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Abdominal subcutaneous adipose tissue cellularity in men
and women
DP Andersson1, E Arner1,2, DE Hogling1, M Rydén1 and P Arner1

BACKGROUND/OBJECTIVE: Differences in subcutaneous abdominal adipose tissue (SAT) fat cell size and number (cellularity) are
linked to insulin resistance. Men are generally more insulin resistant than women but it is unknown whether there is a gender
dimorphism in SAT cellularity. The objective was to determine SAT cellularity and its relationship to insulin sensitivity in men
and women.
METHODS: In a cohort study performed at an outpatient academic clinic in Sweden, 798 women and 306 men were included.
Estimated SAT mass (ESAT) was derived from measures of dual-energy X-ray absorptiometry and a formula. SAT biopsies were
obtained to measure mean fat cell size; SAT adipocyte number was obtained by dividing ESAT with mean fat cell weight. Fat cell
size was also compared with level of insulin sensitivity in vivo.
RESULTS: Over the entire range of body mass index (BMI) both fat cell size and number correlated positively with ESAT in either
sex. On average, fat cell size was larger in men than in women, which was driven by significantly larger fat cells in non-obese men
compared with non-obese women; no gender effect on fat cell size was seen in obese subjects. For all subjects fat cell number was
larger in women than men, which was driven by a gender effect among non-obese individuals (Po0.0001). The relationship
between fat cell size and insulin resistance was significant in both genders (Po0.0001) but steeper in men than in women
(F= 19, Po0.0001).
CONCLUSIONS: Although both fat cell size and number determine SAT mass, adipocyte number contributes more and size less in
women than in men and this is most evident in non-obese subjects. Over the entire BMI range, fat cell size contributes stronger to
insulin resistance in men.
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INTRODUCTION
White adipose tissue (WAT) mass can expand by increasing the
size (hypertrophy) and/or number (hyperplasia) of fat cells. Based
on studies performed in the 1970s it was for long thought that
hypertrophy is the predominant factor behind WAT expansion in
adults except in juvenile or excessive forms of obesity.1–3

Inter-individual differences in the degree of WAT hyperplasia/
hypertrophy has strong clinical implications. Hypertrophic
abdominal subcutaneous adipose tissue (SAT) is independently
of body mass index (BMI) associated with insulin resistance4–7 and
increased risk of future development of type 2 diabetes.8,9 It is
unknown whether the relationship between fat cell size and
insulin sensitivity is influenced by gender.
Determination of fat cell number in earlier studies has been

based on analyses of total body fat instead of the mass of the
adipose region where fat cell size was measured.1–3 This may
cause erroneous estimates of hyperplasia/hypertrophy (herein
defined as adipose cellularity). We recently assessed fat cell size
and number in the major omentum, which was removed in
connection with bariatric surgery.10 Quite surprisingly, fat cell
number explained 2/3 of the variation in tissue mass compared
with 1/3 for fat cell size. A previous study implicated that a
moderate expansion of SAT may also increase fat cell number in
women.11 These data suggest that fat cell number, in addition to
its established importance in WAT expansion during infancy and
adolescence,12 is also a significant determinant of WAT mass in

adults. The role of gender for adipose cellularity may be relevant
for type 2 diabetes as men are more insulin resistant and have a
higher risk of developing type 2 diabetes than women as
reviewed.13,14 However, it is not known whether hyperplastic
versus hypertrophic WAT expansion differs between men and
women as this issue has only been investigated in a small groups
(n= 23–73) of subjects.15–17

Thanks to recent developments in dual-energy X-ray absorptio-
metry (DEXA), it is now possible to measure the mass of a defined
(android) segment of abdominal SAT and thereby calculate the
number of fat cells in this specific region.18–20 Herein, we used this
method to develop a formula based on common clinical variables
that allowed us to estimate SAT mass (herein termed ESAT) with
very high accuracy. This formula enabled us to compare the
relationship between fat mass and adipocyte size or number in
the same adipose depot. The examinations were conducted in a
large number of men and women displaying a wide BMI range
and allowed us to determine whether gender has any impact on
the relationship between abdominal subcutaneous cellularity and
fat mass as well as insulin sensitivity.

