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T

he existence of a subgroup of individuals who
have normal body weight but display a cluster of
obesity-related phenotypic characteristics was
first proposed in the 1980s (1). Since this discussion, an accumulating body of evidence suggests a high
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prevalence of these individuals in the general population
(2,3). These metabolically obese, normal-weight (MONW)
individuals display early signs of insulin resistance, hyperinsulinemia, and dyslipidemia, despite having a normal weight
based on traditional criteria (e.g., BMI, height/weight tables,
etc.) (2). The presence of these metabolic and cardiovascular disease (CVD) risk factors may go undetected for years
because young age, sex, and normal body weight mask the
need for early detection and treatment. To our knowledge,
however, the existence and prevalence of this syndrome in
young women has not been systematically investigated.
Moreover, the phenotypic characteristics that may be associated with the MONW syndrome in young women are
unknown.
To this end, we identified MONW individuals (characterized
by impaired insulin sensitivity) in a representative cohort of
young nonobese women. Second, we compared the phenotypic characteristics implicated in the pathogenesis of insulin
resistance between MONW and normal women. We hypothesized that MONW women would display higher levels of
total and visceral adiposity and lower levels of cardiorespiratory fitness and physical activity than women with normal
insulin sensitivity.
RESEARCH DESIGN AND METHODS
Patients. There were 71 young normal-weight women (67 of Caucasian, 2 of Asian,
and 2 of Hispanic origin) who participated in the study. The inclusion criteria for
participation were 1) age 18–35 years, 2) BMI ≤26, 3) weight stable (±2 kg) over
6 months preceding the study, and 4) no regular participation in exercise for
6 months before the study. Exclusion criteria for participation were 1) smoking,
2) acute illness, 3) receiving any medication affecting energy expenditure (e.g.,
b-blockers), and 4) alcohol consumption >15 g of alcohol/day. The presence or
absence of a family history of diabetes was obtained during the physical examination. Because participants in our study were young women (<35 years old),
parental age may have limited the detection of type 2 diabetes. Thus, we also considered the presence of type 2 diabetes among grandparents and the siblings of
parents as indicators of a positive family history. The use of oral contraceptives
was also obtained from the medical history. This study was approved by the
Committee for Human Research at the University of Vermont and each participant
gave written informed consent before the beginning of the study.
Overview of protocol. Each participant was first invited to a screening visit during which an oral glucose tolerance test (OGTT), medical history, physical examination, maximum oxygen consumption test, and complete blood chemistry and
profile were performed. Two weeks later, participants were invited for an
overnight visit to the General Clinical Research Center (GCRC) at the University
of Vermont. For 3 days before the overnight visit, participants were provided with
standardized diets prepared by the metabolic kitchen at the GCRC, containing 55%
carbohydrates, 25% fat, and 20% protein. During the afternoon of admission, we
administered doubly labeled water and conducted body composition and body
fat distribution measurements. The following morning, the hyperinsulinemiceuglycemic clamp was performed. Subjects returned to the GCRC 10 days later
to provide the final two urine samples to conclude the doubly labeled water
measurement.
DIABETES, VOL. 48, NOVEMBER 1999

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/48/11/2210/363980/10535456.pdf by guest on 24 May 2022

