mass in pre-sarcopenic older Lebanese subjects. We also examined
whether this effect differs in normal vs. obese subjects.

Methods Participants (n=128; 62 men and 66 women) deficient in vitamin D (25(OH)D = 12.92 +4.3 ng/ml) were recruited
from Saint Charles Hospital, Beirut, Lebanon. The participants were given a supplement of 10,000 IU of cholecalciferol (vitamin
D group; n=64) to be taken three times a week or a placebo tablet (placebo group; n = 64) for 6 months. One hundred fifteen
subjects completed the study: 59 had normal weight, while 56 were obese. Strength and functional assessment and biochemical
analysis were performed at the start and after 6 months.

Results Compared to placebo, the vitamin D supplemented group showed significant improvements in appendicular skeletal
muscle mass (ASMM) (P < 0.001) but not in handgrip strength (P =0.2901). ANCOVA for ASMM adjusting for obesity and
including the interaction between obesity and vitamin D showed a significant interaction. The increase in ASMM with vitamin D
in normal-weight subjects was higher than that of obese subjects (B=35.09 vs. B=2.19).

Conclusion Treatment with vitamin D showed beneficial effects on appendicular muscle mass in pre-sarcopenic older Lebanese
men and women. However, it had no effect on muscle strength relative to placebo. This trial was registered at isrctn.org as
ISRCTN16665940.
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that low vitamin D status plays a central role in the risk of falls
in older people, partly through its effect on muscle function
[1-4]. Nevertheless, there remains an absence in the literature
of a clear consensus on the link between vitamin D status and
either muscle mass or strength. Previous trials, in particular
randomized clinical trial, have generated contradictory con-
clusions on whether muscle strength is improved with vitamin
D treatment [5-9]. Similarly, observational studies [10, 11]
investigating this association have established conflicting
findings. These different outcomes may reflect different base-
line serum 25-hydroxyvitamin D (25(OH)D) levels in the pop-
ulations studied, different period of vitamin D treatment, or
different strength assessments used as outcome measures.

A related decrease in physical activity and metabolic dis-
turbances results in sarcopenia being systematically associated
with a significant increase in fat mass. For several reasons,
obesity and sarcopenia go hand in hand [12]. Physical activity
decreases with age, negatively affecting muscle mass and con-
tractile function, and predisposing to weight gain, mainly as
fat mass. Increased fat mass promotes insulin resistance and
can produce a direct catabolic effect on skeletal muscle [13,
14]. Baumgartner et al. showed that increased fat mass was
associated with Instrumental Activities of Daily Living
(IADL) disability, which causes a decline in appendicular
skeletal muscle in individuals [15]. Villareal et al. also report-
ed that obese older adults had low relative muscle mass and
low muscle strength per muscle area, which led to sarcopenia,
in contrast to normal-weight older adults [16]. In addition, it
has been reported that vitamin D supplementation optimizes
body composition and muscle function outcomes, thereby re-
ducing falls and fracture risk in sarcopenic obese people [17].
Despite these recent data, the effect of a long-term vitamin D
supplementation on muscle mass and function in pre-
sarcopenic versus pre-sarcopenic obese subjects had not yet
been studied.

The main aim of the study is to analyze, in a 6-month
randomized, controlled, double-blind study, the effect of vita-
min D supplementation on handgrip strength and appendicu-
lar skeletal muscle mass in pre-sarcopenic older subjects. We
also aim to test whether this effect differs in normal-weight
pre-sarcopenic versus obese pre-sarcopenic older subjects.

Subjects and methods
Participants

A total of 160 participants seen at the endocrinology and or-
thopedics outpatient clinics of Saint Charles Hospital
(Fiyadiyeh-Lebanon) were asked to join the study between
July and September 2015. The participants who were pre-
sarcopenic (when skeletal muscle mass/height” = 7.26 kg/m*
for males and 5.45 kg/m2 for females), deficient in vitamin D
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(25(OH)D < 20 ng/ml as per Institute of Medicine (IOM) rec-
ommendations), and having no medical history of type 2 dia-
betes were asked to join the study. Criteria for exclusion were
non-pre-sarcopenic subjects, incidence of balance problems
due to neurological disorders, renal failure, congestive heart
failure and acute heart insufficiency as well as uncontrolled
arterial hypertension or hypotension, use of sedative (that
could affect balance), use of vitamin D supplementation, and
primary hyperparathyroidism.

