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Purpose: The study explored the association of waist circumference (WC) with the severity 
of cardiovascular diseases and hospital readmission of coronary artery disease (CAD) 
patients with normal body mass index (BMI).
Patients and Methods: 213 female and 431 male normal-BMI CAD patients were enrolled 
and assigned in three groups based on their gender-specific WC tertiles. Their cardiovascular 
risk factors and coronary angiography characteristics were analyzed in a cross-sectional 
study, and the gender-specific relationship between WC and one-year re-admission rate 
was prospectively explored.
Results: The cross-sectional analysis showed that for male normal-BMI CAD patients, diabetes 
and dyslipidemia prevalence, Apo B/A1, hs-CRP, and uric acid levels triglycerides-glucose 
index, the incidence of left main disease, three vessel disease, calcification lesion, total occlusive 
lesion, and complex lesion, as well as Gensini score was in the order of WC tertile 3 > WC tertile 
2 > WC tertile 1. In addition, male normal-BMI CAD patients in the highest WC tertile were at an 
increased risk of severe CAD (OR=2.21), and the correlation was still statistically significant 
even after adjusting for potential cardiovascular risk factors (OR=1.87). For female normal-BMI 
CAD patients, as the WC tertiles increased, uric acid level, the prevalence of three vessel disease, 
diffuse lesion, and complex lesion gradually increased (P <0.05), but no significant difference 
was found in the risk of severe CAD among different WC groups (all P >0.05). Prospective 
analyses showed that the higher the WC tertile was, the higher the one-year re-admission rate in 
men, but not in women, and after adjusting for other risk factors, men with the highest WC tertile 
showed more than twice the risk of patients with the lowest WC tertile.
Conclusion: Male but not female, normal-BMI CAD patients with increased WC had more 
severe CAD and a higher risk of one-year re-admission rate.
Keywords: normal body mass index, waist circumference, coronary artery disease, severe 
CAD, one-year re-admission with adverse cardiovascular event

Introduction
The incidence of obesity-related coronary artery disease (CAD) increases due to the 
rapidly increased obese population worldwide.1 Obesity is an independent risk 
factor for CAD development and is associated with insulin resistance, hyperlipide-
mia, and hypertension to increase the risk of CAD indirectly.2,3 The increased 
accumulation of fat in the abdominal cavity or visceral obesity is highly correlated 
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with the risk of poor coronary arteries.4 In patients at risk 
for CAD, the treatment of obesity results in an improved 
coronary risk profile.5

Although obesity is defined as excess body fat, clin-
icians and epidemiologists usually quantify adiposity or 
obesity based on anthropometricindexes such as body 
weight index (BMI) and waist circumference (WC).6,7 

However, WC and BMI are not entirely identical, although 
positively correlated. BMI can only be used to assess 
general obesity, while WC can be used to assess central 
obesity (or abdominal obesity) and more accurately 
describe the distribution of body fat and better predict 
obesity-related health risk.8–10 Furthermore, in CAD 
patients, mortality has been reported to vary inversely 
with BMI (“obesity paradox”), while central obesity 
(assessed by WC) is directly associated with mortality.11,12

Some individuals with a normal BMI can still have 
abdominal obesity or a large WC.13 The prevalence of 
central obesity (defined by WC) in people with normal 
BMI has increased in China in recent years.14,15 Some 
epidemiologic shreds of evidence indicate an independent 
relationship between WC level and mortality of cardiovas-
cular (CV) diseases in both normal-BMI healthy indivi-
duals and CAD patients.16,17 However, the possible 
correlations in normal-BMI patients between WC levels 
and the extent, severity, and complexity of CAD have not 
been adequately studied. The early risk stratification and 
management of CAD patients are crucial for improving 
their prognosis. The severity of coronary artery lesions is 
an important index for risk stratification of CAD patients 
and directly determines the optimal treatment strategy. In 
addition, due to differences in adipose tissue distribution, 
the association between WC and coronary artery lesions 
may vary by gender.18 Therefore, in this study, we aimed 
to examine the association of WC with coronary artery 
lesions and one-year re-admission in normal-BMI CAD 
patients in men and women.

Methods
Study Subjects
Patients who were newly diagnosed with CAD by coron-
ary angiography from January 2017 to January 2019 at the 
First Affiliated Hospital of Xi’an Jiao Tong University 
were prospectively enrolled if they had normal BMI 
(18.5–23.9 kg/m2) during hospitalization.19 The exclusion 
criteria were pregnancy, recent trauma, cancer, cardiomyo-
pathy, rheumatic heart disease, severe heart failure, 

chronic lung disease, hepatic or renal disease, immune 
disease, chronic gastrointestinal disease, chronic pancrea-
titis, a history of myocardial infarction and stroke, and 
a history of any malignant diseases. All patients have 
signed written informed consent agreeing to the coronary 
angiography. The study protocol was approved by the 
Ethical Committee of the First Affiliated Hospital of 
Xi’an Jiao Tong University and conducted in line with 
the Declaration of Helsinki.