Metabolically obese, normal-weight (MONW) individuals
are a hypothesized subgroup of the general population.
These normal-weight individuals potentially display a
cluster of obesity-related features, although this has not
been systematically tested in young women. We hypothesized that MONW young women would display higher
levels of total and visceral fat and lower levels of physical activity than normal women. In a cohort of 71
healthy nonobese women (21–35 years old), we identified
MONW women based on cut points for insulin sensitivity (normal = glucose disposal >8 mg · min–1 · kg–1 of fatfree mass [FFM], n = 58; impaired = glucose disposal <8
ml · min–1 · kg–1 of FFM, n = 13). Thereafter, we measured
body composition (dual energy X-ray absorptiometry)
and body fat distribution (computed tomography), cardiorespiratory fitness (VO2max on a treadmill), physical
activity energy expenditure (doubly labeled water and
indirect calorimetry), glucose tolerance (oral glucose
tolerance test), serum lipid profile, and dietary intake.
We found a higher body fat percentage (32 ± 6 vs. 27 ±
6%, P = 0.01) and higher subcutaneous (213 ± 61 vs. 160
± 78 cm2, P = 0.03) and visceral (44 ± 16 vs. 35 ± 14 cm2,
P < 0.05) abdominal adiposity in the MONW group versus the normal group. The MONW group showed a lower
physical activity energy expenditure (2.66 ± 0.92 vs. 4.39
± 1.50 MJ/day, P = 0.01), but no difference in cardiorespiratory fitness was noted between groups. In conclusion,
despite a normal body weight, a subset of young, apparently healthy women displayed a cluster of risky phenotypic characteristics that, if left untreated, may eventually predispose them to type 2 diabetes and cardiovascular disease. Diabetes 48:2210–2214, 1999
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and dextrose. Another Teflon catheter was retrogradely placed into the dorsal vein
of the contralateral hand and used for the blood draws during the clamp procedure. This hand was placed in a “hot box” and warmed to 70°C for arterialization
of blood. At time 0 min, a continuous infusion of insulin was started at a constant
rate of 240 pmol · m–2 · min–1. At the same time, a variable infusion of 20% dextrose
was started to maintain fasting glycemia ±5%. Blood samples for glucose measurement were taken every 5 minutes for insulin measurements at –30, –10, 0, 30,
60, 70, 90, 105, and 120 min of the clamp. The insulin levels attained during the
last 30 min of the clamp (minute 90–120) were 75 ± 23 µU/ml (mean ± SD).
Insulin-stimulated glucose disposal rate (M value) was calculated as the average
glucose infusion rate (mg/min) during the last 30 min of the 120-min clamp,
adjusted for the total distribution volume of glucose (250 ml/kg). Hepatic glucose
production has previously been shown to be fully suppressed, with the insulin dose
used in our study to induce hyperinsulinemia (18).
Dietary intake. Dietary intake was measured for 3 days (one weekend and two
weekdays), as previously described (19). Participants were instructed by a registered dietitian and encouraged to maintain their usual diet. Moreover, they
were provided with dietary scales and measuring cups and spoons to further
increase precision of obtained data. Diets were analyzed using the Nutritionist III
software version 4.0 (N-Squared Computing, Salem, OR).
Blood pressure. Blood pressure was determined during the screening visit at the
GCRC using a Dinamap automatic cuff machine (Critikon, Tampa, FL), as previously described (20). Subjects rested in the sitting position for 10 min and then
the measurement was taken from their right arm. Appropriate cuff size was
selected based on arm circumference.
Biochemical analyses. Plasma glucose concentrations were measured using
the glucose oxidase method with an automated glucose analyzer (YSI Instruments,
Yellow Springs, OH). Serum insulin was measured by a double antibody radioimmunoassay (Diagnostics Products, Los Angeles, CA). Plasma cholesterol, triglyceride, and HDL cholesterol concentrations were determined from standard enzymatic techniques at the Centers for Disease Control accredited laboratory of the
Fletcher Allen Medical Center. Interassay coefficient of variation for the measurement of total and HDL cholesterol was 3.35 and 1.15%, respectively. LDL cholesterol was determined from the equation by Friedewald et al. (21).
Statistical analysis. To identify women classified as having impaired insulin sensitivity, we used a glucose disposal cut-point value of 8.0 mg · min–1 · kg–1 of FFM,
based on previous data (22). Women with a glucose disposal rate greater than the
cut-point value were classified as having normal insulin sensitivity and those
women with values below the cut point as having impaired insulin sensitivity. The
rationale for using glucose disposal as the criterion method to categorize individuals as normal or MONW is based on the notion that resistance to insulin-stimulated glucose uptake is suggested as a common pathogenic mechanism for
type 2 diabetes, hypertension, and, ultimately, CVD (23,24). Differences in dependent variables between the groups (MONW vs. normal) were examined using an
independent t test. Differences between groups in cardiorespiratory fitness were
examined using analysis of covariance, with body weight as a covariate (7).
Given the unequal sample size between groups, we examined the equality of
variances in each variable using Levene’s test. When the variances were unequal
(HDL cholesterol and glucose disposal adjusted per kilogram of FFM), a P value
based on Satterthwaite’s (25) approximation for the degrees of freedom was
used. A x 2 test was used to compare the differences between the groups for the
family history of diabetes and use of oral contraceptives. All values are reported
as means ± SD. Significance was accepted at P < 0.05. Data were analyzed using
the SPSS statistical software (Version 7.5.1, SPSS, Chicago).

