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Abstract

Introduction This study aimed to evaluate, for the first time, the bone profile of adult women and men with and without
normal-weight obesity (NWO) syndrome and its association with bone health-related nutrient intake, anthropometry, and
body composition.

Materials and methods This was a cross-sectional study of adults aged between 20 and 59 years with normal body weight,
separated according to body fat (BF) percentage into NWO and non-NWO syndrome groups. BF>30% and > 19% were
considered high for women and men, respectively. Socioeconomic, physical activity, food consumption, anthropometric, and
body composition data were evaluated. Student's 7-test or Mann—Whitney test and Pearson's X2 or Fisher's exact tests were
applied for comparisons. Multiple linear regression models were developed, with bone parameters as the dependent variables
and anthropometric, body composition, and food consumption data as the main independent variables.

Results The sample consisted of 224 adults (69.2% women) with a median (interquartile range) age of 23 (21-25) years, 71%
of whom had NWO syndrome. Compared with women, a higher percentage of men had a lower-than-expected spinal bone
mineral density (BMD) Z-score for age (10%; p=0.0214). Bone parameters were similar between groups. Spinal BMD was
negatively associated with male sex and positively associated with body weight. The femoral BMD was negatively associ-
ated with BF percentage and positively associated with body mass index.

Conclusion The negative association of BMD with BF percentage may suggest a higher risk of bone alterations in individu-
als with NWO syndrome and should be monitored over time.

Keywords Body composition - Obesity - Bone densities - Food consumption

Introduction

Due to the inability of body mass index (BMI) to differenti-
ate between the amount and distribution of body fat (BF) and
lean mass, normal-weight obesity (NWO) syndrome is char-
acterized by normal BMI but excess BF [1]. Despite having
a normal body weight, individuals with NWO syndrome are
at an increased risk of developing nutrition-related chronic
non-communicable diseases (NR-NCCD), such as hyper-
tension, dyslipidemia, type 2 diabetes, and cardiovascular
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diseases. In addition, mechanical and bone changes may be
more prevalent in these individuals [1-5].

The mechanisms explaining how excess BF affects and
alters bone quality have not been clearly elucidated yet.
Lean body mass seems to be positively associated with
bone mineral density (BMD) as well as structural strength
during childhood and adolescence [6]. However, excess BF
correlates negatively with lean body mass and BMD [6, 7].

Several factors, such as (epi)genetics, hormones, race,
physical activity levels, intercurrent diseases, prolonged
use of medication, body composition, and diet, influence
bone maturation at the end of the second and beginning of
the third decade of life [8]. Most of these factors contribute
in varying proportions to both bone maintenance and bone
loss in adulthood [9]. Nutrients, such as proteins, calcium,
vitamin D, and magnesium, affect the gain and maintenance
of bone mass [6]. Therefore, an adequate intake of these
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nutrients can alleviate the long-term risk of osteoporosis,
whereas a diet rich in highly processed foods, which lack
protein and other essential nutrients, can be deleterious
[7-10]. Thus, both body composition and the diet can deter-
mine an individual’s bone health throughout their life.

To the best of our knowledge, the bone health of adults
with NWO syndrome has not been studied. The aim of our
study was to evaluate the bone profile of adult women and
men with NWO syndrome and their counterparts (normal
BMI and BF: non-NWQ), as well as its association with
diet and anthropometric and body composition markers. We
hypothesized that individuals with NWO syndrome have an
unfavorable bone profile compared with those without the
syndrome, and that the diet and anthropometric and body
composition variables would be negatively associated with
bone quality.

Material and methods
Study design and ethics

This was an observational, analytical, and cross-sectional
study, wherein participants were recruited through the dis-
tribution of folders, social media advertisements, and emails
sent to individuals in the academic (students and professors)
and non-academic (employees) communities of the Federal
University of Goids, Brazil.

This study was conducted in accordance with the guide-
lines of the Declaration of Helsinki [11] and its amendments.
All the procedures were approved by the Ethics Commit-
tee of the Federal University of Goiés (protocol number:
2.772.022). Written informed consent was obtained from
all the participants.

