
Glucose Metabolism in Identical Twins Discordant for
Obesity. The Critical Role of Visceral Fat*
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ABSTRACT
Obesity, especially intraabdominally deposited fatness, is associ-

ated with reduced insulin sensitivity. However, it is not well estab-
lished whether this association is confounded by genetic factors. We
studied 23 monozygous twin pairs (14 female, 9 male), 33–59 yr old,
who had, on the average, 18 kg intrapair difference in body weight.
A 75-g oral glucose tolerance test with glucose and insulin measure-
ments at 30-min intervals was performed, and fat distribution was
determinedwithmagnetic resonance imaging. The pairswere divided
into two groups by the gender-specific median of the abdominal vis-
ceral fat area (AVF) in the obese co-twins. In the high-AVF pairs, the
mean area under curve (AUC) for glucose (mmol3min/L) was 758 vs.

968 (P5 0.001), AUC for insulin (mU3min/L) was 4320 vs. 8741 (P5
0.001), and insulin sensitivity index (mg3 L 3 L/mmol 3 mU 3 min)
was 71.5 vs. 45.9 (P , 0.001) in the lean and obese co-twins, respec-
tively. In the low AVF pairs, the mean AUC for glucose was 669 vs.
706 (not significant), AUC for insulin was 3323 vs. 4241 (not signif-
icant), and the sensitivity indexwas 85.2 vs. 73.7 (P5 0.04) in the lean
and obese co-twins, respectively. In subjects who are genetically iden-
tical but who are discordant for bodymass, only those who differ most
in visceral fat level are characterized by major alterations in insulin
sensitivity and glucose tolerance. (J Clin Endocrinol Metab 82: 383–
387, 1997)

IT IS WELL established that obesity is an independent risk
factor for noninsulin-dependent diabetes mellitus (1).

Several studies in the 1980’s suggested that distribution of
body fat was an important determinant of the disturbing
effect of obesity on glucose metabolism (2–4). It was shown
that accumulation of intraabdominal fat was associated with
reduced insulin sensitivity. However, some recent studies
have proposed that sc fat accumulation (5), especially truncal
sc fat (6), may be as harmful as, or even more disadvanta-
geous for glucose metabolism, than intraabdominal fat
deposition.
When comparing the glucose metabolism in unrelated

obese and nonobese subjects, as has been the case in previous
studies, differences in the genetic background of the subjects
were not taken into account. However, genetic factors may
be of importance, as approximately 50% of the variation in
body fat distribution is genetically determined (7). One strat-
egy to assess the independent impact of obesity on glucose
metabolism without the confounding effects of genetic fac-
tors is to examine identical twins who are discordant for
obesity. Therefore, we compared glucose metabolism in 23

identical nondiabetic twin pairs who had, on the average, a
7-kg/m2 difference in body mass index (BMI). Special at-
tention was paid to the distribution of body fat, as deter-
mined by magnetic resonance imaging.

Subjects and Methods
Subjects

The Finnish Twin Cohort includes all pairs (4307 monozygous, 9581
like-sexed dizygous pairs) of adult Finnish twins born before 1958 and
alive in 1975 (8). Based on a postal questionnaire sent to the twins in 1990,
identical twin pairs born between 1932 and 1957 and discordant for
obesity were identified. Discordance for obesity was defined as a BMI
difference of at least 4 kg/m2 and, in addition, the BMI of the obese
co-twin had to be more than 27 kg/m2, and the BMI of the lean co-twin
had to be less than 25 kg/m2. Subjectswith a history of thyroid disorders,
psychiatric diseases, diabetes, major musculoskeletal problems, and
other diseases, or taking medications (e.g. diuretics or b-blockers) pos-
sibly affecting glucose metabolism were excluded. All eligible twin
pairs, based on a response letter, were invited to take part in the present
study in 1992, provided that they still fulfilled the criteria. A total of 28
twin pairs were examined.

The physical examination revealed that two of the pairs had a BMI
difference less than 3 kg/m2, and they were excluded. Three pairs had
a BMI difference between 3 and 4 kg/m2, and they were included in the
final study population. The obese co-twin of one pair was found to have
previously undiagnosed overt diabetes mellitus, and this pair was
excluded.

Zygosity of the twin pairs was originally based on a validated self-
administered questionnaire (9). The monozygosity of the pairs of the
present study was confirmed by dermatomatoglyphic analysis of fin-
gertip prints (10, 11) by a highly experienced expert. All except six pairs
were confirmed to be monozygotic. DNA samples of the six pairs with
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uncertain zygosity were typed for markers at six different polymorphic
gene loci (DIS80, APOB, D17S30, COL2A1, VWA, and HUMTH). Four
of the pairs were found to be monozygotic, and the two other pairs were
dizygotic; these two pairs were excluded.