MATERIALS AND METHODS
Subjects
The subjects were continuously included since 1986 in studies aiming to
determine the genetic influence on human subcutaneous fat cell
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function.21 They were recruited by local advertisement in the area of
Stockholm, Sweden. Exclusion criteria were severe chronic disease and
diabetes treated with insulin, glitazones or glucagon like peptides. The
cohort consists of 306 men and 798 women. Clinical characteristics are
given in Table 1. A few subjects had type 2 diabetes, hypertension and/or
dyslipidemia. The study was explained in detail to each person and
informed consent was obtained. Two wereo18 years of age (that is, 16
years old) and consent from the parents was also obtained for these
individuals. The study was approved by the local ethical committee.

Examinations
The subjects came to the laboratory in the morning after an overnight fast.
The same three research nurses performed all clinical examinations
throughout the study. Height, body weight and circumferences of waist
and hip were determined. Total body fat mass was directly measured by
bio-impedance (Body Stat, Quadscan 4000, Isle of Man, British Isles) and
also indirectly using a formula based on age, sex and BMI.22 Thereafter a
venous blood sample was obtained for measurements of plasma glucose
and serum insulin, which were used to calculate HOMA-IR23 for
quantification of insulin sensitivity. In 160 women and 46 men, insulin
sensitivity was directly determined by the short intravenous insulin
tolerance test exactly as described.24 A subset of the cohort underwent
DEXA measures to determine SAT mass, exactly as described.20,25 In brief, a
GE lunar DEXA with the software enCORE18 was used (GE Healthcare,
Madison, WI, USA) to EVAT (estimated visceral fat) in the android region
from the formula: total android fat = EVAT+ESAT.18 The DEXA-derived EVAT
measure shows an almost one-to-one relationship (r2⩾ 0.95) with
measures obtained by computed tomography19 and has recently been
approved by the US Food and Drug Administration as a valid measure of
VAT. As measures of total android fat and EVAT by DEXA are valid it follows
that calculation of ESAT is also valid. A SAT biopsy was obtained from the
periumbilical area. Fat cell weight and volume were determined exactly as
described.26 In brief, isolated fat cells were prepared and the diameters of
100 cells were measured in light microscopy. The same three technicians
performed the diameter measures throughout the study, using the same
microscope. These diameters were used to calculate mean fat cell weight
and volume according to well-established formulas.27 It has previously
been demonstrated that using4100 diameter measures does not improve
the calculations.28 It has also been shown that fat cell size measures give
similar results using isolated fat cells or pieces of intact adipose tissue.29 It
is standard procedure to use mean diameter to determine fat cell size and
number since the methods were introduced ~ 60 years ago, as
discussed.2,3 However, one laboratory has demonstrated that subcuta-
neous fat cell diameters may have a bimodal distribution.30 As far as we
know there has been no independent confirmation of this bimodality in
human adipose tissue. Furthermore, we recently measured 7900 fat cell

diameters in 177 biopsies from the SAT region of obese, post obese and
never obese subjects,25 and found a clear unimodal distribution of the
diameters in this large sample. We therefore believe that the use of mean
diameter is valid. Fat cell number in SAT was obtained by dividing ESAT
weight with the mean fat cell weight. The relationship between fat mass
and fat cell volume was determined as described in detail previously.4,31 In
brief, a curve is fit to the formula V= (a×m)/(1+b×m), where V is mean fat
cell volume, m is the amount (weight) of adipose tissue, and a and b are
variables that are obtained by fitting the formula to subject data using the
least squares method. Separate curve fits were calculated for men and
women respectively. Clinical characteristics with expected gender differ-
ences are shown in Table 1.

Statistics
Values are mean± s.d. or range in text and tables and mean± s.e. in figures.
They were compared using unpaired t-test, χ2, single or multiple linear
regression, analysis of variance and analysis of covariance. We prefer using
linear multiple regression instead of logistic regression as it allows a better
biological interpretation of results as discussed in detail.32 Coefficient of
variance was determined as measure one minus measure two divided by
mean of the two measures. Differences between parameter estimates for
men and women in the curve fitting of fat cell volume versus ESAT mass
were assessed for statistical significance using t-test.

