' Endocrine

W CONNECTIONS

RESEARCH

Sex-specific modulation of circulating growth
differentiation factor-15 in patients with type 2

diabetes and/or obesity

Mohamed Asrih', Flore Sinturel?>3#, Richard Dubos?®, Idris Guessous®, Zoltan Pataky'#, Charna Dibner?34,

Francois R Jornayvaz(®'"34 and Karim Gariani(®"4

'Service of Endocrinology, Diabetes, Nutrition and Patient Therapeutic Education, Geneva University Hospitals, Geneva, Switzerland
2Thoracic and Endocrine Surgery Division, Department of Surgery, Geneva University Hospitals (HUG), Geneva, Switzerland

3Department of Cell Physiology and Metabolism, Faculty of Medicine, University of Geneva, Geneva, Switzerland
“Diabetes Center, Faculty of Medicine, University of Geneva, Geneva, Switzerland
>Department and Division of Primary Care Medicine, Geneva University Hospitals (HUG), Geneva, Switzerland

Correspondence should be addressed to K Gariani: karim.gariani@hcuge.ch

Abstract

Objective: Growth differentiation factor-15 (GDF15), a key metabolic regulator, is associated
with obesity and diabetes in which sex-specific differences have been reported. Thus, we
assessed whether GDF15 could be dependent on sex in diabetes and/or obesity groups.
Methods: We measured serum GDF15 levels by ELISA in eight lean women and men (n = 16),
eight women and eight men having obesity (n = 16), eight women and eight men with type
2 diabetes (T2D, n = 16), and seven women and nine men with both diabetes and obesity
(n=16). Estimation of the difference in the means of each group was performed by two-
way ANOVA. The interdependence of the different variates was addressed by multivariate
analysis. Correlations between GDF15 levels and HOMA-IR, HbA1c, triglycerides, HDL, and
LDL were explored by linear regression.

Results: Being a woman and having obesity alone or in combination with diabetes decreased
GDF15 serum levels (8 = —0.47, Cl = —0.95, 0.00, P = 0.052; § = —0.45, Cl =—0.94, 0.05,
P=0.075). Diabetes independently of metformin treatment and obesity were not predictive
of low GDF15 levels (8 =0.10, Cl = -0.36, 0.57, P = 0.7). Correlation analysis showed that
HOMA-IR (r =0.45, P =0.008) and triglycerides (r =0.41, P =0.017) were positively correlated
and HDL (r=-0.48, P =0.005) was negatively correlated with GDF15 levels in men.
Conclusions/interpretation: GDF15 level was significantly different between men and women,
as well as between the groups. Sex and group interaction revealed that being a woman and
having obesity alone or in combination with diabetes decreased GDF15 levels.
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Introduction

Obesity is rapidly increasing worldwide despite it being
a major health concern (1). Excess weight represents a
hazardous condition leading to the development of type 2
diabetes (T2D) and its complications, mainly cardiovascular
diseases (2). Diabetes onset is a pathology involving a
continuum. In fact, a proportion of obese patients display
impaired fasting glucose levels without meeting the
criteria for the diagnosis of diabetes (3). This intermediate

