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OBJECTIVE: To examine different clusterings of the insulin resistance-associated cardiovascular risk factors with
respect to different types of obesity.
DESIGN: A screening programme for obesity (body mass index; BMI� 30 kg=m2) and abdominal adiposity (waist-to-
hip ratio; WHR� 1.00 in men and �0.88 in women).
SETTINGS: PieksaÈ maÈ ki District Health Centre and the Community Health Centre of the City of Tampere, Finland.
SUBJECTS: All volunteers were either aged 36, 41, 46 or 51 y (n� 1148) and living in the town of PieksaÈ maÈ ki, with a
control population of 162 subjects in the City of Tampere.
MAIN OUTCOME MEASURES: Different clusterings of: 1) hypertension (a systolic blood pressure� 160 mmHg and=or
a diastolic blood pressure � 95 mmHg or concurrent drug treatment for hypertension); 2) hyper-
triglyceridaemia� 1.70 mmol=l; 3) a low level of high-density-lipoprotein (HDL) cholesterol; < 1.00 mmol=l in men,
< 1.20 mmol=l in women; 4) abnormal glucose metabolism (impaired glucose tolerance or non-insulin-dependent
diabetes) and 5) hyperinsulinaemia with a fasting plasma insulin� 13.0 mU=l.
RESULTS: The prevalence of a cluster consisting of dyslipidaemia (hypertriglyceridaemia and=or low HDL-cholesterol)
and insulin resistance (abnormal glucose metabolism and=or hyperinsulinaemia) was found to be 4% in the control
subjects, 18% in the abdominal adipose subjects (WHR� 1.00 in men and �0.88 in women with a BMI< 30 kg=m2), 28%
in the `pure' obese subjects (BMI� 30 kg=m2 with WHR< 1.00 in men and < 0.88 in women), and 46% in the central
obese subjects (subjects showing both `pure' obesity and abdominal adiposity). The prevalence rates of the other
clusterings of abnormalities varied similarly according to the type of obesity.
CONCLUSION: Clusterings of insulin resistance-associated abnormalities were related to the type of obesity in both
middle-aged men and middle-aged women.
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Introduction

The most common clinical state characterized by insulin
resistance is obesity with a centralized distribution of
adipose tissue.1 This type of obesity has been suggested
to be the most distinctive mark of a `metabolic syn-
drome', which is characterized by a clustering of many
insulin resistant cardiovascular risk factors such as
hypertension, hypertriglyceridaemia, low high-density-
lipoprotein (HDL) cholesterol, abnormal glucose meta-
bolism and hyperinsulinaemia.2±10

An increase in body-mass index (BMI) is usually
associated with an increase in waist-to-hip ratio
(WHR), a conventional clinical marker of abdominal
adiposity.11 Some studies have suggested that obesity
per se would be necessary for the expression of
metabolic defects associated with centrally distributed
fat.12±14 Because of this close association between

obesity and abdominal adiposity, it is dif®cult to
differentiate between these two types of obesity, with-
out magnetic resonance imagination (MRI) or com-
puted tomography (CT), neither of which are available
in common clinical practice. As obesity is known to
be increasing in all Westernized countries, it is of
crucial importance that the professional clinician has
some simple tools to assist in recognizing harmful
types of obesity that may lead to increased risks for
cardiovascular disease, stroke and non-insulin-depen-
dent diabetes mellitus (NIDDM).3±7,14

Based on simple measurements of height, weight
and circumference of waist and hip, this report
describes a classi®cation scheme for the three differ-
ent types of obesity: 1) `pure' obesity, 2) abdominal
adiposity and 3) central obesity. We screened all 841
volunteers from four age groups aged 36, 41, 46 and
51 y (n� 1148) in PieksaÈmaÈki, Finland, for these three
types of obesity and examined the relationship
between different clusterings of insulin resistance-
associated cardiovascular risk factors and type of
obesity. A randomly selected sample of 162 subjects
without any de®ned type of obesity was used as a
control population.
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Material and methods

