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Abstract
Background Hypovitaminosis D is associated with Sarcopenic Obesity (SO), but evidence from randomized Vitamin D 3
(VD3) trials is scarce.
Objective Compare the effect of VD3 supplementation, at two doses, on SO indices at 12 months.
Methods Overweight older adults (>65 years) with baseline 25-hydroxyvitamin D (25OHD) of 10–30 ng/mL were recruited
in this double-blind, randomized, controlled multicenter trial (clinicaltrial.gov identifier: NCT01315366). All subjects
received 1000 mg calcium citrate/day and underwent total body Dual-energy X-ray Absorptiometry for body composition
assessment. Low Dose Group (LDG) and High Dose Group (HDG) received 600 IU -Institute of Medicine (IOM)
Recommended Dietary Allowance (RDA)- and 3750 IU VD3/day, respectively.
Results Mean age was 71 ± 4.6 years, 55% females, BMI: 30.2 ± 4.5 Kg/m2, and 43% had metabolic syndrome. There were
no differences in baseline characteristics between groups. At 12 months, 248 participants had body composition data, 122 in
LDG and 126 in HDG. Proportions of patients with diminished muscle mass, muscle strength, and visceral adiposity did not
differ between the 2 groups at baseline or 12 months. Similarly, no significant differences were noted in the proportion of
patients with SO at study entry (1.8% in LDG vs 1.6% HDG; p= 0.99) and at 12 months (3.7% in LDG vs. 0.9% HDG; p=
0.18) across arms.
Conclusions Weekly VD3, at the daily equivalent of 3750 IU/day, did not improve indices of sarcopenia nor adiposity
compared to the IOM RDA dose in adults.
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Introduction

The world population is aging rapidly and older people (≥65
years) are expected to reach 1.5 billion in the year 2050,
making up 16% of the world population [1]. Despite the
increase in Healthy Life Expectancy (HALE) indices in the
last two decades, age-related diseases accounted for 51% of
disease burden in adults in 2017 according to recent Global
Burden of Disease reports [2, 3]. Sarcopenia, characterized
by compromised muscle strength and depleted muscle mass,
is prevalent among older adults. It is estimated to affect
5–13% of those aged 65–70, and 11–50% of individuals
aged above 80 years, depending on assessment technique
and population [4–10]. Sarcopenia is associated with dis-
ability, increased rates of fractures, depression, mortality,
and heavy health care costs [11–13]. Increased Visceral
Adipose Tissues (VAT) has also been associated with
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increased all-cause mortality among older adults. This is
thought to occur through altered secretion of leptin, inter-
leukin 1 and 6, tumor necrosis factor, and adiponectin, into
the portal circulation [14, 15]. Nevertheless, not all adipose
tissues have a deleterious effect on health outcomes. Sub-
cutaneous Adipose Tissues (SAT) have been suggested to
be cardioprotective and Fat Mass Index (FMI), reflecting
Total Adipose Tissues (TAT), was also a protective factor
for all-cause mortality among the elderly [16].

Vitamin D plays a key role in calcium and bone home-
ostasis and has been linked to sarcopenia and bone meta-
bolism [17]. Low serum vitamin D is associated with
increased rates of sarcopenia, adiposity (visceral and sub-
cutaneous), and increased risk of Metabolic Syndrome
(MetS) [18–20]. Vitamin D supplementation, when co-
administered with calcium supplementation at a daily dose
of 300 IU/day, was shown to decrease Visceral Adiposity
(VA) [21], and at a dose of 800 IU/day decreased total fat
mass when combined with catechin, whey protein, and
physical activity [22]. The studies on vitamin D effect on
sarcopenia are conflicting. Some showed that vitamin D
supplementation co-administered with whey protein
improved muscle mass and muscle strength [23, 24] while
others had mixed results [25]. Finally, few studies assessed
the sole effect of Vitamin D supplementation on Sarcopenic
Obesity (SO). Daily supplementation of obese adults with
7000 IU vitamin D3/day, a dose that by far exceeds the
Institute of Medicine (IOM) Upper Tolerable Level (UTL)
of 4000 IU/day, for 6.5 months did not improve adiposity
markers [26]. Conversely, another RCT showed that daily
supplementation with 1000 IU of vitamin D3 (VD3) for
9 months stabilized lean body mass in young menopausal
women, while it decreased in the placebo group [27].