RESULTS

Table 1 shows glucose disposal values and anthropometric
variables for the normal and MONW groups. By design, the
MONW women showed a lower absolute and adjusted (per
kilogram of FFM) insulin-stimulated glucose disposal rate.
The groups were similar with respect to age, BMI, body
mass, FFM, and appendicular fat mass. Women classified as
MONW, however, showed a greater total fat mass (P < 0.05),
body fat percentage (P = 0.01), truncal fat (P = 0.02), and subcutaneous (P < 0.05) and visceral (P < 0.05) abdominal adiposity than women with normal insulin sensitivity.
We found no differences between groups in cardiorespiratory fitness on an absolute or adjusted basis (Table 2). On the
other hand, we found a lower PAEE in the MONW women
compared with normal women (P < 0.001, Table 2). No differences between groups were found for systolic or diastolic
2211
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Measurements
Glucose tolerance. An OGTT was performed in the morning after an overnight
fast. A Teflon catheter was placed into an antecubital vein, and baseline samples
for the measurement of insulinemia and glycemia were drawn. Thereafter, a
standard glucose load (1.33 g/kg of body mass) was given orally (Ensure Plus; Ross
Laboratories, Columbus, OH). Samples for repeated measurement of glycemia and
insulinemia were then taken 120 min after baseline.
Body composition. We measured body composition by dual energy X-ray
absorptiometry (Lunar DPX-L, Madison, WI), as previously described (4). The subjects were instructed to lay supine on a padded table with all metal objects
removed. A total body scan takes ~30 min. This method uses a three-compartment
model of body composition and provides an estimate of fat mass, fat-free mass
(FFM), and bone mineral density. We analyzed all scans by the Lunar DPX-L
extended analysis software, version 1.3. The test-retest reproducibility for body
fat is 1.7% (six females) in our laboratory.
Body fat distribution. We measured body fat distribution by computed tomography (CT) using a General Electric High Speed Advantage CT Scanner (GE
Medical Systems, Milwaukee, WI), as previously suggested by Sjostrom et al. (5)
and reported by our laboratory (6). Visceral and subcutaneous abdominal fat accumulation was assessed at the level of L4-L5 intervertebral space. Scan position for
the abdominal level was established using a scout view, positioning the scanner
within the desired intervertebral space. The scans were 5 mm in thickness and
performed at 120 kV and 220 mA. Visceral and subcutaneous adiposity was quantified by delineating the visceral cavity using the trace function and excluding the
retroperitoneal area. The boundary was established at the innermost aspects of
the abdominal and oblique muscle walls. Subcutaneous adipose tissue was
selected as the area remaining between the visceral boundary and the skin.
Retroperitoneal fat was excluded from both the subcutaneous and visceral adipose tissue areas. Adipose tissue was selected by the software at an attenuation
range of –190 to –30 Hounsfield units. The visceral cavity was assessed using the
“mask” function and then the subcutaneous area using the “contour” feature. The
same individual analyzed all scans, and the interclass correlation for repeated
analysis of 10 scans was 0.99 in 10 women.
Cardiorespiratory fitness. Maximum aerobic capacity (VO2max) was determined from an incremental exercise test on a treadmill to exhaustion, as previously
described (7). After an initial 3-min warm-up, the speed was set so that the heart