Thus, the final study sample consisted of 23 nondiabetic identical
twin pairs (14 female, 9 male) with more than 3 kg/m2 difference in BMI
and having no diseases or medications possibly affecting the results.

Methods

Glucosemetabolismwas assessed in a 2-h glucose (75 g) tolerance test
with glucose and insulin measurements at 0, 30, 60, 90, and 120 min.
Serum glucose was measured by the glucose dehydrogenase method
(Merck Diagnostica, Darmstadt, Germany). Plasma insulin was mea-
sured by RIA (PharmaciaDiagnostics, Uppsala, Sweden). The antiserum
of this kit is specific for insulin and does not cross-react with proinsulin
or C-peptide (cross-reactivities, 0.1%). An insulin sensitivity indexwas
calculated according to the formula of Cederholm and Wibell (12).
Serum free fatty acids (FFAs) were measured enzymatically after an
overnight fast using acyl-CoA synthetase, acyl CoA oxidase, and per-
oxidase (Wako Chemicals, Neuss, Germany). Smoking was defined as
regular smoking at the time of examination.

Percentage of body fat was determined using the so-called four-
component method. The method is based on the division of body mass
into four components with different densities: fat tissue 0.9007 g/cm3),
water (0.994 g/cm3), minerals (3.042 g/cm3), and proteins (1.34 g/cm3).
Water mass was estimated by bioelectric impedance method (BIA-
101A/S, RJL System Inc., Clemens, MI). Mineral mass was estimated by
dual-energy x-ray absorptiometry (Norland XR26, Norland Corpora-
tion, Fort Atkinson, WI). The density of the whole body was estimated
by underwater weighing corrected for information on body water and
mineral mass. The proportion of fat tissue was calculated from the
density of the whole body according to the formula of Siri (13).

The distribution of body fat was measured by magnetic resonance
imaging (MRI) (14). Imaging was performed at 0.1 tesla (Mega4R, In-
strumentarium Co., Imaging Division, Helsinki, Finland). Axial and
sagittal localizers were used to obtain a transaxial T1-weighted image
(relaxation time/echo time 5 155/20, slice thickness 10 mm) at the level
of the fourth lumbar vertebra. Visceral and sc fat areas were measured.
MRI was not performed in three pairs, either because of claustrophobia
or because of temporary malfunctioning of the MRI equipment. These
three pairs were excluded from analyses concerning body fat
distribution.

A paired t test was used to compare means and the McNemar’s test
to compare the proportions of obese and lean co-twins. Pearson corre-
lation coefficients were calculated to quantify the association between
intrapair differences in adiposity or its distribution and intrapair dif-
ferences in variables of glucose metabolism. Multiple regression anal-
yses were performed to analyze the independent contributions of vis-

ceral fat and body fat percentage to glucose metabolism. All statistical
analyses were performed using Statistical Analysis System (SAS) sta-
tistical programs.

Results

The average difference in weight between the obese and
lean co-twins was 16 kg among males and 19 kg among
females (Table 1). In both genders, the abdominal visceral fat
(AVF) area was twice as large in the obese co-twins as in the
lean co-twins. The difference in sc fat area between obese and
lean co-twins was greater among female than male pairs.
Fasting serum glucose, area under curve (AUC) for glucose,
fasting insulin, and AUC for insulin were significantly
greater in obese co-twins compared with lean co-twins. Ac-
cordingly, the insulin sensitivity index was lower in the
obese co-twins. Intrapair differences in indices of glucose
metabolism were somewhat greater among males compared
with females. Serum FFA concentrations were similar in
obese and lean co-twins.
To characterize the specific impact of fat distribution on

glucose metabolism, the twin pairs were divided according
to the median value of AVF area of the obese co-twins (Fig.
1). Gender-specific median values were used for males and
females, and results from both genders were combined. In
both subgroups of AVF, the abdominal sc fat areawas almost
twice as large in the obese co-twins as in the nonobese co-
twins. The intrapair differences in fasting glucose and insu-
lin, AUC for glucose, and AUC for insulin, as well as the
insulin sensitivity index between the obese and nonobese
co-twins, were statistically highly significant among the
high-AVF area pairs. In contrast, the corresponding intrapair
differences were small or nonsignificant among the pairs
with lowAVF fat area. The proportion of smokers and serum
FFA concentrations did not differ between obese and lean
co-twins in either subgroup of AVF. When a division of twin
pairs was made by the median value of waist to hip ratio of
the obese co-twins, the results were essentially similar (data
not shown) comparedwith results obtained using division of
the pairs by AVF.
When the twinpairswere divided according to the gender-