The target population (n� 1172) in PieksaÈmaÈki, a
town in Finland, included men and women born in
1942 (n� 164), 1947 (n� 357), 1952 (n� 345) and
1957 (n� 306). The sample was drawn from an
updated census register, and volunteers were invited
by a letter for screening. A control population of 162
volunteers, without any de®ned type of obesity, was
randomly selected from participants in health check-
ups, which are annually arranged for all inhabitants
aged 40 or 45 y in the City of Tampere, Finland. In the
examination year, 4386 (80%) out of the 5480 invited
inhabitants aged 40 or 45 y participated in the health
check-ups. The screening was carried out by trained
nurses between March 1993±December 1994.

Blood pressure was measured using a mercury
sphygmomanometer after a 15 min rest.15 An appro-
priate large size cuff was used for obese subjects.
Hypertension was de®ned as a systolic blood pressure
of �160 mmHg and=or a diastolic pressure of
�95 mmHg, or concurrent drug treatment for hyper-
tension.16

For anthropometric measurements, subjects were
examined while wearing light clothes. Height was
measured to the nearest cm and weight to the nearest
0.1 kg. BMI was calculated as weight (kg) divided by
height squared (m2). Waist and hip circumferences
were measured to the nearest cm using a calibrated
soft tape with the subject standing. Waist circumfer-
ence was de®ned as the smallest girth, midway
between the lowest rib margin and the iliac crest,
hip circumference was measured at the level of greater
trochanters, and WHR was calculated.7

Serum cholesterol and triglycerides were measured
from fresh serum samples, drawn after an overnight
fast, by enzymatic colorimeter methods (CHOD-PAP,
GPO-PAP, Boehringer Mannheim GmbH, Germany).
Serum high-density-lipoprotein (HDL)-cholesterol
was measured using the same method, after precipita-
tion of low-density-lipoprotein and very-low-density-
lipoprotein cholesterol by phosphotungstic acid and
magnesium. Hypercholesterolaemia was de®ned as a
fasting serum cholesterol � 6.50 mmol=l, hyper-
triglyceridaemia as a fasting serum triglycer-
ides� 1.70 mmol=l, and low level of HDL-cholesterol
as a fasting serum HDL-cholesterol< 1.0 mmol=l in
men and < 1.2 mmol=l in women.17,18

Plasma, for the determination of fasting insulin,
was separated by centrifugation and samples were
immediately frozen at 720� C. Insulin was deter-
mined by Phadeseph Insulin radio immuno assay
(RIA), 100 method (Pharmacia Diagnostics AB,
Uppsala, Sweden). Hyperinsulinaemia was de®ned
as a fasting plasma insulin level � 13.0 mU=l.19 The
oral glucose tolerance test (OGTT) was performed
according to the WHO protocol using 75 g of glucose.
Blood glucose concentrations were measured by auto-
mated colorimetric method (Peridochrom Glucose

GOD-PAP, Boehringer). Abnormal glucose metabo-
lism was de®ned as impaired glucose tolerance or
NIDDM, according to the WHO guidelines.20

De®nitions for the three types of
obesity and clusterings of risk
factors

`Pure' obesity was de®ned as BMI� 30 kg=m2 with a
WHR< 1.00 in men and a WHR< 0.88 women.
These cut-off points for WHR represent the highest
quartile in the distribution of subjects aged 41 or 46 y
in PieksaÈmaÈki. Abdominal adiposity was de®ned as
WHR� 1.00 in men and �0.88 in women, with a
BMI< 30 kg=m2. Central obesity was de®ned in those
subjects simultaneously having both BMI� 30 kg=m2

and WHR� 1.00 in men and �0.88 in women.
Metabolic cluster A consisted of �2 and metabolic

cluster B consisted of �3 of the following ®ve insulin
resistance-associated cardiovascular risk factors
examined: 1) hypertension, 2) hypertriglyceridaemia,
3) low HDL-cholesterol, 4) abnormal glucose meta-
bolism and 5) hyperinsulinaemia. A cluster of dysli-
pidaemia (hypertriglyceridaemia and=or low HDL-
cholesterol) and insulin resistance (abnormal glucose
metabolism and=or hyperinsulinaemia) was used as a
marker for the `metabolic core' of the metabolic
syndrome.9,21 A cluster of hypertension, dyslipidae-
mia and insulin resistance was used as a marker for
the conventional metabolic syndrome.2