group has been identified as having prediabetes, a disorder
that substantially increases the risk for diabetes (4). Thus,
identification of relevant blood-based biomarkers allowing
risk stratification in obese patients is required. As sex-
specific differences in glucose homeostasis and T2D risk
have already been reported (5), considering sex appears to
be of particular importance when searching for biomarkers
of metabolic disorders.
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Growth differentiation factor-15 (GDF15), a member of
the transforming growth factor-g (TGF-g) family, has been
identified as a stress-responsive cytokine and metabolic
modulator whose expression is markedly elevated in
response to stress conditions, aging, obesity, and diabetes
3,6, 7,8,9, 10, 11, 12, 13). In accordance, GDF15 serum
levels have been found to be higher in obese subjects with
diabetes relative to patients with diabetes alone (12, 14).
In addition, the level of GDF15 has been described as a
biomarker for mitochondrial dysfunction (15, 16), muscle
weakness in an age-dependent manner, and inflammation
(17, 18). Conversely, GDF15 levels have also been reported
tobe elevated in patients subjected to approaches beneficial
to health such as exercise and metformin treatment (8, 19).
This suggests that the enhancement of circulating GDF15
in T2D and/or obesity may be a compensatory mechanism
rather than a cause. For instance, GDF15 circulating levels
have been found to rise under in vitro glucolipotoxic
conditions, although treatment with recombinant GDF15
could improve the secretory function of pancreatic beta-
cells (20). Additionally, GDF15 was found to be a predictive
marker of future abnormal glucose control and insulin
response (3). The authors revealed that changes in GDF15
levels were related to changes in body weight, BMI, and
insulin resistance and that high GDF15 levels at baseline
increase the risk for prediabetes and diabetes (3). Dostalova
et al. showed that GDF15 increased in serum from obese
women relative to their healthy counterparts, and its
circulating levels were further augmented in the presence
of diabetes (6). Considering these data, and despite the fact
that the levels of sex hormones, such as testosterone and
estradiol, may influence the development of metabolic
disorders (21, 22), there are no reports, to our knowledge,
exploring the circulating GDF15 levels in women vs men
with obesity and/or T2D. To assess the impact of sex on the
level of circulating GDF15 and its correlation to clinical and
metabolic parameters, we aimed to determine the possible
association between GDF15 serum levels with hormonal
and metabolic status in lean women and men with obesity,
diabetes, or both.

Materials and methods
Patients

A total of 64 participants were recruited from the
outpatient clinic of Geneva University Hospital. Patients
enrolled in this study signed an informed consent form.
As previously described (23), the exclusion criteria were
type 1 diabetes or latent autoimmune diabetes in adults,

steroid-induced  diabetes, post-transplant diabetes,
hepatitis, corticosteroid therapy, active neoplasia, and
ongoing shift work. The participants were asked to follow
a moderate diet without excess fat or alcohol intake, 24 h
prior to the testing day. Overall, eight lean control women
and men (n=16), eight women and eight men with obesity
(n=16), eight lean women and eight lean men with T2D
(n=16), seven women and nine men with both T2D and
obesity (n=16) were included in this study. Thereafter, each
group was further separated according to sex. The mean
age of the patients was 59.3 £ 9.05 years (age range: 41-75
years). Thirty-three participants (51.6%) were male and
31 (48.4%) were female, amounting to a total of 64 patients
(see detailed results for each group in Table 1). The research
protocol was registered with the Protocol Registration and
Results System at ClinicalTrials.gov (NCT 02384148).

Clinical and biochemical parameters

As previously described (23), participants enrolled in this
study underwent a clinical examination. Height and body
weight were recorded, allowing BMI determination. All
serum samples were collected in clot-activator vacutainers
between 08:00and 10:00h, followingovernightfasting from
22:00 h onwards. These were immediately analyzed by the
Geneva University Hospital laboratory for insulin, blood
glucose, HbAlc, triglycerides, total cholesterol, low-density
lipoprotein cholesterol (LDL), high-density lipoprotein
cholesterol (HDL), leukocytes, and lymphocytes. The
homeostasis model assessment of insulin resistance
(HOMA-IR) was also calculated as described elsewhere (24).
Thereafter, serum was immediately prepared from blood
samples by centrifugation (10 min, 1650g, 4 °C) and stored
at —80°C until lipid extraction and analysis.

Ethics

Ethical approval for the study was obtained from the
Cantonal Research Ethics Commission of Geneva,
Switzerland (project number CER11-015), and all
participants provided written informed consent.