As shown in Fig. 1, out of 160 persons, 32 were not in-
cluded, leaving 128 participants, who were randomized to
receive vitamin D supplements or a placebo, 13 participants
were lost to follow-up, and the remaining 115 (59 men and 56
women) completed the study. The first visit was in September
2015. They were given written informed consent to the study
procedures, which were approved by the Ethics Committee of
the institutional review board at Saint Charles Hospital,
Lebanon. Study protocols were completed according to the
Declaration of Helsinki ethical principles for medical research
involving human subjects.

Study design and supplementation protocol

In this randomized, controlled, double-blind study, participants
were randomized (using the simple randomization method) to
receive either a supplement of 10,000 IU of cholecalciferol
(Euro-Pharm International, Canada) or a placebo tablet (con-
taining microcrystalline cellulose = 66.3%, starch =33.2%,
magnesium stearate = 0.5%, per serving) to be taken three
times a week for a period of 6 months. After screening, the
subjects were given a number (1-128) based on their order of
inclusion in the study. A simple randomization method was
conducted by the pharmacist by tossing a coin, and the partic-
ipants were randomly assigned to two groups according to the
European Working Group on Sarcopenia in Older People
(EWGSOP) criteria: (i) pre-sarcopenic subjects receiving vita-
min D (n=64) and (ii) pre-sarcopenic subjects receiving the
placebo (n = 64). Neither the investigator nor the subjects were
aware of the group allocation; the pharmacist (in charge of the
placebo tablets as well as the packing and coding of the sup-
plements) was the only person to know to which group each
participant belonged. The first subject was randomized to the
placebo group. Afterward, the participants were allocated to
either group until the expected sample number is achieved. At
3 months, a follow-up by phone calls was done with the sub-
jects, and they were seen after 6 months of supplementation
with vitamin D or placebo. They were also asked to return the
bottles to measure the compliance by bottle counts.

Biochemical analyses and muscle assessments were per-
formed at baseline and at 6 months. The study patients’ med-
ical history and medical treatment were assessed from physi-
cians’ records.
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Fig. 1 CONSORT flow diagram
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Primary outcomes
Muscle mass and strength assessment

Handgrip strength Handgrip strength was used to measure
muscle strength and is recognized to be positively associated
equally with lower-extremity and upper-body strength in older
persons [18, 19]. It was measured in the dominant hand with a
Martin vigorimeter (Martin; Elmed, Addison, IL, USA), and
the force was expressed in kilograms [20]. Before starting, the
participant was allowed to perform one test trial. Measurement
was then made in the seated position with elbow bent at 110°
and upper arm parallel to but not pressed to the body. The
width of the grip was adjusted to the size of the hand so that
the middle phalanx relaxed on the inner grip. Each participant
then performed three trials, and the best score was taken for
analysis. Handgrip strength measurements were assessed by a
registered nurse and were included in the analysis.

Appendicular skeletal muscle mass Skeletal muscle mass was
determined from bioimpedance analysis measurements
(Tanita BC-418 Segmental Body Composition Analyzer,
[llinois, USA) and expressed as appendicular skeletal muscle

mass (ASMM, kg). Pre-sarcopenia is characterized when skel-
etal muscle mass is 2 standard deviations below the sex-
specific young-normal mean for estimates of skeletal muscle
mass [21, 22]. Cutoff thresholds for skeletal muscle mass in-
dices are not given in the Lebanese literature: we took 7.26
and 5.45 kg/m?® as cutoff points for sarcopenia in males and
females, respectively [21].

25(0H)D

25(0OH)D concentration was measured by radioimmunoassay
(DiaSorin, Stillwater, MN); inter-assay CV was < 8%. The
reference range for normal values of 25(OH)D concentrations
should be 30-90 ng/mL, and values < 20 ng/ml were consid-
ered as hypovitaminosis.

Secondary outcomes

Anthropometric measurements Body composition (weight,
fat mass, and muscle mass) was assessed using the same body
composition analyzer (Tanita BC-418 Segmental Body
Composition Analyzer, Illinois, USA). Anthropometric mea-
surements, including weight (kg), height (m), and fat mass
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(kg), were made on a screening visit to determine eligibility.
Body mass index (BMI) was calculated using the standard
formula (body weight in kilograms divided by square of body
height in meters). Subjects were classified as obese when BMI
was > 30 kg/m?. Pre-sarcopenic subjects were classified using
the definition described previously in the text. Pre-sarcopenic
obesity was diagnosed when subjects met the criteria for both
pre-sarcopenia and obesity using these definitions. Waist cir-
cumference was measured at the iliac crest while the subject is
standing.

