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Sex difference determined the role of sex
hormone-binding globulin in obese children

during short-term weight reduction program
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Abstract N
The relationship between hyperinsulinemia and decreased sex hormone-binding globulin (SHBG) levels has been observed in obese |
adults and children. Weight reduction not only increased insulin sensitivity but also elevated serum SHBG levels in obese adults and
children. However, the correlation between the changes in insulin resistance indices and serum SHBG concentration during weight
reduction program (WRP) is not fully understood, particularly in obese children. This study is to evaluate whether SHBG level is a
potential biomarker that can be used to assess insulin resistance in obese children during a short-term WRP. Forty-eight obese
Taiwanese children (11.7+2.2 years; 25 boys and 23 girls) participating in 8-week WRP were studied. Anthropometric
measurements, lipid profiles, insulin resistance indices, and serum SHBG concentration were recorded at baseline and at the end of
the WRP. The results showed body weight (BW), body mass index (BMI), body fat percentage (BF%), body fat weight (BFW), and
insulin resistance indices such as fasting insulin, fasting insulin to glucose ratio, homeostasis model assessment (HOMA) of insulin
resistance, log (HOMA) all significantly decreased after the 8-week WRP. With respect to lipid profiles, only high-density lipoprotein
cholesterol (HDL-C) levels increased in both sexes. At baseline, insulin resistance indices were inversely correlated with SHBG
concentrations in girls, but not in boys. The difference in SHBG after WRP was 2.58 nmol/L (95% confidence interval [CI]: —3.51,
8.66) in boys and 0.58 nmol/L (95% Cl: —5.23, 6.39) in girls. There was a trend toward increased serum SHBG levels in boys (P=.39)
and girls (P=.84) after weight loss, but a significantly negative correlation between the change in SHBG and in each of the insulin
resistance indices only in the girls after adjusting age and ABFW during WRP.

In conclusion, short-term WRP has the potential effects of decreased BW, BMI, BF%, and BFW, as well as increased serum
HDL-C levels and insulin sensitivity in obese Taiwanese children. Although serum SHBG levels moderately increased in both sexes
during short-term WRP, measuring the change in SHBG concentrations might be a potential biomarker to evaluate improvement in
insulin resistance in girls only, and not in boys.

Abbreviations: BF% = body fat percentage, BFW = body fat weight, BMI = body mass index, CVD = cardiovascular disease,
FFM = fat-free mass, FIGR = fasting insulin to glucose ratio, HDL-C = high-density lipoprotein cholesterol, HOMA-IR = homeostasis
model assessment of insulin resistance, IR = insulin resistance, LDL-C = low-density lipoprotein cholesterol, log(HOMA) =
logarithmic transformation of HOMA-IR, MetS = metabolic syndrome, SHBG = sex hormone-binding globulin, T2DM = type 2
diabetes, TSGH = Tri-Service General Hospital, WRP = weight reduction program.
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1. Introduction obesity is a significant health problem that has reached epidemic

proportions around the world and is associated with cardiovas-
In the past 30 years, obesity has more than doubled in children  cular disease (CVD),”?! type 2 diabetes mellitus (T2DM),!
and quadrupled in adolescents in the United States.'! Childhood ~ metabolic syndrome (MetS),"! several types of cancer,!
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osteoarthritis, sleep apnea, and social and psychological
problems such as stigmatization and poor self-esteem.!®”! Among
obese children and adolescents, increased insulin resistance and
hyperinsulinemia are common features and are considered to be
important links between adiposity and the associated risk of
T2DM and CVD."*’!

Sex hormone-binding globulin (SHBG), primarily synthesized
in the liver, is a 90-kDa glycoprotein composed of two 373-
amino-acid subunits. It is known that insulin has an inhibitory
effect on the synthesis of SHBG, and the relationship between
hyperinsulinemia and decreased SHBG levels has been observed
in adults and obese children.!"%"" Similar to insulin insensitivity,
low SHBG concentrations are associated with an increased risk of
developing T2DM and MetS.!"*! However, weight reduction not
only increased insulin sensitivity but also elevated serum SHBG
levels in obese adults and children."3'°! However, the
correlation between the changes in insulin resistance indices
and the changes in serum SHBG concentration during weight
reduction is not fully understood, particularly in obese children.
Studies on whether serum SHBG levels are still a useful biomarker
to evaluate insulin states after weight loss are limited. In this
study, we aimed to investigate the potential effects of an 8-week
weight reduction program (WRP) on the association between
alterations in insulin resistance indices and the alterations in
serum SHBG levels, as well as changes in anthropometric
parameters and improvements in lipid metabolism in a
representative sample of obese Taiwanese children.
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2. Materials and methods

