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Abstract

Obesity in children is associated with vitamin D (VD) deficiency and cardiometabolic
abnormalities. To analyze the effects of VD supplementation in adolescents with obesity
enrolled in a weight-loss program. Adolescents with obesity (n=26) and with normal weight
(n=23; controls) were matched for age, sex, and puberty stage. The obesity group followed a
3-month weight-loss program that combined a reduced caloric intake with interval training
physical activity and during which they received or not VD supplementation (4000 1U/d)
(n=13/group; random assignation). The anthropometric parameters (BMI z-score, fat mass);
serum levels of 25(OH)D, calcium and parathyroid hormone (PTH), cardiometabolic factors
(triglycerides, HDL, and LDL cholesterol), fasting glucose and insulin, and homeostasis
model assessment of insulin resistance index; diastolic, systolic and mean blood pressure, and
inflammatory status (C-reactive protein, CRP) were measured at baseline and at the end of the
3-month program. At baseline, 25(OH)D concentration was lower and VD insufficiency
(25(OH)D levels <50 nmol/L) rate was higher (73% vs 22%) in the obesity than in the
normal-weight group. All cardiometabolic factors were altered in the obesity compared with
the normal-weight group. After the 3-month weight-loss program, 25(OH)D levels was >50
nmol in all adolescents with obesity, but only in 46% of normal-weight adolescents.
Moreover, the weight-loss program improved the cardiometabolic factors, inflammatory
status (CRP) and physical performance, but VD supplementation did not have any additional
effect. Analysis only of the adolescents with obesity and VD deficiency (25(OH)D <50
nmol/L) at baseline showed a significant correlation between the change in PTH and CRP
(p=0.02) in the supplemented obesity group, while the increase in 25(OH)D only tended to be
correlated with CRP decrease. Vitamin D supplementation could reduce VD insufficiency in
adolescent with obesity, but does not have any additional effect on cardiometabolic factors

when combined with a weight-loss program.
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Introduction

Vitamin D (VD) deficiency and obesity are two major health concerns worldwide [1].The
increasing prevalence of early childhood overweight and obesity raises major public health
issues, and lifestyle measures need to be implemented to avoid comorbidities. Childhood
obesity is strongly linked to cardiovascular risk factors, dyslipidemia, insulin sensitivity,
inflammatory, and oxidative stress profiles [2][3]. To date, few studies have investigated the
potential positive effects of VD on the cardiometabolic risk factors in children and
adolescents with obesity, with varying conclusions. Javed and al. [4] showed no effect of VD
supplementation (2000 IU maximal dose) on insulin activity in non-diabetic adolescents with
obesity without VD insufficiency. On the other hand, Belenchia and al. [5] found that 4000 1U

VD3 corrected VD insufficiency and improved insulin sensitivity in adolescents with obesity.

The classical approach for weight management in childhood obesity includes diet and
physical activity [6][7][8]. In children with obesity, weight-loss programs (diet and/or
exercise training) reduce body fat mass and inflammation [9] improve insulin sensitivity, and
also the lipid profile [10][11][12]. Moreover, two literature reviews concluded that weight
management through diet alone or with physical activity leads to normalization of 25-
hydroxyvitamin D (25(OH)D) level in adults with obesity [13][14]. Data on childhood obesity
are still limited [15][16]. We hypothesized that a weight loss intervention combining also VD

supplementation could result in additional health benefits in adolescents with obesity.

The present double-blind, randomized, placebo-controlled clinical study evaluated the
possible added effects of VD supplementation on body composition, aerobic fitness, and
cardiometabolic risk factors (e.g., blood pressure, insulin resistance, lipid and inflammation
profiles) in adolescents with obesity enrolled in a weight-loss program that included diet and

physical exercise.
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Methods

Study population

Adolescents (12 to 17 years of age) with obesity were enrolled at a pediatric weight

management clinic, whereas the age-, sex-, puberty stage- and season-matched controls with

normal weight were volunteers (Fig. 1).