This study aims to investigate the effect of
VD3 supplementation at a high dose, but still below the
IOM UTL, compared to the IOM Recommended Dietary
Allowance (RDA) in adults, on indices of SO, in over-
weight and obese older adults. The research hypothesis was
that high dose VD3 supplementation would reduce adip-
osity and improve sarcopenia indices compared to low dose.

Subjects and methods

Reporting of this RCT follows the Consolidated Standards of
Reporting Trials (CONSORT) guidelines (Table S1). The
RCT evaluated the effect of two doses of
VD3 supplementation on indices of insulin sensitivity and
bone metabolism. Details about the study methodology can be
found in previous publications [28, 29] and on ClinicalTrials.
gov (identifier: NCT01315366). Our current analyses address
the secondary outcome and additional exploratory analyses.
Briefly, subjects were recruited from three centers, the

American University of Beirut Medical Center (AUBMC), St
Joseph University Hospital, and Rafic Hariri Governmental
University Hospital, between January 2011 and July 2013.
Older adults (≥65 years), overweight (BMI ≥ 25 kg/m2) sub-
jects, with a serum 25-hydroxyvitamin D [25 OHD] level
between 10 and 30 ng/mL were eligible to join the study. The
choice of the bracket of the 30 ng/mL as an upper limit for
serum vitamin D was guided by the IOM and the Endocrine
society recommendations of 20 and 30 ng/mL, respectively
[30, 31]. Exclusion criteria included prediabetes on oral
hypoglycemic agents, diabetes, severe organ failure or chronic
diseases, cancer, history of kidney stones, fragility fractures,
or a 10-year fracture risk >10% based on Fracture Risk
Assessment Tool (FRAX) Lebanon risk calculator at study
entry using FRAX version 3.08 (https://www.shef.ac.uk/
FRAX/tool.jsp). The choice of 10% is specific to adults in
Lebanon until age 70 [32]. Subjects receiving medications
affecting bone metabolism were also excluded.

Patients in the Low Dose Group (LDG) received
1000 mg calcium citrate and 600 IU VD3, the IOM RDA,
whereas participants in the High Dose Group (HDG)
obtained 1000 mg calcium Citrate and 3750 IU VD3 daily, a
dose just below the IOM UTL, for 12 months. Pills were
identical in shape, size, color, and smell. Randomization
and allocation for all sites were performed by a senior
pharmacist at AUBMC and stratification was done by the
medical center and gender [28, 29]. Allocation, based on a
simple randomization approach, was concealed and all other
team members and patients were blinded to allocation until
data collection was completed. Once randomized, all sub-
jects were followed at AUBMC until study completion.

Patients were contacted every two weeks to assess
adherence with prescribed calcium and VD3 supplements.
Compliance was assessed by pill count comparing con-
sumed to prescribed counts. Patients were assessed every
3 months while enrolled. During visits, biochemical serum
25 OHD, creatinine, glycosylated hemoglobin, lipid profile
(serum Low Density Lipoprotein, High Density Lipopro-
tein, total cholesterol, and triglycerides), C reactive protein,
complete blood count, leptin, adiponectin, etc. and anthro-
pometric (height, weight as well as waist, calf and mid arm
circumference) variables were collected for subjects who
were fasting. Hand Grip Strength (HGS) was measured
through a pneumatic dynamometer (Baseline®, 30 psi
maximum capacity). Patients were asked to exert maximum
pressure in their dominant hand in a sitting position using a
standardized approach. Three consecutive anthropometrics
and HGS measures were recorded and the respective mean
was used for analysis. To assess sun exposure, subjects
were asked about their exposure to the sun in the last 7 days
and in the months of December-April and May-November.
Questions inquired about duration in minutes and/or hours,
separating weekdays and weekends. Participants were asked
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about the parts of their body that they covered during sun
exposure (face, hands, arms, legs below and above knees,
chest, and back), and whether they regularly used sunsc-
reen. To calculate dietary calcium and alcohol intake at
baseline, subjects were asked to report on their average
intake of food items richest in calcium in the Lebanese diet
and the standard alcohol drink consumption, respectively.
The exercise was assessed using a questionnaire inquiring
about strenuous, moderate, and mild exercise over the
7 days preceding evaluation. Participants who reported not
performing any kind of weekly exercise were categorized as
sedentary. Patients underwent whole body Dual energy
Xray Absorptiometry (DXA) scans to assess bone densito-
metry and body composition using the 4500 A Horizon
machine and Hologic software (Bedford, MA, USA) at
baseline and 12 months. The Bone Mineral Density (BMD)
technicians who performed DXA scans and faculty mem-
bers who read BMD scans were all ISCD certified. The
facility where DXA scans were performed held ISCD
accreditation. Body composition indices derived from DXA
scans were Appendicular Lean Mass (ALM), fat mass,
VAT, SAT, and TAT [33].