RESULTS
Because DEXA-based measures of SAT were only available in a
subset of the cohort we developed a formula for ESAT based on
clinical measures that could be used in the whole study
population. DEXA was performed in 368 subjects out of which
147 were examined twice, 14 three times and 1 subject four times
(before and after weight loss and subsequent weight regain). This
provided a total of 546 DEXA-based ESAT measures. We
constructed a multiple regression model based on waist
circumference, waist-to-hip ratio, age, total body fat mass and
sex to estimate SAT (Supplementary Table 1). All regressors
contributed significantly to the variation in DEXA measured ESAT
and together explained 85% of the variance in this measure
(adjusted r2). The regression model was used to make an
algorithm for abdominal subcutaneous fat mass. The equation is:
ESAT (kg) =− 3.317 waist-to-hip ratio × 0.889+gender (one for men
and two for women) × 0.394–age (years) × 0.012+total body fat
mass(kg) × 0.015+waist circumference (cm) × 0.051. It should be
noted that ESAT is not the total amount of central subcutaneous
WAT, just the region corresponding to that where the fat biopsy
was taken. The linear relationship between algorithm- and DEXA-
based measures of ESAT is demonstrated in Figure 1a. There was
no gender effect. For the common regression line the slope was
1.02 and the intercept 0.01. Coefficient of variance between DEXA-
determined ESAT and calculated ESAT measures from the new
formula was as low as 1.1%. Similar results were obtained if only
data from the first DEXA measurement were used (graph not
shown). Assessments of total body fat used in the model were
based on bio-impedance (n= 519) or an established formula
(n= 27). Bio-impedance measures gave essentially the same
results as when the 27 formula measures were excluded.
We next compared the curve–linear relationship between ESAT

and fat cell volume to get a measure of SAT cellularity in men and
women (Figure 1b). There was a significant difference between
the curve for men and women (Po0.05, t-test), and men had
much larger fat cells than women in the lower ESAT range. The
variables a and b in the formula for subcutaneous cellularity
V= (a×m)/(1+b×m) differed between men (a= 1436.254 pl kg− 1

and b= 1.369924 per kg) and women (a= 639.3137 pl kg− 1 and b
= 0.433493 per kg). Similar results were obtained if the relationship
between ESAT and fat cell volume data was linearized by plotting
(10)log ESAT mass versus fat cell volume (Figure 1c) This
demonstrated that although there was a strong positive correla-
tion between ESAT and fat cell volume in either sex, the position

Table 1. Clinical characteristics

Phenotype Men (306) Women
(n= 798)

P-value

Age, years 45 (16–79) 41 (17–79) o0.0001
Body mass index, kg m− 2 34 (18–62) 30 (19–53) o0.0001
Waist circumference, cm 104 (67–150) 106 (63–154) 0.23
Hip circumference, cm 105 (77–148) 115 (76–157) o0.0001
Waist-to-hip, ratio 0.99 (0.80-1-21) 0.92 (0.70–1.17) o0.0001
P-glucose, mmol l− 1 5.8 (3.6-18.4) 5.3 (3.4–20.9) o0.0001
S-insulin, mU l− 1 12.9 (2.0–60.0) 11.6 (1.2–58.0) 0.04
HOMA-IR, units 3.6 (0.4–25.9) 2.9 (0.2–25.6) 0.001
Intravenous insulin
tolerance, % per min

2.8± 1.4 3.9± 1.3 o0.0001

Total body fat, kg 30 (5–106) 48 (3–132) o0.0001
Dyslipidemia treatment,
no/yes

291/15 777/21 0.09

Hypertension treatment,
no/yes

275/31 724/74 0.65

Type 2 diabetes
treatment, no/yes

298/8 783/15 0.48

Abbreviations: P, fasting plasma; S, fasting serum. Values are mean and
(range). They were compared by unpaired t-test or χ2.
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of the lines differed markedly (Po0.0001). Visually the gender
effect was most marked in the lower range of ESAT mass. We also
investigated the relationship between fat cell number and (10) log
ESAT mass (Figure 1d). Here a different type of gender effect was
observed. Although fat cell number was positively related to
increasing ESAT in either sex, the line for women was slightly but
significantly above that of men (Po0.0001).
To get more insight into gender variations in adipose cellularity,

multiple regression was used. In Table 2 fat cell volume was
investigated. In all subjects put together gender significantly
influenced the relationship between ESAT and fat cell volume.
When performing a sub-analysis in non-obese (BMIo30 kg m− 2)
and obese, gender had an influence in non-obese but not in
obese. In Table 3 fat cell number was investigated. Gender

significantly influenced the relationship between ESAT and cell
number in all subjects and non-obese but not in obese. These
results concur with the results in Figures 1c and d. Age was
included in the regression model and was a significant cofactor for
the relationship between ESAT and fat cell volume or number. We
also used logistic regression and the results were the same as for
multiple linear regression.
Finally, the gender effect on the relationship between fat cell

volume and insulin sensitivity (HOMA-IR) was compared. In both
men and women there was a positive correlation between the two
measures (Figure 2a). However, the association was strongly
influenced by gender as men had a significantly steeper relation-
ship than women (F= 19; Po0.0001). Similar results were
obtained in a subset of subjects where insulin sensitivity was