Statistical methods

Statistical analyses were performed using the
SPSS=PC� statistical software. Variance analysis
(ANOVA) was used to analyze the signi®cance of
differences of continuous variables, and differences of
prevalences of cluster of abnormalities with respect to
the different types of obesity. Chi squared method was
use to calculate the difference in the prevalence rates
of different clusterings of abnormalities in men and
women.

Results

After the exclusion of two pregnant women, three
foreigners, and 19 other individuals who could not be
contacted, the size of the ®nal experimental group was
1148 subjects. Of those, 841 (77%) volunteers parti-
cipated in the study. The participation rate was 63%
for men aged 36 y, 73% for men aged 41 y, 70% for
men aged 46 y and 75% for men aged 51 y. For
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women, the corresponding participation rates were
72%, 78%, 87% and 90%, respectively.

Obesity, de®ned as BMI� 30 kg=m2, was present in
74 of the 394 (19%) men and in 74 of the 447 (17%)
women in the experimental group. The occurrence of
`pure' obesity was 6% for men and 5% for women, the
occurrence of abdominal adiposity was 13% for men
and 11% for women, and the prevalence of central
obesity was 13% for men and 11% for women. Some
type of obesity was present in 124 (31%) of the men
and in 122 (27%) of the women in the experimental
group.

The mean age in the control group of 162 volun-
teers (77 men and 85 women) without any de®ned
type of obesity was 1.8 y lower than in the experi-
mental group of 246 subjects having some de®ned
type of obesity (42.4� 2.5 y vs 44.2� 5.0 y). In the
experimental cases, 32% of men and 19% of women
were smokers. In the control group, the corresponding
®gures were 25% and 15%. The difference in the
prevalence rates was not statistically signi®cant
between groups. The levels of triglycerides, 2 h±glu-
cose in OGTT and plasma insulin were all higher, and
the level of HDL-cholesterol was lower, in the experi-
mental cases (study subjects with some type of obe-

sity), as compared to controls. The levels of total
cholesterol were roughly equivalent in the cases and
the controls (Table 1).

Hypertension, and the insulin resistance-associated
abnormalities were more often present in the experi-
mental cases than in the controls. The prevalence of
hyperinsulinaemia �13.0 mU=l was four- to nine-fold
higher in he experimental cases than in the controls
(Table 2).

The prevalence of the `metabolic core' of the
syndrome was 4% for controls, 18% for the abdominal
adipose, 28% for the `pure' obese, and 46% for the
central obese volunteers. The corresponding ®gures
for the conventional metabolic syndrome were 3%,
8%, 15% and 22%, respectively. The prevalence rates
of the metabolic cluster A and the metabolic cluster B
varied similarly according to the type of obesity
(Table 3).

In women, unlike men, we could not ®nd any
statistically signi®cant difference in the prevalence
rates of different clusterings between the control
group and abdominal adipose group. In the abdominal
adipose men, all examined clusterings were more
prevalent than in the abdominal adipose women, this
difference between genders being statistically signi®-

Table 1 Basic characteristics of 246 subjects, with some type of obesity, and 162 controls

Type of obesity

Controls Abdominal adipose `Pure'obese Central obese

Men/Women (n) 77/85 50/48 23/24 51/50
Age (y)