Biochemical analysis

Blood specimens were collected after a 12-h overnight fast at
baseline and after 6 months of supplementation. The aliquots
of the serum samples were centrifuged at room temperature
for 20 min (1500%g), then frozen and stored at — 80 °C until
analyzed. PTH was measured using a two-site
immunoradiometric assay with an NH,-terminal monoclonal
antibody as capture (Fitzgerald Industries International Inc.,
USA); inter-assay CV was < 10%. Serum creatinine was mea-
sured using the Jaffe kinetic alkaline picrate reaction
(Interpretation and Techniques, Lea and Febiger,
Philadelphia); inter-assay CV was < 10%. Creatinine reflects
skeletal muscle mass, since it is a breakdown product of cre-
atine phosphate in muscle [23].

A short questionnaire to assess dietary vitamin D intake
was given to each participant at the start of the study [24].
The subjects’ dietary vitamin D intake ranged between 4.5
and 6.5 ug per day.

Physical activity assessment

A Physical Activity Scale for the Elderly (PASE) was used to
assess the physical activity of each participant. PASE involves
ten items used to recognize leisure (walking, sports, muscular
strength/endurance), household (housework, home repair,
lawn work, outdoor gardening, caring for others) and occupa-
tional related activity, and duration of activity over a 1-week
period. The total PASE score was calculated by multiplying
the duration of each activity (hours/week) or participation
(yes/no) by the established item weights to end up with an
overall physical activity score for the week. The higher is
the score, the greater is the physical activity. This tool was
used at the beginning of the study and after 6 months of
supplementation.

Sample size calculation
Sample size calculation was carried out to address the main
objective of the study. The minimum sample size required to

detect an effect size of 0.6 between the vitamin and control
group, a power of 80%, and a significance level of 0.025
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(taking into account two primary outcomes: grip strength
and muscle strength) is 55 subjects per arm. Therefore, the
total sample size needed is 110 subjects. To account for a
10% loss to follow-up, 128 subjects were targeted. Sample
size calculation was done using GPower version 3.0.10.

Statistical analysis

Statistical evaluations were completed using SPSS version 21
(SPSS Inc., Chicago, IL). Thirteen subjects did not have
follow-up data at 6 months (four in the vitamin D group and
nine in the placebo group). Subjects’ baseline characteristics
such as age, gender, height, weight, BMI, and smoking were
compared between those who dropped and those who com-
pleted the study. The only significant difference was in gender
where all the dropouts were males. Complete cases (N = 115)
were used in the analyses. Two main outcomes were consid-
ered: handgrip strength and appendicular skeletal muscle
mass. Relative changes in the outcomes from baseline to
6 months were computed where relative change = [(follow-
up — baseline) / baseline] x 100. The paired samples ¢ test
was used to determine the changes in the outcomes within
the same group (time point 0 and time point 6 months) and
the independent samples # test was used for between group
comparisons. To test whether the effect of the intervention
differs between the two obesity groups (normal weight/obese),
a two-way analysis of variance was used on the relative
changes in the outcomes; the two factors considered in the
two-way ANOVA were obesity (normal/obese) and the inter-
vention (vitamin D/placebo). We also considered the interac-
tion between the two. Finally, analysis of covariance
(ANCOVA) was run, also on the relatives changes as out-
comes, to further adjust for the effect of other subjects’ char-
acteristics (such as vitamin D, obesity, smoking, physical ac-
tivity); gender was included in all models. Interactions be-
tween obesity and vitamin D supplementation were included
in the ANCOVA models. Parameter estimates, P values, and
95% confidence intervals (CI) were reported. A P value of <
0.05 was considered statistically significant.