Figure 1: Study flowchart
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As reported by Gutierrez-Medina et al [17] , the pubertal status should be taken into account
when assessing obesity-related VD deficiency. Obesity was defined according to the age and
sex-specific cut-off points of childhood obesity, as recommended by the International Obesity
Task Force [18]. General exclusion criteria were: history or presence of premature
cardiovascular or metabolic disease in a first-degree family member, active smoking, regular
intake of any medication, pubertal status lower than Tanner stage 2, and not willing to take
VD supplementation. Specific exclusion criteria were: weight loss higher than 5% of their
total weight during the previous 3 months for adolescents with obesity, and body mass index
(BMI) above the 90" percentile for their sex and age for adolescents with normal weight. To
minimize the potential moderating effect of physical activity, adolescents who participated in

extra-school sport activities more than three hours per week were also excluded.
Study Design

Adolescents with obesity (n=36) who voluntarily accepted to follow a 3-month weight loss
program (diet and exercise training) at a pediatric weight-management center were asked to
participate in a double-blind, randomized, placebo-controlled clinical study, from April 2015
to July 2015 (1% group) and from April 2016 to July 2016 (2" group). Seven adolescents
refused to participate, two were considered ineligible for medical reasons, and one arrived
after the program start date. Finally, 26 adolescents were recruited and 24 (10 males and 14
females) completed the study. Adolescents with obesity were randomized by blocks of
random size (2 or 4), with a 1:1 ratio in two arms: (1) supplementation with 4000 IU/day of
VD3 (Uvedose 100000 UI/2 mL, Crinex laboratory, France) given in a fruit juice (n=13; OS
group); and (2) no VD3 supplementation in the fruit juice (n=13; ONS group). It has been
shown that VD3 is equally bioavailable in orange juice and capsules [19]. The randomization

list was generated with the SAS software, version 9.4. The inclusion of adolescents with
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obesity was managed with the INCLUSIO software, developed by Nimes University Hospital

(France), and using a secure individual connection (login and password).

All adolescents with obesity followed the same moderately hypocaloric diet (reduction of 300
to 500 calories per day) based on a balanced intake of carbohydrates (55%), proteins (15%),
and lipids (30% in total, with less than 10% of saturated fats)[16]. During the 3-month
program, exercise training consisted in supervised moderate-to-vigorous intensity exercise for
180 min/week. Each session mostly involved aerobic exercise, including training circuit,
boxing, basket-ball and Nordic walk, with alternating short periods of high-intensity exercise

interspersed among periods of lower intensity, as previously described [20].

The 23 healthy adolescents with normal weight were recruited from the community to serve

as controls at baseline and after the 3-month program.

The study protocol was approved by the local Ethics Committee and was performed in
accordance with the principles outlined in the Declaration of Helsinki. Informed consent was

obtained from all adolescents and their parents.
Dietary assessment

All participants were asked to complete a three-day dietary record to assess the total energy
dietary intake, and a food-frequency questionnaire containing calcium- and VD-related

nutrients to determine their usual dietary intake pattern.
Outcome measures
Anthropometric data and body composition

Anthropometry and body composition were assessed at baseline and after the 3-month
intervention. BMI was calculated as weight in kilograms divided by height in squared meters
(kg.m). The BMI z-scores were also calculated. Adolescents with obesity underwent dual-

energy X-ray absorptiometry (QDR 2000 — Discovery, Hologic, Bedford, MA) before and
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after the 3-month program, and controls only at baseline. Body fat mass and abdominal fat

mass were reported [18]. Skin tone was categorized in light, medium and dark [3].
Aerobic fitness test

Only adolescents with obesity performed the 20-meter shuttle run test [21]. The initial
running speed was set at 8.0 km.h'* and was increased by 0.5 km.h each minute. Adolescents
were instructed and encouraged to complete as many stages as possible until volitional
exhaustion. The maximal heart rate (Polar) at the end of the test and the number of shuttles

(20 m) were recorded.
VD, PTH and calcium status, cardiometabolic risk factors, and inflammatory status