Definitions

MetS were identified using the International Diabetes Fed-
eration criteria in participants having elevated waist cir-
cumference (≥94 cm in males and ≥80 cm in females) in
addition to two of the following conditions: hypertension
(defined as a systolic blood pressure of ≥130 mm Hg and/or
diastolic blood pressure ≥85 mm Hg or receiving blood
pressure-lowering medication), hypertriglyceridemia (serum
level >150 mg/dL), low serum High-Density Lipoprotein
(<40 mg/dL for men and <50 mg/dL for women) and ele-
vated Fasting Blood Glycemia (≥100 mg/dL) [34]. ALM
was calculated by adding the lean mass of the four limbs.
ALM was adjusted to height to calculate Appendicular Lean
Mass Index (ALMI) [35]. Table S2 details the indices of
sarcopenia and adiposity that are used throughout the study.
Low muscle mass was defined using the European Working
Group on Sarcopenia in Older People (EWGSOP 1) defi-
nition (<7.25 kg/m2 in males and <5.67 kg/m2 in females)
and was compared to the EWGSOP2 definition [9, 36]. To
define sarcopenia, the EWGSOP 1 definition was used: low
muscle mass combined with a diminished HGS. The latter
was defined based on values below the 25th percentile for
gender at baseline: 10 and 8 psi in Males and Females,
respectively [35, 36]. The EWGSOP 1 was used instead of
EWGSOP 2 as the former includes cut-off points for the
pneumatic dynamometry used in our research protocol.
Body Mass Index (BMI) categorization for overweight and
obesity followed the World Health Organization definition.
Obesity was deemed present if total fat mass percentages

exceeded the following cut-offs: >27% for males and >38%
for females [37]. Gender-specific cut-off variables for VAT
area were used to identify VA ( ≥ 153 cm2 for males and
≥143 cm2 for females) [38]. A composite variable for SO
was created when sarcopenia and obesity were con-
comitantly present (Table 1).

Study outcomes

The RCT’s secondary outcomes were the effect of vitamin
D supplementation on percent fat mass, and lean mass

Table 1 Characteristics of study subjects at baseline

Variable/arm Low dose
(n= 122)

High Dose
(n= 126)

P-Value

Gender

Male 54 (44) 57 (45) 0.877

Female 68 (56) 69 (55)

Study Site

AUBMC 93 (76) 97 (27) 0.831

HDF 28 (23) 27 (21)

RHUH 1 (0.8) 2 (1.6)

Age, years 70.7 ± 4.3 71.6 ± 5 0.157

Metabolic Syndrome 44 (36) 54 (43) 0.274

Ln HOMA 0.69 ± 0.51 0.80 ± 0.50 0.085

BMI Group

Overweight 71 (58) 64 (51) 0.242

Obese 51 (42) 62 (49)