Grouping
Patients were divided by sex-specific tertiles of WC: tertile 
1 (< 87.0 cm in men and < 81.0 cm in women); tertile 2 
(87.0-92.9 cm in men and 81.0–86.9 cm in women); and 
tertile 3 (> 92.9 cm in men and > 86.9 cm in women).

Anthropometric Measurements
Anthropometric measurements were performed by pre-
viously trained personnel strictly following the protocol. 
Weight was measured to the nearest 0.01 kg in light cloth-
ing by using a calibrated beam scale, and height was 
measured to the nearest 0.1 cm without shoes by using 
a fixed stadiometer. Waist and hip circumference were 
measured by a non-elastic tape positioned at the midpoint 
between the lowest rib and the iliac crest in a horizontal 
plane and at the greatest circumference of the buttocks. 
The measurement was made with minimal respiration to 
the nearest 0.1 cm, with the tape snug but not compressing 
the skin. BMI was calculated as weight in kilograms 
divided by squared height in meters (kg/m2) and the waist- 
to-hip ratio was defined as the result of the waist circum-
ference divided by the hip circumference.

Patient Characteristics and Biochemical 
Measurements
Patients’ standard medical records were used to extract 
patients’ baseline characteristics and clinical data, includ-
ing age, gender, history of diabetes, history of hyperten-
sion, family history of CAD, smoking status, and 
menopause status.

Venous blood samples were taken on the second day of 
hospitalization after a 12-h overnight fast and used for 
baseline laboratory examinations, including high-density 
lipoprotein (HDL), and low-density lipoprotein (LDL), 
triglycerides, total cholesterol, apolipoprotein A1, apolipo-
protein B, fasting glucose, HbA1c, uric acid, and high- 
sensitivity C-reactive protein (hs-CRP).
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Insulin resistance marker triglycerides-glucose index 
(TyG index) was calculated as ln(fasting TGs [mg/dL] × 
fasting glucose [mg/dL]/2).20

Definition of Cardiovascular Risk Factors
Patients who were currently taking lipid medications, 
previously diagnosed with hypercholesterolemia, and/ 
or had HDL-cholesterol <1.04 mmol/L (40 mg/dL) in 
men and <1.30 mmol/L (50 mg/dL) in women, and/or 
triglycerides ≥1.7 mmol/L (150 mg/dL), and/or LDL- 
cholesterol ≥4.10 mmol/L (160 mg/dL) were consid-
ered to have dyslipidaemia. Patients taking antihyper-
tensive medications, previously diagnosed with 
hypertension or having systolic pressure ≥140 mmHg 
or diastolic pressure ≥90 mmHg were considered 
hypertensive. Patients who were taking anti-diabetic 
medications (insulin and oral medications), were pre-
viously diagnosed with diabetes, and/or had fasting 
morning plasma glucose ≥7.0 mmol/L (126 mg/dL) 
or HbA1c ≥ 6.5% were considered to have diabetes. 
Patients were considered as never or ever smokers 
based on their answers to the question that “have 
you ever smoked more than 100 cigarettes in your 
life?”

Coronary Angiography
CAD was diagnosed based on the presence of at least 50% 
coronary stenosis in at least one major coronary artery 
according to the CAG results assessed by at least two 
experienced interventional cardiologists. In this study, the 
main culprit coronary artery, the number of diseased ves-
sels, lesion morphology, and Gensini score were used to 
assess angiographic severity.

The diseased vessels were coded as 1, 2, or 3 based 
on the number of major coronary arteries with luminal 
diameter stenosis ≥ 50%. Lesions were categorized 
into Type A, Type B, or Type C based on the deter-
mination of a joint American College of Cardiology/ 
American Heart Association (ACC/AHA) task force. 
Among them, Type A lesion was defined as simple, 
and Types B and C lesions were defined as complex.21 

The Gensini score was assigned with consideration of 
the degree of luminal narrowing and the importance of 
the site of coronary stenosis, as previously described.22

Length of Stay (LOS), Treatment, and 
Follow Up
LOS refers to the time, expressed in days, from admission 
to discharge from hospital for an inpatient episode of 
care.23 Drug usage and dosage for patients with dyslipide-
mia, hypertension, and diabetes, and the treatment 
schemes for patients after discharge were based on the 
current practice guidelines. Patients were systematically 
followed up for one year to assess one-year re-admission 
with adverse cardiovascular events and inquired whether 
they were compliant with the prescribed drug regimen.

Definition of Severe CAD and One-Year 
Re-Admission with Adverse 
Cardiovascular Events
The severe CAD was defined as the top Gensini score 
tertile in men and women. One-year re-admission with 
adverse cardiovascular events was defined as re- 
admission within one year after discharge due to 
adverse cardiovascular events, including cardiac 
death, myocardial infarction, unstable angina pectoris, 
malignant arrhythmia, cardiac arrest, cardiogenic 
shock, cardiogenic syncope, coronary revascularization, 
and stroke, which were ascertained by reviewing the 
medical records and confirmed by directly talking to 
the patients, their families, and physicians following 
discharge. Only the first re-hospitalization was consid-
ered if the patient was re-admitted to the hospital more 
than once within one year after discharge.