25(0OH)D, parathyroid hormone (PTH), and calcium, glycemia, insulin, lipid profile
(triglycerides, TG; total cholesterol; high-density lipoprotein cholesterol, HDL-C; low-density
lipoprotein cholesterol, LDL-C), inflammatory (ultrasensitive C-reactive protein, hs-CRP;
tumor necrosis factor, TNF; interleukin-6, IL-6; leptin), and anti-inflammatory (adiponectin)
markers were measured in venous blood samples collected after overnight fasting at baseline
and after the 3-month program (24h after the last training session for adolescents with
obesity). Total 25(0OH)D concentrations were determined by the electrochemiluminescence
immunoassay (ECLIA) method, using Roche Diagnostics Kits (Roche Elecsys vitamin D
total). Free form of 25(OH)D was quantified by ELISA (DIAsource ImmunoAssays,
Louvain-La-Neuve, Belgium). According the Committee on Nutrition of the French Society
of Paediatrics, VD insufficiency corresponds to 25(OH)D levels <50 nmol/L [22]. Hs-CRP,
TNF and IL-6 were measured using commercially available ELISA kits purchased from R&D
systems (Minneapolis, USA) according to the manufacturer’s specifications. LDL-C was
calculated using Friedwald formula (LDL-C (mmol/l) = total cholesterol (mmol/L) — HDL-C
(mmol/L) — TG (nmol/L) x 0.5). Insulin resistance was expressed by using the homeostasis

model assessment of insulin resistance index (HOMA-IR = glycemia (mmol/L) x insulinemia
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(mU/L)/22.5) [23]. Hs-CRP, TNFa, IL-6, adiponectin and leptin were measured in serum
samples using commercially available Elisa kits from R&D Systems (Minneapolis, USA),
according to the manufacturer’s specifications. For analysis of hs-CRP, adiponectin and

leptin, serum samples were diluted 1:100 with sample diluent prior to analysis.

Statistical analysis

All statistical analyses were performed using the free R software (R Core Team 2017. R: A
language and environment for statistical computing. R Foundation for Statistical Computing,
Vienna, Austria. URL https://www.R-project.org/). All variables were expressed as medians
and their associated dispersion index, such as 1%t and 3" quartiles. As our sample included 26
adolescents with obesity (and 23 control teenagers) divided in two balanced groups (OS and
ONS), and due to the fact that variables were not normally distributed (even after a log-
transformation to approximate normality), non-parametric tests were used. Differences in
baseline characteristics between the normal-weight and obesity groups, and between the OS
and ONS groups were compared using the Wilcoxon exact test implemented in the {coin}-R

package [24][25].

The delta change rates (A) in all adolescents with obesity and in the OS and ONS groups were
analyzed using Spearman’s correlations. Bivariate associations between A25(OH)D, APTH
APTH/25(0OH)D and A variables were determined by calculating the Spearman’s correlation

coefficients. A p-value <0.05 was considered statistically significant.
Results
Baseline characteristics

At baseline, normal-weight controls and adolescents with obesity were matched for age, sex,
and Tanner stage (Tables 1 and 2). 25(OH)D levels was lower (44.2+13.8 vs 61.1+12.9

nmol/L, p<0.05), and the rate of VD insufficiency (25(OH)D levels <50 nmol/L) was higher

10
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(73% vs 22%) in adolescents with obesity than in normal-weight controls. Although systolic
and diastolic blood pressure (SBP and DBP) were higher and lower, respectively, in
adolescents with obesity than in controls, no case of hypertension was reported (Table 1).
Insulin, HOMA-IR and TG also were higher (+116%, +113% and +43%, respectively), HDL-
C levels were lower (-33%), and the TG/HDL-C ratio was higher in adolescents with obesity
than in controls. The mean of TG/HDL-C ratio in adolescents with obesity was higher than
the cut-off previously defined as a metabolic syndrome indicator in children [26]. The insulin
values in the obesity group were above the threshold (>100 pmol/L), defined as ‘at risk’’ by
Delvin et al [27]. No significant difference was observed for calcium, resting heart rate, and
LDL-C between groups. However, hs-CRP, IL-6 and leptin levels were higher and

adiponectin levels were lower in adolescents with obesity than in controls.

11
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Table 1: Baseline characteristics of participants

All adolescents with obesity Controls with normal weight P value
Characteristics (n=26) (n=23) Obesity v normal weight
Age (years) 144+ 16 148+15 0.324
Sex (M-F) 10-16 10-13 0.728
Tanner stage 3608 34+10 0.358
BMI (kg.m?) 33832 19.6 +2.4 <0.0001
BMI z-score 40+0.6 02+0.8 <0.0001
Fat mass (%) 41.3+4.2 22.7+6.8 <0.0001
Abdominal fat mass (kg) 43.1+3.6 227+8.1 <0.0001
Lean mass (kg) 53.0+7.5log 39276 <0.0001
25(0H)D (nmol/L) 442+138 61.1+12.9 <0.001
Free 25(0OH)D 3.923+0.843* 4.685+ 0.866* 0.06
25(0OH)D deficiency (<37.5 nmol/L) 8 0 -
25(0OH)D insufficiency (<50 nmol/L) 18 5 -
Calcium (mmol/L) 2.28 £0.06 2.28 £0.08 0.735
PTH (pmol/L) 410+1.38 459+1.48 0.310
SBP (mmHg) 114.0+9.8 103.8+7.0 <0.001
DBP (mmHg) 615+ 5.1 65.6+ 6.1 0.007

