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Background: It has been reported that obesity and diabetes are both risk factors for the

development of cardiovascular diseases (CVDs). However, recent articles reported that

compared with body mass index, waist circumference (WC) can better reflect obesity,

more closely related to visceral fat tissue which is positively associated with an increased

risk of cardiovascular death. Moreover, few studies have investigated the prognostic value

of both WC and diabetes during a long-term follow-up. We aimed to investigate whether

the higher level of WC measurements and diabetes were able to predict cardiovascular

mortality in the general population.

Methods: In this prospective cohort study, a total of 1,521 consecutive subjects free of

clinical CVD were included. The endpoint was cardiovascular death. The Kaplan–Meier

method and Cox regression models were used to evaluate the cumulative risk of the

outcome at different WC levels with or without diabetes.

Results: During amedian follow-up of 9.2 years, 265 patients died due to cardiovascular

conditions. Kaplan–Meier survival estimates indicated that the patients with higher levels

of WC (WC > 94 cm) coexisted with diabetes had a significantly increased risk of

cardiovascular death (log-rank p < 0.05). After adjustment for potential confounders,

multiple COX regression models showed that the incidence of cardiovascular death was

significantly higher when patients with high WC coexisted with diabetes mellitus (hazard

ratio: 3.78; 95% CI: 3.35–3.98; p < 0.001).

Conclusion: Patients with high WC and diabetes represent a high-risk population

for cardiovascular death. WC and diabetes may provide incremental prognostic value

beyond traditional risks factors.

Keywords: waist circumference, diabetes, obesity, cardiovascular death, cardiovascular-outcome

BACKGROUND

Obesity has become a major health problem worldwide. A high amount of adiposity is associated
with an increased risk of various diseases, including cardiovascular disease (CVD), diabetes, and
cancer. It is recommended that obesity, which is usually defined as excessive body fat and damage
to health, can no longer be assessed only by body mass index (BMI) (1). In epidemiological studies,
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BMI is often used to define overweight and obesity. However,
BMI has a low sensitivity and there are large individual
differences between body fat percentages, partly due to age,
gender, and race (2). Recent studies have indicated that visceral
adipose tissue (VAT) was a major threat to cardiovascular
risk (3). It has been reported that compared with BMI, waist
circumference (WC) can better reflect body fat distribution,
more closely related to VAT (4). In particular, abdominal
obesity is a better predictor of cardiovascular events than
BMI (5). Higher cardiometabolic risk is also related to the
location of excess fat in VAT and ectopic reservoirs (such as
muscle and liver), when the ratio of fat to lean body mass
increases (for example, normal body weight for metabolic
obesity) (6).

Moreover, previous studies have demonstrated that compared
with BMI-matched non-type 2 diabetic patients, type 2
diabetic patients have a larger WC and more VAT than
BMI-matched individuals without type 2 diabetes mellitus
(DM) (7). These patients are all susceptible to cardiovascular
abnormalities and CVDs; their coexistence should further
increase the risk of cardiovascular outcomes (8). These data
indicate that obese patients with diabetes may be more
common than large epidemiological studies have shown and
require more urgent attention. Relying solely on BMI to
assess its prevalence may hinder future interventions for
obesity prevention and control. Moreover, long-term research
on WC and diabetes-related to predictive value is still very
limited (9). Therefore, this study ought to investigate the
prognostic value of WC on cardiovascular death during a long-
term follow-up.

METHODS

The Study Population
From January 2010 to December 2020, a total of 2,162 people
in Wan Shou Lu Street were included in the study. Among
these participants, patients who had a history of stroke, CVD, or
cancer were excluded from the study. In this study, patients were
excluded if the patients could not give informed consent, had
comorbidities leading to changes in abdominal circumference
measurement (secondary to chronic ascites, liver disease, cancer,
intestinal obstruction, abdominal mass in the abdomen, pre-
existing abdominal stoma, and incisional hernia). Patients who
were pregnant were also excluded from the study. Participants
were also excluded if their blood samples or detailed data
were not available. Candidates who lost follow-up were also
excluded from the study. Finally, a total of 1,521 patients were
included in this study. The flowchart of the study was listed
in Figure 1.

