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The metabolic syndrome is characterized by a clustering of cardiovascular risk factors including type 2 diabetes mellitus,

hypertension, dyslipidemia, and obesity. Elevated plasma insulin and urinary norepinephrine (noradrenaline) and reduced

urinary epinephrine (adrenaline) excretion are associated with obesity in Caucasian populations. We examined the interre-

lationships between obesity, plasma insulin, and urinary catecholamine excretion in Chinese subjects with various compo-

nents of the metabolic syndrome. A total of 577 Chinese subjects (aged 38 6 10 years; 68% with type 2 diabetes mellitus,

hypertension, dyslipidemia, obesity, and/or albuminuria and 32% healthy subjects) were studied, all of whom had a plasma

creatinine less than 150 mmol/L. The blood pressure, height, weight, waist and hip circumference, and fasting plasma glucose,

insulin, lipid, and creatinine levels were measured. A 24-hour urine sample was collected for measurement of albumin and

catecholamine excretion. The body mass index (BMI) and waist circumference were used as measures of general and central

obesity, respectively. The insulin resistance index was estimated by the calculated product of fasting plasma insulin and

glucose concentrations. Patients with an increasing number of components of the metabolic syndrome (type 2 diabetes

mellitus, hypertension, dyslipidemia, obesity, and/or albuminuria) were more obese, hyperglycemic, dyslipidemic, and

albuminuric and had higher blood pressure, plasma insulin, insulin resistance indices, and 24-hour urinary norepinephrine

excretion but lower urinary epinephrine output (all P < .005). Increasing quintiles of BMI in the whole population or waist

circumference in both sexes were associated with increasing trends for adverse lipid profiles, plasma insulin, insulin

resistance indices, and urinary norepinephrine excretion but a decreasing trend for urinary epinephrine output (all P < .001).

There were close associations between age, obesity, blood pressure, fasting plasma glucose, lipid, insulin, insulin resistance

indices, and urinary catecholamine excretion. Using stepwise multiple regression analysis (all P < .001), 34% of the variability

of the BMI and 45% of that of the waist circumference were independently related to gender (waist higher in males and BMI

higher in females), increased plasma insulin, triglyceride, and urinary norepinephrine excretion, and decreased high-density

lipoprotein (HDL) cholesterol and urinary epinephrine output. In Chinese subjects with different manifestations of the

metabolic syndrome, hyperinsulinemia, insulin resistance, elevated norepinephrine, and reduced epinephrine excretion were

closely associated with general and central obesity. Based on these findings, we postulate that complex interactions between

the insulin and sympathoadrenal systems may lead to the development of obesity and the metabolic syndrome.
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T HE METABOLIC SYNDROME is characterized by a
clustering of cardiovascular risk factors including obesity

(general or central), type 2 diabetes mellitus, hypertension,
albuminuria, and dyslipidemia. The latter is specifically char-
acterized by reduced high-density lipoprotein (HDL) choles-
terol and elevated triglyceride.1 Hyperinsulinemia enhances fat
deposition by inhibiting lipolysis and enhancing lipogenesis.2 It
can also increase blood pressure by activating the sympathetic
nervous system, promoting sodium retention and stimulating
vascular smooth muscle cell growth.3 There are complex inter-
actions between insulin and the sympathetic nervous system.4,5

For example, insulin-induced hypoglycemia is a potent stimu-
lus for adrenal epinephrine release and sympathetic nervous
system activation. Compared with norepinephrine, epinephrine
is a more potent hyperglycemic agent by stimulating hepatic
gluconeogenesis and triglyceride hydrolysis in adipocytes to
release free fatty acids (FFAs) for energy expenditure.6,7 In
general, the vast majority of norepinephrine is secreted by the
sympathetic nerve endings, while epinephrine is secreted by the
adrenal glands. The 24-hour urinary excretion of norepineph-
rine is a fairly reliable index of the overall sympathetic activity,
while the 24-hour urinary output of epinephrine specifically
reflects adrenal gland activation.8 In Caucasians, obesity ex-
pressed as the body mass index (BMI) correlates positively
with the plasma insulin concentration and 24-hour urinary
norepinephrine output but negatively with epinephrine out-
put.9,10

Type 2 diabetes mellitus, hypertension, and dyslipidemia, the

main disease entities of the metabolic syndrome, have reached
epidemic proportions in Hong Kong Chinese.11 According to a
1995 to 1996 population-based survey on 7,730 Chinese resi-
dents aged 25 to 74 years,12 about 10% of men and women had
diabetes mellitus or hypertension. Moreover, 12% of men and
13% of women had a plasma total cholesterol level of 6.2
mmol/L or greater, while 17% of men and 10% of women had
plasma triglycerides of 2.0 mmol/L or greater. Using structural
equation modeling, we have previously reported that obesity
was a major component of the metabolic syndrome and ex-
plained most of the variance in blood pressure, lipid abnormal-
ities, and plasma glucose in Hong Kong Chinese.13 More
recently, we have demonstrated close associations between
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anthropometric indices,14 visceral fat accumulation as quanti-
fied by magnetic resonance imaging,15 and various cardiovas-
cular risk factors in Chinese subjects with or without type 2
diabetes mellitus. However, there are few data on the relation-
ships between obesity and catecholamines in the Chinese. In
the present study, we examined the interrelationships between
obesity, plasma insulin, and urinary catecholamine excretion in
a group of Chinese subjects with different aspects of the met-
abolic syndrome.

