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Introduction

Obesity is a heterogeneous condition in terms of body fat dis-
tribution and cardiometabolic complications, but also in terms 
of adipose tissue cellular composition in each fat compartment.1 
Expansion of any given compartment occurs through fat cell 
hypertrophy (increase in cell size) and/or hyperplasia (increase 
in cell number), the latter which results from the differentiation 
of precursor cells (preadipocytes) into lipid-storing, mature adi-
pocytes.2 Cell hypertrophy has been widely documented. In fact, 
hypertrophy occurs in both fat compartments as subcutaneous 
(SC) and omental (OM) adipocyte sizes increase with BMI, in 
men and women, to reach a plateau in morbidly obese patients.3 
In women, OM adipocytes are known to be smaller than SC 

cells independently of BMI.4 Adipocyte hypertrophy is related 
to impaired adipose tissue function including high responses to 
lipolytic agonists, lower DGAT activity and macrophage infil-
tration.5-7 Data linking adipocyte hyperplasia to obesity and 
metabolic alterations are more limited.8 Adipocyte precursors 
have been reported to be in smaller amounts in visceral adi-
pose tissue (VAT) than in subcutaneous adipose tissue (SAT).9 
A majority of studies reported that preadipocyte adipogenesis is 
higher in SC than in OM adipose tissue,10-12 although this is not 
unanimous.13,14

Excess visceral fat accumulation is a well-known predictor of 
obesity-related cardiometabolic alterations such as dyslipidemia 
and insulin resistance (reviewed in ref. 3). These conditions 
have increasingly been recognized to result from a default in the 
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subcutaneous adipose tissue expansion through adipogenesis is increasingly recognized as a major determinant of 
body fat distribution and obesity-related cardiometabolic alterations. Our objective was to assess whether adipogenic 
rates of cultured human primary preadipocytes from the visceral and subcutaneous compartments relate to visceral obe-
sity and cardiometabolic alterations. We recruited 35 women undergoing gynecological surgery and assessed body fat 
distribution by cT as well as fasting plasma lipids and glycemia. Fat samples from the greater omentum and abdominal 
subcutaneous (sc) compartments were used to assess mature adipocyte cell size and establish primary preadipocyte 
cultures. Differentiation was induced using adipogenic media and adipogenic rates were assessed using Oil Red O (ORO) 
absorbance/DNa content ratio and glyceraldehyde 3-phosphate dehydrogenase (G3PDh) activity/DNa of differentiated 
cells. We found a lower adipogenic capacity of omental (OM) preadipocytes than sc preadipocytes originating from the 
same women (P < 0.05). Whereas only OM cell size was different among groups of low vs high OM adipogenic rate, sc 
adipogenic rates were clearly related to increased OM cell size and dyslipidemia when women were separated on median 
value of either ORO/DNa or G3PDh activity/DNa ratios. When matched for BMI, women with low sc preadipocyte adipo-
genic rates had a higher visceral adipose tissue area (P < 0.01), omental adipocyte hypertrophy (P < 0.05), higher VLDL-
lipid content (P < 0.01) and higher fasting glycemia (P < 0.05) than those with low sc adipogenic rates. In conclusion, 
low abdominal subcutaneous preadipocyte differentiation capacity in vitro is associated with visceral obesity, visceral 
adipocyte hypertrophy, and a dysmetabolic state.
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lipid storage capacity of adipose tissue.15,16 Consistent with this 
notion, Arner and collaborators showed that reduced generation 
of new adipocytes (low hyperplasia) was related to hypertro-
phy of mature adipocytes, a phenomenon that was also cor-
related with insulin values and insulin resistance.17 Moreover, 
a study from Park et al. demonstrated that among a sample of 
Korean obese women, the ones characterized by the metabolic 
syndrome had a lower SC adipogenic capacity assessed by oil 
red O (ORO) staining compared with metabolically healthy 
women.18