2.1. Participants and study design

Written informed consent was obtained from all parents and
children according to the Declaration of Helsinki before study. The
protocol of the study was approved by the Ethics Committee of the
Institutional Review Board of Tri-Service General Hospital
(TSGH), National Defense Medical Center (TSGHIRB:
1-102-05-059) on July 2, 2013. From January 1%, 2014 and
December 31,2014, a total of 60 obese Taiwanese children aged 7
to 16 years who visited the Department of Pediatrics of TSGH in
Taiwan were enrolled for an 8-week WRP. All study participants
presented with a body mass index (BMI) above the 95™ percentile
of the BMI chart for age- and sex-specific normal Taiwanese
children."” Children with primary hyperlipidemia, hypertension,
diabetes mellitus, impaired fasting glucose, impaired glucose
tolerance, syndromic or endocrine obesity, or those undergoing
pharmacological treatment were excluded. Because TSGH is a
military hospital supported by the government in Taiwan, the
conflict of political interests between China and Taiwan led the
authors to hesitate this work to register in Chinese Clinical Trial
Registry (ChiCTR) until Medicine Editorial Board recommended it
should be fitted World Health Organization’s criteria of a clinical
trial. All authors confirmed that this completed trial was registered
with ChiCTR, number ChiCTR-OOC-15006237 on April 14,
2015. All data were authentic and available at URL: http://www.
chictr.org.cn/showprojen.aspx?proj=10764.
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Demographic data of the obese children at baseline.

All Boys Girls P
n 48 25 23
Age, y 11.7+£22 11.8+21 11.5+23 .58
Pubertal status NS
Prepubertal (n) 25 13 12
Pubertal (n) 23 12 11
BMI z score 6.5+2.7 72+29 59422 .08

Data are presented as mean + standard deviation. BMI=body mass index, NS=no significant.

During the 8-week WRP, the participants and all parents or
guardians visited the hospital once a week and attended a 2-hour
session consisting of lectures on diet, exercise sessions, and
individual behavioral modification using a daily weight-record-
ing chart, diary on diet and exercise. At end of the WRP, 48
children (25 boys, 23 girls, mean age 11.7+2.2 years) had
completed the study; 12 were lost to follow-up (Fig. 1). Among
those who completed the study, 25 children were prepubertal and
23 pubertal on the basis of Tanner scale.

2.2. Anthropometric measurement

Anthropometric data including body weight (BW), body height
(BH), body fat percentage (BF%), and body fat weight (BFW)
were evaluated before and after the 8-week WRP. Height was
measured to the nearest 1.0 mm with the same Harpenden wall-
mounted stadiometer and weight to the nearest 0.1kg on a
calibrated weight scale. There was an accuracy of 0.5cm for
height and 0.1 kg for weight, respectively. BMI defined as the BW
in kilograms divided by the square of the BH in meters (kg/m?)
was expressed as a z score. BFW and BF% were measured by a
body composition analyzer (InBody 3.0, Biospace, Seoul, Korea).
In addition, fat-free mass (FFM) was indexed by subtracting BEW
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from BW. The children were evaluated as prepubertal or pubertal
according to Marshall & Tanner.['®1]

2.3. Sexual maturity stages

As serum SHBG levels rise in childhood, reach a plateau, and
decline before puberty,'***!! the determination of pubertal status
was also assessed during WRP. Sexual maturity of each child was
evaluated by two senior pediatric endocrinologists. In addition,
sexual maturity stages based on the recommendations of Tanner
were assigned to each maturity indicator,!*® ' that s, pubic hair in
each sex, breast development in girls, and genital development
(penis, testes, and scrotum) in boys. Each maturity indicator has 5
stages that can be assigned from stage I, representing immaturity,
to stage V, indicating full maturity. As illustrated, we defined the
study participants as prepuberty at Tanner stage I and as puberty at
least at Tanner stage II, respectively. Among those who completed
the study, 25 children were prepubertal and 23 pubertal on the
basis of Tanner scale.