Figure 1. Findings with abdominal subcutaneous adipose tissue mass. (a) Comparison with determination by dual X-ray absorptiometry
(DEXA) or algorithm. (b) Curve–linear relationship with fat cell volume. (c) Linearization of relationship with fat cell volume. (d) Relationship
with fat cell number. Linear regression and analysis of covariance were used as statistical tests.

Table 2. Relationship between abdominal subcutaneous fat cell size and cofactors

Cofactor All subjects Non-obese subjects Obese subjects

r or partial r P-value r or partial r P-value r or partial r P-value

Gender − 0.14 o0.0001 − 0.26 o0.0001 − 0.05 0.18
Age 0.16 o0.0001 0.28 o0.0001 0.18 o0.0001
Abdominal subcutaneous adipose tissue mass 0.82 o0.0001 0.57 o0.0001 0.48 o0.0001
All cofactors 0.78 o0.0001 0.57 o0.0001 0.46 o0.0001

Multiple regression was used. Adipose mass values were (10) log transformed.
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determined directly by intravenous insulin tolerance (F= 15;
P= 0.0002) (Figure 2b). We further investigated the relationship
between HOMA-IR and gender by multiple regression analysis
(Table 4). Independent of ESAT and age, gender had a significant
influence on the relationship between fat cell volume and HOMA-
IR in all subjects put together as well as in non-obese or obese
investigated separately. Thus, at any given subcutaneous abdom-
inal fat cell volume, men are more insulin-resistant than women.
A few subjects were treated for type 2 diabetes, hypertension

and/or dyslipidemia. However, the results were not influenced in
any important way if they were excluded from the analysis.

DISCUSSION
This study sheds new light on the influence of gender on
abdominal SAT cellularity and its relationship with insulin
sensitivity. It is well-established that adipose hypertrophy in this
region has a strong influence on type 2 diabetes and insulin

resistance. Thanks to our development of a novel formula we
could accurately determine fat cell number in a defined segment
of abdominal SAT in a very large cohort of men and women with
marked inter-individual variations in BMI. This contrasts with prior
studies in small groups of subjects where fat cell number was
determined by less-accurate methods using total body fat as
numerator.
We confirm the important contribution of fat cell hypertrophy

for increasing fat mass.1–3 The only exception was that, in men
with severe obesity, increases in fat cell size seemed to be of less
importance in explaining ESAT expansion. Concerning our
findings on fat cell number the results contrast with reports from
the 1970s.1–3 Thus, fat cell number increased proportionally with
increasing ESAT over the entire BMI range. This was true for either
sex and suggests a major role for hyperplasia in explaining
increases in abdominal subcutaneous fat mass. The results are
supported by previous results in women but not in men.33 Thus,
Tchoukalova et al.33 found that fat cell number is positively related

Figure 2. Relationship between fat cell size in abdominal subcutaneous adipose tissue and insulin sensitivity measured by. (a) HOMA-IR. (b)
intravenous insulin tolerance. Statistical analyses are as described in legend to Figure 1.

Table 4. Relationship between insulin sensitivity (HOMA-IR) and cofactors

Cofactor All subjects Non-obese subjects Obese subjects

r or partial r P-value r or partial r P-value r or partial r P-value

Gender − 0.28 o0.0001 − 0.27 o0.0001 − 0.33 o0.0001
Age 0.02 0.42 0.10 0.049 0.06 0.17
Abdominal subcutaneous adipose tissue mass 0.34 o0.0001 0.18 0.002 0.16 0.0006
Fat cell volume 0.24 o0.0001 0.17 0.002 0.18 o0.0001
All cofactors 0.53 o0.0001 0.40 o0.0001 0.40 o0.0001

Multiple regression was used. Adipose mass values were (10) log transformed.