Serum 25OHD, ng/ml 19.9 ± 6.5 20.5 ± 7.2 0.544

Serum Creatinine, mg/dl 0.8 ± 0.19 0.83 ± 0.2 0.214

Serum CRP, mg/dl 4.5 ± 6.6 6.1 ± 9.3 0.120

Serum PTH, pg/ml 69 ± 31.1 67.7 ± 30.8 0.746

Serum Adiponectin, ng/mL 8194 ± 3926 8388 ± 3446 0.680

Serum Leptin, ng/mL 21 ± 18.5 24.6 ± 19.9 0.136

Calcium Intake, mg
per day

446 ± 321 387.8 ±
252.5

0.113

Cigarette Consumption,
Pack years

241 ± 177 286 ± 194 0.413

Hubble Consumption,
Bubble Years

585 ± 382 480 ± 294 0.794

Proportion consuming
Alcohol

10 (8.2) 8 (6.3) 0.575

Alcoholic standard drinks
consumption per week

1.7 ± 1.1 2.5 ± 2.1 0.291

Exercise

Sedentary 107 (88) 107 (85) 0.524

Non-Sedentary 15 (12) 19 (15)

Numbers are expressed as mean ± SD or counts (percentages)

AUBMC American University of Beirut Medical Center, HDF Hotel
Dieu de France, RHUH Rafic Hariri University Hospital, BMI Body
Mass Index, 25OHD 25 hydroxyvitamin D, CRP C Reactive Protein,
PTH Parathyroid Hormone
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which we normalized to height as ALMI. Other relevant
secondary outcomes included serum adiponectin and leptin
levels Exploratory outcomes included percent changes in
VAT, SAT and TAT areas and proportion of participants
with obesity, VA, diminished muscle mass and strength,
and with sarcopenia, and SO.

Sample size calculation

The RCT sample size was calculated based on the primary
study outcomes of Homeostatic Model Assessment of
Insulin Resistance (HOMA-IR) index and percent change in
femoral neck BMD. As previously described, 257 patients
needed to be recruited, with an expected dropout rate of
30% [28, 29]. Post hoc sample size assessment based on an
expected between arms difference in VAT area of 9.2 ±
21.8 cm2 [21], a power of 80%, and a significance level of
0.05, revealed that 89 participants would be needed per arm
to detect such difference in VAT area (cm2) as significant.

Statistical analysis

We assessed Intention to Treat (ITT) and Per Protocol (PP)
analysis. We imputed missing variables with the means/
modes of continuous and categorical variables using those of
the same arm and age category at a given time point. Results
were expressed as mean ± standard deviation (SD), counts,
and percentages. Differences between allocation groups were
assessed with the student independent t-test for continuous
variables and the chi-square test for categorical variables.
McNemar and paired t-tests were used to test for within-
group differences for categorical and continuous variables,
respectively. Analysis of Covariance (ANCOVA) was used
to present adjusted means of continuous body composition
parameters after adjusting for age, gender, study site and
baseline levels of the studied variables. Interaction between
the treatment arm and study site was assessed in the
ANCOVA analysis. Changes in continuous variables
between baseline and study endpoint were evaluated as
percent change [(endpoint level-baseline level-)/baseline
level *100]. Subgroup analysis was conducted by sex cate-
gories, BMI groups (overweight vs obese), baseline serum
vitamin D (10–19.9 ng/mL vs 20–30 ng/mL), and MetS
categories (subjects with MetS compared to those without
MetS). IBM-SPSS software was employed for statistical
analysis (version 25.0; IBM Corp. Released 2017. IBM SPSS
Statistics for Windows, Armonk, NY: IBM Corp.).

Ethics

The institutional review board at each medical center
approved the study protocol that was in line with the Hel-
sinki Declaration of 1975 as revised in 1983. All

participants who agreed to participate in the study were
provided with oral and written informed consents. An
external data safety monitoring committee was established
to assess the RCT safety. A protocol for management of
hypercalcemia, hypercalciuria and increasing serum creati-
nine was established in order to modify calcium and vitamin
D supplementation when needed [29].