2.4. Laboratory procedures and definitions

Blood samples were drawn between 0800 and 0900 hours after a
12-hour overnight fast, with the patient seated. All collections were
made at baseline and after the 8-week WRP. We measured insulin
and SHBG by immunometric assay on a DPC Immulite analyzer,
using kits manufactured by Diagnostic Products Corporation; and
glucose, triglycerides (TG), cholesterol, high-density lipoprotein
cholesterol (HDL-C), and low-density lipoprotein cholesterol
(LDL-C) on a AUS5800 Clinical Chemistry System (Beckman
Coulter, Inc). The mean coefficients of variation were <5.5% in
intra-assay and 9.0% in interassay. Fasting insulin to glucose
ratio (FIGR), the homeostasis model assessment of insulin
resistance index (HOMA-IR), and log (HOMA) were derived as
estimates of insulin resistance.'*>*3 The HOMA-IR was calculated
as fasting serum insulin (wU/mL) X fasting plasma glucose (mmol/

Anthropometric measurement, lipid profiles, and insulin resistance indices at baseline and after weight reduction.

Boys Girls
Baseline 8 wk P Baseline 8 wk P
Anthropometric measurements
Body height, cm 166.0+11.5 158.1+11.3 <.001 150.2+11.8 151.3+£11.7 <.001
Body weight, kg 69.9+14.7 68.0+14.9 <.001 60.5+16.3 58.4+16.1 <.001
BMI, kg/m? 284+35 26.9+35 <.001 26.3+4.0 25.0+4.3 <.001
Body fat percentage (%) 36.9+45 34.3+£55 <.001 352+4.2 33.1+£49 <.001
Body fat weight, kg* 25.6+58 23.3+6.3 <.001 216+75 19.7+78 <.01
Fat free mass, kg 44.3+10.6 44.7+10.7 12 38.9+94 38.7+9.3 .31
Lipid profiles
Triglyceride, mg/dL 140.3+87.7 128.8+771 51 145.1+74.0 130.5+86.3 31
Total cholesterol, mg/dL 173.2+24.2 173.6+26.7 .93 182.4+33.7 177.0+£281 .28
HDL-C, mg/dL 453+8.2 48.0+6.4 <.05 429+11.3 46.7+10.1 <.01
LDL-C, mg/dL 99.8+234 99.8+21.7 .99 110.5+30.0 104.1+24.6 14
Insulin resistance indices
Fasting glucose, mg/dL 86.1+6.1 82.3+3.7 <.001 89.0+5.1 81.8+6.9 <.001
Fasting insulin, wU/mL 29.8+13.3 23.2+94 <.01 33.0+19.6 235+122 <.01
FIGR 0.35+0.16 0.28+0.12 <.05 0.37+0.21 0.28+0.14 <.05
HOMA-IR 6.3+2.8 47+18 <.01 7.3+4.6 48+2.7 <.01
log (HOMA) 0.76+0.19 0.64+0.18 <.01 0.79+0.3 0.61+0.3 <.01
SHBG, nmol/L” 22.8+19.6 25.4+176 .39 42.6+31.3 43.2+23.7 .84

Data presented as mean + standard deviation. BMI=body mass index, FIGR = fasting insulin to glucose ratio, HDL-C = high-density lipoprotein cholesterol, HOMA-IR =homeostasis model assessment of insulin
resistance, LDL-C = low-density lipoprotein cholesterol, log(HOMA) =logarithmic transformation of HOMA-IR, SHBG = sex hormone-binding globulin.

’ Significant differences between boys and girls at baseline (P< .05).
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Figure 2. Serum sex hormone-binding globulin levels in boys and girls.

L)/22.5, and log (HOMA) was logarithm transformation of the
HOMA-IR.

2.5. Statistical analysis

Anthropometric and biochemical data were expressed as mean
values with standard deviation. The difference in baseline
parameters in both sexes was evaluated by Student ¢ test and
x* test. The paired ¢ test was used to compare baseline parameters
with parameters after the 8-week WRP. Correlation between
variables was evaluated by Pearson correlation coefficient. Partial
correlation was also used to access the relationship between 2
variables while controlling for a third variable. These data were
analyzed using SPSS (version 18.1; SPSS Inc, Chicago, IL). A P
value <.05 was considered significant.