In a recent review on obesity and adipogenesis,8 we showed 
that assessments of adipogenic capacity appeared to be reduced 
in obesity. However, we found that no study had ever examined 
how the ability of primary preadipocytes from various fat com-
partments to undergo in vitro differentiation relates to visceral 
obesity in the tissue donors. A sample of women for whom we 
obtained a precise quantification of SAT and VAT area through 
axial tomography and adipose tissue sampling on the day of sur-
gery provided a unique experimental design to relate in vitro 
adipogenesis to cell size in the tissue, body fat distribution, and 
metabolic dysfunction. Our objective was to evaluate whether 
preadipocyte adipogenic rates assessed in vitro reflect the levels 
of visceral obesity and the presence of obesity-related cardiometa-
bolic alterations. We tested the hypothesis that low preadipocyte 
adipogenic rates in the SC fat compartment are related to visceral 
obesity and concomitant metabolic alterations.

Results

Adipogenic rates of OM and SC preadipocytes are not cor-
related with overall adiposity indices in women covering a wide 
range of obesity values

We obtained SC and OM adipose tissues from 35 women 
undergoing gynecological surgery for whom characteristics 
are described in Table 1. These women were covering a large 
spectrum of adiposity values and had a mean body mass index 
(BMI) of 26.2 kg/m2. After collagenase digestion, mature adi-
pocyte diameters were measured and preadipocytes were cul-
tivated to assess their ability to differentiate into lipid-storing 
cells. To do so, we cultivated cells isolated from each woman 
with adipogenic differentiation media and then quantified 
adipogenic rates by evaluating incorporation of ORO into lipid 
droplets and G3PDH activity after 21 d of culture. Rates were 
normalized on DNA content in each well (ng) for both mea-
surements. As demonstrated in Figure 1, ORO/DNA adipo-
genic rates correlated positively with G3PDH activity-measured 
adipogenic rates.

In vitro cultures of OM preadipocytes were less efficient than 
those of SC cells and we were able to measure less OM preadi-
pocyte adipogenic rates (n = 15). Anthropometric and metabolic 
parameters for this subgroup are presented in Table 1. Statistical 
comparison revealed no difference compared with the remaining 
n = 20 patients, suggesting that it is representative of the whole 
cohort. When comparing these 15 paired OM and SC adipogenic 

rates, we found that OM preadipocytes had a significantly lower 
adipogenic capacity based on ORO/DNA ratio than their coun-
terparts from SC tissue (Fig. 2).

Although women covered a wide range of BMI values (from 
20.3 to 41.1 kg/m2), overall adiposity indices (weight, BMI, total 
body fat mass) were not related to preadipocyte adipogenic rates 
in either fat compartment, despite the fact that OM and SC 
mature adipocyte sizes were positively correlated with total body 
fat mass and visceral adipose tissue area (Fig. 3). Regarding OM 
adipogenic rate, the sole statistically significant result revealed 
that women with high OM adipogenic rates had larger OM adi-
pocytes (P = 0.02). These results show a correlation between OM 
and SC mature adipocyte hypertrophy with total body fat mass 
and visceral obesity whereas OM adipogenic capacity was only 
related to OM adipocyte size.

ORO incorporation and G3PDH activity of SC preadipo-
cytes vs. OM adipocyte size, visceral obesity, and plasma lipid 
concentrations

Women were separated into subgroups based on median value 
of SC ORO adipogenic rate for ANOVA analysis. Subgroups 
were composed of 17 women with low and 18 women with 
high SC adipogenic capacity. As presented in Table 2, women 
with low SC ORO adipogenic rates tended to have a higher vis-
ceral adipose tissue area (P = 0.09) and higher fasting glycemia 
(P = 0.10). Interestingly, they were characterized by higher OM 
mature adipocyte size (P = 0.008), which was not observed with 
SC adipocyte size (P = 0.77). Moreover, women with a low SC 
adipogenic rate presented higher plasma triglyceride (TG) con-
centrations and higher VLDL lipid content (P < 0.05 for both).