Abbreviations: AUC, area under the curve; BF, body fat; BMI, body mass index;

CV, cardiovascular; CVD, cardiovascular disease; CHD, coronary heart disease;

DBP, diastolic blood pressure; T2DM, type 2 diabetes mellitus; HDL-C, high-

density lipoprotein cholesterol; HR, hazard ratio; IDI, integrated discrimination

improvement; LDL-C, low-density lipoprotein cholesterol; MACEs, major adverse

cardiovascular events; NRI, net reclassification index; SAT, subcutaneous adipose

tissue; SBP, systolic blood pressure; SD, standard deviation; TC, total cholesterol;

TG, triglyceride; VAT, visceral adipose tissue; WC, waist circumference.

Baseline Measurement
The information on sociodemographic characteristics, medical
history, and lifestyle factors was accessed by a group of
trained and experienced personnel researchers through a face-
to-face interview using a detailed questionnaire. A structured
questionnaire was used to collect information on patients.
The questionnaire was designed by a group of experts and
was previously piloted in a subsample of participants. The
information on participants gathered in the questionnaire was
reviewed by two investigators and encoded to protect the
confidentiality of patients. Anthropometric measures (height,
weight, and WC) were measured in triplicate by registered
nurses using standardized techniques, calibrated scales, and
wall-mounted stadiometers, respectively. WC was measured
in duplicate by trained staff, halfway between the last rib
and the iliac crest using an anthropometric tape parallel with
the floor. Blood pressure was measured in triplicate using
a validated semiautomatic oscillometer (OMRON R© M4-1),
OMRON, automation (China) co., LTD. Measurement averages
were calculated later for analysis purposes. The measures of
the participants were collected at the time of registration.
Anthropometric measurements include weight in kilograms,
height inmeters, hips circumference, andWC.WCwasmeasured
on the mid-axillary line between the lowest border of the
thoracic cage and the top of the iliac crest to the nearest
0.1 cm. DM is defined as the presence of diabetic symptoms
and resting plasma glucose concentration ≥200 mg/dl, fasting
plasma glucose concentration≥126 mg/dl, or 2-h plasma glucose
concentration ≥200 mg/dl, or the use of an oral hypoglycemic
agent, or insulin at the time of admission. BMI is calculated as
weight/height2. After resting for 5min, the right arm is used in
a sitting position and standard or automated equipment is used
to measure blood pressure, and the average of the two blood
pressure is used as measurements as the final blood pressure. The
patient was considered to have hypertension with BP>140/90
mmHg or received antihypertensive medication. Hyperlipidemia
is defined as known but untreated dyslipidemia or current
treatment with lipid-lowering drugs. If a current smoker reported
smoking in the last 30 days, it is defined as smoking.

Baseline data were collected at the time of enrollment.
Peripheral venous blood samples were taken after overnight
fasting for at least 8 h. Based on protocol, the blood samples
were collected in the vacuum tube by the EDTA-anticoagulated
plastic tubes and centrifuged within 1 h after collection. All
the blood samples were centrifuged at 1,000 g for 10min
and then the serum was shipped within 2–4 h on dry ice to
the laboratory and stored at −80◦C. The blood glucose level
was measured using commercial reagents following standard
procedures. High-performance liquid chromatography (MQ-
2000PT, Medconn, China) was used to assess the level of glycated
hemoglobin (HbA1c). Beckman-coulter AU 680 was used to
measure fasting plasma glucose, serum creatinine, triglyceride
(TG), total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), and low-density lipoprotein cholesterol (LDL-C).

Outcome Assessment
Patients were followed up until December 2020 or until
the occurrence of cardiovascular death. All participants were
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FIGURE 1 | The flowchart of the study.
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followed up by analyses of clinical materials and telephone
contact quarterly. The endpoint was cardiovascular death.
Cardiovascular death was defined as deaths caused by coronary
heart disease or stroke and deaths that cannot be classified
without evidence of the source. Unless a clear non-cardiac
cause is established, all deaths are considered cardiac deaths
based on the International Classification of Diseases codes for
confirmation of each cause of death or routine death registration.
Excluding the participants who were lost to follow-up, we
obtained follow-up of all patients until the primary outcome or
date of censoring. The follow-up time was calculated from the
date of cardiac death onset to the date of mortality occurrence
or the date of the last follow-up. Written informed content was
obtained from all study participants, and the study was approved
by the ethics committee of Chinses PLA General Hospital.