Statistical Analysis
Shapiro–Wilk normality test was used to analyze the 
distribution normality of continuous variables. 
Continuous variables with normal distribution and 
abnormal distribution were expressed as the mean ± 
standard deviation and as the medians (interquartile 
ranges), respectively. Categorical variables were 
expressed as frequencies and percentages. Significant 
differences among the groups with normal distribution 
and abnormal distribution were determined using one- 
way analysis of variance and Mann–Whitney U and 
Kruskal–Wallis H-tests, respectively. Statistical signifi-
cance of categorical variables between two groups was 
compared using Chi-square tests and Fisher’s exact 
tests. Association of WC with the prevalence of severe 
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CAD was assessed using univariate and multivariate 
logistic regression analyses. The rate of one-year re- 
admission with adverse cardiovascular events was 
assessed using Kaplan–Meier analysis. Association of 
WC with one-year re-admission with adverse cardio-
vascular events was estimated using Cox proportional 
hazard regression model. Variables that were consid-
ered potential confounders and/or predictors of events 
based on univariable analysis, clinical judgment and 
data from the scientific literature were selected for 
multivariate analysis. All analyses were performed 
using the SPSS software program version 23.0. Two- 
sided P values < 0.05 were considered statistically 
significant.

Results
Anthropometric Indicators and 
Cardiovascular Risk Factors According to 
Waist Circumference
The study included 431 (66.9%) men and 213 (33.1%) 
women at the mean age of 61.7 ± 9.13 years in the range 
from 28 to 83 years. Baseline characteristics, angiographic 
characteristics of male and female subjects are shown in 
Table 1. Length of stay, medications at discharge, and 
patient compliance of male and female subjects are 
shown in Table S1.

They were classified based on WC into three sex- 
specific tertiles: tertile 1 (<87.0 cm in men and <81.0 cm 
in women), tertile 2 (87.0-92.9 cm in men and 81.0– 
86.9 cm in women), and tertile 3 (> 92.9 cm in men and 
> 86.9 cm in women).

According to WC tertiles, anthropometric indicators 
and cardiovascular risk factors of men and women are 
summarized in Table 2. With the increase in WC ter-
tile, all anthropometric indicators (weight, height, BMI, 
WC, hip circumference, and waist-to-hip ratio) for men 
and women increased significantly (all P <0.05). In 
male normal-BMI CAD patients, differences in the 
prevalence of diabetes and dyslipidemia, the levels of 
Apo B/A1, hs-CRP, and uric acid, and triglycerides- 
glucose index among different WC groups were sig-
nificant and increased with WC tertile increasing 
(P <0.05), but the differences in age, family cardiovas-
cular disease history, smoking history and the preva-
lence of hypertension were not significant and varied 
without a trend. In female normal-BMI CAD patients, 

only uric acid levels increased with WC tertile 
(P <0.05), and other indicators varied without a trend.

Angiographic Characteristics According 
to Waist Circumference
We assessed angiographic severity by the main culprit 
coronary artery, the number of diseased vessels, lesion 
morphology, and Gensini score. The angiographic char-
acteristics of men and women are shown in Table 3.

In male normal-BMI CAD patients, as WC tertile 
increased, the prevalence of left main disease, three- 
vessel disease, and complex lesion gradually increased 
(P <0.05). The difference in Gensini score among the 
three WC groups was statistically significant, and as the 
WC tertile increased, the Gensini score gradually 
increased [39(18–57) vs. 45(20–71) vs. 48(20–104), P < 
0.05]. For the morphology of coronary artery lesions, as 
the WC tertile increased, except for diffuse lesion, the 
prevalence of calcification lesion and total occlusive lesion 
showed a gradually increasing trend (P <0.05).

In female normal-BMI CAD patients, as the WC 
tertile increased, the prevalence of three-vessel disease 
and complex lesion gradually increased (P <0.05), 
while the prevalence of left main disease did not 
change (P >0.05). The differences in Gensini scores 
among the three WC groups were not statistically sig-
nificant [32(9–55) vs. 27(8–51) vs. 27(6–54), P=0.897]. 
For the morphology of coronary artery lesions, as the 
WC tertile increased, the prevalence of diffuse lesion 
showed a gradually increasing trend (P <0.05), while 
the prevalence of calcification lesion and total occlu-
sive lesion showed no such trend (P >0.05).