SUBJECTS AND METHODS

Subjects

The study cohort consisted of 577 Hong Kong Chinese with a mean
age of 386 10 years (mean6 SD), 390 (68%) of whom have various
combinations of type 2 diabetes mellitus, hypertension, dyslipidemia,
albuminuria, and/or obesity. They were mainly recruited from the
medical outpatient clinics at The Prince of Wales Hospital and subse-
quently referred to the Clinical Pharmacology Studies Unit (CPSU).
The other 187 (32%) were classified as healthy subjects, mainly hos-
pital staff or friends who were volunteers and had medical examina-
tions in the CPSU. All subjects had a plasma creatinine less than 150
mmol/L. Antihypertensive and lipid-lowering medications were discon-
tinued for at least 4 weeks before the study day, whereas no antidiabetic
agents were taken on the morning of the test. The study was approved
by the Clinical Research Ethics Committee of the Chinese University
of Hong Kong. All subjects provided written informed consent.

On the study day, the subjects attended the CPSU after an overnight
fast. The height, weight, and waist (minimum circumference between
the umbilicus and xiphoid process) and hip (maximum circumference
around the buttocks and symphysis pubis) circumferences were re-
corded. The BMI was calculated as weight (kilograms) divided by
height (meters) squared as an index of general obesity. The waist
circumference and waist to hip and waist to height ratios were calcu-
lated as indices of central obesity. Blood pressure was taken as the
mean of 3 readings separated by a 1-minute interval by a Dinamap
8100 automated blood pressure monitor (Critikon, Tampa, FL) after at
least 5 minutes in the sitting position. Venous blood was sampled for
measurement of fasting plasma glucose and insulin, serum lipid (total
cholesterol, HDL cholesterol, and triglyceride), and plasma creatinine
concentrations. A 24-hour urine sample was collected for the measure-
ment of urinary albumin, norepinephrine, and epinephrine excretion
using boric acid preservative.16

Biochemical Measurements

All urine samples were stored at220°C and analyzed for urinary
norepinephrine and epinephrine excretion using alumina extraction
followed by high-performance liquid chromatography with electro-
chemical detection.16 The plasma insulin level was measured by the
DAKO insulin enzyme linked immunosorbent assay (DAKO Diagnos-
tics, Glostrup, Denmark). Plasma glucose, lipids, and urinary albumin
levels and renal function were measured by routine assays in the
Department of Chemical Pathology at The Prince of Wales Hospital as
previously described.17

Definitions

Type 2 diabetes mellitus was defined according to 1985 World
Health Organization (WHO) criteria.18 Subjects were considered hy-
pertensive if they were on antihypertensive medication or had a blood
pressure of 140/90 mm Hg or higher.19 Subjects who had increased
plasma cholesterol (total cholesterol$ 6.2 mmol/L or low-density
lipoprotein [LDL] cholesterol$ 4.1 mmol/L) or triglyceride ($2.3
mmol/L) or a total cholesterol to HDL cholesterol ratio of 5 or higher

were classified as dyslipidemic.20-22 Using the WHO definition for
obesity in Asians, general obesity was defined as a BMI of at least 25
kg/m2 in both sexes.23 Central obesity was defined as a waist circum-
ference$90 cm in men or$80 cm in women.23 Normoalbuminuria,
microalbuminuria, and macroalbuminuria were defined as a urinary
albumin excretion less than 30, 30 to 300, and at least 300 mg/d,
respectively.24 Insulin resistance was expressed as the fasting plasma
insulin (picomoles) and glucose (millimoles) product divided by 22.5.
This index is numerically the same as that derived from the homeosta-
sis model assessment equation, insulin resistance5 fasting serum
insulin/(22.5e

2In fasting plasma glucose
).25 In the present study, type 2 diabetes

mellitus, hypertension, dyslipidemia, obesity (general/central), and in-
creased albuminuria (micro/macroalbuminuria) were defined as the 5
components of the metabolic syndrome.

Statistical Analysis

Plasma insulin, serum triglyceride, 24-hour urinary albumin, norepi-
nephrine, and epinephrine values were logarithmically transformed due
to their skewed distribution. All data are expressed as the mean6 SD
or geometric mean3/4 antilog SD as appropriate.x2 and unpairedt
tests were used to compare variables between 2 groups. Quintile
analysis was performed by dividing the study population into 5 groups
according to the BMI or waist circumference. ANOVA with a poly-
nomial approach was used to determine the significance of any trends
across quintiles. Analysis of covariance (ANCOVA) was used to com-
pare variables between groups after controlling for the confounding
effects of age and sex. The Pearson product-moment correlation was
used to examine relationships between variables. Stepwise multiple
regression analysis was used to examine the independent relationships
among different variables. Significance was indicated at aP value less
than .05 (2-tailed). All statistical analyses were performed using the
Statistical Package for Social Sciences (SPSS for Windows, version
6.0; SPSS, Chicago, IL).