Statistical Analysis
Patients were first divided into three groups according to the
levels of WC. The cut-off point for the WC was 82.94. Then, the
patients were further categorized into six groups asWC with DM
and non-DM. Variables with a normal distribution are expressed
as the mean ± SD, and in the case of non-normality, the
medians are presented. Categorical data are expressed in counts
or percentages. Chi-square tests and ANOVA were used to assess
baseline differences between the three groups. The Kaplan–Meier
method was used to evaluate the cumulative risk of the outcome
at different WC levels with or without DM and compared
by log-rank tests. Univariate and multivariable-adjusted Cox
regression models were used to assess the association of WC
and diabetes with the endpoints. The results are presented

as the hazard ratios (HRs) and 95% CIs according to levels
of WC. Four multivariate proportional hazards models were
fitted. Model 1 contains the following variables: age, sex, BMI,
current smokers, hypertension, TC, TG, HDL-C, and LDL-
C. Variables were input into the model according to their
statistical significance in univariate analysis. Model 2 was based
on model 1 with the addition of WC. Model 3 contains model
1 with the addition of diabetes. Model 4 contains model 1
with the addition of WC and diabetes. Receiver operating
characteristic curve analysis was used to compare the prognostic
powers of the 4 models. In addition, when WC or diabetes
was added to the established model, continuous net weight
classification index (NRI) and comprehensive discrimination
improvement (IDI) were generated to assess any improvement
in prognostic prediction. SPSS 22.0 and R 4.0.0 (R Foundation for
Statistical Computing) were used for descriptive data analysis. All
statistical tests were 2-tailed, and p-values<0.05 were considered
statistically significant.

RESULTS

Baseline Characteristics
Baseline measurements of WC were available in 1,521 patients.
We divided the patients into three groups based on the levels
of WC. The baseline clinical and laboratory characteristics of
the study patients are presented in Table 1. The patients with
a higher WC level were older, more likely to be female, more
likely to have diabetes. Moreover, they had a higher BMI, hips
circumference, fasting blood glucose, 2-h postprandial blood
glucose (2hPBG) level, HbA1c level, and uric acid level. Also,

TABLE 1 | Baseline characteristics of the subjects by the waist circumference level.

Variables Waist circumference level

Total <82 cm 82–94 cm >94 cm p-value for trend

(n = 1521) (n = 438) (n = 752) (n = 331)

Age, years 70.96 ± 7.18 69.98 ± 7.23 70.86 ± 6.90 72.49 ± 7.48 0.000

Male, n (%) 900 (59.4) 336 (76.71) 430 (57.18) 134 (40.48) 0.000

T2DM, n (%) 449 (29.52) 106 (24.20) 215 (28.59) 128 (38.67) 0.000

Hypertension, n (%) 785 (51.61) 174 (39.73) 410 (54.52) 201 (60.73) 0.411

Current smokers, n (%) 253 (16.63) 84 (19.18) 113 (15.03) 56 (16.92) 0.531

BMI (kg/m2 ) 24.88 ± 3.46 21.98 ± 2.84 25.01 ± 2.31 28.39 ± 2.98 0.000

Hips circumference (cm) 97.97 ± 8.36 90.88 ± 7.40 98.54 ± 5.24 106.06 ± 7.35 0.000

Fasting blood glucose (mmol/L) 5.68 ± 0.99 5.46 ± 0.77 5.67 ± 1.02 5.97 ± 1.12 0.000