Severe CAD According to Waist 
Circumference
The severe CAD was defined as the top Gensini score 
tertile in men and women. Table 4 shows the results of 
univariable and multivariable logistic regression analyses 
for the risk of severe CAD by WC tertiles. Among male 
normal-BMI CAD patients, the risk of severe CAD in the 
highest WC tertile group was 2.21 times of that in the 
lowest WC tertile group (OR: 2.21, 95% CI: 1.36–3.59). 
After further adjusting for age, family cardiovascular 
disease history, diabetes, hypertension, dyslipidemia, 
smoking status, Apo B/A1, hs-CRP, uric acid, and trigly-
cerides-glucose index, the risk of severe CAD for patients 
with the highest WC tertile was 1.87 times of that for 
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patients with the lowest WC tertile (OR: 1.87, 95% CI: 
1.09–3.20). Among female normal-BMI CAD patients, 
with the lowest WC tertile as a reference, the risk of 
severe CAD was not significantly different between 
patients with the middle and the highest WC tertiles. 

Further adjusting for age, family cardiovascular disease 
history, diabetes, hypertension, dyslipidemia, Apo B/A1, 
hs-CRP, uric acid, and triglycerides-glucose index 
showed no statistical difference in risk of severe CAD 
among women with different WC tertiles.

Table 1 Baseline Characteristics and Angiographic Characteristics in Male and Female Subjects

Characteristic Whole Group (n=644) Men (n=431) Women (n=213)

Age (years) 61.7 ± 9.13 60.8 ± 9.26 63.6 ± 8.60
Height (cm) 167.6 ± 7.95 171.6 ± 5.56 159.4 ± 5.43

Weight (kg) 64.02 ± 7.62 67.24 ± 6.32 57.50 ± 5.58

Body mass index (kg/m2) 23.4 (22.0–23.8) 23.4 (22.2–23.8) 23.3 (21.8–23.7)
Waist circumference (cm) 88.3 (83.0–92.5) 89.5 (85.0–94.0) 84.5 (79.5–89.0)

Hip circumference (cm) 92.5 (89.0–96.0) 92.0 (88.0–95.0) 94.0 (91.0–97.3)

Waist–hip ratio 0.95 (0.92–0.99) 0.98 (0.94–1.01) 0.92 (0.89–0.95)
Family history of CAD, % 163 (25.3) 94 (21.8) 69 (32.4)

Ever smokers, % 212 (32.9) 212 (49.2) 0 (0)
History of diabetes, % 135 (20.9) 82 (19.0) 53 (24.9)

History of hypertension, % 289 (44.9) 189 (43.9) 100 (46.9)

Systolic BP (mmHg) 129 (117–144) 128 (116–142) 130 (118–146)
Diastolic BP (mmHg) 78 (70–84) 78 (71–84) 77 (69–83)

Menopause status, % 194 (30.1) – 194 (91.1)

Biochemistry
Fasting plasma glucose, mmol/L 6.02 (5.10–8.08) 5.97 (5.06–7.73) 6.13 (5.16–8.53)

Glycosylated hemoglobin, % 5.7 (5.4–6.1) 5.7 (5.4–6.1) 5.8 (5.4–6.2)
Total cholesterol, mmol/L 3.56 (3.07–4.21) 3.45 (2.95–4.03) 3.84 (3.36–4.50)

LDL-C, mmol/L 1.97 (1.60–2.57) 1.90 (1.53–3.43) 2.14 (1.79–2.74)

HDL-C, mmol/L 0.96 (0.82–1.14) 0.93 (0.79–1.08) 1.03 (0.87–1.21)
Triglycerides, mmol/L 1.31 (0.94–1.83) 1.22 (0.89–1.7) 1.46 (1.02–2.04)

Apolipoprotein A1, g/L 1.14 ± 0.19 1.11 ± 0.18 1.21 ± 0.17

Apolipoprotein B, g/L 0.72 (0.59–0.88) 0.72 (0.59–0.87) 0.75 (0.62–0.93)
hs-CRP, mg/L 1.43 (0.57–3.95) 1.61 (0.59–4.05) 1.12 (0.53–3.57)

Uric acid, μmol/L 320 (273–373) 334 (286–382) 291 (255–358)

Angiographic Characteristics
Culprit coronary artery, %

Left anterior descending, % 531 (82.5) 358 (83.1) 173 (82.1)
Left circumflex, % 275 (42.7) 190 (44.1) 85 (39.9)

Right, % 315 (48.9) 221 (51.4) 94 (44.1)

Left main, % 47 (7.3) 34 (7.9) 13 (6.1)

Diseased vessels

One-vessel disease, % 292 (45.3) 180 (41.8) 112 (52.6)
Two-vessel disease, % 227 (35.2) 164 (38.1) 63 (29.6)

Three-vessel disease, % 125 (19.4) 87 (20.2) 38 (17.8)

Lesion morphology

Diffuse lesion, % 112 (17.4) 84 (19.5) 28 (13.2)

Calcification lesion, % 72 (11.2) 59 (13.7) 13 (6.1)
Total occlusion lesion, % 79 (12.3) 59 (13.7) 20 (9.4)