RESULTS

Clinical Characteristics

Descriptive statistics for the study participants are shown in
Table 1. Forty-one percent of the subjects (237 of 577) had
general obesity as defined by a BMI of at least 25 kg/m2, 29%
(168 of 577) had central obesity as defined by a waist circum-
ference of 90 cm or greater for men and 80 cm or greater for
women, and 43% had either general or central obesity. Twenty-
two percent (125 of 577), 24% (140 of 577), 27% (157 of 577),
and 16% (89 of 577) had type 2 diabetes mellitus, hypertension,
dyslipidemia, and increased albuminuria, respectively. Among
the diabetic patients, 47% (59 of 125) were treated with oral
antidiabetic agents, which were only omitted on the morning of
the test. None of the patients were treated with insulin. There
were no significant differences in the hormonal parameters
including plasma insulin (geometric mean3/4 antilog SD,
57.0 3/4 1.9 v 67.6 3/4 2.4 pmol/L), the insulin resistance
index (21.83/4 2.2 v 25.6 3/4 2.6), and 24-hour urinary
norepinephrine (1673/4 2 v 1753/4 2 nmol/d) and epineph-
rine (523/4 2 v 57 3/4 2 nmol/d) between those treated and
not treated by oral agents (allP . .05).

Considering type 2 diabetes mellitus, hypertension, dyslipi-
demia, obesity (general/central), and increased albuminuria as
the 5 components of the metabolic syndrome, 32% (187 of
577), 28% (159 of 577), 22% (128 of 577), and 18% (103 of
577) the subjects had 0, 1, 2, and 3 or more components,
respectively. Men had a higher mean waist circumference and
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waist to hip ratio, blood pressure, serum triglyceride, and
24-hour urinary norepinephrine and epinephrine excretion but a
lower mean HDL cholesterol than women (P , .001).

Comparisons Between Subjects With a Different Number of
Components of the Metabolic Syndrome

Table 2 shows the clinical, biochemical, and hormonal char-
acteristics of subjects with a different number of components of
the metabolic syndrome. There were no significant age and sex
differences among the 4 groups. An increasing number of
components of the metabolic syndrome were associated with
greater obesity (both general and central), higher blood pres-
sure and fasting plasma glucose, a more adverse lipid profile,
higher insulin concentration and insulin resistance, and higher
24-hour urinary albumin and norepinephrine excretion but
lower 24-hour urinary epinephrine output (allP , .005).

Relationships Between Obesity, 24-Hour Urinary
Catecholamine Excretion, Plasma Insulin, and Lipid Profile

Tables 3, 4, and 5 summarize the clinical, biochemical, and
hormonal characteristics among subjects divided into quintiles
of BMI in the whole study population, males divided into
quintiles of waist circumference, and females divided into
quintiles of waist circumference, respectively. In all 3 analyses,

increasing quintiles of obesity were associated with increasing
blood pressure, hyperglycemia, adverse lipid profiles, and 24-
hour urinary albumin excretion (allP , .001). Twenty-four-
hour urinary epinephrine excretion declined while the plasma
insulin concentration, insulin resistance index, and urinary nor-
epinephrine excretion increased progressively with increasing
adiposity (allP , .005).

Table 6 shows the correlation matrix between the age, obe-
sity, lipid profile, plasma insulin, insulin resistance index, and
24-hour urinary catecholamine excretion in the whole study
population. Obesity indices, either the BMI or waist circum-
ference, were closely associated with increasing age, serum
triglyceride, plasma insulin, insulin resistance index, and 24-
hour urinary norepinephrine but decreasing plasma HDL cho-
lesterol and urinary epinephrine excretion (allP , .001). There
were also positive correlations between urinary norepinephrine
and epinephrine excretion (P , .001) and negative associations
between urinary epinephrine excretion and the triglyceride con-
centration (P , .001).

Since most of these variables were interrelated, stepwise
multiple regression analyses were used to identify the most
significant predicators for obesity (BMI and waist circumfer-
ence) using the age, sex (male5 0 and female5 1), lipid
profile (HDL cholesterol and triglyceride), plasma insulin, and

Table 1. Clinical, Biochemical, and Hormonal Features of Chinese Subjects With a Varying Number of the Components

of the Metabolic Syndrome

Parameter Whole Male Female

No. of subjects 577 239 338
Age (yr) 38 6 10 38 6 11 39 6 10
Weight (kg) 62.8 6 12.3 68.0 6 12.0 59.1 6 11.2‡
BMI (kg/m2) 24.5 6 4.2 24.4 6 4.0 24.6 6 4.3
Waist circumference (cm) 80 6 11 83 6 11 77 6 11‡
Waist to hip ratio 0.83 6 0.07 0.86 6 0.07 0.80 6 0.07‡
Waist to height ratio 0.50 6 0.07 0.50 6 0.07 0.50 6 0.07
Systolic blood pressure (mm Hg) 123 6 20 127 6 19 120 6 20‡
Diastolic blood pressure (mm Hg) 74 6 15 78 6 15 72 6 14‡
General obesity (n) 237 (41%) 100 (42%) 137 (41%)
Central obesity (n) 168 (29%) 56 (23%) 112 (33%)*
General and/or central obesity (n) 250 (43%) 104 (44%) 146 (43%)
Type 2 diabetes mellitus (n) 125 (22%) 52 (22%) 73 (22%)
Hypertension (n) 140 (24%) 64 (27%) 76 (23%)
Dyslipidemia (n) 157 (27%) 80 (34%) 77 (23%)†
Microalbuminuria (n) 68 (12%) 30 (13%) 38 (11%)
Macroalbuminuria (n) 21 (4%) 9 (4%) 12 (4%)
Biochemical parameters

