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parameters in obese children and response to
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ABSTRACT

OBJECTIVE: Vitamin D deficiency is common in children. The effects of Vitamin D on bone health are well-known. Howev-
er, its effect on glucose and lipid metabolism in obese children remains controversial. This study projected to evaluate the
association between Vitamin D level and glucose, lipid, and bone metabolism parameters in obese children. In addition, the
objective of the study was to determine the change in insulin resistance after Vitamin D replacement therapy in obese chil-
dren with Vitamin D deficiency.

METHODS: Hundred fifty children with obesity were included in our retrospective cross-sectional study. The patients were
separated into two groups as the study group (serum 25(OH)D level <20 ng/ml) and the control group (serum 25(0OH)D
level 220 ng/ml). Physical examination, body fat mass, and laboratory findings of the two groups were compared. Moreover,
patients in the study group were supplemented with Vitamin D 2000 IU/d for 24 weeks. Glucose, insulin levels were analyzed
before and after treatment.

RESULTS: Body fat mass and percentage were evaluated as more raised in the study group than those in the control group.
The study group had a higher level of insulin resistance. There was a significant loss in body weight of patients after treat-
ment in the study group and insulin resistance of the study group decreased after Vitamin D3 treatment.

CONCLUSION: Considering the low side effects and affordability of Vitamin D, it would be a reasonable approach to identify
serum Vitamin D levels in obese children and to administer a treatment to those with Vitamin D deficiency.
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besity rates in childhood are gradually increasing

in the world and it is becoming a health problem
[1]. Recent studies shows that Vitamin D deficiency
plays a crucial role in the development of obesity [2]. Be-
sides, Vitamin D deficiency is frequently seen, especially
in obese people [3]. This is explained by many factors
as follows; accumulation of vitamin dissolved in fat due
to increased adipose tissue in obese people, insufficient
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benefiting from sunlight as a result of a sedentary life-
style, volumetric dilution due to increased bone size [4].
Vitamin D is not only effective in the musculoskeletal
system; furthermore, it is a hormone with receptors in
every cell and tissue in our body [5]. It is a known fact
that obesity causes entities such as Type II diabetes, dys-
lipidemia, and hypertension in children [6]. However,
in recent years, Vitamin D and its effect on the devel-
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opment of obesity-related complications are significantly
interested [6, 7]. Also, many studies focus on Vitamin
D supplementation and change in metabolic parameter
in obese adults [8]. These studies are limited to obese

children [6, 9].

In this study, we decided to evaluate the association
between Vitamin D level and body fat mass, glucose, lip-
id, and bone metabolism parameters in obese children
and adolescents and to identify the change in insulin re-
sistance before and after Vitamin D treatment in obese
patients with Vitamin D deficiency.

MATERIALS AND METHODS

Study Population

Patients aged between 7 and 18 years, who had been
admitted to the pediatric endocrinology outpatient
clinic with the complaint of being overweight and
whose body mass index (BMI) >95% percentile for
age and gender were included in the study. The study
protocol was approved by the Bursa Yuksek Ihtisas
Training and Research Hospital Clinical Research
Ethics Committee (2011-KAEK-25 2019/02-09) un-
der the principles of the Declaration of Helsinki. Pa-
tients with syndromic and secondary obese, those with
chronic diseases, and those receiving medications and
vitamin supplements were excluded from the study.
Body weight and height, BMI, body-fat measurement,
physical examination findings (puberty status, stria,
acanthosis nigricans, and blood pressure), laboratory
findings (blood glucose, serum insulin, and serum to-
tal 25-hydroxyvitamin D (25(OH)D), calcium (Ca),
phosphor (P), alkaline phosphatase (ALP), and para-
thyroid hormone (PTH) level of the patients were re-
corded in the patient files. Serum 25(OH) D level of
<20 ng/ml was evaluated as a Vitamin D deficiency
[10]. Patients with a similar BMI were separated into
two groups according to 25(OH)D level. The study
group included patients with serum 25(OH)D level of
<20 ng/ml and the control group included those with
serum 25(OH)D level >20 ng/ml. The groups were
compared in terms of physical examination and labora-
tory findings. Furthermore, patients in the study group
received Vitamin D3 (cholecalciferol) 2000 IU/d
treatment for 24 weeks along with adequate nutri-
tion and exercise advice [11]. Changes in body weight,
blood glucose, insulin levels, and homeostasis model
assessment for insulin resistance (HOMA-IR) index
were compared before and after the treatment.