As shown in Table 3, we also separated women according to 
the median value of G3PDH activity adipogenic rates. Similar 
results to those with ORO adipogenic rates were obtained. 
Women with low G3PDH activity (n = 14) had larger OM adipo-
cytes (P = 0.058) compared with women with high activity (n = 
15). In addition, the subgroup with low adipogenic capacity had 
higher concentrations of TG (P = 0.06), VLDL-TG, VLDL-C/
TG, LDL-TG, and Chol/HDL (P ≤ 0.05 for all). These results 
demonstrate that low SC preadipocyte adipogenic capacity, 
assessed with two different approaches, is related to visceral adi-
pocyte hypertrophy and a dyslipidemic state in women covering 
a wide range of adiposity values.

Low SC adipogenic rates are strongly associated with vis-
ceral obesity, omental adipocyte hypertrophy, and a dysmeta-
bolic status independent of BMI

Women with either high or low ORO/DNA ratio were 
matched for BMI. ORO and G3PDH adipogenic rates were sta-
tistically different between these two groups, each composed of 
13 women (P ≤ 0.05). As expected, matched women displayed 
similar body fat mass and BMI values (Fig. 4A). However, 
women with a low SC adipogenic capacity were characterized by 
higher visceral adipose tissue area, but had similar SC adipose 
tissue area (Fig. 4B). The same pattern was observed with mature 
adipocyte size, where adipocytes were larger in OM adipose tis-
sue of women in the low adipogenic capacity group and no sig-
nificant difference in SC mature cell size (Fig. 4C). As shown on 
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Figure 5, plasma lipid concentrations, including TG, VLDL-TG, 
and VLDL lipid content, were higher in women presenting a low 
adipogenic capacity (P = 0.05, 0.001, and 0.007 respectively). 
Fasting glycemia was also higher in this group of women (P = 
0.05).

Table 1. study sample characteristics and subgroup with paired OM and sc adipogenic rates

Variables
All women (n = 35)

Subgroup of women with OM and 
SC adipogenic rates (n = 15)

Mean ± SD Range (min–max) Mean ± SD Range (min–max)

Characteristics

age (y) 46.6 ± 5.8 35.2–58.0 46.2 ± 5.7 35.2–56.1

Weight (kg) 68 ± 11 56–108 66 ± 10 56–93

Waist circumference (cm) 91 ± 10 74–123 88 ± 10 74–109

BMI (kg/m2) 26.2 ± 3.9 20.3–41.1 25.4 ± 3.3 20.3–33.4

Total body fat mass (kg) 24.0 ± 6.5 13.8–47.3 22.6 ± 5.4 13.8–32.4

Adipose tissue area (cm2)

Total 380 ± 110a 215–681 353 ± 103 215–547

Visceral 88 ± 34a 34–160 82 ± 34 34–129

subcutaneous 293 ± 88a 151–521 271 ± 79 150–421

Adipocyte diameter (μM)

Omental 77.3 ± 14.1a 42.8–102.0 73.8 ± 14.0 42.8–93.5

subcutaneous 93.0 ± 18.1 37.8–125.5 89.8 ± 21.7 37.8–125.5

Plasma lipid profile

Cholesterol (mmol/L)

Total 5.01 ± 0.88 3.21–6.99 4.93 ± 0.70 3.21–6.12

VLDL 0.36 ± 0.25 0.05–1.15 0.33 ± 0.27 0.05–1.15

Triglycerides (mmol/L)

Total 1.07 ± 0.54 0.40–3.32 1.06 ± 0.69 0.40–3.32

VLDL 0.58 ± 0.48 0.12–2.75 0.58 ± 0.66 0.12–2.75

ApoB (g/L)

Total apoB 0.90 ± 0.20 0.53–1.26 0.86 ± 0.17 0.58–1.25

VLDL-apoB 0.09 ± 0.04 0.01–0.17 0.09 ± 0.04 0.01–0.15

Fasting glycemia (mmol/L) 5.3 ± 0.4 4.5–6.3 5.3 ± 0.4 4.7–6.0

Adipogenic rate

ORO (ratio ORO/DNA × 104)

Omental preadipocytes 1.0 ± 1.0b 0.3–4.5 1.0 ± 1.0b 0.3–4.5

subcutaneous preadipocytes 1.8 ± 1.2 0.1–6.4 2.0 ± 1.4b 0.7–6.4

G3PDH activity (ratio activity/DNA × 103)

subcutaneous preadipocytes 8.5 ± 9.4 3.4–42.5 7.5 ± 10.9 0.52–42.5

ORO, oil red O absorbance; an = 34, bn = 15.