rate would not exceed 70% of the age-predicted maximum heart rate [220 – age
(years)]. Thereafter, the speed was held constant, and the grade was increased by
2.5% every 2 min. The criteria for achieving a VO2max were 1) a respiratory exchange
ratio >1.0, 2) a heart rate at or above the age-predicted maximum, and 3) no further increase in oxygen consumption with an increasing workload. At least two of
these criteria were reached by all volunteers. Test-retest conditions for nine individuals (on two occasions tested 1 week apart) yielded an intraclass correlation
of 0.94 and a coefficient of variation of 3.8% in our laboratory.
Physical activity energy expenditure. We used doubly labeled water in
combination with indirect calorimetry to measure free-living physical activity
energy expenditure (PAEE). Total daily energy expenditure (TEE) was determined over a 10-day period. Each subject was dosed with a 1 g/kg body mass of
2
H218O using the method of Schoeller and van Santen (8), as previously described
(9). Briefly, a baseline urine sample was collected before dosing. The following
morning, two additional urine samples were collected, and two more samples
were collected 10 days later. Urine samples were stored frozen in vacutainers at
–20°C until analyzed for 2H and 18O enrichments by isotope ratio mass spectrometry. 18O isotopic enrichment was determined from the carbon dioxide
(CO2) equilibration technique, and 2H enrichment was determined by the zinc catalyst method (10). Daily rate of CO2 production (mol/day) was calculated using
the equation of Speakman et al. (11): rCO2 = N/2.196 3 (cOkO – cH kH), where N
is the total body water pool, kO and kH are the elimination rates of 18O and 2H tracers from the body, and cO and cH are the dilution spaces for 18O and 2H tracers,
as recommended by Racette et al. (12). Assuming a respiratory quotient of 0.85
for the food consumed (13), total CO2 production was converted to TEE (kJ/day)
using the formula by Weir (14).
Resting metabolic rate (RMR) was determined from 45 min of indirect
calorimetry using the ventilated hood technique, as previously described (15). Respiratory gas analysis was performed using a Deltatrac metabolic cart (Sensormedics, Yorba Linda, CA). RMR (kJ/day) was calculated from the equation by
Weir (14). Assuming a thermic effect of feeding of 10% (16), total PAEE was then
calculated from the equation: PAEE = [(TEE 3 0.90) – RMR]. That is, PAEE represents the energy expenditure accumulated above basal levels, which include volitional and nonvolitional activities. We have previously reported an intraclass
correlation of 0.90 and a coefficient of variation of 4.3% for the measurement of
RMR in 17 older volunteers from two different occasions tested 1 week apart.
Insulin sensitivity. We measured insulin sensitivity by the hyperinsulinemiceuglycemic clamp technique, as proposed by DeFronzo et al. (17). Briefly, a
Teflon catheter was inserted into the antecubital vein for the infusions of insulin
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TABLE 1
Comparison of glucose disposal and anthropometric variables
between women with impaired (MONW) and normal insulin sensitivity
MONW

Normal

P

n
Age (years)
Glucose disposal (mg/min)
Glucose disposal
(mg · FFM–1 · min–1)
BMI (kg/m2)
Body mass (kg)
FFM (kg)
Fat mass (kg)
Body fat (%)
Appendicular fat (kg)
Truncal fat (kg)
L4-L5 subcutaneous fat
area (cm2)
L4-L5 visceral fat area (cm2)

13
29 ± 3
250 ± 65
6.5 ± 1.7

58
28 ± 4
444 ± 112
11.0 ± 2.2

—
0.97
0.001
0.001

22.5 ± 2.0
60.1 ± 8.9
38.9 ± 5.1
18.4 ± 5.2
31.8 ± 5.9
8.9 ± 2.6
8.2 ± 2.6
213 ± 61