Highlight key points

¢ Vitamin D deficiency and obesity are common health problems.
¢ Vitamin D deficiency is a common condition in obese children.

e In recent years, Vitamin D receptor is detected in many
organ groups other than bone, kidney, and intestine and
this reveals the presence of other systemic effects of Vi-
tamin D.

e The body mass index of children with Vitamin D deficiency
was higher.

e Obese children with Vitamin D deficiency had a higher insu-
lin resistance.

e Obese children had a significant decrease in insulin resis-
tance after the Vitamin D treatment, together with appropri-
ate nutrition and exercise schedule.

Anthropometric Measurements

Body fat analysis of all patients admitted to the pedi-
atric endocrinology clinic presenting with obesity is
performed using Tanita Body Composition Analyz-
er SC-330 equipment. The operation principle of the
equipment is based on Bioimpedance analysis. Body
analysis is performed by giving 50 kHz electric current
to the body through the foot electrode.

Laboratory Measurements

Serum fasting blood glucose, lipid profile (total choles-
terol, triglyceride, high-density lipoprotein cholester-
ol [HDL-C], and low-density lipoprotein cholesterol
[LDL-C]), and insulin levels were tested after 12 h of
fasting, HDL-C levels of <35 mg/dl, LDL-C levels of
>130 mg/dl, and triglyceride level of >150 mg/dl were
considered dyslipidemia. Vitamin D insufficiency was
defined as a 25(OH)D level of <20 ng/ml and a 25(OH)
D level of >20 ng/ml was considered as sufficient Vita-
min D status [10]. Insulin resistance was calculated with
HOMA-IR formula (fasting blood glucose (mg/dl) x
fasting insulin (uIU/ml)/405).

Treatment Protocol

All patients diagnosed with obesity received adequate
nutrition and exercise advice. Furthermore, patients in
the study group received oral Vitamin D3 (cholecalcif-
erol) 2000 IU/d treatment for 24 weeks [11]. Those pa-
tients were quarterly evaluated in terms of physical ex-
amination and laboratory findings. After 24 weeks, levels
of fasting glucose, fasting insulin, and HOMA-IR were

compared to pre-treatment levels.
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TABLE 1. Comparison of demographics, clinical, physical findings, and laboratory variables between two group

Study group (n=75) Control group (n=75) p Adj. P
Age, years 13.41+2.67 12.82+3.42 0.2851
Gender (female) % 65 55 0.182*
State of puberty (pubertal) % 67 47 0.013¢
Presence of acanthosis nigricans % 53 47 0.414¢
Blood pressure (hypertensive) % 3 3 1.00¢
History of bone fracture - - 1.00¢
Body weight (kg) 72.90+17.26 66.42+21.33 0.060" 0.060
Body weight sd 2.93+0.88 2.74+0.95 0.1157 0.041
Height (cm) 157.11+£13.34 154.38+13.18 0.2117 0.035
Height sd 1.08+0.80 1.27+0.81 0.169¢ 0.704
BMI (kg/m?) 30.28+4.11 29.38+3.91 0.2751 0.014
BMI sd 2.65+0.63 2.49+0.67 0.152¢ 0.521
Body fat percentage (%) 36.26+5.59 29.56+9.92 <0.001" 0.009
Body fat mass (kg) 28.09+9.37 20.34+10.62 <0.001" 0.008
25(0H)D, ng/ml 11.68+4.45 27.97+4.94 <0.001¢ <0.001
Glucose, mg/dl 91+11.7 86.5+7.1 0.003¢ 0.001
Insulin, pIU/mi 26.18+25.64 15.83+10.10 <0.001" 0.015
HOMA-IR 6.07+6.62 3.31+2.12 <0.001" 0.016
Triglycerides, mg/dl 106.54+48.52 101.72+39.61 0.880f 0.304
HDL-C, mg/dI 46.85+9.04 47.28+8.88 0.7491 0.031
LDL-C, mg/dl 95.62+31.42 102.23+29.33 0.1257 0.004
TC, mg/dl 163.34+34.10 168.92+31.47 0.1621 0.004
Calcium, mg/dI 9.92+0.45 10.09+0.25 <0.001" 0.004
Phosphorus, mg/dl 4.34+0.58 4.82+0.62 <0.0017 0.004
ALP, IU/L 146.68+75.34 198.16+93.26 0.0017 0.006
PTH, pg/ml 48.02+12.21 43.20+18.66 0.024" 0.004