Inclusion and exclusion criteria

Individuals from the university community at the Federal
University of Goids, aged between 20-59 years with a
normal BMI (18.50-24.99 kg/m?) [12], were included in
the study and separated into two groups: individuals with
increased BF percentage (>30% for women [1] and > 19%
for men [13])—the NWO group—and individuals with a
normal BF percentage—the non-NWO group. The cut-off
points for BF percentage were chosen from previous studies
analyzing individuals with NWO, considering the age group
for men [1] and the value established in the first study with
NWO for women [13].

We excluded individuals who had metallic implants, limb
amputations, consumed drugs or vitamin/mineral supple-
ments, were undergoing nutritional treatment, had changed
their usual diet 6 months before the study (and intention-
ally or unintentionally experienced weight changes), women

who were pregnant, breastfeeding, menopausal, or on hor-
mone replacement therapy, individuals who self-reported
acute clinical conditions, such as infection, inflammation,
fever, diarrhea, or chronic diseases, such as diabetes melli-
tus, moderate/severe systemic arterial hypertension, cancer,
and rheumatoid arthritis. Smokers and athletes were also
excluded.

Sampling and data collection

Non-probability convenience sampling [14] was adopted.
The final sample set consisted of 224 individuals and data
from all individuals were used in this study. Among the
224 participants, 159 (71%) were segregated into the NWO
group and 65 (29%) into the non-NWO group (Fig. 1).

Data were collected at the School of Nutrition and
through telephone and email communications between Janu-
ary and July 2019. The data collection process involved the
following steps: (1) general dissemination of information
about the study; (2) application of a face-to-face checklist for
the inclusion and exclusion criteria, measurement of weight
and height for BMI classification, application of question-
naires to obtain sociodemographic, lifestyle, and health
information, collection of the first 24-h food recall (R24h),
anthropometric assessment, and dual-energy X-ray absorpti-
ometry (DXA) examination; (3) collection of the second and
third R24h via phone calls [15] 15 days after the evaluations;
and (4) dissemination of the results to all participants.

A standardized questionnaire was designed to collect
socioeconomic and demographic data, including sex, age,
and self-reported skin color (yellow, white, black, and
brown). To determine the economic class, the Economic
Classification Criterion of the Brazilian Association of
Research Companies [16] was used. The short version of
the International Physical Activity Questionnaire, validated
in Brazil, was used to assess the participants' level of physi-
cal activity [17].

Anthropometry, body composition, and bone profile

Anthropometric measurements were performed by two
trained researchers using standardized techniques [19].
Weight, height, BMI, and waist and hip circumferences were
measured in this study. Weight was measured using a digital
scale (Filizola Shop, Sdo Paulo, Brazil) with a maximum
load of 150 kg and an accuracy of 0.1 kg. Height was meas-
ured using a Seca® stadiometer (Seca Deutschland, Ham-
burg, Germany) with a maximum range of 220 cm and an
accuracy of 0.1 cm. Circumferences were measured in dupli-
cate using a Seca® body measure tape (Seca Deutschland,
Hamburg, Germany) with a length of 200 cm and a precision
of 1 mm.
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Fig. 1 Flowchart of the sam-
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Body composition and bone markers were assessed by
a specialized technician, with the help of a third researcher
using DPX NT Lunar® DXA equipment (General Electric
Medical Systems, Madison, USA), following the recommen-
dations of the International Society for Clinical Densitom-
etry (ISCD) [20, 21]. By scanning the total body (except
the head), the total BF percentage and appendicular lean
mass (ALM) were estimated. The ALM was calculated as
the sum of the lean soft tissue of the limbs minus the bones.
The ALM index (ALMI) was calculated as ALM/height?
(kg/m?) [21].

To evaluate the bone markers, the BMD of the lumbar
spine (L1 to L4 vertebrae; g/cm?) and right femoral neck
(mg/m?) was obtained [9, 22]. To classify low BMD in pre-
menopausal women and men aged < 50 years, the World
Health Organization (WHO) and ISCD recommend the
use of the Z-score with ethnic adjustments. Therefore, we
applied the cut-off points for Z-score classification “below
the expected range for age” when Z < —2.0 and “within the
expected range for age” when Z>—2.0 [9, 21]. Z-score val-
ues were the primary outcomes of the study and were ana-
lyzed as categorical variables.