3. Results

3.1. Demographic data before weight reduction

In terms of baseline demographic characteristics, there was no
significant difference in the prepubertal and pubertal groups
between the boys and girls (Table 1). The BMI z score of all
participants was 6.5 +2.7. Boys had higher BMI z score than girls
atinclusion (P=.08). In addition, BFW was higher in boys than in
girls before weight reduction (boys: 25.6 +5.8kg, girls: 21.6+
7.5kg, P<.05) (Table 2).

3.2. The effects of weight reduction

After the 8-week WRP, the BW, BMI, BF%, and BFW of both
sexes showed a significant decrease (Table 2). No significant
change in FFM was noted after weight loss; however, serum
HDL-C levels were significantly increased in both boys (P <.035)
and girls (P <.01). Serum TG levels showed a decrease trend after
weight reduction. Insulin resistance indexes, including fasting
glucose, fasting insulin, FIGR, HOMA-IR, and log (HOMA),
showed a significant decrease in both sexes, which was indicative
of the effect of WRP on improving insulin sensitivity (all P <.05).

3.3. SHBG levels at baseline

There was a statistical difference in baseline SHBG levels between
the boys (22.8+19.6nmol/L) and girls (42.6+31.3nmol/L)
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Correlation coefficients between SHBG level and other metabolic
parameters at baseline.

SHBG
Sex Boys (n=25) Girls (n=23)
Age, y 052" 048"
Anthropometric measurements
Body weight —062" —061""
Body height 068" 055"
BMI ~0.27 053"
BF% 0.33 -0.28
BFW -0.38 —057""
FFM 066" 059"
Lipid profiles
Triglyceride —-0.21 —0.30
Total cholesterol 0.27 0.08
HDL-C 045" 0.04
LDL-C 0.28 0.22
Insulin resistance indices
Fasting glucose 0.09 —0.02
Fasting insulin ~0.09 055"
FIGR -0.10 —057""
HOMA-IR ~0.07 ~053"
log(HOMA) -0.15 —067""

BF% =body fat percentage, BFW =body fat weight, BMI=body mass index, FFM=fat-free mass,
FIGR=fasting insulin to glucose ratio, HDL-C = high-density lipoprotein cholesterol, HOMA-IR=
homeostasis model assessment of insulin resistance, LDL-C = low-density lipoprotein cholesterol, log
(HOMA) = logarithmic transformation of HOMA-IR, SHBG =sex hormone-binding globulin.

*

P<.05.
~_P<.01.
" p<.001.

(P<.05) (Table 2). In subgroup analysis, the pubertal boys
had lower serum SHBG concentrations than the prepubertal boys
and the prepubertal and pubertal girls (Fig. 2). There was a
significantly negative correlation between baseline serum SHBG
levels and age at inclusion, BW, and FFM for both sexes
(Table 3). In addition, a reverse association between SHBG levels
and BMI BFW, and the positive association between SHBG levels
and HDL-C was noted in the girls and boys, respectively.
However, insulin resistance indices such as fasting insulin, FIGR,
HOMA-IR, and log (HOMA) were negatively associated with
baseline SHBG level in girls, but not in boys.

3.4. Adjusted ASHBG levels

There was a trend toward an increase in serum SHBG
concentrations in both the boys (P=.39) and girls (P=.84) after
WRP (Table 2). The difference in SHBG after WRP was 2.58 nmol/
L (95% confidence interval [CI]: —3.51, 8.66) in boys and 0.58
nmol/L (95% CI: —5.23, 6.39) in girls. There was no correlation
between ASHBG and changes in anthropometric measurements,
lipid profiles, and insulin indices in the boys, but there were
significantly negative correlations between ASHBG and A fasting
insulin (r=-0.63, P <.01), AFIGR (r=-0.60,P <.01), AHOMA-
IR (r=-0.65, P<.01), and Alog (HOMA) (r=-0.50, P<.05) in
the girls after adjusting for age and ABFW (Table 4).

4. Discussion

Childhood obesity carries significant health consequences
because of its increased risk of many chronic diseases such as
T2DM, MetS, polycystic ovary syndrome (PCOS), and early
puberty.2*2¢ Clustering of cardiovascular risks occurs in



Wang et al. Medicine (2017) 96:19

www.md-journal.com

Correlation coefficients between changes in SHBG and changes in other metabolic parameters during weight reduction.