Descriptive statistics were given as meanzxsd or n (%). Adj. p, P-values obtained by adjusted to puberty and gender. §: Mann-Whitney U test; £: Independent samples
t-test’; #: Chi-square test; BMI: Body mass index; ALP: Alkaline phosphatase; HOMA-IR: Homeostasis model assessment for insulin resistance; HDL-C: High-density lipo-
protein cholesterol; IQR: 25" and 75 percentiles; LDL-C: Low-density lipoprotein cholesterol; PTH: Parathyroid hormone; SD: Standard deviation; TC: Total cholesterol.

Statistical Analysis

Statistical analysis of data was performed using SPSS
22.0 IBM Corp., USA, Il statistics package software.
The distribution of variables was evaluated with a Kolm-
ogorov—Smirnov test. In descriptive statistics of the data,
meantstandart deviation for normally distributed vari-
ables and median (25-75%) values for non-normally dis-
tributed variables were used. According to their distri-
bution, unpaired t-test and Mann—Whitney U test were
applied. Within the study group, changes in laboratory
measurements (baseline vs. 24 weeks) were evaluated
using the Wilcoxon signed-rank test and paired t-test.
Considering the association between obesity and pu-
berty, all comparisons of variables between two groups

were adjusted for gender and puberty using ANCOVA
for normally distributed data and ranked ANCOVA for
non-normally distributed data. Qualitative data were
evaluated using the chi-square test. P<0.05 was accepted
as a cutoff value for statistical significance.

RESULTS

The files of all obese patients admitted to the pediatric
endocrinology outpatient clinic between January 1 and
September 1, 2018, were analyzed. A total of 150 obese
patients were involved in this study, whose physical ex-
amination, laboratory findings on admission were acces-
sible. The patients were separated into two groups, first
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TABLE 2. Comparison of weight and laboratory variables within study group

Study group Pretreatment After treatment p
Mean+SD Median (IQR) Mean+SD Median (IQR)

Weight, kg 72.99+17.26 72.7 (60.9-85.5) 67.19+15.94 68.0 (58.1-80.4) <0.001¥
Weight, sd 2.93+0.88 2.62 (2.34-3.45) 2.58+0.86 2.40 (1.90-3.0) <0.001*
25(0H)D, ng/ml 11.68+4.45 11.9 (7.4-15.2) 21.05%1.52 20.3 (20-21) <0.001¢
Glucose, mg/dl 91.08+11.69 90 (85-97) 86.04+7.26 87 (81-91) 0.004¢
Insulin, pIU/ml 26.18+25.64 20.6 (14.3-28.6) 21.25+15.50 18.6 (11.9-23.7) <0.001°
HOMA-IR 6.0716.62 4.3 (2.9-6.5) 4.22+2.64 3.9 (2.4-5.0) <0.001°

SD: Standard deviation; HOMA-IR: Homeostasis model assessment for insulin resistance; IQR: 25% and 75 percentiles; ¥: Paired samples t-test; p: Wilcoxon signed-

rank test.

group being detected as serum 25(OH)D level >20 ng/
ml (control group) and second group being detected as
serum 25(OH)D level <20 ng/ml (study group). The
mean age was 13.1+3.07 years and the age distribution
of the two groups was similar. However, when the groups
are evaluated according to pubertal stage, there were
more pubertal patients in the study group (p=0.013). Al-
though there was no statistical difference in body weight,
body height, and BMI measurements in both groups;
when the effects of gender and puberty were adjusted,
the BMI level of the study group was found to be high-
er (adj. p=0.014). Body fat mass and percentage levels
were remarkably higher in the study group (p<0.001). It
was also found statistically significant when the effects of
gender and puberty were adjusted.