Fasting glucose (mmol/L) 5.8 6 2.3 5.9 6 2.4 5.7 6 2.2
Total cholesterol (mmol/L) 5.1 6 1.2 5.1 6 1.2 5.1 6 1.2
LDL cholesterol (mmol/L) 3.1 6 1.0 3.2 6 1.0 3.1 6 1.0
HDL cholesterol (mmol/L) 1.3 6 0.4 1.2 6 0.3 1.4 6 0.3‡
Serum triglyceride (mmol/L) 1.0 3/4 2.0 1.2 3/4 2.0 0.9 3/4 2.0‡
Plasma creatinine (mmol/L) 68 6 16 81 6 14 58 6 10‡
24-h urinary albumin excretion (mg/d) 12.3 3/4 3.4 12.6 3/4 3.5 12.1 3/4 3.4

Hormonal parameters
Fasting insulin (pmol/L) 45.7 3/4 2.0 46.6 3/4 2.0 45.1 3/4 2.0
Insulin resistance index 11.1 3/4 2.3 11.5 3/4 2.3 10.9 3/4 2.3
24-h urinary norepinephrine (nmol/d) 184 3/4 2 206 3/4 2 170 3/4 2†
24-h urinary epinephrine (nmol/d) 58 3/4 2 70 6 2 50 6 2‡

NOTE. Data are expressed as the mean 6 SD, number (%), or geometric mean 3/4 antilog SD.
* P , .05, † P , .01, ‡ P , .001: x2 or unpaired t tests.
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24-hour urinary catecholamine excretion as independent vari-
ables (Table 7). We found that 34% of the variability of BMI
and 45% of that of waist circumference were explained by
increased plasma insulin, serum triglyceride, and 24-hour uri-
nary norepinephrine excretion, as well as decreased HDL cho-
lesterol and 24-hour urinary epinephrine excretion. However,
female gender had a greater effect on the BMI, whereas male
gender had more impact on the waist circumference.

DISCUSSION

Obesity and Other Components of the Metabolic Syndrome

Chronic overfeeding is associated with obesity, insulin re-
sistance, and hyperinsulinemia in both human and animal stud-
ies.26,27 Insulin is an anabolic hormone that promotes fuel
storage and weight gain by converting energy substrates such
as glucose and FFAs into storage macromolecules. It also limits
the mobilization of triglyceride from adipose tissue and inhibits
the hepatic formation of very–low-density lipoprotein (VLDL)
cholesterol. On the other hand, insulin promotes the catabolism
of VLDL cholesterol and chylomicrons, resulting in an increase
in the HDL cholesterol concentration. Hence, an insulin-resis-

tant and hyperinsulinemic state is characterized by increased
FFAs, decreased HDL cholesterol, and hypertriglyceride-
mia.28,29 Increased FFAs can worsen hyperglycemia through
the Randle cycle, directly induce insulin resistance by down-
regulating insulin receptors and reducing glucose oxidation,30

and impair glucose-stimulated insulin secretion and worsen
hyperglycemia on a long-term basis.1,31-33 In agreement with
these physiologic findings, in this cohort of Hong Kong Chi-
nese subjects, our quintile and correlation analyses demonstrate
close associations between obesity indices (BMI and waist
circumference) and increased plasma insulin, insulin resistance,
increased triglyceride, and decreased HDL cholesterol. Further-
more, patients with a greater number of components of the
metabolic syndrome were more obese, insulin-resistant, hyper-
insulinemic, hyperglycemic, hypertensive, and dyslipidemic.

Despite the increasing prevalence of obesity14 and the met-
abolic syndrome13,15in Hong Kong Chinese, there are few data
on these relationships with catecholamines in the Chinese pop-
ulation. In Caucasians, some but not all studies have demon-
strated close associations between obesity, catecholamine
activity, insulin resistance, and hyperinsulinemia.5,9,10,34In par-

Table 2. Comparison of Clinical, Biochemical, and Hormonal Parameters Between Subjects Stratified Into Groups

by the Number of Components of the Metabolic Syndrome

Parameter
No

Component 1 Component 2 Components
$3

Components

Polynomial
ANOVA for
the Trend

Polynomial ANCOVA
for the Trend

(adjustment for age
and sex)

No. of subjects 187 159 128 103 — —
Sex ratio (male:female)* 36:64 42:58 45:55 47:53 NS —
Obesity (general and/or central, n)† 0 50 (31%) 100 (78%) 100 (97%) ,.0001 ,.0001
Diabetes mellitus (n)† 0 44 (28%) 37 (29%) 44 (43%) ,.0001 ,.0001
Hypertension (n)† 0 33 (21%) 49 (38%) 58 (56%) ,.0001 ,.0001
Dyslipidemia (n)† 0 28 (18%) 50 (39%) 65 (63%) ,.0001 ,.0001
Albuminuria (n)† 0 4 (3%) 20 (16%) 65 (63%) ,.0001 ,.0001
Age (yr) 36 6 10 40 6 10 39 6 10 40 6 11 NS —
Weight (kg) 54.4 6 7.3 59.8 6 9.5 69.2 6 10.9 74.4 6 11.9 ,.0001 ,.0001
BMI (kg/m2) 21.1 6 2.1 23.5 6 3.1 26.8 6 3.5 28.9 6 3.5 ,.0001 ,.0001
Waist circumference (cm) 70 6 6 76 6 9 85 6 7 92 6 9 ,.0001 ,.0001
Waist to hip ratio 0.78 6 0.06 0.82 6 0.06 0.84 6 0.07 0.89 6 0.06 ,.0001 ,.0001
Waist to height ratio 0.44 6 0.04 0.48 6 0.05 0.52 6 0.05 0.57 6 0.05 ,.0001 ,.0001
Systolic blood pressure (mm Hg) 112 6 9 122 6 18 129 6 21 138 6 23 ,.0001 ,.0001
Diastolic blood pressure (mm Hg) 65 6 9 75 3/4 15 80 6 13 85 6 14 ,.0001 ,.0001
Biochemical parameters