TABLE 1. Characteristics and glucose metabolism of the co-twins (mean 6 SE)

Men (9 pairs) Women (14 pairs)

Obese Pa Nonobese Obese Pa Nonobese

Age (yr) 44 6 2 44 6 2 46 6 2 46 6 2
Height (cm) 176 6 3 NS 175 6 3 163 6 2 NS 163 6 2
Weight (kg) 88.9 6 2.9 ,0.001 72.9 6 3.2 79.1 6 1.7 ,0.001 59.8 6 1.6
BMI (kg/m2) 28.8 6 0.5 ,0.001 23.7 6 0.3 30.0 6 0.9 ,0.001 22.4 6 0.4
No. of smokers 4/9 NS 7/9 3/14 NS 5/14
% Body fat 25.2 6 1.1 0.02 20.8 6 1.3 39.7 6 1.4 ,0.001 27.4 6 1.5
AVF area (cm2) 128 6 24 0.003 57 6 9 69 6 10 ,0.001 30 6 4
ASF area (cm2) 238 6 22 ,0.001 172 6 19 303 6 13 ,0.001 156 6 12
Fasting serum glucose (mmol/L) 5.20 6 0.16 0.018 4.95 6 0.15 5.03 6 0.14 0.021 4.77 6 0.08
AUC glucose (mmol 3 min/L) 915 6 87 0.008 724 6 60 803 6 48 0.007 699 6 30
Fasting plasma insulin (mU/L) 11.0 6 1.5 0.002 6.1 6 0.8 9.9 6 1.4 0.025 6.4 6 0.9
AUC insulin (mU 3 min/L) 6846 6 1128 0.004 3302 6 325 6226 6 864 0.015 4156 6 364
Insulin SI (mg 3 L 3 L/mmol 3 mU 3 min) 54.7 6 7.9 ,0.001 81.8 6 7.6 61.0 6 5.4 0.001 75.5 6 4.5
FFA (mmol/L) 0.69 6 0.07 NS 0.61 6 0.11 0.88 6 0.07 NS 0.84 6 0.10

AUC, area under curve during an oral glucose tolerance test; SI, sensitivity index; AVF, abdominal visceral fat; ASF, abdominal subcutaneous
fat.

a Significance of mean intra-pair difference (paired t-test, except for smoking McNemar’s test).
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specific median value of abdominal sc fat (ASF) area in the
obese co-twins, the intrapair differences in glucose metabo-
lism were similar among high- and low-ASF subgroups. For
example, AUC of insulin was 6369 6 1136 and 4022 6 519
mU 3 min/L (P 5 0.019) in obese and lean co-twins of the
high-ASF subgroup, and 6592 6 1108 and 3620 6 340 mU 3
min/L (P 5 0.022) in obese and lean co-twins of the low ASF
subgroup, respectively.
To quantify the relationship between adiposity or its dis-

tribution with glucose metabolism, we correlated intrapair
differences in adiposity variables to indicators of insulin
sensitivity (Table 2, Fig. 2). Intrapair differences in BMI and
percentage of body fat did not show any significant corre-
lation to themetabolic variables. Intrapair differences inAVF
area were those most significantly correlated to intrapair

differences in glucose and insulin AUCs and to intrapair
difference in insulin sensitivity index. In contrast, intra-
pair differences in sc fat area showed no correlation to
intrapair differences in indices of glucose metabolism. In
multiple regression analyses, the association between in-
trapair differences in AVF area and differences in glucose
metabolism remained significant when adjustment was
made for differences in body fat percentage (Table 3). The
whole model explained 31–50% of the variation in intrapair
differences in glucose metabolism.

Discussion

Our results show that in identical twins discordant for
obesity, the obese co-twins exhibit disturbed glucose metab-
olism compared with the leaner co-twins. However, despite
a similar difference in BMI in subgroups of identical twins
stratified according to indicators of body fat distribution, a
clear-cut difference in insulin sensitivity between the obese
and lean co-twins was observed only in the subgroup with
a large amount of AVF. Accordingly, the intrapair difference
in insulin sensitivity was inversely correlated to visceral fat
but not with sc fat or overall adiposity. Our results are thus
in accordance with earlier findings in study cohorts of sub-
jects not related by nascency, showing the importance of
visceral fat deposition in disturbed glucose metabolism (2, 4,
15, 16) but are in contrast to the results of a recent study in
which the amount of truncal sc fat showed the strongest
inverse correlation to insulin sensitivity (6). In the latter
study, the population was racially heterogeneous. In our
study, all subjects were Caucasians, and because obese and
lean individuals were genetically identical, the association
between visceral fat and insulin resistance is entirely a con-
sequence of adipose mass differences, i.e. the degree of vis-
ceral obesity, and is not confounded by genetic influences.
Discordance for obesity in identical twins is a rare phe-

nomenon. We found only 50 out of approximately 1500 twin
pairs fulfilling our discordance criterion. Therefore, an im-
portant question iswhether all twin pairs studiedwere really
monozygous.Wepaid special attention to this by performing
fingertip print analyses in all pairs and an analysis of alleles
at six marker loci in those pairs in whom the identity could
not be fully confirmed by fingertip print characteristics.