Values of fasting glucose, fasting insulin,and HOMA-IR
were higher in the study group than in the control group
(respectively p=0.003, <0.001, and <0.001). The serum
lipid profile was similar in both groups (p>0.05). Howev-

er, when the effects of gender and puberty were adjusted,
HDL, LDL, and TClevels were higher in the control group.

Serum Ca, P, and ALP values, which are within the
bone metabolism parameters, were evaluated as low in
the study group (p<0.001). PTH level was measured
more raised in the study group (p=0.02). In addition,
the difference in these laboratory findings was found
statistically significant once the effects of gender and pu-
berty were adjusted. None of the patients had a history
of fracture. Demographic, physical, clinical findings, and
laboratory variables are shown in Table 1.

All obese patients received adequate nutrition and ex-

ercise schedule. Patients with Vitamin D deficiency were
administered oral Vitamin D3 2000 IU/d treatment.

After 24 weeks of treatment, changes in body weight,
total 25(OH)D, glucose, insulin, and HOMA-IR levels
were evaluated before and after treatment. There was a
significant weight loss after 24 weeks (p<0.001). More-
over, there was notable decrease in blood glucose, fasting
insulin, and HOMA-IR levels (respectively, p=0.004,
<0.001, and <0.001). The before and after treatment

comparison is shown in Table 2.

DISCUSSION

In this article, the association between Vitamin D level
and metabolic parameters in obese children was evaluat-
ed. Body fat mass and percentage, fasting blood glucose,
fasting insulin, and HOMA-IR values were detected to
be raised in the study group (serum 25(OH)D level <20
ng/ml). Furthermore, a decrease in glucose, insulin, and
HOMA-IR levels was identified after Vitamin D3 sup-
plementation of patients with Vitamin D deficiency.

Vitamin D deficiency and obesity are frequent diseases
almost all over the world. This might be coincidental, but
the identification of a low level of Vitamin D in obese peo-
ple in many studies indicates that there may be an import-
ant relationship [2, 3, 12]. There are many studies evaluat-
ing Vitamin D levels and BMI. Greene et al. [12] in their
research using Canadian health measurement survey data
indicated that overweight and obese children had a low-
er level of Vitamin D compared to children with normal
BML. In addition, this study found an inverse association
between 250H Vitamin D level and body fat percentage.
In studies where an inverse association between Vitamin
D level and body fat mass amount was identified, body fat
mass amount was evaluated not by any measurement, but
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by accepting BMI and body fat amount as the same. In our
study, moreover, we measured body fat mass amount of
patients included in the study through Tanita Body Com-
position Analyzer SC-330, which is a kit for the analysis
of body fat. There was higher body fat mass and percent-
age in the group with Vitamin D deficiency (p<0.001).

During the recent years, it is broadly studied that Vi-
tamin D and its effects on the musculoskeletal system,
developing insulin resistance, diabetes, and cardiovas-
cular diseases, especially in obese patients [6, 7, 13, 14].
Many studies focus on the link between Vitamin D and
glucose homeostasis. An in vitro animal study marked
that insulin secretion was altered in rats without a func-
tional Vitamin D receptor and that there was a signifi-
cant elevation in insulin secretion from the pancreas after
application of Vitamin D supplementation [15]. Accord-
ingly, many clinical studies have been assessed. In their
meta-analysis study, Pittas et al. [16] demonstrated that
there was an inverse association between insulin resis-
tance and 250H Vitamin D. Boucher et al. [17] indicat-
ed in their epidemiological study that the serum Vitamin
D level was lower in patients with Type II diabetes devel-
oping risk factors than in patients without having Type II
diabetes developing risk factors. Our study marked that
the group with Vitamin D deficiency had higher levels of
glucose, insulin, and HOMA-IR compared to the group
with sufficient Vitamin D level (p<0.001).