Figure  1. correlation between adipogenic rates measured by G3PDh 
activity and oil red O (ORO) lipid staining. Primary cultures of preadipo-
cytes isolated from sc adipose tissue were cultivated under adipogenic 
condition for 21 d. ORO quantification was performed for 35 samples and 
G3PDh activity for 29 samples. Pearson correlation coefficient is shown.
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Discussion

Our findings support the hypothesis that limited SC adipose 
tissue expandability, as assessed by in vitro preadipocyte adipo-
genic rates, is related to a clear phenotype of visceral obesity, OM 
adipocyte hypertrophy, and a dysmetabolic state. We are the first 
group reporting differences between patients with either low and 
high SC preadipocyte adipogenic rates and CT measurements of 
visceral adipose tissue area. The normalization of our data for the 
amount of biological material in the tissue culture plates (DNA 
content) adds to the validity of our findings. Moreover, we used 

two approaches, ORO staining and G3PDH activity which gen-
erated consistent results.

As mentioned earlier, comparisons of OM vs. SC preadi-
pocytes to differentiate into lipid-storing cells were not unani-
mous. Our results support the notion that OM preadipocyte 
adipogenic rates are lower than in SC preadipocytes of the same 
patient. In addition, OM preadipocyte adipogenic rates were 
not consistently related to adiposity and cardiometabolic risk 
variables. The higher OM adipocyte size found in patients with 
low OM preadipocyte adipogenic rates suggests that adipose 
cell dynamics may be different in visceral adipose tissue than 
in the SC compartment. As demonstrated in Figure 3, mature 
cell sizes from both compartments were correlated with total 
body fat mass and visceral obesity, suggesting that hypertrophy 
occurs in both depots with total and abdominal obesity. Our 
results indirectly suggest that hyperplasia may be a more deter-
minant aspect of SC adipose expansion than in OM tissue. Yet, 
SC preadipocyte terminal differentiation capacity is related to 
OM adipocyte size. The relation we have shown between adi-
pogenesis and OM cell size is concordant with results from Park 
and collaborators, who measured differentiation capacity of SC 
cells in obese Korean women.18 They also reported a negative 
correlation between SC differentiation and OM adipocyte size 
among obese subjects.18

Permana and collaborators reported a decrease in adipogenic 
capacity with increases in fat mass percentage and also with waist 
circumference.19 Two other groups published that lower differen-
tiation capacity of SC cells was associated with higher BMI.20,21 
We did not find a significant correlation between preadipocyte 
adipogenic rates and overall obesity level, which was far from sta-
tistically significance when performing power analyses. However, 
our results clearly show an inverse relation between SC preadipo-

cyte adipogenic rates and vis-
ceral obesity with precise CT 
measured-visceral adipose tis-
sue areas. Our data extend pre-
vious studies suggesting that 
SC preadipocyte differentia-
tion rate is negatively related to 
waist circumference,18,19 which 
has been already suggested as a 
good indicator of visceral adi-
pose tissue accumulation.22

We also demonstrate that 
independent of BMI, low 

Figure 2. ORO-assessed adipogenic rates of paired OM and sc preadi-
pocytes from 15 women. adipogenic rates were measured from OM 
and sc preadipocytes cultivated in adipogenic differentiation medium. 
absorbance of ORO incorporation into lipid droplets was quantified and 
normalized for DNa content. Paired OM and sc values are represented 
with connected dots and box plots show the distribution of adipogenic 
rates for each depot. (a) Patient with the lowest visceral adipose tissue 
area; (b) patient among the most obese of the sample. excluding values 
from patients a or b or a and b did not affect the depot difference. OM, 
omental; sc, subcutaneous; *Paired t test P < 0.05.