Fasting glucose (mmol/L) 4.9 6 0.4 5.8 6 2.2 5.8 6 1.8 7.4 6 3.8 ,.0001 ,.0001
Total cholesterol (mmol/L) 4.5 6 0.7 5.0 6 1.0 5.3 6 1.1 6.0 6 1.7 ,.0001 ,.0001
LDL cholesterol (mmol/L) 2.7 6 0.7 3.1 6 1.0 3.5 6 0.9 3.7 6 1.0 ,.0001 ,.0001
HDL cholesterol (mmol/L) 1.5 6 0.4 1.3 6 0.3 1.2 6 0.3 1.1 6 0.3 ,.0001 ,.0001
Serum triglyceride (mmol/L) 0.7 3/4 1.6 0.9 3/4 1.7 1.2 3/4 1.7 2.2 3/4 2.3 ,.0001 ,.0001
Plasma creatinine (mmol/L) 66 6 15 67 6 15 71 3/4 18 69 6 18 NS NS
24-h urinary albumin excretion (mg/d) 7.9 3/4 1.6 8.3 3/4 1.9 13.0 3/4 2.5 56.3 3/4 5.8 ,.0001 ,.0001

Hormonal parameters
Fasting insulin (pmol/L) 32.8 3/4 1.8 45.9 3/4 2.0 51.7 3/4 1.9 78.0 3/4 1.8 ,.0001 ,.0001
Insulin resistance index 7.1 3/4 1.8 11.5 3/4 2.1 12.7 3/4 2.1 23.2 3/4 2.3 ,.0001 ,.0001
24-h urinary norepinephrine (nmol/d) 167 3/4 2 182 3/4 2 194 3/4 2 211 3/4 2 ,.0001 .003
24-h urinary epinephrine (nmol/d) 69 3/4 2 60 3/4 2 51 3/4 2 45 3/4 2 ,.0001 ,.0001

NOTE. Data are expressed as the mean 6 SD or geometric mean 3/4 antilog SD.
* x2 test for comparisons of frequency between groups.
† x2 test for the trend.
Abbreviations: ANCOVA, analysis of covariance; ANOVA, analysis of variance; NS, nonsignificant.
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Table 3. Comparison of Clinical, Biochemical, and Hormonal Parameters Between Subjects Divided Into Quintiles of BMI (kg/m2)

Parameter
Quintile 1
(16.3-20.6)

Quintile 2
(20.7-23.0)

Quintile 3
(23.1-25.2)

Quintile 4
(25.3-27.7)

Quintile 5
(27.8-38.3)

Polynomial
ANOVA for
the Trend

Polynomial ANCOVA
for the Trend

(adjusted for age
and sex)

No. of subjects 115 115 116 116 115 — —
Age (yr) 34 6 10 39 6 11 41 6 9 41 6 10 38 6 9 NS NS
Sex ratio (male:female) 43:57 42:58 39:61 53:47 32:68* — —
Weight (kg) 50.2 6 5.8 55.7 6 5.8 61.1 6 6.7 69.0 6 7.5 78.2 6 10.5 ,.001 ,.001
BMI (kg/m2) 19.1 6 1.1 21.9 6 0.6 24.1 6 0.7 26.5 6 0.8 30.9 6 2.3 ,.001 ,.001
Waist circumference (cm) 67 6 6 73 6 6 78 6 6 85 6 6 93 6 8 ,.001 ,.001
Waist to hip ratio 0.77 6 0.06 0.80 6 0.08 0.82 6 0.06 0.86 6 0.06 0.87 6 0.06 ,.001 ,.001
Waist to height ratio 0.42 6 0.03 0.46 6 0.04 0.49 6 0.03 0.53 6 0.03 0.59 6 0.05 ,.001 ,.001
Systolic blood pressure

(mm Hg) 112 6 12 120 6 20 124 6 19 129 6 20 131 6 21 ,.001 ,.001
Diastolic blood pressure

(mm Hg) 66 6 11 70 6 12 74 6 12 79 6 14 81 6 14 ,.001 ,.001
Biochemical parameters

Fasting glucose (mmol/L) 5.5 6 2.2 5.4 6 2.2 5.6 6 1.5 5.8 6 2.3 6.8 6 3.1 ,.001 ,.001
Total cholesterol (mmol/L) 4.6 6 0.8 5.0 6 1.2 5.1 6 1.1 5.4 6 1.2 5.4 6 1.6 ,.001 ,.001
LDL cholesterol (mmol/L) 2.7 6 0.8 3.1 6 1.0 3.2 6 0.9 3.4 6 1.0 3.4 6 0.8 ,.001 ,.001
HDL cholesterol (mmol/L) 1.5 6 0.4 1.4 6 0.4 1.3 6 0.3 1.2 6 0.3 1.2 6 0.3 ,.001 ,.001
Serum triglyceride (mmol/L) 0.7 3/4 1.6 0.8 3/4 1.7 1.1 3/4 2.0 1.3 3/4 2.0 1.5 3/4 2.2 ,.001 ,.001
Plasma creatinine (mmol/L) 67 6 15 66 6 15 68 6 18 73 6 18 65 6 16 NS NS
24-h urinary albumin

excretion (mg/d) 7.2 3/4 1.9 8.4 3/4 2.2 9.5 3/4 2.2 15.2 3/4 4.0 32.7 3/4 5.2 ,.001 ,.001
Hormonal parameters