Outcomes

The primary outcome was serum GDF15 levels, measured
using a human quantitative sandwich ELISA kit (R&D
Systems, DGD150). The ELISA was performed according
to the manufacturer’s instructions. The assay sensitivity
was 4.39 pg/mL, and the intra- and inter-assay coefficient
variations (CV) were <3% and <6%, respectively.
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Table 1 Characteristics of the studied groups. Anthropometric, hormonal, and biochemical characteristics of the control, obese
non-T2D, lean T2D, and obese T2D group of patients. Values are given as means + s.D.

Control, n =16 Lean T2D, n =16 Obese, n=16 Obese T2D, n=16
Female, n=8 Male,n=8 Female, n=8 Male,n=8 Female, n=8 Male,n=8 Female,n=7 Male, n=9
Age (years) 59 (9) 61 (7) 60 (10) 62 (5) 55(9) 54 (9) 61 (12) 63(11)
BMI (kg/mz) 22.40(1.69) 23.81(1.31) 22.66(1.90) 24.12(1.77) 37.74(4.04) 35.99(2.31) 36.37(3.90) 36.34(2.97)
Fasting glucose 5.08 (0.32) 5.15(0.29) 8.93(1.62) 8.29(0.99) 5.25(0.23) 5.58(0.55) 10.51(1.63) 11.42(1.61)
(mmol/L)
Fasting insulin 6.96 (2.92) 5.11(2.02) 10.3(6.3) 7.4(3.9) 16 (7) 21(11) 21 (6) 28 (9)
(mU/L)
HbA1c (%) 5.26 (0.23) 5.39(0.16) 7.32(0.70) 7.86(2.09) 5.53(0.23) 5.36(0.32) 7.93(0.95) 8.96 (0.85)
HOMA-IR 1.57 (0.68) 1.17(0.45) 4.35(3.26) 2.73(1.47) 3.82(1.68) 5.10(2.81) 10.0 (3.6) 13.9(4.1)
ALAT (U/L) 27 (14) 32(16) 29 (9) 30(14) 30(9) 43 (18) 34 (11) 60 (19)
ASAT (U/L) 24 (10) 26 (7) 22 (7) 24 (9) 21 (5) 32(11) 22 (6) 40 (15)
PA (U/L) 78 (22) 60(11) 68 (19) 60 (20) 77 (17) 68 (10) 85 (22) 75 (20)
GGT (U/L) 32 (25) 44 (29) 23(14) 33(13) 30(19) 64 (38) 47 (26) 163 (122)
Total cholesterol 5.50(1.22) 5.35(1.16) 4.54(1.25) 5.00(1.23) 5.05(0.84) 5.53(0.82) 5.26 (1.26) 6.07 (2.32)
(mmol/L)
Triglyceride 1.02 (0.35) 1.44(0.70) 1.48(0.93) 2.02(1.83) 1.42(0.55) 2.21(1.56) 3.3(2.9) 5.0(7.1)
(mmol/L)
LDL cholesterol 3.17(1.17) 3.12(1.13)  2.42((1.11) 2.72(1.10)  3.01(0.81) 3.29(0.66) 3.17 (0.72) 2.80(1.57)
(mmol/L)
HDL cholesterol 1.86 (0.30) 1.57(0.25) 1.44(0.50) 1.36(0.41) 1.40 (0.23) 1.23(0.20) 1.12(0.35) 1.01(0.27)
(mmol/L)
Cortisol (nmol/L) 349 (98) 402 (132) 382 (65) 394 (155) 378 (117) 304 (104) 406 (148) 366 (71)
Leukocytes (g/L) 5.16 (1.41) 6.96(1.95) 7.09(1.44) 6.38(0.86) 5.30(1.11) 6.91(1.39) 8.97 (2.66) 7.00 (2.04)
Neutrophils (g/L) 2.53(1.31) 4.71(1.35) 4.10(1.24) 3.60(1.01) 3.18(0.84) 4.23(0.88) 5.13(1.82) 4.25 (1.89)
Eosinophils (%) 2.12(1.55) 1.34(0.73) 2.92(2.45) 4.88(3.44) 4.06(3.76) 2.62(2.20) 3.07 (1.37) 3.16 (2.04)
Basophils (%) 0.75(0.71) 0.84(1.05) 0.50(0.53) 1.00(0.93) 0.62(0.92) 1.25(1.58) 0.61 (0.49) 0.70 (0.66)
Monocytes (%) 4.75 (1.75) 4.86 (2.49) 5.81(2.07) 5.25(3.77) 5.31(3.65) 7.12(2.36) 6.6 (2.9) 8.1(4.5)
Lymphocytes (g/L) 1.98 (0.58) 1.76 (0.75) 2.28(0.32) 2.07(0.59) 1.59 (0.44) 1.87(0.92) 2.90(1.10) 2.07 (0.44)
GDF 15 (pg/mL) 494 (178) 527 (160) 1353 (649) 1106 (358) 413 (121) 657 (252) 678 (278) 1534 (770)