2hPBG (mmol/L) 8.08 ± 3.29 7.19 ± 2.73 8.19 ± 3.32 9.00 ± 3.61 0.000

HbA1c 5.86 ± 1.045 5.70 ± 0.62 5.87 ± 1.17 6.04 ± 1.17 0.000

SBP (mmHg) 137.42 ± 19.13 132.77 ± 17.30 138.43 ± 17.89 141.36 ± 19.51 0.000

DBP (mmHg) 76.97 ± 9.96 73.84 ± 8.74 77.79 ± 9.28 79.23 ± 9.21 0.000

TC (mmol/L) 5.29 ± 0.99 5.37 ± 0.97 5.29 ± 1.01 5.16 ± 0.95 0.016

HDL-C (mmol/L) 1.44 ± 0.39 1.62 ± 0.42 1.40 ± 0.34 1.30 ± 0.39 0.000

LDL-C (mmol/L) 3.26 ± 0.85 3.24 ± 0.84 3.30 ± 0.92 3.17 ± 0.85 0.055

TG (mmol/L) 1.63 ± 0.82 1.42 ± 0.76 1.65 ± 0.82 1.85 ± 0.82 0.341

Creatinine (umol/L) 74.46 ± 22.22 70.64 ± 24.98 74.42 ± 19.77 79.62 ± 22.64 0.271

Uric acid (umol/L) 309.06 ± 89.27 282.59 ± 74.79 307.99 ± 91.22 346.61 ± 89.54 0.000
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they had higher systolic blood pressure (SBP) and diastolic
blood pressure (DBP) levels. However, they had lower HDL-C
and TC levels.

Association Between WC and Diabetes
and Prognosis of Cardiovascular Death
During the median follow-up of 9.2 years, 265 participants
had the occurrence of cardiovascular death. The death rate
of the higher WC group was significantly higher than the
lower group (23.3 vs. 16.0 vs. 15.0%, p < 0.05). Kaplan–
Meier curves were used to show the cumulative event curves
for cardiovascular death stratified according to WC levels
(Figure 2A) and diabetes (Figure 2B): patients with a higher

level of WC or patients with diabetes were more likely to
have a higher cardiovascular death rate (log-rank test, p <

0.05, respectively). Table 2 shows the univariate and multivariate
Cox regression analyses of cardiovascular death predictors.
After adjusting for potential confounding factors, patients with
higher WC level group (WC > 94 cm) (adjusted HR: 3.02; 95%
CI: 1.88–3.83; p = 0.001) (Figure 3A) or diabetes (adjusted
HR: 1.59; 95% CI: 1.46–1.77; p < 0.001) (Figure 3B) had a
significantly higher risk of cardiovascular death. Age, BMI,
hypertension, hips circumference, fasting blood glucose, 2hPBG,
HbA1c, SBP, DBP, current smoking, hypertension, DM, TC, TG,
HDL-C, LDL-C, creatinine, and uric acid were included in the
confounding factors.

FIGURE 2 | Kaplan–Meier curves in different subgroups. (A) Kaplan–Meier survival rate of the participants according to the different WC levels. (B) Kaplan–Meier

survival rate of the participants with or without DM. (C) Kaplan–Meier survival rate of the participants with DM and non-DM according to different degrees of WC.
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TABLE 2 | Univariate and multivariate Cox regression analyses of cardiovascular death predictors.