Results

All in all, 129 subjects were randomly assigned to the HDG
and 128 to the LDG. After excluding patients who had no
body composition data available, n= 122 in LDG and n=
126 in HDG were analyzed (Fig. 1-CONSORT flow dia-
gram). As results from the ITT and PP analyses were
similar, ITT analysis was presented in the results section.
Serious adverse events (SAE) were comparable between
groups (six SAE in LDG and five in the HDG) [29].
Compliance rate with calcium and VD3 supplements was
>90%. Subjects’ characteristics did not differ at baseline
between study arms (Table 1). The mean age of study
subjects was 71 ± 4.6 years with average BMI of 30.2 ±
4.5 kg/m2. They had a mean daily dietary calcium intake of
418 ± 285 mg; 40% had MetS and 86% were not perform-
ing any type of physical activity. Sun exposure, use of
sunscreen, and covering of body parts did not differ across
arms at baseline (data not shown). After one year, serum 25
OHD increased from 19.9 ± 6.5 to 25.7 ± 6.3 ng/mL (p <
0.01) in LDG and from 20.4 ± 7.2 to 36.1 ± 8.8 ng/mL (p <
0.01) in HDG. The HDG had a significantly higher 25 OHD
level compared to LDG at one year (p= 0.014). Serum
adiponectin and leptin did not change significantly between
or within groups (data not shown). Similarly, physical
activity level at 12 months, was not different between
groups and did not change significantly compared to base-
line within arms (data not shown). There were no differ-
ences in baseline serum vitamin D across sex categories
(19.4 ± 5.8 vs. 20.9 ± 7.5 ng/mL in male and female parti-
cipants respectively, p= 0.089), BMI groups (20.4 ± 6.7 vs.
20.0 ± 7.1 ng/mL in overweight and obese subjects respec-
tively; p= 0.61). Moreover, at study entry, sarcopenia
indices did not differ across MetS groups (data not shown),
but VA was more prevalent in participants having MetS
compared with their healthy peers (80 vs. 62%; p= 0.005).

Table 2 details the body composition indices unadjusted
and ANCOVA adjusted, and Table 3 the derived para-
meters. All in all, there were no significant differences
neither for between groups nor for within groups at one year
for any of the studied indices (Obesity, VA, diminished
muscle mass, diminished muscle strength, Sarcopenia and
SO) after adjusting for gender, age, study site and corre-
sponding baseline values. Analyses showed no significant
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interactions between study sites and study arms. Percent
change in VAT area was 3.62 ± 30 cm2 in the HDG and
7.93 ± 59 cm2 in the LDG, with no differences between
groups (p= 0.459). As for the exploratory outcomes, none
of the body composition or derived variables differed
between the two groups at baseline or follow-up. At base-
line and follow-up, proportion of subjects with obesity, VA,
diminished muscle mass and muscle strength, and with
sarcopenia did not differ within and between groups (Table
3). Similarly, no significant differences across arms were
noted in the proportion of patients with SO at 12 months
(3.7% in LDG vs. 0.9% HDG; p= 0.18) (Table 3). More-
over, diminished muscle mass had a similar prevalence
using EWGSOP 1 and EWGSOP 2 definitions (data not
shown). Diminished muscle strength, expressed as HGS,
was more prevalent than diminished muscle mass. It was

present in 24% of the sample (arms combined) at baseline
and in 30% at 12 months. In contrast, diminished muscle
mass was only present in 4% of the total sample at baseline
and 7% at one year. Sarcopenia (diminished muscle mass &
strength) was prevalent in 2% of the sample at baseline and
at 12 months (Table 3). Subgroup analysis of percent
change in adipose tissues by BMI group and study alloca-
tion reflected a tendency towards an increase and a decrease
in adipose tissues in overweight and obese participants,
respectively (Table S3). Differences in percent changes
were significant for body fat percentage and VAT area
(HDG only), SAT area (LDG only) and TAT area (LDG
and HDG) (Table S3). Overall, there was a tendency for
overweight subjects to gain more adipose tissues compared
to their obese peers. Analysis by serum vitamin D category
showed no difference in adipose and lean mass indices

Fig. 1 CONSORT Flow
Diagram presenting
recruitment status from
prescreening to study
completion. CONSORT
Consolidated Standards of
Reporting Trials, ITT Intention
To Treat
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(Table S4). Subgroup analysis by MetS status revealed no
change in sarcopenia and adiposity indices across arms in
both subgroups at one year (data not shown).

Discussion

This study assessed the effect of Vitamin D and calcium
supplementation for 12 months on indices of adiposity and
sarcopenia, comparing the IOM defined RDA and UTL for
adults. The study showed high dose VD3 supplementation
had no effect on these indices in overweight and obese older
adults, when co-administered with calcium. Such supple-
mentation also did not affect the progression of visceral
adiposity.