21.5 ± 2.0
58.4 ± 6.9
40.3 ± 4.0
15.3 ± 4.4
27.4 ± 5.5
8.0 ± 2.3
6.5 ± 2.4
160 ± 78

0.08
0.42
0.28
0.03
0.01
0.23
0.02
0.03

44 ± 16

35 ± 14

0.046

Data are means ± SD. To identify women classified as having
impaired insulin sensitivity, we used a glucose disposal cut-point
value of 8.0 mg · min–1 · kg–1 of FFM, based on the data presented by Beck-Nielsen and Groop (22).

blood pressure, family history of diabetes, or the use of oral
contraceptives (Table 2). Furthermore, we found no differences in total energy intake (8.28 vs. 8.32 MJ/day); percent
intake of carbohydrate (53 vs. 56%), fat (33 vs. 30%), and protein (13 vs. 14%); and percent fat intake from saturated fat (36
vs. 34%) between the MONW and normal group, respectively.
In Table 3, we present the results of the OGTT and serum
lipid profile. The MONW group showed a higher fasting (P =
0.03) and 2-h postload insulin (P < 0.001), 2-h postload glucose
(P < 0.01), and total serum cholesterol (P < 0.01) than the normal group. We found no differences between groups in fasting serum glucose, HDL cholesterol, total–to–HDL cholesterol
ratio, LDL cholesterol, or fasting triglycerides.
DISCUSSION

To our knowledge, this is the first study to comprehensively
examine the phenotypic characteristics associated with the
MONW syndrome in young women. Based on our approach,

TABLE 2
Comparison of cardiorespiratory fitness, PAEE, blood pressure, oral contraceptives, and incidence of family history of diabetes
between women with impaired (MONW) and normal insulin sensitivity
Variable
n
V O 2max (ml/min)
Adjusted VO2max (ml/min)*
PAEE (MJ/day) (n)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Family history of diabetes (%) (yes/no)
Use of oral contraceptives (%) (yes/no)

MONW
13
2,228 ± 509
2,197 ± 396
2.66 ± 0.92 (9)
118 ± 12
69 ± 8
31 (4/9)
60 (8/5)

Normal
58
2,297 ± 426
2,304 ± 395
4.39 ± 1.50 (41)
118 ± 14
68 ± 10
32 (14/44)
47 (27/31)

P value
—
0.61
0.38
0.01
0.99
0.73
0.53
0.33

Data are means ± SD or %. *Adjusted for kilogram of body weight, as previously described (7).
2212
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Variable
value

we found that 18% of our population was classified as having
impaired insulin sensitivity, despite having normal body
weight and BMI. Furthermore, young MONW women with
impaired insulin sensitivity showed a cluster of risky phenotypic characteristics, including low PAEE and increased total
and visceral adiposity.
The incidence of obesity and type 2 diabetes is increasing
among women (26), which places them at high risk for the
development of insulin resistance and associated comorbidities (27). Given that the deleterious consequences of
compensatory hyperinsulinemia (i.e., microangiopathy,
hypertension, and CVD) are present at the time of diagnosis
of overt type 2 diabetes (28), a clear medical need exists to
identify markers for early detection of these individuals
before the onset of an established disease process.
We classified individuals above and below a glucose disposal cut point of 8 ml · min–1 · kg–1 of FFM. The use of glucose disposal to subdivide young women into normal and
MONW groups is based on the notion that a decrease in
insulin sensitivity may be a common pathogenic mechanism
in the development of type 2 diabetes, hypertension, and
CVD (23,24). Although this cut point may be considered
somewhat arbitrary, women who were classified as having
impaired insulin sensitivity (based on hyperinsulinemiceuglycemic clamp) also displayed an altered response to oral
glucose load (Table 2). Furthermore, the chosen cut point was
based on previous multicenter data (22) that examined
insulin sensitivity data from a large sample of individuals. We
were somewhat surprised that 18% (n = 13) was categorized
as having impaired insulin sensitivity. This finding supports
the hypothesis by Ruderman et al. (2) regarding the relatively high prevalence of individuals with impaired insulin sensitivity in apparently healthy normal-weight individuals. This
finding prompted us to examine several obesity-related phenotypic characteristics that have been implicated in the
development of impaired insulin sensitivity.
In the present study, we found that women with impaired
insulin sensitivity were characterized by a higher body fat
percentage and fat mass than women with normal insulin
sensitivity, despite no difference in body mass or BMI
between groups. This suggests that even small increases in
body fatness (2–3 kg) within a normal range of BMI negatively affect insulin sensitivity. Indeed, in our cohort, the
incidence of impaired insulin sensitivity reached almost 40%
among women with a body fat percentage >30%. Therefore,
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TABLE 3
Comparison of OGTT and blood lipid values between women
with impaired (MONW) and normal insulin sensitivity
MONW