Variables Univariable analysis Multivariable analysis

Crude HR 95%CI P-value Crude HR 95%CI p-value

Age, years 1.18 1.16–1.20 0.00 1.16 1.13–1.18 0.00

Male, n (%) 1.02 0.96–1.03 0.12 – –

BMI (kg/m2 ) 0.97 0.96–0.98 0.00 0.95 0.90–1.01 0.09

Hips circumference (cm) 0.99 0.97–1.00 0.07 – –

Fasting blood glucose (mmol/L) 1.08 1.03–1.14 0.00 1.09 0.92–1.30 0.34

2hPBG (mmol/L) 1.03 0.99–1.06 0.14 – –

HbA1c 1.11 1.04–1.19 0.00 1.04 0.92–1.19 0.53

SBP (mmHg) 1.01 1.002–1.012 0.01 1.00 0.99–1.01 0.25

DBP (mmHg) 0.99 0.98–0.99 0.03 0.99 0.97–1.00 0.11

T2DM, n (%) 1.56 1.45–1.69 0.00 1.59 1.46–1.77 0.00

Hypertension, n (%) 1.07 0.89–1.26 0.00 1.08 0.85–1.22 0.06

Current smokers, n (%) 1.02 0.89–1.07 0.18 – –

TC (mmol/L) 0.75 0.68–0.85 0.00 1.28 0.64–2.57 0.49

HDL-C (mmol/L) 0.97 0.74–1.28 0.84 – –

LDL-C (mmol/L) 0.78 0.69–0.88 0.00 0.75 0.36–1.55 0.44

TG (mmol/L) 0.71 0.61–0.83 0.00 0.58 0.42–0.80 0.00

Creatinine (umol/L) 1.01 1.008–1.013 0.00 1.01 1.01–1.02 0.00

Uric acid (umol/L) 1.003 1.002–1.004 0.00 1.002 1.001–1.004 0.00

Group

WC < 82 cm 1 – – 1 – –

WC: 82–94 cm 1.06 0.53–1.32 0.05 1.68 1.18–2.41 0.01

WC > 94 cm 1.59 0.97–2.57 0.07 3.02 1.88–3.83 0.00

In subgroups, the patients were further categorized into six
groups high WC with DM and non-DM, moderate WC with
DM and non-DM, and low WC with DM and non-DM. The
incidence of cardiovascular death was significantly higher when
patients with high WC coexisted with DM (low WC with DM
or non-DM: 25.9 vs. 11.8%; moderate WC with DM or non-DM:
26.9 vs. 14.9%; high WC with DM or non-DM: 27.6 vs. 18.7%,
p < 0.05, respectively). Patients with higher level of WC (WC >

94 cm) with diabetes have the highest cardiovascular death rate
(27.6%) (log-rank test, p < 0.05). For patients with a low WC
and non-DM, the cardiovascular death rate was 11.8%. Therefore,
the risk of cardiovascular death in patients with high WC and
diabetes was 2.3 times higher than that in patients with low WC
and diabetes. Besides, as shown in Figure 2C, the Kaplan–Meier
analysis curves presented the highest risk in patients with high
WC with DM compared with other subgroups (log-rank test,
p < 0.001). Multivariate Cox regression analysis showed that
patients with a higher level of WC were more likely to have a
higher cardiovascular death rate (adjusted HR = 3.78; 95% CI:
3.35–3.98; p < 0.001) (Figure 3C).

Construction of the Prediction Models and
the Model Performance
We adjusted four prediction models to evaluate the prognostic
value. Model 1 was adjusted by the clinical confounders (age, sex,
BMI, hips circumference, fasting blood glucose, 2hPBG, HbA1c,
SBP, DBP, current smokers, hypertension, TC, HDL-C, LDL-C,

TG, creatinine, and uric acid). Model 2 included model 1 with
the addition of WC, model 3 included model 1 with the addition
of WC, and model 4 included model 1 with the addition of WC
+ DM.

Finally, to evaluate the effect of WC and diabetes on the
accuracy of cardiovascular death risk assessment, discriminatory
abilities were compared between models with WC and diabetes.
As shown in Table 3, adding WC and diabetes can significantly
increase the static value of C from 0.693 (95%CI: 0.656–0.730) to
0.847 (95%CI: 0.724–0.891). Compared with the clinical model,
there is a significant difference (p < 0.01). In addition, adding
WC category to model 1 can significantly improve NRI = 0.195
(95% CI: 0.135–0.203, p < 0.05); IDI = 0.009 (95% CI: 0.003–
0.014, p < 0.001) (Table 3).

DISCUSSION

Principal Findings
In this perspective, observational study on a large Chinese
cohort with long-term follow-up, we examined the prognostic
association of DM with outcomes in patients with different
degrees of WC. Our results suggested that higher WC and
diabetes were both significant and independent predictors
of cardiovascular death (Figure 4A). Patients with a higher
level of WC (WC > 94 cm) with diabetes have the highest
cardiovascular death rate (27.6%) (log-rank test, p < 0.05).
For patients with a low WC and non-DM, the cardiovascular
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FIGURE 3 | Cox-adjusted event-free survival curves for freedom of cardiovascular death in the different subgroups after adjustment for potential clinical confounders.