Bone health-related nutrient intake

Three R24h were used to assess the usual diet. The first
R24h was applied face-to-face during the first appointment
using a photographic manual and home-measuring instru-
ments. To collect more accurate information on food con-
sumption, we followed the multiple pass method (MPM)
[23]. The other two R24h were collected on non-consecutive
days via phone calls within a maximum period of 15 days,
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including one weekend day and following the MPM [15,
24, 25].

Information on food intake was converted into measures
of mass (g)/volume (mL), and the three R24h were evalu-
ated using the Nutrition Data System for Research software
(University of Minnesota, Nutrition Coordinating Center,
Minneapolis, USA). When necessary, the mean nutrient
values were adjusted according to the residual method [26].

Statistical analysis

Double-entry databases were constructed to check for con-
sistency. Data distribution was analyzed using the Shap-
iro—Wilk test. Data are presented as mean =+ standard devia-
tion, median (interquartile range [IQR]), or absolute and
relative frequencies (%).

Differences between groups and between men and women
were analyzed using Student's #-test or Mann—Whitney test
for independent samples and Pearson's x * test or Fisher's
exact test. Missing values were verified and excluded from
the intergroup comparisons. To assess bone parameters
related to spinal and femoral BMD, data were analyzed as
continuous and categorized as Z-scores, according to the
ISCD guidelines [21].

Multiple linear regression models were built to assess the
associations between independent and dependent variables.
For adjustments, backward or stepwise strategies were tested
according to the lowest value of the Akaike Information Cri-
terion (AIC), a relative measure of the goodness of fit of
a statistical model [27]. Backward and stepwise are auto-
mated variable selection techniques used in multiple linear
regression that aim to identify the most important predictor
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variables to include in the model. While we acknowledge
that these strategies are not without limitations, they do offer
several benefits over the manual selection of variables.

The dependent variables included BMD (mg/cm?) of
the femoral neck and BMD (g/cm?) of the lumbar spine.
Qualitative independent variables included the classifica-
tion into NWO and non-NWO syndrome groups (yes/no),
sex (female/male), and skin color (yellow, white, black, or
brown). The quantitative independent variables included the
level of physical activity, age, weight, waist and hip circum-
ferences, BF percentage, ALM, and ALMI, as well as the
intake of carbohydrates, fats, protein, calcium, magnesium,
phosphorus, vitamins D, K, C, and folate, caffeine, phytic
acid, and oxalic acid. To verify the existence and magnitude
of multicollinearity and to decide which variables should
be removed from the analysis, the variance inflation factor,
which should not exceed 5, was calculated [28].

Statistical analyses were performed using R software
version 4.0.4 [29], with a convenience sample, significance
level of 5%, and statistical power > 80%. To assess statis-
tical power, the pwr package version 1.3-0 of R software
was used. In the comparison tests, a medium effect size
(d=0.5-0.79) was considered, according to the variation in
sample number in the groups and subgroups. For all regres-
sion models, we also used a medium effect size (fz=0.15)
[30], a sample size of 222, and the numerator and denomina-
tor of the degrees of freedom for each regression.

Results

Of the 224 individuals evaluated, most (n=159) were clas-
sified with NWO (71%). Among these, there was a higher
number of women (69.2%). The median (IQR) age of the
cohort was 23 years (21-25 years, minimum: 20 years; maxi-
mum: 49 years) and did not significantly differ between the
NWO and non-NWO syndrome groups. The number of
individuals in each age group, divided into decades, was
as follows: 20-29 years: 210 individuals, 30-39 years: 12
individuals, and 4049 years: 2 individuals. No differences
were observed in the proportion of women and men, self-
reported skin color, economic classes, and level of physical
activity between the two groups (Table 1).

Both women and men in the NWO syndrome group had
higher weights, BMIs, and waist and hip circumferences but
lower mean ALM and ALMI than those in the non-NWO
syndrome group (Table 2).