12
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MBP (mmHg) 794+ 57 79.0+ 55 0.833
Resting heart rate (bpm) 66.5+ 11.1 634+ 7.0 0.640
Number of 20 m 36.1+ 13.0 log - -
Maximal heart rate (bpm) 196.3+ 9.8 - -
Insulin (UT/L) 133.11 +58.92 61.44 +30.80 <0.0001
HOMA-IR 47 +23 220 £1.12 <0.0001
HbAlc (%) 5.37 £0.37 525 +£0.25 0.099
Triglycerides (g/L) 0.87 £0.34 0.61 £0.23 <.0001
HDL-C (g/L) 0.43 +0.11 0.65 +0.16 <0.0001
LDL-C (g/L) 1.00 £0.31 0.93 +0.18 0.754
TG/HDL 221 £1.27 0.97 £0.50 <0.0001
Hs-CRP (mg/mL) 7.28 +5.08 1.61 +2.63 <0.0001
IL-6 (pg/mL) 2.33 £0.65 0.98 +0.66 <0.0001
Adiponectin (pg/mL) 2.36+0.48 258 £041 0.025
Leptin (ng/mL) 29.00 +12.94 6.28. +4.77 <0.0001

BMI, body mass index based; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; 25(OH)D, 25-hydroxyvitamin D; HOMA-IR,
homeostasis model assessment-insulin resistance index; HbAlc, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; hs-CRP, ultrasensitive C-reactive protein; IL-6, interleukin 6.

* free vitamin D n=21 for obese adolescents and 22 for normal weight adolescents. Significant p-values are written in bold.
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Comparison of the baseline characteristics in the OS and ONS groups (Table 2) showed that the clinical and metabolic variables were comparable
between groups, but for PTH, DBP, insulin, and particularly the HOMA-IR index that was higher than 3.16 in the OS groups, suggesting insulin

resistance [28].

Table 2: Changes in clinical and metabolic variables after the 3-month intervention in the OS and ONS groups

Characteristics Time 0S (n=13) ONS (n=13) P value
Mean Median P25 P75| Mean Median P25 P75 TO T3vsTO T3vsTO T3
oS ONS
(Os vs Osvs
ONS) ONS)
Age (years) TO 1411 1421 1321 14.70| 14.49 14.00 13.21 16.69 0.820
Sex (M-F) TO 5-8 5-8
Tanner stage TO 3.7 35
Anthropometry
BMI (kg.m2) TO| 34.01 33.80 3130 36.50| 33.47 3270 3120 35.00 0.765 <0.001 <0.001 0.722
T3| 31.06 31.60 29.35 32.90| 30.69 30.10 29.30 32.40
BMI z-score TO 4.10 3.98 3.36 4.69 4.00 4.01 345 455 0.876 <0.001 <0.001 0.619
T3 3.69 3.68 3.04 4.27 3.55 3.52 326 384
Fat mass (%) TO| 42.00 4190 4035 43.60| 40.72 4110 36.80 43.50 0.522 <0.001 <0.001 0.638
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T3 37.5 38.3 35.3 39.4| 36.67 36.00 33.50 40.80
Abdominal fat mass (kg) TO 8.33 8.41 8.04 8.90 7.96 7.86 6.26  9.09 0.531 <0.001 <0.001 0.765
T3 6.97 6.82 6.63 7.45 6.53 7.05 528 7.65
Lean mass (kg) TO| 54.61 5268 5129 59.62| 51.90 50.40 44.03 57.73 0.303 0.218 0.399 0.331
T3| 54.22 52.15 50.10 59.30| 51.49 50.62 4550 58.02
VD and associated factors