Results

The baseline characteristics for participants are shown in
Table 1. The participants were all vitamin D-deficient (The
IOM considers a serum level of 25(OH)D below 20 ng/ml
as a deficiency) [25], and their age ranged from 70 to 79 years.
Out of 128 subjects randomized at baseline of the treatment
period, 64 subjects received vitamin D pills, and 64 subjects
received placebo pills. Thirteen subjects were lost to follow-
up after the first visit, and the remaining 115 completed the
study. Their average weight was 83.59 + 14.79 and average
BMI 29.42 +£5.49. Based on their BMI, 59 subjects were
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Table 1 Baseline characteristics of the participants overall and by vitamin D allocation
Total sample Sample who completed Vitamin D supplemented Placebo group P value
(n=128) the study (n=115) group (n=60) (n=155)
Gender (male/female) 62/66 59/56 33/27 26/29 0.408
Age 73.31(2.05) 73.31(2.05) 73.05 (1.95) 73.56 (2.14) 0.211
Weight (kg) 84.29 (13.69) 83.59 (14.79) 85.45 (16.67) 81.70 (12.71) 0.197
Height (cm) 1.68 (0.05) 1.68 (0.05) 1.69 (0.05) 1.68 (0.05) 0.276
BMI (kg/m?) 29.37 (5.41) 29.42 (5.49) 30.18 (5.72) 28.63 (5.22) 0.153
Diabetes mellitus (yes) 0(0) 0(0) 0(0) 0(0) -
N (%)
Coronary artery disease (yes) 0(0) 0(0) 0(0) 0(0) —
N (%)
Smoking (yes) 66 (51.6) 61 (53.0) 34 (56.7) 27 (49.1) 0.416
N (%)
Physical activity level (low) 128 (100) 115 (100) 60 (100) 55 (100) -
N (%)

Data are means (SD) unless stated otherwise; significance set using independent samples ¢ test when P < 0.05

classified as having a normal weight (51.3%) and 56 (48.7%)
as obese. Fifty-three percent were smoking persons. All sub-
jects had no history of diabetes or coronary artery disease. The
subjects’ physical activity level was conveyed as low (accord-
ing to the PASE tool), because they reported non-participation
in sports (strength and endurance exercises, lawn and yard
work, and heavy housework), home repairs, gardening, and
caring for another person. The only physical engagement was
walking (once per week) and light housework.

Primary outcomes

Among the 115 subjects with complete follow-up data, the
mean serum 25(OH)D concentration increased significantly
from baseline (10.13 £2.87 ng/mL) to 6 months (27.98 =
3.83 ng/mL) in the vitamin D supplemented group (P=<
0.001). As for the placebo group, the mean serum 25(OH)D
concentration showed a slight but significant increase from
baseline (10.56 +3.14 ng/mL) to 6 months (15.71+5.70 ng/
mL) (P=<0.001). The mean percent change from baseline to
6 months in the vitamin D supplemented group (194.59 +
76.55) was significantly different from that of the placebo
group (48.83 +31.37) (P=<0.001). Regarding the handgrip
strength, the mean values increased significantly from base-
line (21.42 +£5.48 kg) to 6 months (22.27+6.60 kg) in the
vitamin D supplemented group (P=0.007). Whereas, the
change observed in the placebo group from baseline (20.64
+5.51 kg) to 6 months (20.7 2 £ 5.24 kg) was not significant
(P=0.656). No further differences between groups were ob-
served (P =0.290). As for the ASMM in kilogram, the mean
values increased significantly from baseline (21.58 +6.53 kg)
to 6 months (22.23 £5.85 kg) in the vitamin D supplemented
group (P=0.001). The change in the placebo group showed
no significance from baseline (16.83 +£3.11 kg) to 6 months

(16.92+3.25 kg) (P=0.203). The mean percent change be-
tween the vitamin D supplemented group (3.01 £2.38) and
the placebo group (0.46+3.30) was significantly different,
with a P=<0.001 (Table 2).

Two-way ANOVA

Two-way ANOVA was carried out to assess whether the effect
of the intervention on ASMM, handgrip strength, and
25(0OH)D differs between normal and obese subjects.
Results of the two-way ANOVA showed a significant interac-
tion between vitamin D and obesity on ASMM (F (1, 111)=
30.27, P<0.001). Simple main effects analysis showed that
although a statistically significant increase was observed with
vitamin D compared to placebo in both normal-weight and
obese subjects, the effect size was much higher in the
normal-weight group (ES = 1.57 vs. 1.32). The interaction be-
tween obesity and vitamin D was not significant on the change
in grip strength. The main effect analysis showed that both
main effects were also not significant. A significant interaction
was also observed for 25(OH)D (F (1, 111)=73.46,
P <0.001). The effect size in the obese group was larger than
the effect size of the normal-weight group (ES =0.96 vs 3.66)
(Table 3).