Fasting insulin (pmol/L) 32.7 3/4 2.1 36.7 3/4 1.8 44.3 3/4 1.8 52.3 3/4 1.8 77.1 3/4 2.0 ,.001 ,.001
Insulin resistance index 7.5 3/4 2.3 8.5 3/4 1.9 10.6 3/4 1.9 12.8 3/4 2.0 21.3 3/4 2.4 ,.001 ,.001
24-h urinary norepinephrine

(nmol/d) 160 3/4 2 176 3/4 2 182 3/4 2 206 3/4 2 206 3/4 2 ,.001 ,.001
24-h urinary epinephrine

(nmol/d) 72 3/4 2 67 3/4 2 53 3/4 2 62 3/4 2 41 3/4 2 ,.001 ,.001

NOTE. Data are expressed as the mean 6 SD or geometric mean 3/4 antilog SD.
* P , .001 by x2 test.

Table 4. Comparison of Clinical, Biochemical, and Hormonal Parameters Between Male Subjects Divided Into Quintiles

of Waist Circumference (cm)

Parameter
Quintile 1

(61-73)
Quintile 2

(74-80)
Quintile 3

(81-86)
Quintile 4

(87-91)
Quintile 5
(92-110)

Polynomial ANOVA
for the Trend

No. of subjects 48 48 47 48 48 —
Age (yr) 33 6 10 37 6 11 41 6 10 43 6 9 38 6 9 NS
Weight (kg) 56.2 6 6.7 61.7 6 7.1 67.4 6 6.3 72.3 6 5.9 85.0 6 19.9 ,.001
BMI (kg/m2) 20.3 6 1.7 22.3 6 1.9 24.9 6 1.7 26.0 6 1.6 30.1 6 3.4 ,.001
Waist circumference (cm) 69 6 3 77 6 2 83 6 2 89 6 2 99 6 5 ,.001
Waist to hip ratio 0.77 6 0.04 0.84 6 0.03 0.87 6 0.04 0.90 6 0.04 0.94 6 0.04 ,.001
Waist to height ratio 0.42 6 0.03 0.46 6 0.02 0.51 6 0.02 0.53 6 0.02 0.59 6 0.04 ,.001
Systolic blood pressure (mm Hg) 116 6 12 126 6 20 128 6 16 136 6 23 137 6 19 ,.001
Diastolic blood pressure (mm Hg) 69 6 11 76 6 15 80 6 11 84 6 15 87 6 15 ,.001
Biochemical parameters

Fasting glucose (mmol/L) 5.9 6 2.8 5.6 6 1.7 5.5 6 1.0 5.7 6 1.9 7.2 6 4.1 ,.001
Total cholesterol (mmol/L) 4.6 6 1.1 5.1 6 1.1 5.0 6 0.9 5.5 6 1.1 5.7 6 1.7 ,.001
LDL cholesterol (mmol/L) 2.8 6 1.1 3.3 6 1.0 3.2 6 0.8 3.5 6 1.0 3.4 6 0.7 ,.001
HDL cholesterol (mmol/L) 1.4 6 0.4 1.3 6 0.3 1.1 6 0.2 1.1 6 0.3 1.0 6 0.2 ,.001
Serum triglyceride (mmol/L) 0.8 3/4 1.7 1.0 3/4 1.6 1.3 3/4 1.7 1.5 3/4 2.0 2.0 3/4 2.4 ,.001
Plasma creatinine (mmol/L) 78 6 13 81 6 17 81 6 15 84 6 15 80 6 13 NS
24-h urinary albumin excretion (mg/d) 6.9 3/4 2.4 10.0 3/4 2.8 8.8 3/4 1.9 12.9 3/4 2.7 45.6 3/4 5.0 ,.001

Hormonal parameters
Fasting insulin (pmol/L) 37.1 3/4 2.5 37.7 3/4 1.6 45.4 3/4 1.6 56.3 3/4 1.9 80.0 3/4 1.7 ,.001
Insulin resistance index 9.1 3/4 2.9 8.8 3/4 1.7 11.1 3/4 1.7 13.4 3/4 2.0 23.7 3/4 2.3 ,.001
24-h urinary norepinephrine (nmol/d) 166 3/4 2 195 3/4 2 191 3/4 2 210 3/4 2 264 3/4 2 ,.001
24-h urinary epinephrine (nmol/d) 87 3/4 2 81 3/4 2 61 3/4 2 60 3/4 2 62 3/4 2 ,.005

NOTE. Data are expressed as the mean 6 SD or geometric mean 3/4 antilog SD.
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ticular, the relationship between obesity and sympathetic ner-
vous system activation is unclear. High,35-38normal, or low39,40

norepinephrine concentrations in plasma or urine have all been
reported in obese subjects. Increased41 or reduced38,42-44

plasma or urinary epinephrine levels have also been shown.