Men 42.4 (2.5) 44.2 (5.5)a 43.4 (5.4) 44.7 (4.3)a

Women 42.5 (2.5) 43.2 (4.8)a 46.4 (5.7)a 43.7 (4.9)a

Body mass index (kg/m2)
Men 24.8 (2.9) 27.6 (1.5)a 31.0 (0.8)ab 32.7 (2.5)abc

Women 23.7 (2.8) 27.2 (2.0)a 34.8 (5.0)ab 35.1 (4.6)ab

Waist-to-hip ratio
Men 0.93 (0.01) 1.02 (0.01)ac 0.96 (0.01)a 1.04 (0.02)abc

Women 0.78 (0.01) 0.91 (0.01)ac 0.83 (0.01)a 0.92 (0.01)ac

Systolic blood pressure (mmHg)
Men 131 (17) 140 (15)a 135 (18) 148 (20)ac

Women 123 (11) 138 (22)a 140 (17)a 142 (15)a

Diastolic blood pressure (mmHg)
Men 84 (9) 85 (10) 85 (11) 90 (14)a

Women 79 (8) 83 (10)a 83 (8) 86 (9)a

Fasting serum cholesterol (mmol/l)
Men 5.9 (1.2) 5.9 (0.8) 5.7 (1.0) 5.8 (1.0)
Women 5.3 (1.0) 5.3 (1.0) 5.9 (0.8) 5.4 (0.9)

Fasting serum HDL-cholesterol (mmol/l)
Men 1.3 (0.5)d 1.2 (0.3) 1.2 (0.4) 1.1 (0.3)
Women 1.6 (0.4)d 1.5 (0.4) 1.5 (0.4) 1.3 (0.3)

Fasting triglycerides (mmol/l)
Men 1.5 (0.7) 1.7 (0.7) 2.5 (2.0) 2.6 (3.3)a

Women 1.1 (0.5) 1.2 (0.8) 1.5 (0.8)a 1.6 (0.9)ab

2h glucose in OGGT (mmol/l)
Men 5.1 (1.0) 5.5 (2.2) 5.8 (2.2) 6.2 (3.4)a

Women 5.6 (1.7) 5.9 (1.2) 6.6 (2.8) 6.1 (1.6)
Fasting plasma insulin (mU/l)

Men 9.4 (4.4) 11.6 (4.0) 12.7 (5.5)a 17.7 (7.4)abc

Women 8.1 (2.7) 10.8 (4.5)a 13.8 (6.3)a 15.5 (7.3)ab

Smoking prevalence (%)
Men 25 42 30 24
Women 15 25 4b 20

Values are expressed as means (s.d.). Tukey's highly signi®cant difference (HSD) test for intergroup differences; P<0.05, avs controls,
bvs abdominal adipose, cvs `pure' obese, dvs central obese.
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cant (P< 0.05 ±P< 0.01). Also present was a gender
difference in the prevalences of cluster 2 and cluster 3
in the central obese individuals. In the controls and in
the `pure obese' subjects, we could not ®nd any
gender difference (Table 3).

In both genders, all different clusterings of
abnormalities occurred most frequently in the

central obese subjects, as compared to the controls,
or in the subjects having any other type of
obesity. The difference in the prevalence rates of
different clusterings between the de®ned types of
obesity was statistically signi®cant. Adjustment for
age and smoking did not change these results
(Table 3).

Table 2 Prevalence % (n) of hypercholesterolaemia and ®ve insulin resistance-associated abnormalities (hypertension, low high-
density-lipoprotein (HDL) cholesterol, hypertriglyceridaemia, abnormal glucose metabolism and hyperinsulinaemia) according to type
of obesity in 246 middle-aged subjects

Type of obesity

Controls Abdominal adipose `Pure'obese Central obese

Men=Women (n) 77/85 50/48 23/24 51/50
Hypertension

Men 16 (12) 32 (16)a 26 (6) 49 (25)ac

Women 9 (8) 31 (15)a 29 (7)a 34 (17)a

Total 12 (20) 32 (31)a 28 (13)a 42 (42)a

Hypercholesterolaemia
Men 29 (22) 26 (13) 17 (4) 24 (12)
Women 15 (13) 11 (5) 25 (6) 14 (7)
Total 22 (35) 19 (18) 21 (10) 19 (19)