(A) Cox-adjusted event-free survival curves of the participants according to the different WC levels. (B) Cox-adjusted event-free survival curves of the participants with

or without DM. (C) Cox-adjusted event-free survival curves of the participants with DM and non-DM according to different degree of WC.

death rate was 11.8%. Therefore, the risk of cardiovascular
death in patients with high WC and diabetes was 2.3 times
higher than that in patients with low WC and diabetes. In
addition, our results suggested that patients with higher levels
of WC coexisted with diabetes had the worst outcome, the
association is still significant after adjustment of other clinical
confounders (Figure 4B). In summary, our results suggested that
the addition of WC and diabetes to established cardiovascular
risk factors may further improve risk stratification in the general
population. Our results provided updated information about
the long-term prognostic role of WC and diabetes in the
general population.

Limitations of BMI
Adipose tissue is now considered to be a key organ for the
fates of excessive dietary lipids, which may determine whether
it will maintain body homeostasis (metabolic healthy obesity)
or whether it will produce inflammation/insulin resistance,
which can have harmful cardiovascular consequences. Obesity,
especially visceral obesity, can also cause various structural
adaptations/changes in the structure/function of CV. Adipose
tissue can now be regarded as an endocrine organ that
coordinates important interactions with vital organs and tissues
(such as the brain, liver, skeletal muscle, heart, and blood
vessels themselves).
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TABLE 3 | Reclassification and discrimination statistics for clinical outcomes by WC level and T2DM.

Model Estimate (95%CI) p-value

C static Model 1 0.693 (95%CI: 0.656–0.730) –

Model 2: Model 1 + WC 0.812 (95%CI: 0.782–0.842) 0.031

Model 3: Model 1 + DM 0.785 (95%CI: 0.769–0.812) 0.025

Model 4: Model 1 + WC + DM 0.847 (95%CI: 0.724–0.891) 0.001

NRI Model 1 REF –

Model 2: Model 1 + WC 0.178 (95% CI: 0.094–0.262) 0.042

Model 3: Model 1 + DM 0.182 (95% CI: 0.135–0.203) 0.031

Model 4: Model 1 + WC + DM 0.195 (95% CI: 0.135–0.203) 0.012

IDI Model 1 REF –

Model 2: Model 1 + WC 0.012 (95% CI: 0.007–0.015) 0.229

Model 3: Model 1 + DM 0.014 (95% CI: 0.013–0.020) 0.174

Model 4: Model 1 + WC + DM 0.009 (95% CI: 0.006–0.014) 0.030

The most commonly used anthropometric tool for assessing
relative weight and classifying obesity is BMI, which is expressed
as the ratio of total body weight to the square of height
(kg/m2). Individuals with a BMI < 18.5 kg/m2 are considered
underweight, while individuals with a BMI between 18.5 and 24.9
kg/m2 are classified as normal or acceptable weight. Individuals
with a BMI between 25 and 29.9 kg/m2 are classified as
overweight, while those with a BMI of ≥30 kg/m2 are obese.
BMI itself is associated with clinical outcomes and mortality
in a U or J type (10). This inverse relationship has triggered
controversy in the literature, called the “obesity paradox” (11).
Compared with non-obese patients, patients with elevated BMI
with chronic diseases have a higher survival rate and fewer
cardiovascular (CV) events (12). Moreover, previous research
reported that patients with an increased BMI were found to
show lower mortality (13). In addition, BMI cannot distinguish
between weight gain due to high levels of lean body mass and
fat body mass. Generally, excess body fat (BF) is more often
associated with metabolic abnormalities than high levels of lean
body mass. Another explanation for this paradox is the lack
of control over the main individual differences in the regional
BF distribution. Therefore, more and more scholars believe that
BMI has its limitations to fully capture cardiometabolic risk. It is
partially related to the fact that BMI in isolation is an insufficient

biomarker of abdominal adiposity (4). By using the BMI, one

must rely on the assumption that adipose tissue is distributed

evenly over the body, which does not take into account the
heterogeneity of regional body fat deposition (14).