Insulin and the Sympathoadrenal System in the Development
of Obesity

Catecholamines are potent insulin-counteracting hor-
mones that mobilize energy substrates from glycogen and
triglyceride stores during emergency conditions.45 Although
norepinephrine is derived principally from the peripheral

sympathetic nerves and epinephrine from the adrenal me-
dulla, epinephrine is often taken up by the sympathetic nerve
endings and co-released with norepinephrine. The co-re-
leased epinephrine binds tob-adrenoceptors on the sympa-
thetic terminals and further augments the release of norepi-
nephrine.46 Epinephrine enhances hepatic glycogenolysis
and gluconeogenesis. It also increases glucagon secretion
and inhibits insulin secretion from the pancreas. These ac-
tions lead to increased availability of glucose, especially in
stressful conditions such as hypoglycemia.47-49 Both norepi-
nephrine and epinephrine have potent lipolytic actions, par-
ticularly in the visceral fat depots, to release FFAs as a

Table 5. Comparison of Clinical, Biochemical, and Hormonal Parameters Between Female Subjects Divided Into Quintiles

of Waist Circumference (cm)

Parameter
Quintile 1

(58-67)
Quintile 2

(68-73)
Quintile 3

(74-79)
Quintile 4

(80-86)
Quintile 5
(87-108)

Polynomial ANOVA
for the Trend

No. of subjects 68 68 67 67 68 —
Age (yr) 34 6 9 39 6 9 41 6 8 41 6 8 40 6 12 NS
Weight (kg) 48.0 6 3.7 52.7 6 5.8 57.7 6 5.8 65.7 6 6.8 74.3 6 10.0 ,.001
BMI (kg/m2) 19.9 6 1.6 22.2 6 1.7 24.3 6 1.9 26.9 6 2.4 30.9 6 2.9 ,.001
Waist circumference (cm) 64 6 3 70 6 1 76 6 1 83 6 2 94 6 6 ,.001
Waist to hip ratio 0.74 6 0.04 0.77 6 0.04 0.80 6 0.07 0.82 6 0.04 0.88 6 0.06 ,.001
Waist to height ratio 0.41 6 0.02 0.46 6 0.02 0.49 6 0.02 0.53 6 0.03 0.60 6 0.04 ,.001
Systolic blood pressure (mm Hg) 108 6 10 116 6 17 125 6 23 127 6 22 132 6 18 ,.001
Diastolic blood pressure (mm Hg) 63 6 8 69 6 11 74 6 13 75 6 12 80 6 11 ,.001
Biochemical parameters

Fasting glucose (mmol/L) 5.0 6 1.2 5.8 6 2.5 5.5 6 1.5 5.7 6 1.7 7.2 6 3.4 ,.001
Total cholesterol (mmol/L) 4.4 6 0.8 5.0 6 0.9 5.3 6 1.7 5.3 6 1.3 5.5 6 1.6 ,.001
LDL cholesterol (mmol/L) 2.5 6 0.7 3.1 6 0.8 3.4 6 1.0 3.3 6 0.9 3.5 6 1.1 ,.001
HDL cholesterol (mmol/L) 1.6 6 0.3 1.4 6 0.3 1.4 6 0.3 1.3 6 0.3 1.2 6 0.3 ,.001
Serum triglyceride (mmol/L) 0.6 3/4 1.5 0.8 3/4 1.6 1.1 3/4 1.9 1.2 3/4 2.0 1.6 3/4 2.1 ,.001
Plasma creatinine (mmol/L) 57 6 8 57 6 8 59 6 10 58 6 10 58 6 12 NS
24-h urinary albumin excretion (mg/d) 6.7 3/4 1.6 7.8 3/4 2.0 12.2 3/4 3.0 17.3 3/4 4.1 28.3 3/4 5.7 ,.001

Hormonal parameters
Fasting insulin (pmol/L) 33.8 3/4 2.0 37.7 3/4 1.8 48.0 3/4 1.9 54.3 3/4 1.9 77.0 3/4 2.0 ,.001
Insulin resistance index 7.3 3/4 2.0 9.4 3/4 2.0 11.4 3/4 2.0 12.8 3/4 2.1 22.3 3/4 2.4 ,.001
24-h urinary norepinephrine (nmol/d) 149 3/4 2 164 3/4 2 169 3/4 2 186 3/4 2 190 3/4 2 ,.001
24-h urinary epinephrine (nmol/d) 80 3/4 2 53 3/4 2 50 3/4 2 46 3/4 2 34 3/4 2 ,.001

NOTE. Data are expressed as the mean 6 SD or geometric mean 3/4 antilog SD.

Table 6. Pearson Correlation Matrix Showing Correlation Coefficients Between Age, Obesity, Lipids, Plasma Insulin, Insulin Resistance

Index, and 24-Hour Urinary Catecholamine Excretion in the Whole Population

Parameter Age BMI Waist
HDL

Cholesterol TG
Plasma
Insulin

Insulin
Resistance

Index
24-Hour

Urinary NE
24-Hour

Urinary E

Age u
BMI .10† u
Waist .25‡ .76‡ u
HDL cholesterol NS 2.31‡ 2.38‡ u
TG .29‡ .36‡ .46‡ .51‡ u
Plasma insulin NS .37‡ .32‡ 2.27‡ .33‡ u
Insulin resistance .12‡ .37‡ .39‡ 2.30‡ .43‡ .93‡ u
24-h urinary NE .16‡ .23‡ .29‡ 2.10* .11‡ NS NS u
24-h urinary E NS .22‡ 2.22‡ NS 2.19‡ 2.16‡ 2.18‡ .29‡ u

Abbreviations: TG, triglyceride; NE, norepinephrine; E, epinephrine.
* P , .05.
† P , .01.
‡ P , .001.