The daily total energy intake of the NWO group was
lower than that of the non-NWO syndrome group (1968.1
[1617.7-2599.1] versus 2255.0 [1805.0-2692.0] kcal/day;
p=0.0267) while their fat intake (% total energy) was higher
(35.9+5.8 versus 33.8+6.0%; p=0.0190), and slightly
higher than the acceptable levels of macronutrient distribu-
tion recommended by the Institute of Medicine [31]. Car-
bohydrate, fiber, magnesium, and folate intakes were lower
in the NWO syndrome group. Caffeine intake remained at a

Table 1 Socioeconomic and

. Variables Total NWO Non-NWO p value
demographic data of the total
sample and NWO and non- n=224 (100%) n=159 (71%) n=65 (29%)
NWO syndrome groups Age (years) 23 (21-25) 23 (21-26) 23 (21-24) 0.4198
Sex
Female 151 (67.4) 110 (69.2) 41 (63.1) 0.3763
Male 73 (32.6) 49 (30.8) 24 (36.9)
Skin colour
Yellow 15 (6.7) 11 (6.9) 4(6.2) 0.5595
White 84 (37.5) 64 (40.3) 20 (30.8)
Black 31(13.8) 21 (13.2) 10 (15.4)
Brown 94 (41.9) 63 (39.6) 31 47.7)
Economic classification
A 31(13.8) 26 (16.4) 5(1.7) 0.0944
B1 and B2 113 (50.4) 81 (50.9) 32(49.2)
Cl and C2 79 (35.3) 52 (32.7) 27 (41.5)
D-E 1(0.4) 0(0) 1(L.5)
Physical activity level ~ 260.0 (130.0-409.2)  240.0 (100.0-407.5)  280.0 (180.0-409.0)  0.1811

(MET—min/week)

Data are presented as absolute (relative) frequencies or medians (interquartile range)

NWO normal-weight obesity syndrome, MET metabolic equivalent. Mann—Whitney test, Pearson’s Xz test,

or Fisher’s exact test
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Table 2 Anthropometric and body composition data of women and men in the NWO and non-NWO syndrome groups

Variables Women Men
NWO (n=110) Non-NWO (n=41) p value NWO (n=49) Non-NWO (n=24) p value

Weight (kg) 58.5+5.6 55.0+5.9 0.0018 70.5+7.0 66.7+6.1 0.0227
Height (m) 1.63+0.06 1.63+0.06 0.7950 1.77+0.07 1.76 +0.06 0.7130
BMI (kg/m?) 219+1.4 20.3 (19.7-21.7) <0.0001 225+1.6 214+13 0.0036
WC (cm) 71.8+4.4 67.6+4.3 <0.0001 78.2 (76.1-80.9) 74.7 (72.1-77.4) 0.0004
HC (cm) 98.3 (94.9-101.3) 94.0 (91.9-97.0) <0.0001 98.0 (96.1-102.3) 94.0 (92.0-97.1) <0.0001
ALM (kg) 16.4+2.0 18.1+2.6 0.0006 24.8+2.8 272428 0.0010
ALMI (kg/m?) 6.1+0.53 6.8+0.75 <0.0001 7.9+0.68 8.7+0.58 <0.0001
BF (%) 36.4 (33.-39.4) 27.6 (25.1-28.9) <0.0001 245+4.8 13.4+3.6 <0.0001

Significant p values are highlighted in bold

Data are presented as mean + standard deviation or median (interquartile range)

NWO normal-weight obesity syndrome, BMI body mass index, WC waist circumference, HC hip circumference, ALM appendicular lean mass,
ALMI appendicular lean mass index, BF body fat. Student’s #-test or Mann—Whitney U test

safe level (below 400 mg/day) [32], and no differences were
observed between the two groups (Table 3).

Considering the differences in bone parameters between
women and men, we compared the BMD data between the
two sexes and between the two groups. Men had a higher
femoral BMD than women (p <0.0001). The prevalence of
spinal Z-scores ‘below the expected range for age’ (< —2.0)
was higher in men (10.0%; p=0.0214) than in women. How-
ever, no differences were observed in the femoral Z-scores.
In addition, although a higher percentage of men with NWO
syndrome (14.3%) showed a lower spinal Z-score for age

than those without NWO syndrome (4.2%), the difference
was not statistically significant (p =0.2583). The bone
parameters of women did not differ between the two groups
(Table 4).