Complex lesion (Types B and C), % 234 (36.3) 187 (43.4) 47 (20.4)

Gensini score 38(15–66) 42(20–71) 29(8–54)

Abbreviations: LDL-C, low-density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; hs-CRP, high sensitive C reactive protein.
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Analysis of One-Year Re-Admission with 
Adverse Cardiovascular Events After 
Discharge
The results of the Kaplan-Meier analysis are shown in Figure 1A 
and B. The cumulative incidence of one-year re-admission with 
adverse cardiovascular events was higher in men with the highest 
WC tertile than in men with the middle and lowest WC tertiles 
(9.3% vs. 14.7% vs. 21.6%, Breslow test P = 0.0068), but no 
significant difference was observed among women with different 
WC tertiles (Breslow test P = 0.7534).

Table 5 shows the results of univariable and multivari-
able Cox regression analyses for the risk of one-year re- 
admission with adverse cardiovascular events in men and 
women by WC tertiles. Among male normal-BMI CAD 
patients, without considering adjustment factors, the risk of 
one-year re-admission with adverse cardiovascular events 
for patients with the highest WC tertile was 2.54 times of 
that for patients with the lowest WC tertile (HR 2.54, 95% 
CI 1.33–4.83). After adjustment for age, smoking status, 
family history of CAD, hypertension, diabetes dyslipidemia, 
Apo B/A1, hs-CRP, uric acid, and triglycerides-glucose 

Table 2 Anthropometric and Cardiovascular Risk Factors in Male and Female Subjects with a Normal Body Mass Index by Waist 
Circumference Tertiles

Characteristic Tertiles of Waist Circumference P value P for Trend

Tertile 1 Tertile 2 Tertile 3

Men, % 140 (32.5) 143 (33.2) 148 (34.3)
WC (cm) 83.0 (78.0–86.0) 89.5 (89.0–91.0) 96.0 (94.0–98.0)

BMI kg/m2 21.7 ± 1.55 23.1 ± 1.08* 23.5 ± 0.67*,# <0.001 <0.001

Height (cm) 169.0 ± 4.94 171.0 ± 5.31* 174.0 ± 5.22*,# <0.001 <0.001
Weight (kg) 62.01 ± 5.28 68.05 ± 5.18* 71.41 ± 5.55*,# <0.001 <0.001

HC (cm) 87.0 ± 4.52 91.8 ± 3.23* 95.1 ± 3.75*,# <0.001 <0.001

WHR 0.93 ± 0.05 0.98 ± 0.03* 1.02 ± 0.04*,# <0.001 <0.001
Age (years) 62.1 ± 8.88 60.3 ± 8.88 60.2 ± 9.90 0.146 0.084

Family history of CAD, % 22 (15.7) 37 (25.9) 35 (23.7) 0.094 0.109

Ever smokers, % 74 (52.9) 73 (51.0) 65 (43.9) 0.273 0.128
Diabetes, % 41 (29.3) 61 (42.6)* 64 (43.2)* 0.024 0.022

Hypertension, % 63 (45.0) 73 (51.0) 83 (56.1) 0.170 0.061

Dyslipidemia, % 82 (58.6) 121 (84.6)* 126 (85.1)* <0.001 <0.001
Apo B/A1, g/L 0.64 ± 0.21 0.69 ± 0.21* 0.70 ± 0.26* 0.023 0.010

hs-CRP, mg/L 1.01 (0.45–2.48) 1.48 (0.60–4.65)* 2.51 (0.87–4.98)* <0.001 <0.001

Uric acid, μmol/L 315 (264–369) 327 (284–378) 349 (304–389)*, # 0.001 0.001
Triglycerides-glucose index 8.6 ± 0.57 8.9 ± 0.64* 8.9 ± 0.65* <0.001 0.001

Women, % 65 (30.5) 69 (32.4) 79 (37.1)
WC (cm) 78.5 (77.5–79.3) 84.0 (82.0–84.5) 90.0 (88.0–91.0)

BMI kg/m2 21.51 ± 1.73 22.66 ± 1.21* 23.40 ± 0.59*,# <0.001 <0.001

Height (cm) 158.2 ± 4.92 159.2 ± 5.63 160.7 ± 5.48* 0.025 0.007
Weight (kg) 53.95 ± 5.91 57.43 ± 4.43* 60.47 ± 4.41*,# 0.002 <0.001

HC (cm) 89.5 ± 5.20 93.8 ± 3.22* 97.9 ± 4.35*,# <0.001 <0.001
WHR 0.88 ± 0.05 0.91 ± 0.04* 0.94 ± 0.04*,# <0.001 <0.001

Age (years) 62.4 ± 9.48 62.8 ± 8.56 65.2 ± 7.69 0.113 0.059

Family history of CAD, % 27 (41.5) 15 (41.7) 27 (34.2)* 0.046 0.419
Diabetes, % 30 (46.2) 33 (47.8) 33 (41.8) 0.745 0.579