The effects of Vitamin D on bone health are well-
known. Even though obesity is considered as have positive
effects on bone mineral density (BMD), studies conducted
in recent years have supported the opposite [18]. Although
BMD is high in obese people, the opinion prevails about
the greater fragility of bone tissue and the decrease in bone
resistance. In our study, we identified that serum Ca and P
levels in the group with Vitamin D deficiency were lower
than those in the control group, though they were in the
normal range. Similarly, PTH levels were also elevated.
However, there was no history of fracture in patients. There
are many studies analyzing especially the relationship be-
tween BMI and bone fracture and osteoporosis in adults,
but it is limited in children [18, 19]. The most important
complication related to obesity researched recently is a
metabolic syndrome, which is evaluated to be the reason
for severe morbidity and mortality. In their meta-analysis
study, Khan et al. [20] indicated that there was a significant
association between Vitamin D level and Type II diabetes,
metabolic syndrome, and insulin resistance. Pittas et al.
(16] also demonstrated in their meta-analysis study that
there was a link between Vitamin D level and Type II di-

abetes, metabolic syndrome, and insulin resistance. In our
study, we did not evaluate the metabolic syndrome criteria,
but HDL, LDL, and total cholesterol levels which are the
parameters of dyslipidemia were more raised in the control
group, though they were in the normal range.

In the lower numbers of studies, differences in fasting
blood glucose, insulin, and HOMA-IR levels before and
after Vitamin D treatment in obese children were eval-
uated and there was no specific consensus on the dose
of treatment [9, 21]. In our study, we dosed Vitamin D
(cholecalciferol) 2000 IU/d treatment to our patients in
the study group. We re-evaluated the body weight and
laboratory data of these patients from the patient files
after 24 weeks of treatment. There was a remarkable in-
crease in 25(OH)D levels after the treatment (p<0.001).
In their study, Castaneda et al. [21] administered Vita-
min D3 (cholecalciferol) 2000 IU/d treatment for 12
weeks to obese and non-obese adolescents. After the
treatment, there was no evident elevation in 25(OH)D
levels of obese patients. Eventually, it was demonstrated
that the administration of a higher dose of Vitamin D
treatment was required in obese patients.

After 24 weeks of treatment, changes in glucose ho-
meostasis of treated patients were evaluated from patient
files and there were significant decreases in glucose, insu-
lin, and HOMA-IR levels. In limited studies analyzing
the response to Vitamin D treatment in obese children,
there were different results. Milajerdi et al. [22] indicated
in their meta-analysis study that Vitamin D supplements
in patients with chronic renal failure had a positive im-
pact on glucose, HOMA-IR, triglyceride, and cholester-
ol levels, but had not affected on insulin, HbA1c, LDL,
and HDL cholesterol. In their randomized, controlled
study Belenchia et al. [9] administered a placebo and
Vitamin D3 4000 IU/d treatment to obese adolescents
and demonstrated no difference in BMI and glucose level
after 6 months. In another study, there was no change in
lipid profile and insulin resistance [6]. We cannot attri-
bute the discernible improvement in glucose homeostasis
in our study solely to Vitamin D3 treatment. The reason
is that together with Vitamin D3 treatment, patients ad-
justing to adequate nutrition and exercise schedule had a
significant weight loss after 24 weeks (p<0.001).

The most important limitation of our study is that it
is a retrospective study. Patient data were evaluated from
patient files. Furthermore, as there was no control group
in the evaluation of treatment response, it caused a lim-
itation for the assessment of the efficacy of Vitamin D3
treatment. In addition, another limitation of the study
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was that the effects of diet, exercise, and Vitamin D
treatment on weight loss were not evaluated as separate
parameters since it was a retrospective study.