Increments in serum 25OH D (1 ng/ml for the LDG and
0.41 ng/ml for the HDG) were in line with those reported in
a recent meta-analysis of several randomized vitamin D
trials around the globe [39]. Our findings revealed that
VD3 supplementation, equivalent to 3750 IU/day
(26,250 IU/week) had no additional beneficial effect on
muscle strength, muscle mass, and adiposity indices com-
pared to the RDA of 600 IU/day, when co-administered
with calcium. This finding is in line with previous trials that
showed no change in VAT and SAT 6.5 months after daily
VD3 supplementation at doses of 7000 IU daily in adults
[26], no reduction in fat mass after supplementation with
20,000 IU VD3 weekly and 500 mg Calcium daily [40], no
improvement in HGS after a daily supplementation of 1000
IU VD3 [27].

Yet our findings contrast other RCT such as the one
conducted by El Hajj et al. who showed high dose sup-
plementation (30, 000 IU VD3 weekly) improved muscle
mass, reduced fat mass but had no effect on HGS compared
to placebo among pre-sarcopenic Lebanese elderly with
hypovitaminosis D from all BMI categories [41]. Non-
obese subjects witnessed significant enhancements in mus-
cle mass compared to their obese peers in whom changes
were limited. Subjects in this study had mean baseline
25OHD levels that were 10 ng/ml lower than levels we
report in our study and their comparator group received a
placebo vs. our control group who consumed the equivalent
of the IOM RDA for VD3 and calcium. Similarly, a pre-
vious trial showed a reduction in total fat mass with 1000 IU
VD3 supplementation daily among healthy young adults
[42] and another RCT associated VAT reduction with a
juice fortification of 300 IU VD3 and supplementation of
1150 mg calcium daily in a sample of non-elderly subjects
[21]. Both studies included young participants and the
former RCT selected participants who were ‘very’ healthy
(on no medication, nonsmokers, and not drinking alcohol).
All in all, differences in subjects’ characteristics (adult vs
elderly and obese vs. normal weight), serum 25 OHD levelsTa
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at study entry and end, choice of comparator (placebo vs.
RDA dose), co-interventions, and exclusion criteria could
partially explain discrepancies in findings.

Even though the association between obesity and hypo-
vitaminosis D is well established, our findings show that
further increments in serum vitamin D levels, over what can
be achieved with the IOM RDA, do not have any beneficial
effects on markers of obesity. Our study showed that there
may be a difference based on BMI category with obese
subjects gaining less adipose tissues compared to their over-
weight peers. Furthermore, higher dose VD3 supplementation
did not slow down the age-related increase in VA. The mean
difference in VAT area between the two doses at 12 months
was higher by 4.4% in the LDG, and of little significance. Our
trial had the sample size required to detect differences in VAT
area based on one study [21]; post-hoc analyses, based on our
observed effect size estimates and SD, reveal that 2875 par-
ticipants per arm would be needed for the differences
observed between the two groups to be statistically sig-
nificant. Importantly, such difference is also of little clinical
significance. Indeed, another study revealed a 22% reduction
in VAT area with lifestyle interventions (Mediterranean diet
& physical activity) compared to a low fat diet without an
exercise component [43].

This study also provided prevalence rates of sarcopenia
(diminished muscle strength and mass) in a sample of
middle eastern community-dwelling elderly with hypovita-
minosis D, a sample representative of the population of
greater Beirut. Diminished muscle mass was present in 4%
of the sample at baseline and was comparable to findings
from elderly from France [6] and Netherlands [44] and was
lower than assessments reported from the USA [45].
Diminished muscle strength assessed by handgrip

dynamometry was present in 24% of the sample, close to
prevalence rates in Germany [46], yet lower than assess-
ments in Turkey [47]. Sarcopenia was present in 2% of the
sample, a figure comparable to findings from Germany [46]
and Turkey [47], yet lower than assessments in the USA
[48] and the worldwide estimate of 10% [49].