Hypertension, % 34 (52.3) 43 (62.3) 38 (48.1) 0.212 0.551

Dyslipidemia, % 53 (84.6) 63 (91.3) 76 (96.2) 0.052 0.016
Apo B/ A1, g/L 0.62 ± 0.19 0.68 ± 0.20 0.66 ± 0.19 0.258 0.308

hs-CRP, mg/L 0.89 (0.51–3.42) 1.12 (0.56–3.94) 1.48 (0.52–4.47) 0.710 0.374

Uric acid, μmol/L 275 (245–328) 292 (267–350)* 302 (266–364)*, # 0.025 0.006
Triglycerides-glucose index 9.6 ± 0.73 9.8 ± 0.71 9.7 ± 0.75 0.111 0.156

Notes: *p <0.05 vs Tertile 1; #p < 0.05 vs Tertile 2. 
Abbreviations: WC, waist circumference; BMI, body mass index; HC, hip circumference; WHR, waist to hip ratio; Apo B/A1, apolipoprotein B/apolipoprotein A1; hs-CRP, 
high sensitive C reactive protein.
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index (Model 1), the risk of one-year re-admission with 
adverse cardiovascular events for patients with the highest 
WC tertile was 2.13 times of that for patients with the lowest 
WC tertile (HR 2.13, 95% CI 1.06–4.27). After further 
adjustment for menopause status, length of stay, and patient 
compliance (Model 2), the risk of one-year re-admission 
with adverse cardiovascular events slightly increased (HR 
2.16, 95% CI 1.08–4.31). Further adjustment for BMI 
showed that the risk of one-year re-admission with adverse 
cardiovascular events for patients with the highest WC tertile 

was 2.33 times of that for patients with the lowest WC tertile 
(HR 2.33, 95% CI 1.04–5.21). Compared to male patients, 
with or without adjustment, no significant difference in one- 
year re-admission with adverse cardiovascular events was 
observed among female normal-BMI CAD patients.

Discussion
Our results showed that the relationship of WC to coron-
ary artery injury and one-year re-admission varies by 
gender in the normal-BMI CAD patients whose 

Table 3 Angiographic Characteristics in Male and Female Subjects with a Normal Body Mass Index by Waist Circumference Tertiles

Characteristic Tertiles of Waist Circumference P value P for Trend

Tertile 1 Tertile 2 Tertile 3

Men, % 140 (32.5) 143 (33.2) 148 (34.3)

Culprit coronary artery, %

Left anterior descending, % 113 (80.7) 121 (84.6) 124 (83.8) 0.654 0.494

Left circumflex, % 59 (42.1) 59 (41.2) 72 (48.7) 0.381 0.261
Right, % 66 (47.1) 73 (51.4) 82 (55.4) 0.374 0.161

Left main, % 6 (4.3) 10 (7.0)* 18 (12.2)*,# 0.041 0.013

Diseased vessels, %

One vessel disease, % 63 (45.0) 56 (39.2) 61 (41.2) 0.601 0.524

Two vessel disease, % 56 (40.0) 64 (44.8)* 44 (29.7)*,# 0.026 0.068
Three vessel disease, % 21 (15.0) 23 (16.1) 43 (29.1)*,# 0.004 0.003

Lesion morphology, %
Diffuse lesion, % 22 (15.7) 32 (22.4) 30 (20.3) 0.352 0.338

Calcification lesion, % 9 (6.4) 23 (16.1)* 27 (18.2)* 0.010 0.006

Total occlusion lesion, % 5 (3.6) 18 (12.6)* 36 (24.3)*, # <0.001 <0.001
Complex lesion (Types B and C), % 36 (25.7) 65 (45.5)* 86 (58.1)*,# 0.001 <0.001

Gensini score 39(18–57) 45(20–71) 48(20–104)* 0.021 <0.001

Women, % 65 (30.5) 69 (32.4) 79 (37.1)

Culprit coronary artery, %

Left anterior descending, % 51 (78.5) 57 (82.6) 65 (82.3) 0.791 0.578
Left circumflex, % 23 (35.4) 26 (37.7) 36 (45.6) 0.461 0.416

Right, % 26 (40.0) 28 (40.6) 40 (50.6) 0.34 0.189

Left main, % 1 (1.5) 6 (8.7) 6 (7.6) 0.176 0.149

Diseased vessels, %

One vessel disease, % 35 (53.9) 40 (58.0) 37 (46.8) 0.388 0.370
Two vessel disease, % 25 (14.0) 16 (25.0) 22 (16.8) 0.14 0.192

Three vessel disease, % 5 (7.7) 13 (18.8)* 20 (25.3)*,# 0.02 0.006

Lesion morphology, %

Diffuse lesion, % 3 (4.6) 11 (15.9)* 14 (17.7)* 0.048 0.024

Calcification lesion, % 1 (1.5) 7 (10.1) 5 (6.3) 0.114 0.273
Total occlusion lesion, % 5 (7.7) 5 (7.3) 10 (12.7) 0.453 0.292

Complex lesion (Types B and C), % 8 (12.3) 16 (23.2)* 23 (29.1)*,# 0.043 0.017

Gensini score 32(9–55) 27(8–51) 27(6–54) 0.897 0.581

Notes: *p <0.05 vs Tertile 1; #p < 0.05 vs Tertile 2.
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overweight problem is easy to be ignored. Among normal- 
BMI CAD patients, men with higher WC often have more 
severe CAD and a higher one-year re-admission rate than 
men with lower WC, but this relationship does not exist in 
women.