Figure 3. OM and sc mature cell 
sizes correlate with total body 
fat mass and visceral adipose 
tissue areas. (A) correlations 
between total body fat mass 
and OM or sc adipocyte diam-
eters. (B) correlations between 
visceral adipose tissue area and 
OM or sc adipocyte diameters. 
Pearson correlation coefficients 
are shown.
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preadipocyte adipogenic rates are related to markers of meta-
bolic dysfunction such as elevated plasma concentrations of 
fasting glucose, TG, and VLDL-C. Interestingly, VLDL lipid 
content was significantly higher among women with low vs. 
high SC preadipocyte adipogenic rates, indicating that the 
effect relates to lipid content instead of VLDL particle number. 
Park and collaborators observed that women with the metabolic 
syndrome had lower SC adipogenesis.18 In our sample, subjects 
were relatively healthy, as the majority of women presented 
less than 3 features of the metabolic syndrome. In a similar 
manner, our sample did not include type 2 diabetic subjects, 
possibly explaining the lack of association between adipogenic 
rates and fasting insulinemia or HOMA index. Yet, even in 
patients with a relatively healthy metabolic profile, we found 
higher fasting glucose concentrations in women with low SC 
preadipocyte adipogenic rates. This is in agreement with other 
studies showing an impact of adipogenic capacity on insulin 
sensitivity.17,18,23

In conclusion, our findings provide strong support to the 
notion that limited expandability of SC adipose tissue possibly 
resulting from weak preadipocyte adipogenesis may lead to lipid 

overflow toward visceral compartments, visceral fat cell hyper-
trophy, and concomitant metabolic alterations.

Methods

Subjects
Women (age 35.2 to 58.0 y and BMI 20.3 to 41.1 kg/m2) 

undergoing elective gynecological surgery were recruited at the 
Laval University Medical Center and provided written informed 
consent before the beginning of the study. This study was 
approved by the Research Ethics Committee of our institution. 
Patients were scheduled for total (n = 33) or subtotal (n = 2) 
abdominal hysterectomies, sometimes accompanied by salpingo-
oophorectomy of one (n = 1) or two (n = 11) ovaries. Reasons for 
surgery included one or more of the following: pelvic adhesions 
(n = 2), asymptomatic cholelithiasis (n = 1), mucinous cystad-
enoma (n = 1), incapacitating dysmenorrhea (n = 4), abdominal 
or pelvic pain (n = 5), ovarian cyst (n = 3), uterine leiomyoma 
(n = 6), right adnexal mass (n = 1), dysfunctional uterine bleed-
ing (n = 17), uterine fibroids (n = 9), uterine myoma (n = 9), 

Table 2. Groups of women with low (n = 17) vs. high (n = 18) sc adipogenic rates according to median ORO/DNa

Low SC adipogenic rate (mean ± SD) High SC adipogenic rate (mean ± SD) P*

Characteristics

age (y) 46.8 ± 5.9 46.3 ± 5.9 Ns

Weight (kg) 70 ± 14 67 ±8 Ns

Waist circumference (cm) 93 ± 11 88 ± 8 0.13

BMI (kg/m2) 26.8 ± 5.2 25.7 ± 2.2 Ns

Total body fat mass (kg) 25.1 ± 8 23 ± 4.6 Ns

Adipose tissue area (cm2)

Visceral 97 ± 36 78 ± 31a 0.09

subcutaneous 307 ± 97 279 ± 74a Ns

Adipocyte diameter (μM)