Statistical analysis

First, to be able to perform statistical tests and multiple
regression, we transformed the response variable, the
serum GDF15 level, to a log scale, in order to ensure
normality. Using the Shapiro-Wilk test on the log of the
GDF 15 concentration, we cannot reject the normality
assumption (W=0.97, P=0.1906). We then performed a
two-way ANOVA between sex and patient group (obesity
status and T2D status) to estimate whether there was any
difference in the means of each group.

We then performed a multivariate analysis in order
to address the interdependence of different variates and
how this predicted circulating GDF1S levels. We decided
to include the following variables in our model: sex, age,
obesity status, diabetes status, metformin treatment
(known to influence GDF15 levels), ALAT levels (a measure
of liver health), LDL levels (a measure of lipid metabolism),
HbAlc levels (a measure of carbohydrates metabolism),
and interaction between sex, obesity status, and diabetes
status. Although the sample size was small (n=64), the
model performed well, with an adjusted R-squared of

0.68 (meaning that 68% of the variance of the GDF 15
concentration (log) can be explained by the variance
of our independent predictors). Residuals were checked
using a graph plot and stayed within the expected range.
The results of the linear regression are presented in
Fig. 2. Note that the independent variable was the log of
the GDF15 concentration in order to respect the normality
assumption and that the value of the coefficient reflects
that change. The statistical analysis was performed using
R software.

Results

Impact of sex and groups on circulating
GDF15 levels

Toinvestigate the impact of obesity and T2D on circulating
GDF15 levels in men and women, we measured GDF15
in the serum of participants enrolled in the previously
described cohort (23). Both the obese and the T2D obese
groups had higher BMIs, fasting insulin, and HOMA-IR,
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Figure 1

GDF15 plasma levels in control, obese, lean type 2 diabetes, and obese with type 2 diabetes subjects. Values are expressed as a boxplot with lines
indicating medians. Whiskers extend from the box up to the smallest/highest observations. Statistical significance is from two-way ANOVA.

as well as lower HDL. Fasting serum glucose and HbAlc
levels were significantly higher in the T2D and the T2D
with obesity groups compared with the obese and the
control groups. The overall parameters herein did not
significantly differ between men and women. Fasting
serum levels of total cholesterol, triglycerides, LDL, and
cortisol did not significantly differ between the groups. Of
note, leucocyte and neutrophil numbers were increased
in the group of women with T2D and obesity relative to
the control (Table 1).