Table 3. Relationship between abdominal subcutaneous fat cell number and cofactors

Cofactor All subjects Non-obese subjects Obese subjects

r or partial r P-value r or partial r P-value r or partial r P-value

Gender 0.11 o0.0001 0.26 o0.0001 0.03 0.42
Age − 0.17 o0.0001 − 0.20 o0.0001 − 0.14 o0.0001
Abdominal subcutaneous adipose tissue mass 0.65 o0.0001 0.36 o0.0001 0.58 o0.0001
All cofactors 0.74 o0.0001 0.60 o0.0001 0.64 o0.0001

Multiple regression was used. Adipose mass values were (10) log transformed.
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to BMI in abdominal subcutaneous and leg adipose tissue only in
women. The reason for this discrepancy is unclear but could at
least in part be due to different methods used to determine
regional fat mass. Furthermore, the former study did not use
regression analysis of the whole study group, instead the
investigators divided the sample into three BMI groups. Finally,
the cohort was much smaller than the present one.
A possible explanation for SAT hyperplasia is an increase in the

generation of fat cells in response to body weight gain. Previous
findings support the theory. Adult human fat cells are in a highly
dynamic state.31 About 10% of the total cell population is renewed
each year and the rate of generation of new fat cells on the whole
body level is doubled in obesity.31 Long-term weight regain after
bariatric surgery is accompanied by a significant increase in SAT
fat cell number.25 Also short-term weight gain increases fat cell
number, at least in the lower body fat regions.11 In other words,
generation of more fat cells is probably a driving force behind
moderate as well as excessive expansion of fat mass in several
subcutaneous and visceral adipose regions as evidenced from
present and previous studies discussed above.
Why do our and previous33 results on SAT hyperplastic

expansion differ from pioneer studies in the 1970s?1–3 The most
likely explanation is the use of different methods to determine
cellularity. In the 1970s it was not possible to measure the size of
individual adipose regions in vivo.1–3 The earlier methods used
mean fat cell weight from several subcutaneous regions and total
fat mass estimates to calculate fat cell number.
The major objective of our study was to determine the influence

of gender on SAT cellularity. As mentioned earlier previous studies
on small SAT from small study groups reported similar cellularity
between men and women.15–17 The results of our large study
deviate from previous findings. In non-obese subjects, ESAT was
found to be more hypertrophic and less hyperplastic in non-obese
men than in women. On the other hand, obese subjects of either
sex displayed a similar relationship between fat cell size or
number and ESAT. This suggests that SAT expansion at non-obese
BMI levels is driven to a relatively higher degree by hypertrophy in
men and that hyperplasia is slightly more important in women.
The mechanism behind these gender differences is unknown but
could be linked to a greater differentiation capacity of subcuta-
neous adipocyte precursor cell in women.33

Our results also demonstrate a hitherto unknown impact of
gender on the correlation between fat cell size and insulin
sensitivity. The relationship between insulin resistance and SAT fat
cell volume was much steeper in men than in women. This in
combination with more pronounced SAT hypertrophy in men may
underlie the well-established gender differences in insulin
resistance, at least among non-obese individuals. Nevertheless,
other gender differences in the metabolic and endocrine function
of fat cells beyond cellularity and non-adipose factors may also be
important as discussed.34,35 Furthermore, we used an indirect
(although common) measure of insulin sensitivity (HOMA-IR). It is
possible that results would be different using other types of
insulin sensitivity measures. However, we find this less likely, as we
found similar gender differences in the relationship between fat
cell size and insulin sensitivity in a subset of individuals where we
had performed insulin tolerance tests. This direct measure of
insulin sensitivity correlates strongly with the 'gold standard'
hyperinsulinemic euglycemic clamp method.36

In summary, this study provides novel information on the
impact of gender on SAT cellularity. Contrary to earlier finding, fat
cell number contributes to variations in SAT mass over all BMI
classes in both genders although significantly more in non-obese
women. This suggests that hyperplastic expansion may be more
important in women than in men. However, in the non-obese
state hypertrophy is probably a stronger driving force for SAT
expansion in men. Furthermore, men display a steeper relation-
ship between abdominal subcutaneous fat cell size and insulin

resistance than women. Differences in SAT cellularity may
therefore at least in part explain why men are more insulin
resistant than women.
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