Omental 83.5 ± 10.9 71.1 ± 14.4a 0.01

subcutaneous 94.3 ± 16.01 91.8 ± 20.3 Ns

Adipogenic rate

ORO (ratio ORO/DNA × 104)

subcutaneous preadipocytes 0.9 ± 0.4 2.6 ± 1.2 <0.001

Metabolic profile

Plasma triglyceride concentration (mmol/L) 1.15 ± 0.37 0.99 ± 0.66 0.04*

Plasma VLDL-TG concentration (mmol/L) 0.34 ± 0.09 0.28 ± 0.11 0.07

Plasma VLDL-c/TG concentration (mmol/L) 0.63 ± 0.3 0.53 ± 0.61 0.09

LDL-TG (mmol/L) 0.24 ± 0.08 0.22 ± 0.08 Ns

chol/hDL 3.73 ± 1.1 3.45 ± 0.85 Ns

VLDL lipid content 17.5 ± 15.04 9.85 ± 6.49 0.02

Fasting glycemia (mmol/L) 5.42 ± 0.4 5.17 ± 0.46 0.1

an = 17. Ns, non-significant; *t test P values are shown except for plasma triglyceride concentrations where P welch is shown
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endometriosis (n = 4), uterine myomatosis (n = 1), adhesions syn-
drome (n = 1), and human papillomavirus (n = 1). Criteria of 
exclusion included weight gain or loss in the past year, Cushing 
syndrome, cancers, documented cardiovascular diseases, type 1 
or 2 diabetes, and hyperthyroidism.

Body fatness and fat distribution measurements
Before surgery, patients underwent a dual-energy X-ray 

absorptiometry exam (Hologic QDR-4500A densitometer with 
whole-body fan beam software v8.26a:3-Hologic) to assess body 
composition. Subjects also underwent a CT exam (GE Light 
Speed1.1 CT scanner, General Electric Medical Systems) to 
assess abdominal SC and visceral adipose tissue cross-sectional 
area measurements at the L4L5 vertebrae level.24

Plasma lipid/lipoprotein and glucose measurements
From fasting blood samples collected on the morning of sur-

gery, we measured cholesterol and triglyceride levels, in plasma 
and in lipoprotein fractions using an Olympus AU400 apparatus 
(Beckman Coulter). Glucose was measured with the automated 
Modular P800 system (Roche Diagnostics). VLDL particles 
were isolated by ultracentrifugation.

Adipose tissue sampling, adipocyte isolation, and cell size 
measurement

SC adipose tissues were sampled at the site of incision (lower 
abdomen) and visceral (omental [OM]) adipose tissues were col-
lected at the distal portion of the greater omentum. Samples were 
immediately brought to the laboratory for preadipocyte and adi-
pocyte isolation as described previously.25 The stromal–vascular 
fractions containing preadipocytes were obtained as previously 
described,10 with exception of the erythrocyte lysis step. Isolated 
mature adipocytes were spread on a slide and pictures were taken 
using a phase contrast microscope. Two hundred fifty cell diame-
ters per depot were calculated using Scion Image software (Scion 
Corporation).

Preadipocyte differentiation and ORO measurement
Cells were seeded with DMEM-F12 in 96-well plates and 

cultivated to confluence, and consequently growth arrest.26 
Adipogenesis was then induced using DM-2 media for SC preadi-
pocytes and OM-DM media for visceral preadipocytes (ZenBio). 
After 7 d, medium was changed to adipocyte maintenance 
medium (ZenBio) for an additional 14 d. Lipid accumulation 

Table 3. Groups of women with low (n = 14) vs. high (n = 15) sc adipogenic rates stratified according to median G3PDh activity

Low SC adipogenic rate (mean ± SD) High SC adipogenic rate (mean ± SD) P*

Characteristics

age (y) 47.5 ± 5.5 45.1 ± 6.5 Ns

Weight (kg) 72 ± 15 67 ± 8 Ns

Waist circumference (cm) 95 ± 13 90 ± 6 Ns

BMI (kg/m2) 27.8 ± 5.3 25.4 ± 2.5 Ns

Total body fat mass (kg) 25.5 ± 8.9 23.6 ± 4.3 Ns

Adipose tissue area (cm2)

Visceral 93 ± 42 85 ± 31a Ns

subcutaneous 316 ± 112 281 ± 70a Ns

Adipocyte diameter (μM)