Table 5 shows the multiple regression models for the
associations between the independent variables and spi-
nal and femoral BMD. Corroborating the higher percent-
age of men with low spine BMD Z-scores compared with
women, men remained in the final model, with a negative
association with spine BMD (f=— 0.12; 95% confidence
interval [CI] =-0.20 to — 0.05; p=0.0006). Body weight

Table 3 Energy and bone health-related nutrients and other substances consumption of the total sample and NWO and non-NWO syndrome

groups
Variables Total (n=224) NWO (n=159) Non-NWO (n=65) p value
TE (kcal/day) 2027.1 (1695.5-2613.5) 1968.1 (1617.7-2599.1) 2255.0 (1805.0-2692.0) 0.0267
% Fat/TE 353+59 359+5.8 33.8+6.0 0.0190
% Carbohydrate/TE 46.5+7.8 45.8+7.7 48.1+7.8 0.0481
% Protein/TE 17.5+4.2 17.5+4.4 17.5+3.7 0.9820
Fibre (g/day) 17.4 (14.3-21.4) 16.9 (13.8-20.9) 18.8 (16.0-22.0) 0.0111
Calcium (mg/day) 652.0 (527.0-894.0) 644.0 (526.0-835.0) 713.0 (552.0-943.0) 0.1730
Phosphorus (mg/day) 1196.0 (1083.0-1324.0) 1189.0 (1086.0-1316.0) 1209.0 (1075.0-1387.0) 0.6370
Magnesium (mg/day) 272.0 (239.0-313.0) 265.0 (232.0-309.0) 287.0 (248.0-329.0) 0.0150
Vitamin D (ug/day) 29(2.1-4.2) 29(2.2-42) 2.8(1.9-4.2) 0.5920
Vitamin K (ug/day) 77.3 (52.0-105.2) 77.2 (50.8-96.7) 78.1 (54.4-120.6) 0.3810
Vitamin C (mg/day) 92.1 (46.5-136.7) 91.2 (46.9-26.1) 103.2 (45.2-177.6) 0.1690
Folate (ug/day) 360.0 (306.0-424.0) 353.0 (293.0-400.0) 400.0 (337.0-470.0) 0.0003
Caffeine (mg/day) 45.9 (18.6-74.2) 41.4 (15.9-73.9) 53.3 (25.3-74.1) 0.2180
Phytic acid (mg/day) 579.0 (448.0-737.0) 551.0 (445.0-705.0) 634.0 (519.0-752.0) 0.0750
Oxalic acid (mg/day) 256.0 (141.0-431.0) 269.0 (147.0-428.0) 236.0 (136.0-435.0) 0.4870

Significant p values are highlighted in bold

Data are presented as mean + standard deviation or median (interquartile range)

NWO normal-weight obesity syndrome, TE total energy. Student’s ¢-test or Mann—Whitney U test
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Table 4 Bone profile data separated by sex and groups

Variables Women Men (n=73) pvalue  Women p value Men p value
(n=15D) NWO non-NWO NWO (n=49) non-NWO
(n=110) (n=41) (n=24)

Spinal BMD  1.13+0.12 1.11+£0.12 0.3906 1.14+0.12 1.12+0.12 0.5091 1.11+0.15 1.13+£0.12 0.5023
(g/em?)

Femoral 9159+112.1 1.011.0+129.7 <0.0001 912.4+104.3 9249+131.0 0.2839 998.1+135.5 1.036.8+148.2 0.5968
BMD (mg/
cm?)