Normal

P value

n
Fasting glucose (mmol/l)
2-h postload glucose
(mmol/l)
Fasting insulin (pmol/l)
2-h postload insulin (pmol/l)
Total cholesterol (mmol/l)
HDL cholesterol (mmol/l)
Total–to–HDL cholesterol
LDL cholesterol (mmol/l)
Triglycerides (mmol/l)

13
4.4 ± 0.4
5.7 ± 1.1

58
4.4 ± 0.3
4.6 ± 1.1

—
0.80
0.003

60 ± 20
481 ± 259
5.3 ± 0.9
1.7 ± 0.5
3.3 ± 0.9
3.1 ± 0.9
2.4 ± 0.7

49 ± 15
281 ± 186
4.5 ± 0.7
1.5 ± 0.3
3.3 ± 0.8
2.7 ± 0.8
2.4 ± 1.0

0.03
0.001
0.003
0.15
0.91
0.14
0.93

Data are means ± SD.

we suggest that young women with a BMI <26 but with a
body fat percentage >30% are probably at a higher risk for
impaired insulin sensitivity and a potentially early onset of
type 2 diabetes, hypertension, and CVD. Our findings thus
support the notion that BMI is a poor marker to identify
women at risk for the development of insulin resistance and
associated comorbidities.
The question as to whether body fat topography is “pathogenic” with respect to insulin sensitivity and type 2 diabetes
is controversial (29). For example, some investigators found
that abdominal subcutaneous adiposity is a stronger predictor of insulin sensitivity than visceral adiposity in middleaged men and women (30) and in pre-menopausal women
(31). On the other hand, others (32,33) reported that visceral
adiposity is the stronger determinant of insulin sensitivity in
obese women. In the present investigation, young women with
impaired insulin sensitivity showed significantly higher subcutaneous as well as visceral abdominal fat accumulation than
women with normal insulin sensitivity. Despite the fact that
the levels of visceral fat accumulation in the MONW group
were well below the suggested critical threshold of 130 cm2
(34), it is possible that even relatively low levels of visceral
adiposity in the presence of higher levels of total body fatness
have a deleterious impact on insulin sensitivity. Nonetheless,
our findings suggest that in young nonobese women, both subcutaneous and visceral abdominal fat accumulation may be
associated with impaired insulin sensitivity.
Physical inactivity (35) and low cardiorespiratory fitness
(36) have been implicated as important risk factors in the
pathogenesis of type 2 diabetes. We found no differences in
cardiorespiratory fitness between groups. This may be
because only sedentary women were recruited for the study
and thus limited our ability to find differences between the
groups. On the other hand, we noted a significantly lower
PAEE in the MONW group. To our knowledge, this is the
first study that used a direct measurement of PAEE by the
doubly labeled water methodology in the examination of risk
factors for insulin resistance and CVD in free-living individuals. Previous investigations have reported an inverse relationship between physical activity and incidence of type 2 diabetes (37); however, physical activity levels were only estimated from a self-reported questionnaire, which has been
shown to be inaccurate (38). These results suggest that
DIABETES, VOL. 48, NOVEMBER 1999
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