Omental 83.6 ± 11.7 74.1 ± 13.4a 0.06

subcutaneous 91.0 ± 23.2 94.0 ± 12.2 Ns

Adipogenic rate

Oil red O absorbance (ratio ORO/DNA × 104)

subcutaneous preadipocytes 1.36 ± 0.9 2.28 ± 1.47 0.03

G3PDH activity (ratio 2 min activity/DNA × 103)

subcutaneous preadipocytes 2.95 ± 2.18 16.11 ± 10.02 <0.0001

Metabolic profile

Plasma triglyceride concentration (mmol/L) 1.13 ± 0.38 0.88 ± 0.29 0.06

Plasma VLDL-TG concentration (mmol/L) 0.43 ± 0.22 0.26 ± 0.14 0.02

Plasma VLDL-c/TG concentration (mmol/L) 0.36 ± 0.1 0.28 ± 0.08 0.04

LDL-TG (mmol/L) 0.27 ± 0.07 0.18 ± 0.06 0.002

chol/hDL 3.9 ± 1.16 3.17 ± 0.67 0.05

VLDL lipid content 14.55 ± 16.22 11.84 ± 5.8 Ns

Fasting glycemia (mmol/L) 5.54 ± 0.48 5.21 ± 0.39 Ns

*t test P values are shown, Ns, non-significant.
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was quantified by ORO staining as previously described.10 DNA 
content was measured by UV spectrophotometer. We computed 
the ORO absorbance-to-DNA ratio and used this variable as a 
measure of preadipocyte adipogenic rate.

G3PDH activity measurements
Glycerol-3-phosphate dehydrogenase activity was measured as 

described previously27 with some modifications. Differentiated 
preadipocytes in 96-wells were washed with PBS and homog-
enized (100 μL/well; 20 mM Tris pH 7.3, 1 mM EDTA, 1 mM 
β-mercaptoethanol). G3PDH activity was assessed in the fol-
lowing buffer (90 μL/well; 100 mM triethanolamine pH 7.7, 
2.5 mM EDTA, 0.1 mM β-mercaptoethanol, 353 μM NADH) 
with the addition of 10 μL of 8 mM dihydroxyacetone phos-
phate. A Spectramax340pc (Molecular Devices) was used to 
measure optical density at 340 nm during 2 min at 37 °C. A 

standard curve was generated to calculate G3PDH activity in mU 
of purified enzyme. DNA content per well was quantified with a 
NanoVue spectrophotometer (GE Healthcare Life Sciences) and 
used to normalize G3PDH activity.

Statistical analyses
Pearson correlation coefficients were computed with nor-

mally-distributed variables. Non-normal variables according to a 
Shapiro–Wilk test P value lower than 0.05 were log

10
-transformed 

or Box Cox-transformed. The variables that were transformed 
prior to t test analysis included weight, BMI, adipose tissue areas, 
TG concentration, fasting glycemia, VLDL lipid content, and SC 
adipogenic rate. Three different stratifications were performed 
according to median values of ORO/DNA, G3PDH activity/
DNA and ORO/DNA matched for BMI. Separated subgroups 
were compared with Student t test or paired t test for matched 

Figure 4. Differences in adipose tissue area and mature cell size of subgroups of women with low vs. high subcutaneous (sc) preadipocyte adipogenic 
rates but matched for BMI. (A) Women with low vs. high sc adipogenic rates showed similar total body fat mass and BMI values (no statistical differ-
ence). (B) Women with low sc adipogenic rates had significantly higher visceral adipose tissue area (P < 0.01), but no difference in sc adipose tissue area. 
(C) Differences in fat cell size in matched patients with low vs. high sc preadipocyte adipogenic rates. statistical difference was observed for OM mature 
adipocyte size only (P < 0.05).
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women. For Student t tests, the Welch analysis of variance was 
used when variances were unequal according to the Levene test 
(P < 0.05).
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Figure 5. Differences in plasma lipid and glucose concentrations of subgroups of women with low vs. high subcutaneous (sc) preadipocyte adipogenic 
rates but matched for BMI. Women with low sc adipogenic capacities had significantly higher plasma TG and VLDL-TG concentrations. VLDL lipid con-
tent and plasma glucose concentration were also significantly higher in women with low sc adipogenesis (**P < 0.01, *P < 0.05).
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