Analysis of covariance

To adjust for other subjects’ characteristics such as age, gender,
and smoking status, ANCOVA was conducted. Gender and
variables that were significant at the univariate level were en-
tered in the ANCOVA model. The ANCOVA model for
ASMM included vitamin D supplementation, obesity, their in-
teraction, and gender. Since the interaction between obesity and
vitamin D was significant (P <0.001), two ANCOVA models
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were run for normal-weight and obese subjects separately. In
the model including subjects with normal weight, the signifi-
cant predictors of ASMM were vitamin D supplementation
(B=35.09, P<0.001, 95% CI =26.48-43.71) and gender with
a higher percent change observed in males compared to females
(B=32.98, P<0.001, 95% CI =24.38-41.50). For obese sub-
jects, only vitamin supplementation was significant (B =2.19,
P<0.001, 95% CI=1.27-3.10). The effect of vitamin D sup-
plementation was much higher in subjects with normal weight.
Estimated means of ASMM percent change for every group
from the ANCOVA models are shown in Table 4.

As for the handgrip strength, no variables (including gen-
der) showed significant associations at the univariate level and
therefore no ANCOVA model was run.

Regarding 25(OH)D, the ANCOVA model included vita-
min D, obesity and their interaction, and gender. In the
ANCOVA model, gender was not significant while the interac-
tion between vitamin D and weight was significant (B = 90.34,
P>0.001); thus, two models were run separately for subjects
with normal weight and obese subjects. Vitamin D was signif-
icant in both groups with a greater effect in normal weight as
compared to obese subjects (B=188.18, P<0.001, 95%CI =
168.15-208.2 vs. B=104.83, P<0.001, 95% CI=73.11—
136.56). Estimated means of 25(OH)D percent change for ev-
ery group from the ANCOVA models are shown in Table 4.

Secondary outcomes

The mean weight of the subjects decreased from baseline
(85.45+16.67) to 6 months (85.09 +16.6) in the vitamin D
supplemented group, but this change was not significant
(P=0.06). As for the placebo group, the change observed from
baseline to 6 months was significant (P < 0.001). The mean
percent change from baseline to 6 months in the vitamin D
supplemented group (— 0.42 £ 0.39) was significantly different
from that of the placebo group (—1.89 £1.27) (P=0.001). The
same pattern was observed for BMI. As for waist circumfer-
ence, the change was significant in both groups (P =0.001).

Table 4  Effect of vitamin D supplementation on percent change in
ASMM and 25(OH)D in normal vs. obese subjects after adjusting for
potential confounders (ANCOVA)

% change Vitamin D Placebo P value
Mean (SE) Mean (SE)

ASMM Normal 36.20 (2.95) 1.10 (3.12) <0.001

Obese 3.23 (0.32) 1.04 (0.33) <0.001

25(0H)D Normal 219.22 (6.95) 31.04 (7.15) <0.001

Obese 169.56 (10.89) 64.73 (11.48) <0.001

P values are for differences in mean % change between vitamin D and
placebo groups

SE standard error

The fat mass decreased significantly from baseline (31.26 +
7.83) to 6 months (30.18 = 7.82) in the vitamin D supplement-
ed group (P=0.001) and from 29.65+6.30 to 27.72£5.96 in
placebo group (P =0.001). Also, the mean percent change from
baseline to 6 months in the vitamin D supplemented group (—
3.55+5.67) was significantly different from that of the placebo
group (—6.25+6.62) (P=0.021). Also, the lean body mass
increased significantly from baseline (54.19 £+ 9.05) to 6 months
(54.91 £9.35) in the vitamin D supplemented group (P =
0.005). The change in placebo group was also significant
(P=0.002). As for the mean percent change from baseline to
6 months, the vitamin D supplemented group (1.33 £3.31) was
not significantly different from that of the placebo group (0.72
+6.49) (P=0.196). The mean serum PTH concentration de-
creased significantly from baseline (60.71 + 12.22) to 6 months
(49.68 £9.99) in the vitamin D supplemented group
(P<0.001) and from 63.56 = 10.56 to 61.38 = 10.11 in the pla-
cebo group (P=0.001). The mean percent change from base-
line to 6 months in the vitamin D supplemented group was
significantly different from that of the placebo group
(P<0.001). Mean change from baseline to 6 months in serum
creatinine concentration was not significant in both the vitamin
D and the placebo group and between the two (Table 3).