25(0OH)D (nmol/L) TO| 48.27 4400 38.00 56.00| 4133 3450 32.00 50.50 0.183 <0.001 <0.001 0.023
T3| 74.73 70.00 6350 8350| 5654  56.00 46.00 68.00
PTH (pmol/L) TO 4.48 4.40 3.45 5.55 3.34 2.95 2.68  3.63 0.021 <0.001 <0.001 0.145
T3 3.95 3.70 3.40 4.15 3.29 2.80 270  3.80
Calcium (mmol/L) TO 2.30 2.29 2.27 2.34 2.28 2.26 222 235 0.502 0.990 0.990 0.853
T3 2.32 2.32 2.27 2.38 231 2.33 2.28 2.33
Cardiometabolic factors

SBP (mmHg) TO| 11550 119.00 106.50 123.00| 113.80 113.00 106.00 120.00 0.540 0.104 0.099 0.161
T3| 116.80 117.00 109.00 122.50| 109.80 111.00 105.00 114.00
DBP (mmHg) TO| 59.30 50.00 57.00 60.00| 63.38 61.00 59.00 67.00 0.050 0.040 0.030 0.062
T3| 57.56 57.00 56.00 58.00| 60.31 61.00 58.00 63.00
MBP (mmHg) TO| 74.43 76.70 7265 81.15| 80.17 78.70  76.00 84.30 0.246 0.030 0.030 0.366

T3| 76.14 7470 7370 78.00| 76.82 77.70  75.00 79.00
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Resting HR (bpm) TO| 6700 6800 64.00 73.00| 66.08 63.00 57.00 72.00 0.484 <0.001 <0.001 0.167
T3| 59.14 56.00 5450 64.00| 5267 5000 4575 55.75
Maximal HR (bpm) TO| 19610 19450 19150 203.00| 19650 198.00 190.00 206.00 0.939 0.674 0.467 0.098
T3| 19270 198.00 182.00 202.00| 201.40 202.00 198.00 206.50
Glycemia (mmol/L) TO| 477 480 440 520 447 450 400 4.90 0.121 0.175 0.210 0.396
T3| 467 480 460  4.90| 456 460 440 4.90
Insulinemia (mMUI/L) TO| 17470 17260 14110 190.10| 99.09 9255 83.60 116.80 0.003 <0.001 <0.001 0.010
T3| 103.60 10850 82.45 119.60| 73.85 66.30 50.40 89.40
HOMA-IR To| 626 620 490 7.10| 335 335 280 3.95 0.002 <0.001 <0.001 0.006
T3| 357 340 305 420| 255 220 180 3.0
Triglycerides (g/L) TO| 102 091 066 114 08 080 059 094 0.521 <0.001 <0.001 0.966
T3| 068 054 044 090| 062 062 046 076
Cholesterol total To| 165 162 156 184 164 156 140 1.89 0.679 <0.001 <0.001 0.467
T3| 136 134 128 146 135 125 121 146
HDL-C (g/L) TO| 040 040 034 042 047 046 039 051 0.102 0.201 0.115 0.432
T3| 041 043 037 046 044 047 033 051
LDL- C (g/L) To| 105 109 085 123| 100 099 078 1.20 0.541 <0.001 <0.001 0.484
T3] 081 079 074 091| 078 073 064 0.83

TG/HDL-C TO 2.82 2.28 1.56 3.22 2.00 1.83 116 254 0.331 <0.001 <0.001 0.910
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T3 1.77 1.34 0.97 2.24 1.55 1.42 0.96 1.81
Inflammatory status

Hs-CRP (mg/mL) TO 9.40 7.91 526  13.13 5.86 4.37 274 9.61 0.173 <0.001 <0.001 0.046
T3 5.35 6.52 1.86 7.75 1.81 1.77 0.82 2.26
TNF (pg/mL) TO 1.43 1.37 1.19 1.69 1.21 1.24 1.00 1.32 0.264 <0.001 <0.001 0.173
T3 1.19 1.18 1.16 1.35 1.03 1.02 0.91 1.14
Adiponectin (ug/mL) TO| 2.09 218 176  285| 259 234 166  3.40 0.511 0.312 0.937 0.558
T3 2.19 241 1.66 3.13 2.60 2.48 193 342
IL-6 (pg/mL) TO 3.03 2.69 251 2.89 2.20 2.33 1.67 2.72 0.219 <0.001 <0.001 0.086
T3 1.94 1.78 1.64 2.26 1.39 1.23 0.92 1.67
Leptin (ng/mL) TO| 34.61 3198 2132 44.02| 27.32 23.08 17.64 30.78 0.260 <0.001 <0.001 0.487
T3| 18.77 15.16 8.75 32.13| 14.24 12.78 8.11 2220
Physical performance