Beyond characterization of the enrolled population,
the primary objective was to investigate the impact of
sex on GDF15 serum levels in our different populations,
namely, lean controls, lean T2D patients, obese patients,
and T2D obese patients (Fig. 1). The ANOVA revealed that
there was a statistically significant difference between
the means of sex (men and women; F=7.6933, P < 0.01),
groups (control, obese non-T2D, lean T2D, and obese
T2D patients; F=18.1362, P < 0.001), and the interaction
between sex and groups was statistically significant
(F=3.8664, P=0.013). We found that being lean without
having T2D (8=-0.02, CI=-0.36, 0.32, P=0.9) or being
lean and having T2D (8=0.10, CI=-0.36, 0.57, P=0.7) did
not statistically significantly affect GDF-15 concentrations
in our multivariate analyses. On the other hand, we
observed that having obesity without T2D positively
affected GDF15 levels (=0.35, CI=-0.00, 0.69, P=0.049)

(Table 2). Strikingly, the interaction between being a
woman and having obesity showed a negative trend in
GDF15 serum levels (3=-0.47, CI=-0.95, 0.00, P=0.052).
Even though the interaction between being a woman and
having diabetes was not significant (8=0.28, CI=-0.20,
0.75, P=0.3) there was, on the other hand, an interaction
effect in women with obesity and T2D on GDF15 levels
(B=-0.45, CI=-0.94, 0.05, P=0.075). Altogether, our
data suggest that women with obesity have a different
underlying GDF15 mechanism than men with obesity or
that obesity in women has an impact on GDF15 levels.

Correlation of independent variables and
circulating GDF15 levels

The GDF15 serum levels varied in a sex-dependent
manner, and the obesity/diabetes status could be the cause
or consequence of hormonal change. To investigate this
hypothesis, we evaluated the correlation between GDF15
and metabolic parameters including HOMA-IR, Hb1lAc,
triglycerides, LDL, and HDL (Fig. 2). We found a positive
correlation with HOMA-IR in men of all studied groups.
HblAc had a positive correlation with GDF1S5 serum
levels in men and women with T2D associated or not
with obesity. Triglycerides were positively correlated with
GDF15 in men of all groups. HDL and LDL were negatively
correlated with GDF15 serum levels in men of all enrolled
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Figure 2

Correlation between log (GDF15) plasma levels and glucose/lipid metabolism parameters in control, obese, lean type 2 diabetic, and obese with type 2
diabetic groups. Correlations were controlled for alanine aminotransferase (ALAT), glycated hemoglobin (HbA 1c¢), triglycerides, high-density lipoprotein
(HDL), and low-density lipoprotein (LDL), homeostatic model assessment for insulin resistance (HOMA-IR) on men (red), and women (blue) for all the four

groups. P-values and r values are from Spearman rank correlation.

groups. We then performed multivariate regression to
evaluate the association with the focused parameters
and to understand the potential underlying mechanism
(Table 2). Our results show that GDF15 levels increased
with age (8=0.02, CI=(0.01, 0.03), P < 0.001). Patients
receiving metformin treatment also had higher GDF15
levels (8=0.43, CI=(0.15, 0.71), P=0.003). Patients with
higher HbAlc levels had higher GDF15 levels (8=0.10,
CI=(0.00, 0.20), P=0.057), but patients with higher LDL
levels had lower GDF15 levels (8=-0.10, CI=(-0.19, -0.02),
P=0.013). Both results hint at already known GDF15
mechanisms. Of note, hepatic function assessed through
the marker ALAT did not have an impact on the GDF15
levels (3=0.00, CI=(-0.1,0.1), P> 0.9).

Discussion

GDF15 has been identified as a metabolic modulator whose
expression is markedly elevated in obese and diabetic
individuals (3, 6, 7, 8, 9). Interestingly, although sex
differences represent a source of factors that impact various
parameters in obesity and diabetes (5), there have been no
reports to date regarding the effect of sex on GDF15 levels.
We, therefore, investigated the impact of sex on GDF15
levels in lean, obese, diabetic, and obese-diabetic women
and men patients. We hypothesized that circulating GDF15

could be a sex-dependent serum biomarker in diabetes or
obese diabetes groups.