Discussion

This study assessed the effects of a 6-month vitamin D sup-
plementation on handgrip strength and appendicular skeletal
muscle mass in pre-sarcopenic older subjects. After the
6 months supplementation, only appendicular skeletal muscle
mass increased significantly in the vitamin D supplemented
group, whereas no significant effect on muscle strength was
shown in the vitamin D group relative to placebo.

There have been many intervention studies in the area of
vitamin D and muscle physiology as well as physical perfor-
mance. However, less than one third of these studies meet the
criteria for a randomized clinical trial. Some of these previous
studies suggested a relationship between low vitamin D con-
centration and poor muscle function [26, 27]. The present
study is the first, based on a Lebanese population, to investi-
gate the effect of vitamin D supplementation on pre-
sarcopenia in older normal-weight and obese people using a
randomized controlled trial design.

We clearly show that vitamin D supplementation improved
muscle mass in older men and women but did not have a
significant effect on muscle strength. The gain in appendicular
skeletal muscle mass that we observed after 6 months of sup-
plementation is in line with El-Hajj et al. (2006). They found
an increase in lean and muscle mass in younger age (adoles-
cent girls) after vitamin D supplementation, but no significant
change was seen in grip strength [28]. Similarly, a recent study
on sarcopenic older adults revealed a significant increase in
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muscle mass after vitamin D supplementation (combined with
leucine-enriched whey protein) [29]. Conversely, some cross-
sectional studies found no consistent association between vi-
tamin D status and skeletal muscle mass [10, 11, 30]. One
explanation could be that higher proportion of these studies
were performed in elderly institutions, and vitamin D supple-
mentation was perceived to increase muscle mass among stud-
ies reporting lower baseline serum 25(OH)D levels when
compared with higher ones.

Our study showed no beneficial effect on muscle strength
after the intervention of vitamin D, although a significant in-
crease in handgrip strength was perceived in the treatment
group, but this change was not significantly different com-
pared to the placebo group. Although our findings come in
accordance with many previous studies [6, 10, 31, 32, 33],
they are not consistent with several cross-sectional studies
on vitamin D status and muscle function [5, 34, 35] that
showed beneficial effect of vitamin D treatment on muscle
strength or physical performance. However, there are many
distinguishing aspects that may account for these differences.
First, comparing results from different studies is slightly
obstructed by differences in subject demographics, as well
as the study design, and the chemical form of vitamin D used
during supplementation. Moreover, vitamin D deficiency is
only one of the conditions that can alter muscle function in
older adults [36, 37], which is explained by previous research
that even in healthy elderly people, the decline in muscle
strength with age was not prevented by vitamin D treatment
[6, 9, 38]. Besides, severe comorbidity combined with a low
physical activity level may cause muscle weakness and thus
functional impairment, which cannot be enhanced by treating
a coexisting vitamin D deficiency [8].

Our data showed a reduction in fat mass as well as body
weight and waist circumference after 6 months of vitamin D
supplementation. These findings are consistent with those of
Shahar et al. (2014), who demonstrated in their recent study
that women experienced more loss in body weight and body fat
and had a greater reduction in waist circumference after vitamin
D supplementation [39]. Khozravi et al. (2018) revealed lately
that 6 weeks vitamin D supplementation with doses 50,000 TU/
week reduced significantly the mean of BMI, weight, and waist
circumference among overweight and obese women [40].
However, conflicting results have been seen [41, 42]. Some
studies have not shown significant association between vitamin
D, BMI, body fat, and waist circumference. Probably, its main
reason could be that the participants included in these studies
were not all vitamin D-deficient.

Aging is associated with major modifications in body com-
position that reveal marked muscle loss and elevated fat mass
[43]. Obesity is also known to be linked with low blood vitamin
D concentration, and previous studies in community-dwelling
older adults have established a strong relationship between vi-
tamin D status and physical performance [43, 44]. Evidence for
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effects of vitamin D supplementation on pre-sarcopenic obesity
is still lacking. Earlier studies suggested that obese individuals
had lower 25(OH)D concentrations and elevated serum para-
thyroid hormone concentrations than normal-weight persons
[43, 44]. The reason could be that vitamin D is a fat-soluble
vitamin and is immediately stored in adipose tissue and so
could be hidden in the fatty tissues of obese persons [43—45].
In our study, serum vitamin D concentrations were significantly
different between obese and normal-weight individuals at base-
line (results not shown) and the effect of vitamin D supplemen-
tation was smaller in obese subjects.