Low HDL-cholesterol
Men 10 (8) 34 (17)a 35 (8)a 45 (23)a

Women 18 (15) 21 (10) 25 (6) 40 (20)ab

Total 14 (23) 28 (27)a 30 (14)a 43 (43)a

Hypertriglyceridaemia
Men 30 (23) 44 (22) 57 (13)a 55 (28)a

Women 8 (7) 10 (5) 33 (8)ab 36 (18)ab

Total 19 (30) 28 (27) 45 (21)ab 46 (46)ab

Abnormal glucose metabolism
Men 4 (3) 16 (8) 26 (6)a 28 (14)a

Women 12 (10) 23 (11) 25 (6) 30 (15)a

Total 8 (13) 19 (19)a 26 (12)a 29 (29)a

Hyperinsulinaemia
Men 8 (6) 40 (20)a 39 (9)a 69 (35)abc

Women 6 (5) 25 (12)a 38 (9)a 48 (24)ab

Total 7 (11) 33 (32)a 38 (18)a 58 (59)abc

Values are expressed as % (n). Analysis of variance (ANOVA) for intergroup differences; P< 0.05, avs controls, bvs abdominal adipose,
cvs `pure' obese, dvs central obese.

Table 3 Prevalence % (n) of different clusterings of the ®ve insulin resistance associated abnormalities in different types of obesity in
246 men and women, and in a control population of 162 subjects without any type of obesity

Type of obesity

Controls Abdominal adipose `Pure'obese Central obese

Men=Women (n) 77/85 50/48 23/24 51/50
Cluster A

Men 12 (9) 54 (27)a** 57 (13)a 78 (40)abc**
Women 12 (10) 25 (12) 38 (9)a 54 (27)ab

Total 12 (19) 40 (39)a 47 (22)a 66 (67)abc

Cluster B
Men 5 (4) 30 (15)** 30 (7)a 51 (26)abc*
Women 2 (2) 8 (4) 29 (7)ab 32 (16)ab

Total 4 (6) 19 (19)a 30 (14)a 42 (42)abc

Clustering of dyslipidaemia and insulin
resistance (metabolic `core')
Men 7 (5) 28 (14)a** 30 (7)a 51 (26)abc

Women 2 (2) 8 (4) 25 (6)ab 40 (20)ab

Total 4 (7) 18 (18)a 28 (13)a 46 (46)abc

Clustering of hypertension, dyslipidaemia and
insulin resistance (conventional metabolic
syndrome)
Men 4 (3) 16 (8)a* 17 (4)a 26 (13)a

Women 1 (1) ± (±) 13 (3)ab 18 (9)ab

Total 3 (4) 8 (8) 15 (7)a 22 (22)ab

Analysis of variance (ANOVA) for intergroup differences; P< 0.05, avs controls, bvs abdominal adipose, cvs `pure' obese, dvs central
obese. Chi-squared between genders in different types of obesity; *P<0.05, **P<0.01
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Discussion

Many epidemiological studies have suggested that the
localisation of the adipose tissue intra-abdominally is
linked to many cardiovascular risk factors3±8 and is a
more important predictor of cardiovascular disease
and death than the total amount of fat.22±24 Visceral fat
has been shown to be associated with insulin resist-
ance and the compensatory hyperinsulinaemia.1±7,14,21

This association results in an increased hormone
sensitive lipase (HSL) activity and a decreased lipo-
protein lipase (LPL) activity, which leads to high
levels of triglycerides, low levels of HDL-cholesterol
and high levels of free fatty acids in the blood.4,25,26

Increased free fatty acid concentrations may subse-
quently lead to abnormalities in glucose metabo-
lism.1,25,26 Thus, our results are in line with the
presented theoretical background, reaf®rming the
existence of different clusterings of hypertension,
hypertriglyceridaemia, low HDL-cholesterol level,
abnormal glucose metabolism and hyperinsulinaemia
especially in the subjects with central obesity; i.e. a
combination of obesity and abdominal adiposity.2±6

The `metabolic core' of the metabolic syndrome21 was
present in only 4%, and the conventionally de®ned
metabolic syndrome in 3%, of the controls, About half
the volunteers with central obesity also had the
`metabolic core' of the syndrome, and one in ®ve
volunteers with central obesity also had the conven-
tionally de®ned metabolic syndrome with hyperten-
sion, dyslipidaemia and insulin resistance. Some type
of obesity occurred in one of every three subjects and
66±80% of different clusterings of the insulin resist-
ance related abnormalities were detectable in this
subset.