Some normal-BMI people have increased WC in the 
population.24 However, the obesity problem of these popu-
lations is easy to be ignored. Song et al reported that the 
prevalence of central obesity among ordinary Chinese 
adults with normal weight increased from 6.65% to 
13.24% from 1993 to 2011.15 A study of 9,447 people in 
Jilin Province, China, reported that 55.6% of the normal- 
BMI population did not recognize their obesity, and only 
12.7% tried to lose weight.25 In our study, the proportion of 
abdominal obesity men and women was 45.5% (n = 196 / 
431) and 42.7% (n = 91/213), respectively, based on the 
criteria of WC ≥ 90 cm for men and WC ≥ 85 cm for 
women, the proposed cut-off for the diagnosis of abdominal 
obesity in China.19 The proportion of normal-BMI CAD 

patients with abnormal WC in this study was significantly 
higher than that of the general population. The possible 
reason is that obesity is associated with higher cardiovas-
cular disease risk factors and higher cardiovascular disease 
prevalence.26 Normal-BMI people with higher WC are 
more likely to develop CAD. The obesity guidelines did 
not make reliable recommendations on the WC cut-off for 
normal-BMI CAD patients.27 To better clarify the relation-
ship between WC and CAD, we analyzed the CAD risk 
based on the gender-specific WC tertiles rather than the cut- 
off value of abdominal obesity.

Sun et al reported that among normal-BMI women, the 
all-cause death risk was 30% higher in people with central 
obesity than without central obesity.28 Sharma et al ana-
lyzed 7057 CAD patients from 5 cohort studies and found 
that normal BMI but higher WC or waist-to-hip ratio 
increased the risk of mortality for CAD patients.17 

Previous studies have paid more attention to the relation-
ship between WC and cardiovascular death and all-cause 
death in CAD patients with normal BMI or involved only 
women or men; very few have compared the risks between 
different genders. Our study was conducted in male and 
female normal-BMI CAD patients, focusing on the status 
of coronary artery lesions. The coronary angiographic 
characteristics of CAD patients with different WC were 
evaluated from the aspects of location, number, and mor-
phologic characteristics. We also utilized Gensini scoring 
method, which not only considers the degree of coronary 
artery stenosis degree, location, and number, but also the 
weight of the coronary blood supply area and the scope of 
the disease, to assess the degree of CAD objectively and 
accurately and further analyze the risk of severe CAD. In 
general, in male but not female, normal-BMI CAD 
patients, as the WC increases, CAD becomes more severe, 
and the risk of severe CAD is higher. Specifically, in male 

Table 4 Severe CAD in Male and Female Subjects with a Normal 
Body Mass Index by Waist Circumference Tertiles

WC Levels Unadjusted Adjusteda

OR (95% CI) OR (95% CI)

Men
Tertile 1 1.00 (reference) 1.00 (reference)

Tertile 2 1.42 (0.86–2.32) 1.20 (0.70–2.06)

Tertile 3 2.21 (1.36–3.59) 1.87 (1.09–3.20)

Women
Tertile 1 1.00 (reference) 1.00 (reference)
Tertile 2 0.74 (0.36–1.55) 0.82 (0.39–1.73)

Tertile 3 1.20 (0.60–2.38) 0.57 (0.27–1.20)

Notes: aAdjusted for cardiovascular risk factors (age, smoking status, family history 
of CAD, hypertension, diabetes dyslipidemia, Apo B/A1, hs-CRP, uric acid and 
triglycerides–glucose index).

Figure 1 Kaplan–Meier curves showing the cumulative risk of one-year re-admission with adverse cardiovascular events after discharge in (A) male and (B) female subjects 
with a normal body mass index by waist circumference tertiles.
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normal-BMI CAD patients, as the WC tertile increases, the 
prevalence of left main disease, three-vessel disease, cal-
cification lesion, total occlusive lesion, complex lesion, 
and Gensini score gradually increase. By contrast, among 
female normal-BMI CAD patients, as the WC tertile 
increases, the prevalence of three-vessel disease, diffuse 
lesion, and complex lesion gradually increases, while the 
prevalence of left main disease, calcified lesion, total 
occlusive lesion, and Gensini score showed no such 
trend. The higher Gensini score in male normal-BMI 
CAD patients with higher WC is probably due to the 
higher prevalence of left main disease and the higher 
prevalence of total occlusion lesion, which have the high-
est weight and highest score, respectively, in calculating 
Gensini score.22