Spinal 0.0214 0.2583 0.2974
Z-score

Low (£-2.0) 4(2.6) 8 (10.0) 2(1.8) 2(4.9) 7(14.3) 1(4.2)

Normal 147 (97.4) 65 (89.0) 108 (98.2) 39 (95.1) 42 (85.7) 23 (95.8)
>-2.0)

Femoral 0.9823 0.4733
Z-score

Low (<-2.0) 2(1.3) 1(1.4) 1(0.9) 1(2.4) 0.4840 1(2.0) 0(0)

Normal 148 (98.7) 72 (98.6) 108 (99.1) 40 (97.6) 48 (98.0) 24 (100.0)
(>=-2.0)

Significant p values are highlighted in bold
Data are presented as mean + standard deviation or absolute (relative) frequencies

NWO normal-weight obesity syndrome, BMD body mineral density, Student’s #-test, Mann—Whitney test, Pearson’s XZ test, or Fisher’s exact test.
RF Z-scores of women (n=150) and women with NWO syndrome (n=109)

Table 5 Final multiple linear regression models adjusted by the backward strategy to analyse associations between spine and femoral bone min-
eral density and other independent variables in the total sample (n=222)

Dependent variables Independent variables p SE CI (95%) T value p value
Model 1 Male sex -0.12 0.04 —0.20 to — 0.05 —-3.50 0.0006
Spine BMD (g/m?) Weight (kg) 0.01 0.002 0.006 to 0.01 4.9 <0.0001
WC (cm) —0.005 0.003 —0.01 to 0.0004 - 1.80 0.0668
BF (%) —0.002 0.002 — 0.005 to 0.001 - 153 0.1271
Calcium (mg/day) — 0.00005 0.00003 —0.0001 to 0.00001 - 1.74 0.1029
Model 2 BMI (kg/m>) 29.0 6.2 16.7 to 41.2 4.7 <0.0001
Femoral BMD (mg/cm’) BF (%) -65 0.94 —8.37to — 4.67 - 6.94 <0.0001
HC (cm) 3.8 24 —0.87t08.4 1.6 0.1100
Age (years) -3.12 2.1 ~736101.1 — 145 0.1480

Significant p values are highlighted in bold

p regression coefficient, SE standard error, CI confidence interval, BMD body mineral density, WC waist circumference, BF body fat, BMI body
mass index, HC hip circumference

Model 1: residual SE: 0.119 over 216 degrees of freedom (DF); multiple R?: 0.1235; adjusted R?: 0.1032. F statistics: 6.087 over 5 and 216 DF;
effect size: 0.15 [31]; statistical power: 0.998; P value: <0.0001.

Model 2: residual SE: 111.2 over 216 DF; multiple R% 0.2691; adjusted R?: 0.2556; F statistics: 19.90 over 4 and 216 DF; effect size:0.15 [31];
statistical power:0.999; P value: <0.0001

Models adjusted after applying variance inflation factor (VIF) calculation. Variables included in the models were NWO syndrome (yes/no); sex
(female/male); skin colour (yellow/white/black/brown); age (years); physical activity level (MET—min/week); body weight (kg) (model 1 only);
BMI (kg/mz) (model 2 only); WC (cm); HC (cm); BF (%); fat (% total energy—TE); carbohydrate (% TE); protein (%TE); vitamins D, K, and
folate (ug/day); vitamin C (mg/day); magnesium (mg/day); calcium (mg/day); phosphorus (mg/day); caffeine (ug/day); phytic acid (mg/day); and
oxalic acid (mg/day)
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was positively associated with spinal BMD ($=0.01; 95%
CI=0.006-0.01; p <0.0001). Femoral BMD was negatively
associated with BF percentage (f=— 6.52;95% Cl=— 8.37
to — 4.67; p<0.0001) and positively associated with BMI
(£#=29.0;95% CI=16.7-41.2; p<0.0001). Bone parameters
were not significantly associated with the evaluated nutrients
(Table 5).

Discussion

This is the first study to evaluate the bone parameters of
young adult women and men with and without NWO syn-
drome and assess the associated factors. Although we did
not find differences in bone profiles between the NWO and
non-NWO syndrome groups, spinal BMD was positively
associated with body weight and negatively associated with
male sex. The femoral BMD was positively associated with
BMI and negatively associated with BF percentage, which
is an important finding since BF percentage is the hallmark
of NWO syndrome.