FIG. 1. Glucosemetabolism in twins stratified by gender-specific me-
dian value of abdominal visceral fat (AVF) area in the obese co-twin.
Columns represent mean values, genders are combined. Pair t test
was used except for smoking McNemar’s test. High AVF, above me-
dian; lowAVF, belowmedian value. In the high-AVFpairs,meanBMI
was 30.2 and 22.5 kg/m2 (P , 0.001), mean abdominal subcutaneous
fat (ASF) area was 276 and 141 cm2 (P , 0.001), mean AVF area was
127 and 49 cm2 (P, 0.001), and number of smokers was 2/10 and 5/10
(P not significant) in the obese and lean co-twins, respectively. In the
low AVF pairs, mean BMI was 27.9 and 23.2 kg/m2 (P , 0.001), mean
ASF area was 280 and 184 cm2 (P , 0.001), mean AVF area was 58
and 32 cm2 (P 5 0.001), and number of smokers was 4/10 and 5/10 (P
not significant) in the obese and lean co-twins, respectively.

TABLE 2. Pearson correlation coefficients between intrapair
differences in glucose metabolism and intrapair differences in
indices of obesity and its distribution. Genders are combined

BMI % body fat AVF
area

ASF
area

Fasting serum
glucose

0.23 0.08 0.37 20.07

AUC glucose 0.36 0.10 0.72a 20.15
Fasting plasma
insulin

0.18 0.42 0.51b 0.19

AUC insulin 0.34 0.31 0.73a 0.05
Insulin sensitivity
index

20.23 20.07 20.57c 0.12

Free fatty acids 0.19 0.32 0.23 0.04

AVF, abdominal visceral fat; ASF, abdominal subcutaneous fat.
a p , 0.001.
b p , 0.05.
c p , 0.01.
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Therefore, it is highly unlikely that any of the pairs studied
would have been dizygous. Of course, we cannot exclude the
possibility that postconception tissue-selective mutation po-
tentially affecting adipose tissue could have occurred in
some of the pairs.
To study glucose metabolism, we performed an oral glu-

cose tolerance test with samples collected every 30 min for
glucose and insulin measurements. As indicators of insulin
sensitivity, we used fasting insulin, insulin area, and a sen-
sitivity index calculated according to Cederholm & Wibell
(12). Although we did not directly measure insulin sensitiv-
ity by the hyperinsulinemic-euglycemic clamp technique
(17), our indicators, even fasting insulin, are well correlated
with clamp results in nondiabetic subjects (18). Moreover, all
indicators of insulin sensitivity in the present study exhibit
consistent relationships with body fat and its distribution.
We used MRI at the level of the fourth lumbar vertebra to
assess body fat distribution. Results obtained with MRI cor-
relate strongly with those obtained with computed tomog-
raphy, and the reproducibility of the MRI method is good
(19).
Although visceral fat accumulation itself seems to be re-

sponsible for the low insulin sensitivity in subjects with this
type of obesity, other environmental factors could act as
confounders. For example, smoking is related to insulin re-
sistance (20), and it may also favor upper body fat accumu-
lation (21). In our study, the proportion of smokers did not
differ significantly between obese and nonobese co-twins
when analyzed as whole groups or as subgroups with either
visceral or sc fat accumulation. In fact, the number of smokers

tended to be somewhat higher among lean co-twins, sug-
gesting that the results were not confounded by smoking.
Regarding themechanism bywhich visceral fat may result

in reduced insulin sensitivity, it has been proposed that in-
creased flux of FFAs from intraabdominal fat stores to the
liver and systemic circulation leads to a higher preponder-
ance of tissues to fat use instead of glucose as fuel (22, 23).
We did not measure FFA kinetics, but similar FFA levels in
obese and lean co-twins, independent of fat distribution,
suggest that if the flux of FFAs from visceral fat is increased,
it is likely compensated by their increased use (24).
We conclude that when genetic factors are controlled for,

subjects prone to AVF accumulation are more susceptible to
experiencing reduced insulin sensitivity, whereas subjects
with a tendency to ASF deposition exhibit only modest or no
disturbances in glucose metabolism.
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