One possible explanation for this gender difference is 
the difference in risk factors for cardiovascular diseases. In 
this study, male normal-BMI CAD patients with higher 
WC had chronic low-grade inflammation, glucose, and 
lipid metabolism disorders, and increased uric acid levels, 
while female normal-BMI CAD patients with higher WC 
only had increased uric acid levels. However, when we 
adjusted the underlying cardiovascular risk factors, the 
association weakens, but the difference still exists. 
Therefore, we speculate that it may also relate to other 
mechanisms, such as different abdominal fat distribution. 
WC is a better indicator of abdominal fat accumulation 
than BMI.29 Abdominal fat can be divided into abdominal 
subcutaneous fat and abdominal visceral fat.30 However, 
the measurement of WC alone cannot distinguish subcu-
taneous and visceral obesity. Men are prone to storing 
visceral fat, while women are likely to develop 

subcutaneous fat.31 Men with higher WC may have more 
visceral fat than women. Compared with subcutaneous fat, 
visceral fat is more related to insulin resistance, dyslipide-
mia, and vascular endothelium inflammation, which are all 
risk factors for cardiovascular and cerebrovascular 
diseases.32 A study showed that the ratio of visceral fat 
to subcutaneous fat measured by CT is higher in men than 
in women.33 Therefore, using more accurate methods to 
detect central obesity, such as hydrostatic pressure, dual- 
energy X-ray absorption, computed tomography, and mag-
netic resonance imaging, is very important to explore 
further the underlying mechanisms of gender differences 
in cardiovascular risk factors. It is also possible that com-
ponents produced in adipose tissue, such as adipokines, 
play a role in the pathophysiology of coronary 
atherosclerosis.34 Further research is needed to confirm 
the gender-specific association between increased WC 
and CAD so that interventions can be targeted to appro-
priate populations. Studies on adipokines and other bio-
markers may further reveal the underlying pathogenesis.

Our study has several potential limitations. First, WC 
criteria for the diagnosis of abdominal obesity do not apply 
uniformly to all populations and ethnic groups. There is also 
no consensus on an optimal site for the measurement of WC. 
We believe that the use of WC tertiles to classify those with 
a relatively high WC is more valid than using an arbitrary 
cut-off that is not previously validated. Second, WC was 
assessed on the first day of hospitalization; subjects could 
have had changes in their body composition during the 
follow-up period, while the extent of adiposity and/or loss 
of muscle mass may be an evolving process with the pro-
gression of the disease. However, this concern is genuine for 

Table 5 One-Year Re-Admission with Adverse Cardiovascular Events After Discharge in Male and Female Subjects with a Normal 
Body Mass Index by Waist Circumference Tertiles

WC Levels Unadjusted Adjusted

Model 1 Model 2 Model 3

Men
Tertile 1 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Tertile 2 1.64 (0.82–3.27) 1.31 (0.64–2.70) 1.39 (0.68–2.85) 1.47 (0.67 −3.21)

Tertile 3 2.54 (1.33–4.83) 2.13 (1.06–4.27) 2.16 (1.08–4.31) 2.33 (1.04–5.21)

Women
Tertile 1 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Tertile 2 1.36 (0.43–4.30) 1.36 (0.41–4.56) 1.57 (0.41–6.06) 1.82 (0.39–8.49)

Tertile 3 1.47 (0.48–4.48) 1.54 (0.46–5.14) 2.25 (0.60–8.49) 2.79 (0.52–15.06)

Notes: The data are reported as HR (95% CI). Model 1: adjusted for cardiovascular risk factors (age, smoking status, family history of CAD, hypertension, diabetes 
dyslipidemia, Apo B/A1, hs-CRP, uric acid, and triglycerides-glucose index). Model 2: adjusted for variables in Model 1 plus menopause status, length of stay, and patient 
compliance. Model 3: adjusted for variables in Model 2 plus BMI (kg/m2).
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most epidemiologic studies that only use baseline informa-
tion on the exposure variable, including those evaluating 
BMI. Third, we did not have direct adiposity quantification 
or distribution measures, such as dual-energy x-ray absorp-
tiometry or computed tomography. Nevertheless, WC can be 
measured easily and inexpensively. Fourth, we also did not 
have data on cytokines or adipokines, which would help us 
understand the pathophysiology behind our observations. 
Residual measured or unmeasured confounding variables 
may have influenced some or all the findings. Finally, this 
was a single-center study with a short follow-up time. 
Hence, future longitudinal studies in a large-scale population 
are necessary.

Conclusions
In short, male normal-BMI CAD patients with higher WC 
had higher risks of severe CAD, severe cardiovascular 
diseases, and one-year re-admission rate, but not women. 
When managing CAD patients, it is very important to pay 
more attention to “invisible obesity” and understand the 
potential gender-related differences.
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