We found a high prevalence of NWO syndrome in our
study (approximately 70%); however, caution should be
exercised when extrapolating these data to the Brazilian
population or to other populations as the sample of our study
was chosen by convenience and the participants were young
adults from a Brazilian public university without previously
diagnosed diseases. This high prevalence may be related to
the cut-off points for classifying the BF percentage. How-
ever, we chose these cut-off points considering previous
studies on NWO syndrome that evaluated individuals of
similar ages and with the same technique for assessing body
composition [1, 13].

Regarding nutrients involved in bone health, the distribu-
tion of lipids and carbohydrates as well as the different fiber
intake between individuals with and without NWO may be
important factors in the study of metabolic aspects of NWO.
A bidirectional Mendelian randomization study evaluated
more than 200,000 European individuals and observed that
lower intake of carbohydrate and higher intake of lipids are
causal factors for higher BMI and waist circumference [33].
Fiber consumption is linked to certain types of carbohy-
drates, justifying the lower values in individuals with NWO.

We also found lower magnesium and folate consumption
in the NWO group compared to non-NWO group. Magne-
sium intake has been positively associated to better glycemic
control and negatively associated with waist circumference,
weight, BMI, and BF percentage [34—-36]. These negative
associations are probably related to magnesium’s role in cell
membrane stabilization, which can reduce the effects of oxi-
dative stress and regulate inflammatory processes [36, 37].
Deficient folate intake increases the likelihood of genomic
instability and may be involved in the development of
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NR-NCCD. In addition to evidence of a relationship between
obesity and folate intake, there are reports of a negative asso-
ciation of folate intake with BF percentage [38]. Therefore,
our results seem to be in line with such scientific evidence.
However, the relationship between folate metabolism and
the presence of obesity is still unclear.

The intake of other nutrients and substances considered
important to bone health, such as calcium, vitamin D, caf-
feine, and phytic and oxalic acids, did not differ between
the NWO and non-NWO syndrome groups. However, con-
stant monitoring of the intake and status of these nutrients
is important for maintaining bone health.

Although we did not observe differences in bone profiles
between the two groups, we found important associations
between bone markers and anthropometric and body com-
position variables. The multiple linear regression models
showed values of R? and adjusted R? similar to studies that
evaluated predictive variables of BMD, probably because
genetic factors explain 50-85% of the BMD variance, an
aspect not analyzed in our study [39, 40].

As all individuals had a normal BMI, when considering
the positive association of spinal and femoral BMD with
body weight and BMI, respectively, the weight variation in
the total sample was restricted to the normal BMI range.
However, the differences within this range were sufficient
to detect a positive association with spinal BMD, corrobo-
rating the results of studies that evaluated the influence of
body weight on bone quality [41-43]. In the Framingham
Osteoporosis cohort study, 693 women and 439 men were
followed from early adulthood, with periodic assessment of
body weight for 40 years and BMD assessment by DXA
in the 20th biennial exam. The association of bone profile
with body weight was stronger in children and adolescents,
but it was also observed in adults. In addition, body weight
was more strongly associated with BMD in women than in
men [41].

In general, the positive associations between bone param-
eters and body weight observed both in the literature and in
our study suggest mechanical signaling induced by body
weight. Osteocytes are the main sensors in mechanotrans-
duction, a process responsible for producing biochemical
reactions from mechanical stimuli such as weight or weight-
lessness, which can promote bone formation or resorption.
Therefore, bone “deformation” promoted by weight or
force causes an adaptive skeletal response, and osteocytes
induce bone formation through osteoblasts [42]. The oppo-
site occurs when tension levels caused by weight are low,
which may lead to the apoptosis of osteocytes, resulting in
greater activity of osteoclasts and bone resorption. How-
ever, extreme deviations in weight and body composition
can impair bone strength [42, 43].