The differing categories of obesity, though arbitrary
in de®nition, are justi®ed. The purpose of this classi-
®cation was to help to give some indication of the
more harmful types of obesity, and thereby increase
understanding of the separate role for both obesity and
abdominal adiposity on the manifestation of hyper-
insulinaemia, dyslipidaemia and abnormal glucose
metabolism. We applied accepted criteria (upper
25th percentiles in the distribution of variable con-
cerning WHR in this study, and results from earlier
published studies) to de®ne the relevant risk fac-
tors.15±18 A fasting plasma insulin level �13.0 mU=l
was used as a de®ning criterion for hyperinsulinaemia
and insulin resistance. It has been shown that at this
level of fasting plasma insulin, about 75% of the
subjects were insulin resistant, as measured by the
hyperinsulinaemic clamp technique.19

The mean level of the fasting plasma insulin, the
usual re¯ector of insulin resistance, was higher in the
experimental cases when compared to controls. Also
demonstrated, are the prevalence rates of other
abnormalities re¯ecting increased insulin resistance,
such as hypertriglyceridaemia, low HDL-cholesterol
level and abnormal glucose metabolism, all of which

were higher in the experimental cases than in the
controls. Moreover, the rate of prevalence for differ-
ent clusterings of these insulin resistance-associated
risk factors was found to be six- to twelve-fold higher
in the experimental cases having some type of obesity,
as compared to the controls. Smoking was more
prevalent in both men and women of the experimental
group, as compared to the control men and women.
However, this difference between groups was not
statistically signi®cant, and did not explain the dis-
covered difference in the occurrence of abnormalities
in the different groups.

Our results are in line with some earlier studies
suggesting that abdominal fat distribution may at least
partly explain the gender difference in the risk pro®le
of coronary heart disease.27,28 In men of our study,
abdominal adiposity alone or associating with obesity
was a more powerful indicator for different cluster-
ings of the insulin resistance-associated risk factors,
compared to women. These ®ndings can be explained
at least partly by our relatively young study popula-
tion, with a mean age of about 43 y, i.e. women had
normal estrogen production. It has been shown that in
women, estrogen may have a protective effect on the
insulin resistance-associated risk factors, and that this
advantage is lost after the menopause.4,29,30 Another
explanation for the gender difference, is that men are
known to have twice the proportion of total fat
distributed intra-abdominally when compared to
women with the same BMI.11 Therefore, in women,
a higher BMI than in men may be needed for the
metabolic disturbances associating with the obesity
and central adiposity.12

This study also demonstrates that the rates of
prevalence for different clusterings of abnormalities
were signi®cantly higher in the experimental men and
experimental women having central obesity. This
result indicates that any type of obesity may be
metabolically harmful, and serves as a signal of a
constellation of insulin-resistance related abnormal-
ities in both genders.2±6,21 It also provides more
evidence to suggest that especially a combination of
obesity and abdominal adiposity, i.e. central obesity,
may be used as a distinctive marker for the metabolic
syndrome, a clustering of many insulin-resistance
related risk factors.4,14 This conclusion is also in
agreement with the ®ndings that implicate central
obesity as a powerful risk factor for coronary heart
disease (CHD), stroke, and NIDDM,3,25,26

In daily clinical practice, BMI alone is usually used
as an indicator for obesity. However, our results like
many other epidemiological studies, show that the
measurement of WHR could improve our possibilities
in the assessment of cardiovascular risk at both
individual and population level. Our study demon-
strates that most patients at risk of having clusterings
of abnormalities consistent with the concept of the
metabolic syndrome, and possible candidacy for
CHD, stroke and NIDDM, are recognizable by the
simple measurements of BMI and WHR.
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