ASHBG
Boys (n=25) Girls (n=23)
Unadjusted Adjusted for age Adjusted for age and ABFW Unadjusted Adjusted for age Adjusted for age and ABFW
Anthropometric measurements -
ABody weight 029 ~0.26 ~0.05 —072"" —071™" ~0.16
ABody height -0.10 -0.07 0.03 —0.42 —0.02 ~0.14
ABM| ~0.21 ~0.26 —0.04 068" 072" ~0.18
ABF% ~0.34 ~0.30 —0.14 —064"" 071" ~0.08
ABFW —0.32 —0.27 - —074™" —075"" -
AFFM -0.10 —0.14 -0.05 —0.03 0.34 —0.16
Lipid profiles
ATriglyceride —0.01 0.1 017 —0.30 —0.24 —0.15
ATotal cholesterol 0.15 0.08 0.12 ~0.33 —-0.32 —0.03
AHDL-C -0.07 —0.14 —0.09 0.13 0.06 0.14
ALDL-C 0.16 0.03 —0.01 —0.22 —0.24 0.03
Insulin resistance indices
AFasting glucose 0.39 0.35 0.31 —-0.18 —0.22. —0.03.
AFasting insulin 0.24 0.27 0.20 -053" 052" 063"
AFIGR 0.18 0.22 0.14 —0.49" —0.48" —0.60"
AHOMA-IR 0.29 0.32 0.24 —055" —053" —065 "
Alog(HOMA) 0.26 0.29 0.24 050" 054" 050"

A =the change in value between baseline and after weight reduction, BF% = body fat percentage, BFW =body fat weight, BMI=body mass index, FFM = fat-free mass, FIGR = fasting insulin to glucose ratio,
HDL-C = high-density lipoprotein cholesterol, HOMA-IR = homeostasis model assessment of insulin resistance, LDL-C = low-density lipoprotein cholesterol, log(HOMA) = logarithmic transformation of HOMA-IR,

SHBG =sex hormone-binding globulin.
" p<.05.

<o,

" p<.001.

children and adolescents, particularly those who are overweight
or obese. To identify those at most risk of early CVD is an
important goal.””! Low circulating SHBG concentrations are
associated with obesity, MetS, T2DM, and PCOS. Low SHBG
levels are also known to occur as a consequence of IR, and SHBG
may be a useful biomarker to facilitate identification of children
who are destined to develop obesity-related chronic dis-
eases.?#2>281 In our study, it showed that the baseline SHBG
level was negatively associated with insulin resistance indices
only in girls. Although short-term WRP contributed to an
increase in serum SHBG concentrations in both sexes, a reverse
correlation between ASHBG and A insulin resistance indices was
statistically significant in girls, but not in boys after adjusting for
age at inclusion and ABFW. Our study demonstrated SHBG
seems to be a more sensitive metabolic biomarker to evaluate
hyperinsulinemia and/or insulin resistance in females than in
males. A larger-scale prospective study might be necessary to
clarify the phenomenon of sexual dimorphic SHBG levels in
obese children under a WRP.

SHBG is a specific steroid-binding plasma glycoprotein mainly
synthesized in the liver. Previous cross-sectional study indicates
that serum SHBG levels rise in childhood, reach a plateau, and
decline before puberty.*!! After the onset of puberty, SHBG
levels are lower in boys than in girls. It is probably because SHBG
has a higher affinity for androgens than for estrogens. The rising
androgen levels in boys at puberty leading more negative impact
on SHBG production.**?*3% The concentration of SHBG in
men is about one-third to half that in women, which may be
because the serum SHBG concentration is increased by estrogen
administration.*"

Hormones such as thyroid hormone, testosterone, or estrogen
might influence BW, IR, and levels of SHBG. SHBG levels are
found to be elevated dramatically in patient with hyperthyroid-
ism.*?! SHBG binds testosterone with high affinity, and BW is

inversely correlated with SHBG levels and directly correlated to
free testosterone concentrations. Serum SHBG concentrations are
decreased by androgens’ administration and increase by estro-
gens’ secretion. Obesity-related hyperandrogenism may directly
reduce SHBG levels.*3! In obese peripubertal girls, SHBG levels
are low and weight loss is associated with a decrease in
testosterone and an increase in SHBG levels.!***%!