Number of 20 m TO| 34.30 30.00 2525 4350| 3769 36.00 27.00 46.00 0.820 <0.001 <0.001 0.616

T3| 49.50 49.00 36.50 56.00| 53.36 57.00 37.50 59.50
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Changes in clinical and metabolic variables after the 3-month intervention in the OS

and ONS groups

As expected for lifestyle interventions, anthropometric variables (BMI, BMI z-score, fat mass
and abdominal fat mass) were significantly and similarly reduced in both groups (OS and
ONS) after the 3-month weight-loss program compared with baseline (Table 2). Serum
25(0OH)D was significantly increased without any significant difference between groups (59%
vs 43%), possibly due to increased sun exposure and outdoor physical activity. Indeed, serum
25(0OH)D also increased (+20%, data not shown) in the group with normal weight. However,
adequate 25(0OH)D levels (>50 nmol) at the 3-month follow-up were detected in all
adolescent in the OS group, but only in 46% of adolescent in the ONS group. Moreover, PTH
was significantly decreased in the OS group, but not in the ONS group. After the 3-month
program, all cardiometabolic variables were improved in both groups. Although the HOMA-
IR was strongly reduced in both groups (-45% in OS, p<0.001 and -34%, in ONS, p<0.001), it
was still significantly different between groups. Indeed, it was below 3.16, the cut-off for
insulin resistance [28], in all adolescents of the ONS group, but only in the first quartile of the
OS group. The lipid profiles were similarly improved in both groups with reduced TG (-41%
and -22%, respectively), total cholesterol (-17% and -20%), and LDL-C (-27.5% and -26%)
levels compared with baseline (p values <0.001 for all lipid variables), but for HDL-C. The
intervention also reduced the inflammatory marker levels in both groups: hs-CRP (-17% and -
59%, respectively; p = 0.046 between groups), TNF-a (-14% and -18%), IL-6 (-34% and -

47%; p=0.086 between groups) and leptin (-53% and -44%; p values <0.001).

Correlations between changes in 25(OH)D, PTH or PTH/25(OH)D ratio and

cardiometabolic variables in adolescents with obesity and VD deficiency.
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When the analysis was restricted to all the adolescents with obesity and baseline VD
insufficiency (25(OH)D <50 nmol/L; n=18, 9 OS and 9 ONS), the change ([J[1in 25(0OH)D
between baseline and the end of the intervention was strongly and negatively correlated with
the JTG/HDL-C ratio (r =-0.7, p<0.001). Similarly, the CJPTH/25(OH)D ratio was negatively
correlated with the (1BMI z-score (r =-0.51, p<0.04), and [JSBP (r=-0.53, p 0.03). These

correlations were maintained after adjusting for sex and skin tone (data not shown).

In the nine adolescents of the OS group, the strongest correlations were obtained between
[OJPTH and JPTH/25(OH)D ratio and [1DBP (r= -0.86 p = 0.01) and [IMBP (r = -0.89 p

<0.001). Moreover, [JPTH was correlated with [JCRP (p 0.02).

In the nine adolescents of the ONS group, [OPTH and [JPTH/25(OH)D ratio were not
correlated with CJDBP or [IMBP. Conversely, [JPTH was significantly correlated with
changes in glycemia and HOMA-IR, and [JPTH/25(OH)D ratio was correlated with the

change in glycemia. These correlations were not found in the OS group.

Discussion

The present study confirms that pediatric obesity impairs many clinical and cardiometabolic
variables. Notably, we found in adolescents with obesity enrolled in a lifestyle program a
higher prevalence of insulin resistance, higher TG/HDL-C ratio and inflammatory status
compared with adolescents with normal weight. An increase in the TG/HDL-C ratio can be
used to predict increased arterial stiffness in young subjects who have developed obesity, as
previously suggested [26]. In our study, the insulin and HOMA-IR values of adolescents with
obesity were above the unfavorable thresholds established by Delvin et al [27] and Keskin et
al [28] (i.e. >100 pmol/L and >3.16, respectively). As other previous cross-sectional studies
[29][30][31], low serum 25(OH)D concentrations were associated with obesity in adolescents.