In addition to anthropometric and body composition vari-
ables, the male sex was part of the final regression model
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and was negatively associated with spinal BMD. This result
indicates that in relation to women, the spinal BMD units
decrease in men, corroborating the data from the intersex
comparison, in which a higher percentage of men had a spi-
nal BMD Z-score below the expected range for age. Similar
results were described in a study involving 59 Caucasians
and 44 Afro-Caribbeans aged between 20 and 37 years,
which assessed the influence of ethnicity, sex, and bone
turnover on BMD [44]. Men of both ethnicities had lower
BMD and higher concentrations of bone resorption markers
than women. The likely reason is the late maturation of the
lumbar spine in men, which extends until the third decade
of life [44]. Similarly, the median age of individuals in our
study indicates the beginning of adulthood and can be con-
sidered a key factor in understanding the negative associa-
tion between spinal BMD and the male sex.

The effects of BF and its distribution on bone health are
still controversial, with some studies considering it as a pro-
tective factor for BMD while others as a deleterious factor
[45-50]. Gravitational forces attributed to body weight that
stimulate adaptive bone formation may be a confounding
factor in the association of the bone profile with BF when
excess BF is due to weight gain [47]. We found a negative
association between the femoral BMD and BF percentage.
These results corroborate those of a study involving Ameri-
can students, 150 men (17.4 + 1.6 years old) and 150 women
(17.0+ 1.7 years old), with a BMI between 16.0 and 41.4 kg/
m?2, which showed that, regardless of the increase in weight
and lean mass, excess adipose tissue is not beneficial to bone
structure in this age group [46].

A study conducted with Chinese individuals—7137
men (47.3+7.7 years old), 4585 premenopausal women
(41.5+5.3 years old), and 2248 post-menopausal women
(52.6 +4.7 years old) —used DXA to assess body composi-
tion and noted that total and hip bone mineral contents were
negatively associated with BF, regardless of body weight,
age, and physical activity level. In addition, the odds ratios
were higher for osteoporosis, osteopenia, and non-spinal
fractures in men, pre- and post-menopausal women, and
women with BF percentages in the upper quartiles. The
sample size made it possible to stratify the sample at every
5 kg of body weight and to evaluate the associations of bone
parameters with BF in different weight ranges, including
analysis in individuals with normal weight [50], like in our
study.

Individuals with a high BF percentage have increased
pro-inflammatory cytokine concentrations, which can
explain the influence of adipose tissue on bone health [51,
52]. Pro-inflammatory cytokines can stimulate osteoclast
activity by regulating the receptor activator of nuclear
factor-xB ligand (RANKL)/RANK/osteoprotegerin system
[51]. Another important aspect is that both adipocytes and
osteoblasts originate from mesenchymal stem cells [53].

Therefore, the increase in adipogenesis in the bone mar-
row in response to high BF can negatively impact osteo-
blastogenesis and/or stimulate osteoclastogenesis due to
the high production of cytokines [53, 54]. However, these
mechanisms have not been investigated in individuals with
NWO syndrome.

While lean mass influences bone density through direct
mechanical effects on muscles, adipose tissue increases
estrogen production in women, which results in greater
gravitational loading in those with a higher BMI [55].
However, the role of BF as a function of gravitational load
in overweight individuals is not enough to establish a posi-
tive association with bone parameters since high amounts
of adipose tissue can cause important metabolic changes
[51-54].

Limitations of our study include the cross-sectional
design and the non-probability convenience sampling, which
restricts the interpretation of results. Furthermore, our dis-
cussion was somewhat limited by the lack of research assess-
ing bone health in young individuals as a function of body
composition. In addition, differences in cut-off points and
techniques used to assess body composition limit discus-
sions regarding NWO syndrome. In contrast, this is the first
study to evaluate parameters associated with bone health in
young women and men with NWO syndrome, and the results
can be used to drive strategies to improve body composition
of these individuals and in the design of other studies on
bone health of individuals with excess BF.

In conclusion, young adults with NWO syndrome do not
have a worse bone profile than those without this syndrome,
but bone parameters were negatively associated with BF
percentage, which suggests a higher risk of bone loss and
fractures in individuals with NWO syndrome if their BF
percentage remains high throughout life.

Indeed, knowledge of the risk factors for bone health in
such individuals may help slow down the increasing world-
wide prevalence of bone mass loss and fractures. Finally,
our results reinforce the need for further studies on the bone
health of individuals with NWO syndrome and its medium-
and long-term impacts.
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