By way of conclusion, Vitamin D deficiency has nega-
tive impact on glucose, insulin, and HOMA-IR levels in
obese children and adolescents. Meanwhile, an increase in
body fat mass was identified in obese people with Vitamin
D deficiency. Even though they were in the normal range,
there was a decrease in serum Ca and P levels, and an in-
crease in serum PTH level. There was no history of frac-
ture in patients. There was a significant weight loss after
Vitamin D3 supplementation of patients with Vitamin D
deficiency for 24 weeks. In addition, a decrease in glucose,
insulin, and HOMA-IR levels was identified. In conclu-
sion, when considering the low cost and low side effect in-
cidence of Vitamin D supplementation and replacement
therapy, along with adequate nutrition and exercise sched-
ule in obese patients, the identification of serum Vitamin
D levels and the administration of treatment in those
with deficiency will be a reasonable approach and could
be concluded as a cost effective therapy as well. Further
prospective and long-term researches in this field would
be of great to confirm the results of our study.

Ethics Committee Approval: The Bursa Yuksek Ihtisas Training and
Research Hospital Clinical Research Ethics Committee granted approval
for this study (date: 13.02.2019, number: 2011-KAEK-25 2019/02-09).

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

Authorship Contributions: Concept — DDS, OK, BBO; Design —
DDS, OK, BBO; Supervision — DDS, OK, BBO; Fundings — DDS, OK,
BBO; Materials — DDS, OK, BBO; Data collection and/or processing
— DDS, OK, BBO; Analysis and/or interpretation — DDS, OK, BBO;
Literature review — DDS, OK, BBO; Writing — DDS, OK, BBO; Critical
review — DDS, OK, BBO.

REFERENCES

1. Ebbeling CB, Pawlak DB, Ludwig DS. Childhood obesity: public-
health crisis, common sense cure. Lancet 2002;360:473—82. [CrossRef]

2. Mai XM, Chen Y, Camargo CA Jr, Langhammer A. Cross-sectional and
prospective cohort study of serum 25-hydroxyvitamin D level and obe-
sity in adults: the HUNT study. Am J Epidemiol 2012;175:1029-36.

3. Smotkin-Tangorra M, Purushothaman R, Gupta A, Nejati G, Anhalt
H, Ten S. Prevalence of vitamin D insufficiency in obese children and
adolescents. ] Pediatr Endocrinol Metab 2007;20:817—-23. [CrossRef]

4. Pourshahidi LK. Vitamin D and obesity: current perspectives and fu-
ture directions. Proc Nutr Soc 2015;74:115-24. [CrossRef]

5. Wimalawansa SJ. Non-musculoskeletal benefits of vitamin D. J Steroid
Biochem Mol Biol 2018;175:60—81. [CrossRef]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Nader NS, Aguirre Castaneda R, Wallace J, Singh R, Weaver A, Ku-
mar S. Effect of vitamin D3 supplementation on serum 25(OH)D,
lipids and markers of insulin resistance in obese adolescents: a prospec-
tive, randomized, placebo-controlled pilot trial. Horm Res Paediatr
2014}82‘107—12. [CrossRef]

Wang L, Wang H, Wen H, Tao H, Zhao X. Relationship between
HOMA-IR and serum vitamin D in Chinese children and adolescents.
J Pediatr Endocrinol Metab 2016;29:777-81. [CrossRef]

von Hurst PR, Stonehouse W, Coad J. Vitamin D supplementation re-
duces insulin resistance in South Asian women living in New Zealand
who are insulin resistant and vitamin D deficient - a randomised, place-
bo-controlled trial. Br ] Nutr 2010;103:549-55. [CrossRef]

Belenchia AM, Tosh AK, Hillman LS, Peterson CA. Cotrecting vitamin
D insufficiency improves insulin sensitivity in obese adolescents: a ran-
domized controlled trial. Am J Clin Nutr 2013;97:774—81. [CrossRef]
Misra M, Pacaud D, Petryk A, Collett-Solberg PE, Kappy M; Drug and
Therapeutics Committee of the Lawson Wilkins Pediatric Endocrine
Society. Vitamin D deficiency in children and its management: review of
current knowledge and recommendations. Pediatrics 2008;122:398-417.
Vogiatzi MG, Jacobson-Dickman E, DeBoer MD; Drugs, and Ther-
apeutics Committee of The Pediatric Endocrine Society. Vitamin D
supplementation and risk of toxicity in pediatrics: a review of current
literature. ] Clin Endocrinol Metab 2014;99:1132—41. [CrossRef]
Greene-Finestone LS, Garriguet D, Brooks S, Langlois K, Whiting
SJ. Overweight and obesity are associated with lower vitamin D sta-
tus in Canadian children and adolescents. Paediatr Child Health
2017;22:438—44. [CrossRef ]