140 LEE ET AL



source of energy, especially in a caloric deficit situa-
tion.42,50,51

Using urinary norepinephrine and epinephrine to reflect ad-
renosympathetic activities,8 we have apparently resolved the
previously conflicting reports on urinary catecholamine excre-
tion in obese patients. In accordance with other studies in
Caucasians,26,27,52,53we found close associations between obe-
sity (BMI and waist circumference), increased urinary norepi-
nephrine, and decreased urinary epinephrine excretion. These
findings suggest that there can be dissociations between the
sympathetic nervous system and adrenal medullary responses,
as shown with other reflex responses.54 Young et al suggested
that the two branches of the sympathoadrenal system may
operate in reciprocal fashion under certain situations such as
thermogenesis and insulin secretion. Despite their divergent
associations with obesity, we found a positive association be-
tween urinary norepinephrine and epinephrine excretion, as
well as a negative relationship between epinephrine excretion
and triglyceride levels, suggesting complex counterrelation-
ships between norepinephrine and epinephrine in relation to
obesity. It has been proposed that food intake stimulates insulin
secretion, which enhances glucose uptake and metabolism by
hypothalamic cells. This in turn leads to an increase of the
central sympathetic activity to promote energy production.4,55

Hence, diminished adrenomedullary activity, which limits ad-
ipose tissue triglyceride mobilization for energy consumption,
may predispose to obesity.7 Prospective or intervention studies
are needed to elucidate these relationships.

Westernization, Hormone Abnormalities, and Obesity

Our present findings and others26-28,34,56-58lend support to
the complex interactions between insulin and the sympathoad-
renal system in the development of obesity and the metabolic
syndrome (Fig 1). We hypothesize that these hormonal changes
associated with obesity may represent a maladaptation from a

hunter-gatherer to a sedentary westernized life-style with food
abundance and greatly reduced physical activity. The “thrifty
genotype hypothesis” states that the evolution of a genotype
that facilitates efficient energy storage might confer a survival
advantage in times of fluctuating food supply but predisposes to
the development of obesity and type 2 diabetes mellitus in the
presence of food abundance.59 Hence, some individuals may
develop a hyperinsulinemic response in anticipation of food
intake to facilitate the uptake of energy substrates. This is
accompanied by activation of the sympathetic nervous system
with increased norepinephrine release,4,55which plays a central
role in the “fight and flight” concepts of Cannon.60 However, in
affluent societies, especially in the presence of physical inac-
tivity, these energy substrates are not used effectively, resulting
in obesity. As in most biologic systems with dual regulatory
mechanisms, this may lead to a paradoxic decrease in epineph-
rine output to attenuate the increase in blood glucose and
lipids.61 All of these events can lead to increased FFA produc-
tion, reduced glucose utilization or storage, and progressive
b-cell failure in susceptible individuals, resulting in diabetes
mellitus.1,31-33 These can then contribute independently or in
combination to the worsening of lipid profiles, leading to dys-
lipidemia.28,56Norepinephrine and, to some extent, insulin can
increase blood pressure, especially in subjects who do not have
effective systems to buffer these hypertensive effects.3
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Table 7. Interrelationships Between Age, Sex, Obesity, Plasma

Insulin, and HDL Cholesterol, Serum Triglyceride, and 24-Hour

Urinary Norepinephrine and Epinephrine Excretion in Chinese

Subjects With a Varying Number of Components of the Metabolic

Syndrome Using Stepwise Multiple Regression Analysis

Dependent Variables

BMI
Waist

Circumference

R2 5 .34, R2 5 .45,
F 5 38.8‡ F 5 56.2‡

Independent variables
Age NS NS
Sex (male 5 0, female 5

1) b 5 0.12* b 5 20.19‡
Plasma HDL cholesterol b 5 20.18† b 5 20.16‡
Serum triglyceride b 5 0.17‡ b 5 0.23‡
Plasma insulin b 5 0.25‡ b 5 0.19‡
24-h urinary NE excretion b 5 0.26‡ b 5 0.28‡
24-h urinary E excretion b 5 20.19‡ b 5 20.26‡

Abbreviation: b, standard regression coefficient.
* P , .05.
† P , .01.
‡ P , .001.

Fig 1. A hypothetic model depicting the interactions between

insulin, insulin resistance, norepinephrine, epinephrine, and obesity.

Increased food intake is associated with hyperinsulinemia and acti-

vation of the sympathetic nervous system. Hyperinsulinemia pro-

motes energy storage, obesity, and dyslipidemia. Increased lipolytic

activity due to catecholamines results in increased FFAs, which to-

gether with increased insulin can lead to insulin resistance and hy-

perglycemia due to fuel competition. Both sympathetic nervous sys-

tem activation and hyperinsulinemia can contribute to the

development of hypertension. The high blood glucose and reduced

physical activity may reduce epinephrine output from the adrenal

medulla to attenuate the metabolic disturbances. TG, triglyceride.
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