Today, SHBG has been found to be a marker for hyper-
insulinemia in obese children.!'®3%! The control of plasma SHBG
concentrations is considered to involve multifactorial regulation,
including age, BW, hormonal status, insulin levels, and
polymorphisms in the SHBG gene.l'%3¢! As SHBG can decrease
with increasing age, the high androgen and growth hormone
levels but it increases with high estrogen, basal serum SHBG
levels in our present study negatively correlated with the age at
inclusion and pubertal status of the 2 sexes, in terms of the lowest
SHBG concentration noted in pubertal boys (Fig. 2). However, a
10-week weight loss camp showed that changes in SHBG and
changes in insulin sensitivity index- HOMA correlated signifi-
cantly (r=0.35, P<.01), independent of sex and puberty.!'®!
However, our results revealed both a negative correlation
between baseline SHBG levels and insulin resistance indices
and a reverse association between ASHBG and A insulin
resistance indices in girls only, and not in boys during WRP.
These contradictory findings might be explained by differences in
inclusion criteria, such as age, BMI, numbers of subjects in
puberty, and genetic background.**! Our study population had
more severe BMI z scores (6.5+2.7) and equal case numbers in
the prepuberty and puberty subgroups of both sexes—differing
from the Birkebaek et al’s study'®" (BMI z score median 2.91;
range 1.91-4.57)—which lessened the influence of hormonal
status on serum SHBG levels in different sexes. We speculated the
discrepancy in SHBG levels between both sexes in the WRP might
have been affected somehow by androgen/estrogen status, but
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further study with more patients is needed to confirm this and our
current findings.

Given the strong association between obesity, insulin resis-
tance, and the development of T2DM,*! MetS,'*! and CVD,!
prevention and treatment of childhood obesity appear to be
essential to prevent these associated complications. Obesity
aggravated by physical inactivity can increase insulin insensitivity
and the risk of T2DM, and weight reduction has been verified not
only to improve insulin sensitivity but also to elevate serum
SHBG levels in obese adults and children.">'*! In accordance
with previous observations,'®373%! our 8-week WRP demon-
strated a decrease in BW, BF%, BMI, and insulin resistance
indices after weight loss. Significantly elevated HDL-C concen-
trations and a trend toward increased SHBG levels were observed
at the end of the study. These results demonstrated that with
weight loss and amelioration of body fat composition without a
change in body lean mass, reversal of insulin resistance and
elevation of HDL-C can be achieved, even though only a short-
term WRP was used. However, we still underscore the
importance of maintaining high levels of childhood physical
activity to prevent obesity and T2DM in adulthood."”!

A contemporary cohort of 307 British children aged 5 to 8
years revealed the metabolic disturbances associated with insulin
resistance appear to be more advanced in girls.*®! Girls also had
higher concentrations of TG and lower concentrations of HDL-C
and SHBG than boys.*°! All the above-mentioned findings were
compatible with our observations except SHBG data, which may
result from different age at inclusion (pubertal status). Taken
together, those phenomena suggest sex difference may make
metabolic biomarkers diversity in clinic practice, but further
study is required to establish the significance of this observation.

Nevertheless, our study has some limitations. First, present
study has the small case numbers and the lack of subsequent
follow-up of the effect of the WRP on obese children. The limited
number of study participants might have been the reason for the
serum SHBG levels showing only a slight increase, without a
statistical significance after weight loss. Secondly, changes in
testosterone and estrogen concentrations were not measured
during the WRP, which might have caused the lack of correlation
between SHBG concentrations and insulin resistance indexes in
the boys. Other hormones, the association of SHBG with
adiposity-related signals, such as insulin-like growth factor-1,
leptin, adiponectin, and ghrelin,*'! were not evaluated in our
study because of limited funds. Finally, the single-nucleotide
polymorphisms of the SHBG gene can affect SHBG levels and
increase the risk of developing T2DM!***3; therefore, analyzing
the polymorphisms in the SHBG gene will be designed in our
further work.

5. Conclusion

Short-term WRP has the potential effects of lowering BW, BMI,
BF%, and BFW and increasing serum HDL-C levels and insulin
sensitivity in obese Taiwanese children. Increased serum SHBG
levels were noted in both sexes after weight loss. However, using
the change in SHBG concentrations during short-term WRP to
evaluate improvement in insulin resistance might be appropriate
for girls only, and not boys.
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