Earlier studies demonstrated a positive relationship be-
tween high BMI and increased risk of impaired functional
status among community-dwelling elderly people [46, 47].
Several mechanisms might explain the link between vitamin
D status and muscle strength. First, 1, 25(OH)D connects to
vitamin D receptor (VDR) in the nucleus and creates a com-
plex with the retinoid receptor. This whole complex triggers
gene transcription, which leads to a sequence of genomic out-
comes associated with muscle function. Furthermore,
1,25(0OH)D is able to bind a membrane receptor that stimu-
lates the activation of a protein kinase (mitogen-activated
protein kinase) and phospholipase C, which triggers non-
genomic effects [48]. 1,25(OH)D regulates calcium homeo-
stasis in muscle fibers by inducing calcium flux. This regu-
lates calcium signaling, which may control contractile force in
differentiated muscle fibers [49]. In addition, a low vitamin D
status is associated with a lipid-related degeneration of muscle
cells, i.e., lipotoxicity, which affects muscular strength in older
persons with vitamin D deficiency [50-52]. In our study, vi-
tamin D concentration showed a significant interaction be-
tween vitamin D and obesity on ASMM (F(1, 111)=30.27,
P <0.001), in addition to a significant decrease in fat mass
after vitamin D supplementation (P = 0.001). Finally, vitamin
D regulates insulin secretion and action in insulin-dependent
tissues. Vitamin D deficiency may therefore lead to insulin
resistance and muscle metabolic abnormalities [51-53].

Many studies have suggested that an elevated blood PTH
concentration is a risk factor for sarcopenia in older men and
women [3, 5]. Visser et al. [3] concluded in their study that
subjects with higher PTH concentrations were more likely to
lose grip strength and tended to lose more ASMM. In a pro-
spective study, Verrault et al. [31] observed a relationship
between higher PTH levels and loss of hip flexor and knee
extensor strength. In addition, vitamin D insufficiency associ-
ated with secondary hyperparathyroidism increased risk of
sarcopenia [54]. However, Kim et al. [2] concluded that there
was no longer any association between PTH and sarcopenia
after further adjustment for the subjects’ BMI. This indicates
that the association between PTH and sarcopenia may be par-
tially mediated by obesity [55]. In our study, lower 25(OH)D
values were observed in obese subjects (results not shown)
which is the most probable reason for their elevated PTH
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levels, as has been demonstrated in earlier studies that consid-
ered 25(OH)D and PTH levels in obese individuals [56-58].
Hamoui et al. [59] have shown that morbidly obese patients
have low 25(OH)D concentrations, together with an incidence
of hyperparathyroidism. We note that a chronic vitamin D
deficiency leads to an enlargement of the parathyroid gland
and a rise in PTH secretion. The gland may stay engorged
even after improvement of vitamin D status [60].

The main strength of this work is that it is the first random-
ized, double-blind, placebo-controlled trial to study the effect
of vitamin D supplementation on muscle strength and muscle
mass in obese and normal-weight pre-sarcopenic Lebanese
subjects. Moreover, we had minimal loss-to-follow-up of par-
ticipants; around 90% of the randomized subjects completed
the study. However, our study has some limitations. First, the
period of supplementation was relatively short, though suffi-
cient to identify positive ameliorations in muscle mass.
Second, sun exposure and dietary vitamin D intake were a
potential confounder in our study. Vitamin D status is related
to sunlight exposure. Records for sun exposure were not avail-
able, but blood collection was during fall/winter, when older
people are not usually exposed to much sunlight, compared
with spring/summer.

In conclusion, our study showed no association between
serum 25(OH)D concentration and muscle strength but rather
between serum 25(OH)D concentration, appendicular muscle
mass, and fat mass. Fat mass and muscle are interrelated in the
development of disease in older adults, obesity and sarcopenia
worsening each other’s outcomes on disability and morbidity.
Nutritional supplementation may thus help subjects with pre-
sarcopenia, regardless of their BMI. However, other longitu-
dinal studies with longer durations of supplementation are
needed to confirm these findings.
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