Limitations & strengths

This study has its own limitations. Even though participants
were not asked to change their nutritional habits, patients
caloric, and micronutrient intake were not monitored
throughout the study. Evaluation of vitamin D and calcium
intake through a validated food frequency questionnaire was
not possible due to the absence of a validated culture-
specific tool at the time of study initiation. The research team
would have liked to include a calcium only arm to assess the
sole effect of vitamin D. Yet, as it would have been une-
thical to randomize elderly subjects with hypovitaminosis D
to a placebo arm (half of our study subjects had a serum
vitamin <20 ng/mL), we did not include this arm. Similarly,
we were asked by the Institutional Review Board to exclude
subjects with vitamin D levels below 10 ng/mL as they were
considered high-risk subjects. We tried to partially address
this bias by conducting subgroup analysis on the different
serum vitamin D levels available. This study does however
have important strengths. The multicenter, double-blinded,
randomized, and powered study design improves the internal
validity of study results. Body composition was assessed
using DXA, an established and safe technique to evaluate
body composition phenotypes and identify sarcopenic obe-
sity [50, 51]. The data is derived from a relatively large
sample of subjects from major referral centers in the greater

Table 3 Subjects with abnormal body composition derived indices at baseline and at 12 months [n(%)]

Variable/ arm Low dose (n= 122) High dose (n= 126) Between groups

Baseline 12 months p-Value Baseline 12 months p-Value p-value
baseline

p-value
12 months

Obesity 102 (84) 94 (86) 0.320 107 (85) 93 (87) 1.0 0.776 0.884

Visceral Adiposity 76 (62) 80 (66) 0.556 83 (66) 85 (68) 0.824 0.577 0.753

Diminished muscle mass 6 (4.9) 10 (8.2) 0.158 5 (4) 8 (6.3) 0.181 0.716 0.575

Diminished muscle strength, assessed
using HGS

30 (25) 39 (32) 0.137 30 (24) 36 (28) 0.361 0.886 0.561

Sarcopenia 2 (1.8) 4 (3.7) 0.320 2 (1.6) 1 (0.9) 0.320 0.985 0.181

Sarcopenic Obesity 2 (1.8) 4 (3.7) 0.320 2 (1.6) 1 (0.9) 0.320 0.985 0.181

HGS Hand Grip Strength

Obesity was defined using cut off points for elevated fat mass percentage: >27% in males and >38% in females. Visceral adiposity was defined
using cut off variables for visceral adipose tissue area: ≥154 cm2 for males and ≥143 cm2 for females. Diminished muscle mass definitions were
based on appendicular lean mass indices (<7.25 kg/m2 in males and <5.67 kg/m2 in females). Sarcopenia definition was based on the European
Working Group on Sarcopenia in Older People 1st definition: <7.25 kg/m2 in males and <5.67 kg/m2 in females+ diminished handgrip strength for
values below the 25th percentile for gender at baseline

Sarcopenic Obesity was defined as having obesity and sarcopenia
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Beirut area, that is comparable and thus representative of
Lebanese elderly [52] and importantly other populations at
large. Its doses are bracketed between the IOM RDA for
adults and the IOM upper tolerable level, implying that the
null effect observed (a mere 4% difference) has relevant
implications for the lack of an effect of high dose vitamin D
on indices of adiposity in elderly overweight and obese
individuals. The study measured serum 25 (OH)D using the
most accurate methodology of liquid chromatography-mass
spectroscopy. Cardiometabolic factors that may be asso-
ciated with changes in serum vitamin D were comprehen-
sively assessed. The baseline BMI and serum 25 OHD levels
are close to what is reported in much larger sample sizes
derived from a large laboratory database [53]. Finally, sev-
eral definitions were analyzed to evaluate the effect of the
intervention on SO indices in the absence of an agreement
on one definition.

Conclusion

High dose vitamin D neither improved indices of obesity,
sarcopenia, nor sarcopenic obesity in elderly Lebanese
individuals. Neither the IOM RDA, nor a higher dose below
the UTL, of VD3, co-administered with calcium, were able
to halt the age-related increase in visceral adiposity in
overweight and obese elderly patients, with a mean 25 OHD
of 20 ng/ml at study entry. Future trials are needed to
validate these findings in other ethnicities, and further
explore sub-group analyses by BMI categories. Guidelines
aiming at unifying diagnostic criteria for sarcopenic obesity
are also needed to allow comparisons between trials.
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