In our study, 70% of adolescents with obesity had baseline 25(OH)-D concentrations lower
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than 50 nmol/L (equal to 20 ng/mL), which defines deficiency according to the French
guidelines [32]. Obesity-related VD insufficiency could be explained by many factors: sun
underexposure, inadequate intake of VD-rich foods and beverages, genetic factors [33],
sequestration of this fat-soluble vitamin, and its volumetric dilution [34][35]. Cutaneous VD
production varies according to the latitude, season, skin pigmentation, frequency and the time
of sun exposure, type of clothing... Generally, children with obesity are not sufficiently
exposed to sunlight. Moreover, foods rich in VD, such as fatty fish, are rarely eaten by
children, as confirmed in our study (data not shown). The sequestration hypothesis postulates
a decreased VD bioavailability from cutaneous and dietary sources because of its storage in
body fat compartments. The volumetric dilution is more related to the greater distribution
volume of 25(OH)D in the tissue mass of individuals with obesity [13]. Both VD storage and
dilution in the body fat mass make VD physiologically unavailable for circulation in the blood
and for transformation into its biologically active form in the liver and kidneys. Suboptimal
VD status has been associated with abnormalities in metabolic regulation (insulin resistance,
hyperlipidemia, and hypertension) in children [36][37]. Although many cross-sectional
studies indicate that VD might have a beneficial role in obesity and associated diseases, the

causality has not been demonstrated yet.

Our finding that 25(0OH)D levels as total and free were increased also in the ONS group after
the 3-month lifestyle program suggests a possible release of VD during weight loss in the
absence of VD supplementation. Previous studies also reported increased circulating
25(0OH)D levels in adults with obesity after adiposity loss through lifestyle interventions
without VD supplementation [14]. Note that our study was carried in the South of France
from April to July, and the increased sun intensity/exposure during the spring/summer months
could have contributed to endogenous VD biosynthesis. This hypothesis was validated by
finding that the mean 25(OH)D level in the control group also was increased by 20% (data not

shown) at the end of the same 3-month period. Nevertheless, satisfactory 25(OH)D plasma
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levels (close to 75 nmol/L) were observed only in the OS group at the end of the intervention,
in accordance with studies reporting the efficacy and safety of 4000 1U VD [5]. Moreover, the
significant decrease in PTH observed in our study with a dose of 4000 IU VD is in agreement
with the results reported by Bhagatwala et al [38] in African Americans with
overweight/obesity and suboptimal vitamin D status. Lower doses do not have any significant

effect on PTH and 25(OH)D levels.

In the adolescents with baseline vitamin D deficiency (25(OH)D <50 nmol/L), the 3-month
lifestyle program significantly improved the PTH/25(OH)D ratio and this change was
negatively correlated with the BMI z-score. The increase in 25(OH)D was not correlated with
fat mass loss (p value close to 0.1), while previous studies reported a significant linear
increase in circulating 25(OH)D levels as a function of the adiposity volume loss in adults
with obesity [39][40]. Although blood pressure was within the normal values in both OS and
ONS groups, the 25(OH)D increase was significantly correlated with the decrease of DBP and
MBP in the OS group. Conversely, a previous interventional trial did not find any change or
difference in SBP and DBP [41]. However, in other studies including adolescents, 25(OH)D
deficiency was associated with elevated DBP [42][43]. Petersen et al. [44] showed that each
10 mmol/L serum 25(OH)D increase is associated with a decrease of DBP (—0.3 mmHg, 95%
confidence interval —0.6, —0.0) (P = 0.02), independently of the fat mass index. The meta-
analysis by Withman et al. [45] on 11 randomized trials in adults showed a small reduction in
DBP in adults with hypertension and receiving VD supplementation. VD level increase has
been associated with PTH decrease, and higher serum PTH concentration was linked to
impaired endothelial function. This suggests that the circulating PTH level could be
associated with higher hypertension risk through different potential molecular mechanisms
[46], and a reduction of the PTH/25(OH)D ratio could be taken as an indicator of reduced

cardiovascular risk.
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Our study did not find any additional effect of VD supplementation on glycemia and
estimated insulin resistance expressed by HOMA-IR, while insulin sensitivity is improved by
this intervention [47]. Our result is in agreement with an intervention trial (VD
supplementation and resistance exercise training) in adults with overweight and obesity [48] .
The presence of a significant effect on glycemia and HOMA-IR also in the ONS group
indicates that a lifestyle program can on its own improve glucose metabolism. A recent meta-
analysis on different populations (adults, people with obesity, women...) showed that there is
a non-linear association between VD status and fat mass percentage in a dose-effect analysis,
without any beneficial effect with VD doses higher than 2000 Ul [49]. This suggests that the
high dose of VD used in our study could explain the absence of additional effects related to

this supplementation. Future studies should evaluate the dose-effect relationship.