In this study, we report no difference in serum GDF15
levels between beinglean without having T2D or beinglean
and having T2D. Furthermore, for these patients without
obesity, no interaction was found between sex and diabetes
status. Notably, in contrast, obesity was consequentially
associated with increased GDF15 serum levels compared
to lean patients, independently of diabetes status. Most
interestingly, we were able to highlight an interaction
between being a woman and having obesity combined or
not with diabetes. Intriguingly, being a lean woman and
having diabetes were not significantly associated with
circulating GDF15 levels. Together, our data suggest that
either obesity may impact GDF15 levels only in women
or there might be a different regulatory mechanism on
GDF1S levels in men and women with obesity. In line
with this latest hypothesis, Zhang et al. revealed a sex-
specific modulation of GDF15 expression in response to
stress conditions (25). This study argues more for a gender-
dependent modulation of GDF15 levels in case of obesity
instead of obesity influencing GDF15 levels only in women.
In addition, GDF15 levels were found to be increased in
patients having obesity or who had cancer with cachectic
status (26). An increase in GDF15 levels in opposition
to changes in body weight argues against a direct role of
obesity alone in the regulation of GDF1S5 serum levels.
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Table 2 Multivariate linear regression analysis of log
(GDF15). All variables shown in this table were tested for their
multivariate (independent) associations with GDF15. GDF15
concentrations were adjusted in log10. HOMA-IR and
triglycerides were not included in this analysis, given their
interaction with other parameters in the analysis. Beta-
coefficient and statistical significance are shown.

Characteristics Beta 95% CI P-value
Intercept 4.9 3.9,59 <0.001
Sex

Men - -

Women -0.02 -0.36,0.32 0.9
Age 0.02 0.01,0.03 <0.001
With obesity 0.35 0.00, 0.69 0.049
With diabetes 0.10 -0.36,0.57 0.7
Taking metformin 0.43 0.15,0.71 0.003
ALAT 0.00 -0.01,0.01 >0.9
LDL -0.11 -0.19, -0.02 0.013
HbA 1c 0.10 0.00, 0.20 0.057
Sex x with obesity

Woman x with obesity -0.47 -0.95,0.00 0.052
Sex x with diabetes
Woman x with diabetes 0.28 -0.20,0.75 0.3
Sex x with obesity x with

diabetes

Man x with obesity x -0.26 -0.78,0.26 0.3

with diabetes

Woman x with obesity -0.45 -0.94,0.05 0.075

X with diabetes

R? =0.743; Adjusted Rz =0.683; Sigma = 0.333; Statistic = 12.3;
P-value = <0.001; df = 12; Log-likelihood = —13.2; AIC = 54.5; BIC = 84.7;
Deviance = 5.67; Residual df =51; No. Obs. = 64.

Upon multivariate adjustment, being a woman and
having obesity appeared to be a negative predictor of
GDF15 levels although the statistically significant was
unreached. Our results are in accordance with those of
Ding et al., who showed that GDF15, the expression of
which was stimulated by prostaglandin in their evaluation,
is negatively correlated to BMI (27). In contrast, the study
by Dostalova et al. reported higher serum GDF15 levels
in women with obesity. This discrepancy could be due to
the difference in the characteristics of the populations,
notably the variation in the BMI. Patients with obesity in
our study had a mean BMI of 37.7 + 1.4 kg/m?, while the
patients in their analysis had severe obesity, with a higher
mean BMI (50.4 = 2.6 kg/m?) (6). However, BMI alone
cannot explain these differences since, when considering
obesity independently of sex, we showed that obesity is a
positive predictor of increased GDF15 levels.