Al Mheid I, Quyyumi AA. Vitamin D and cardiovascular disease: con-
troversy unresolved. ] Am Coll Cardiol 2017;70:89—100. [CrossRef]
Poomthavorn P, Saowan S, Mahachoklertwattana P, Chailurkit L, Kh-
lairit P. Vitamin D status and glucose homeostasis in obese children and
adolescents living in the tropics. Int ] Obes (Lond) 2012;36:491-5.
Zeitz U, Weber K, Soegiarto DW, Wolf E, Balling R, Erben RG. Im-
paired insulin secretory capacity in mice lacking a functional vitamin D
receptor. FASEB ] 2003;17:509—11. [CrossRef]

Pittas AG, Lau ], Hu FB, Dawson-Hughes B. The role of vitamin D
and calcium in type 2 diabetes. A systematic review and meta-analysis. J
Clin Endocrinol Metab 2007;92:2017-29. [CrossRef]

Boucher BJ, Mannan N, Noonan K, Hales CN, Evans SJ. Glucose in-
tolerance and impairment of insulin secretion in relation to vitamin D
deficiency in east London Asians. Diabetologia 1995;38:1239-45.
Jordan S, Lim L, Berecki-Gisolf J, Bain C, Seubsman SA, Sleigh A, et
al; Thai Cohort Team. Body mass index, physical activity, and fracture
among young adults: longitudinal results from the Thai cohort study. J
Epidemiol 2013;23:435—42. [CrossRef]

Tanaka S, Kuroda T, Saito M, Shiraki M. Overweight/obesity and un-
derweight are both risk factors for osteoporotic fractures at different sites
in Japanese postmenopausal women. Osteoporos Int 2013;24:69-76.
Khan H, Kunutsor S, Franco OH, Chowdhury R. Vitamin D, type 2
diabetes and other metabolic outcomes: a systematic review and me-
ta-analysis of prospective studies. Proc Nutr Soc 2013;72:89-97.
Aguirre Castaneda R, Nader N, Weaver A, Singh R, Kumar S. Re-
sponse to vitamin D3 supplementation in obese and non-obese Cau-
casian adolescents. Horm Res Paediatr 2012;78:226—31. [CrossRef]
Milajerdi A, Ostadmohammadi V, Amirjani S, Kolahdooz F Asemi
Z. The effects of vitamin D treatment on glycemic control, serum lipid
profiles, and C-reactive protein in patients with chronic kidney disease:
a systematic review and meta-analysis of randomized controlled trials.

Int Urol Nephrol 2019;51:1567-80. [CrossRef]


https://doi.org/10.1016/S0140-6736(02)09678-2
https://doi.org/10.1093/aje/kwr456
https://doi.org/10.1515/JPEM.2007.20.7.817
https://doi.org/10.1017/S0029665114001578
https://doi.org/10.1016/j.jsbmb.2016.09.016
https://doi.org/10.1159/000362449
https://doi.org/10.1515/jpem-2015-0422
https://doi.org/10.1017/S0007114509992017
https://doi.org/10.3945/ajcn.112.050013
https://doi.org/10.1542/peds.2007-1894
https://doi.org/10.1210/jc.2013-3655
https://doi.org/10.1093/pch/pxx116
https://doi.org/10.1016/j.jacc.2017.05.031
https://doi.org/10.1038/ijo.2011.260
https://doi.org/10.1096/fj.02-0424fje
https://doi.org/10.1210/jc.2007-0298
https://doi.org/10.1007/BF00422375
https://doi.org/10.2188/jea.JE20120215
https://doi.org/10.1007/s00198-012-2209-1
https://doi.org/10.1017/S0029665112002765
https://doi.org/10.1159/000343446
https://doi.org/10.1007/s11255-019-02236-9