VD supplementation did not have any additional effect on lipid metabolism, in contrast with
results previously reported in children with severe obesity, where 25(OH)D concentrations

have been positively associated with HDL-C levels [50].

Finally, although hs-CRP reduction was more important in the ONS group, we found a
positive association between changes in PTH concentrations and in the PTH/25(OH)D ratio
and changes in hs-CRP levels in the OS group (p=0.02 and 0.07 respectively). It has been

reported that VD has anti-inflammatory actions [51].

Our study has several limitations: the relatively small size of our cohort that included both
girls and boys; only the OS group showed signs of insulin resistance at baseline; the use of a
single-dose supplementation; and the assessment of serum parameters only at two time points.
Unfortunately, we did not measure the active metabolite 1,25(0OH)2D and 25-hydroxylase

activity, and also we did not assess the synthesis of vitamin D-binding proteins.

22


https://doi.org/10.20944/preprints201908.0105.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 August 2019 d0i:10.20944/preprints201908.0105.v1

Our study protocol has also some strengths because dietary intake (VD, calcium), seasonality,
and sun exposure time were the same in both OS and ONS groups. We controlled for the

pubertal status because it may play a role in changes in BMI, lipid and glucose levels.

In conclusion, the combination of exercise, including recreational intermittent physical
activities, and healthy diet has strong positive effects on different cardiometabolic parameters.
VD supplementation (4000 1U) allowed improving 25(OH)D concentration, but did not have
any additional beneficial effects on cardiometabolic factors and associated factors. It could
contribute to improving the inflammation status and blood pressure by reducing PTH levels.
More studies are needed to specify the dose-effect relationship and with longer VD

supplementation in larger samples of adolescents with obesity.
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Table 3: Correlations between the changes in 25(OH)D, PTH, PTH/25(OH)D and the changes in anthropometric, cardiometabolic, inflammatory,
and physical activity parameters (significant correlations in bold; NS: not significant) in 18 adolescents with obesity and VD deficiency (9 0S and 9

ONS).
BMI (kg.m2) BMI z-score Fat mass (%) Abdominal fat | | ean mass (kg) Calcium SBP (mmHg) DBP (mmHg) MBP (m
mass (kg)
r p r p r p r p r p r p r p r p r

A 25(0H)D

All -0.13 NS 0.35 NS -0.41 NS 0.21 NS 0.13 NS -0.39 NS 0.33 NS 0.17 NS 0.21

0S -0.56 NS 0.5 NS -0.67 0.1 -0.16 NS -0.11 NS -0.52 NS 071 007 | 075 005 | 0.83

ONS 0.15 NS 0.18 NS -0.10 NS 0.33 NS 0.39 NS -0.48 NS 0.08 NS -0.22 NS 0.05
APTH

All 0.15 NS -0.3 NS 0.43 0.1 0.03 NS -0.11 NS 0.23 NS -0.22 NS -0.2 NS -0.21

0s 0.07 NS -041 NS 0.11 NS -0.18 NS 0 NS 0.18 NS -0.43 NS -0.86 0.01 -0.89

ONS 0.26 NS -0.03 NS 0.6 0.09 0.35 NS -0.28 NS 0.26 NS 0.1 NS 0.63 0.07 0.26
A PTH/25(0H)D

All -0.05 NS -0.51 0.04 | 0.36 NS -0.11 NS -0.33 NS 0.32 NS -0.53 0.03 | -0.36 NS -0.44

0s 0.43 NS -0.37 NS 0.46 NS 0.14 NS 0.04 NS 0.39 NS -0.67 0.1 -0.85 0.02 -0.89

ONS -0.29 NS -0.45 NS 0.23 NS -0.08 NS -0.52 NS 0.27 NS -0.28 NS 0.13 NS -0.27
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