Like obesity, T2D was associated with increased
GDF15 levels (3, 6, 28). Nonetheless, these associations
were not observed in the large Whitehall cohort, and the
authors suggested that elevated GDF15 levels are not a

predictor of diabetes (29). It has been proposed that the
use of metformin, which induces GDF15, represented
a confounding factor (30). Therefore, we confirmed a
positive interaction between metformin use and GDF15
levels by multivariate analysis. Moreover, we observed no
consequential association between type 2 diabetes with
GDF15 serum levels, when considered independently of
sex, metformin treatment, and obesity status. However,
this non-significant correlation may be due to the small
sample size of our study instead of the isolation of the
metformin treatment. Therefore, this analysis should
be performed with a larger sample to evaluate whether
GDF15 levels may be considered as a predictor or marker
of diabetes independent of sex, metformin treatment,
and obesity status.

In the group with obesity and type 2 diabetes, we
observed an interaction with women (3=-0.45, CI=-0.94,
0.05, P=0.075) but not with men (3=-0.26, CI=-0.78,
0.26, P=0.3). This interaction negatively predicted GDF15
levels. Our results are opposed to the XENDOS trial
data showing increased GDF15 levels in obese patients
developing diabetes (3). The regression coefficients were
roughly the same in women with obesity and women with
both obesity and diabetes, hence suggesting no synergistic
effect in the obese T2D group. When concomitantly
present in women, it appears that the effect of obesity
overcomes that of diabetes, leading to an association with
negative prediction of GDF15 levels. However, further
investigations are warranted to elucidate this hypothesis
and clarify the role of GDF15 in obese-diabetic women.
GDF15 expression is induced under stress conditions such
as obesity and/or T2D, and thus it is likely that a range
of factors commonly associated with these metabolic
alterations may also be associated with increasing GDF15
concentrations. Considering this, we investigated multiple
factors, and we found that increased HbA1c concentrations
were associated with higher GDF15 levels in women
and men. Insulin sensitivity assessed by HOMA-IR, an
index reflecting hepatic insulin resistance (31), showed
a positive correlation with GDF1S levels only in men. A
similar positive association exclusively in men between
triglycerides and GDF15 was found.

Othershavedemonstratedrelationshipsbetween GDF15
and triglyceride levels, low LDL, and low HDL in men, hence
supporting alinkbetween GDF15 and lipid metabolism (32).
Our analysis revealed a negative and positive correlation
with HDL and circulating triglycerides, respectively, only in
men. Moreover, LDL was negatively associated with GDF15
levels in men of all groups. Our data are in accordance with
those of a previous study (6). Altogether, this suggests that
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GDF1S5 is likely to be associated with lipid metabolism and
insulin resistance mainly in men and reflects an overall
metabolic alteration. These sex-specific variations may
have impacted the interaction between being a man and
having obesity and/or diabetes. Therefore, it would have
been interesting to include HOMA-IR and triglyceride in
the multivariate analysis to evaluate their interactions with
women having obesity or/and diabetes. However, given the
small sample size and interaction with other variables, these
analyses were not performed.

In summary, we showed a significant difference in the
mean GDF15 concentrations between men and women, as
well as between the groups (i.e, lean, lean T2D, obese, and
obese T2D individuals). Moreover, we found an interaction
between sex and group although the statistically significant
was not reached in our multivariate analysis. Interestingly,
wefoundaninteractionbetweensex (i.e.beingawoman)and
obesityin the presence or absence of diabetes. Co-occurrence
of both diabetes and obesity did not have a synergistic effect
relative to obesity alone. GDF15 serum levels increased
with age and HbAlc concentration and decreased as LDL
increased. Linear regression revealed that GDF15 levels were
positively correlated to HOMA-IR, triglycerides, and HbAlc
in both men and women. Importantly, these associations
for HOMA-IR and triglyceride were significant only in men.
On the other hand, HDL and LDL were negatively associated
with GDF15 in men. Therefore, the absence of correlation
between GDF15 and lipid metabolism markers in women
suggests that the fact of being women and having obesity
concomitantly or not with diabetes negatively affects
GDF15 concentration and might not be dependent on
lipid metabolism but rather on sex specificities. However,
this is speculative, and further studies are warranted to
demonstrate such hypothesis.
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