The level of obesity must be considered in the risk
stratification. In a recent meta-analysis of 2.88 million people,
all levels of obesity combined were associated with increased
mortality, with an HR of 1.18 (95% CI: 1.12–1.25). However,
when analyzing separately, compared with normal body weight,
grade 1 obesity (Table 1) is associated with a risk of death
with an HR of 0.97 (95% CI, 0.90–1.04), in contrast, serious
obesity (grades 2 and 3) had a higher risk of death (HR: 1.34,
95% CI: 1.21–1.47) (15). The prognostic value of BMI needs
to pay attention to the length of follow-up time. There was
a J-type association between BMI and sudden cardiac death,

and the lowest risk was observed within the normal weight
range. However, in studies with a longer follow-up period,
the increased risk of low BMI was attenuated (16). In other
words, the obesity phenotype may change over time to reflect
the increase in abdominal obesity. For example, Ian Janssen
et al. studied the changes in WC for a given BMI over 30
years in a Canadian sample 35. It is worth noting that for a
given BMI, Canadians had a larger WC in 2007 than in 1981.
Specifically, the researchers observed that between 1981 and
2007 men with a BMI of 25 kg/m2 increased their WC by
1.1 cm, and women with a BMI of 25 kg/m2 increased their
WC by 4.9 cm. Similarly, Sandra Albrecht et al. studied 36
long-term changes in WC in the United States (1988–2007),
the United Kingdom (1992–2008), China (1993–2011), and
Mexico (1999–2012) and reported significant statistics academic
significance in all countries and most subgroups, WC values
have increased relative to BMI. The result of one study involving
more than 58,000 elderly persons, during a 5-year-follow-up,
showed increased mortality risks for elderly people with an
increased WC—even across BMI categories—and for those who
were classified as “underweight” using BMI. Part of the reason
why BMI cannot fully capture cardiometabolic risks is that BMI
alone is an insufficient biomarker for the whole body. More
importantly, the central abdominal fat mass does not explain the
extreme changes in intra-abdominal (visceral) fat mass and fat
distribution between individuals (17). Compared with BMI, WC
has a higher predictive value for cardiovascular death (18).

Visceral Adipose Tissue and the
Underlying Mechanisms
Visceral adipose tissue (VAT) has been proved to be
independently associated with elevated CVD risk (19). Data from
several past epidemiological studies 30 years of experience show
that VAT is an independent sign of morbidity and mortality (20).
In some populations, WC is more predictive of overall mortality,
coronary heart disease (CHD). However, prospective data on the
impact of abdominal obesity on CVD incidence is still scarce.
Many experimental studies support the potential connection
between VAT and biological pathways that are important in

Frontiers in Cardiovascular Medicine | www.frontiersin.org 8 April 2022 | Volume 9 | Article 856517

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Li et al. Waist Circumference and Cardiovascular Death

FIGURE 4 | (A) Associations of clinical confounders and the prevalence of cardiovascular death. (B) Associations of different degrees of WC and DM and the

prevalence of cardiovascular death in different subgroups.
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the pathogenesis of multiple disease outcomes. Adipokines are
biologically active molecules secreted by adipose tissue and are
key components of these pathways, including inflammatory
cytokines, angiogenic factors, lipid metabolites, and extracellular
matrix components (21). The secretion of adipokines among
specific fat depots appears to be different (22), and compared
with subcutaneous adipose tissue (SAT), VAT exhibits more
pro-inflammatory and proangiogenic gene expression. In
addition, compared with SAT, small arteries in VAT are more
likely to exhibit endothelial dysfunction (23), indicating that
VAT has a potentially toxic effect on the vasculature. Visceral
adipocytes differ from subcutaneous adipocytes in that they
release secreted proteins that are known or potential risk factors
for CHD. In at least one study, visceral fat expressed and
released more plasminogen activator inhibitor-1, a fibrinolysis
inhibitor, than subcutaneous fat (24). Angiotensinogen
is a potential blood pressure regulator and is also highly
expressed in VAT.

There are currently multiple methods to assess body fat
distribution. The most accurate method is costly and time-
consuming. It is not suitable for large-scale population research.
Since routine access to CT, MRI may be too expensive to be
feasible for many clinicians, and the use of these methods to
image visceral and ectopic fat has historically been reserved
for research purposes, perhaps the most widely used, and
these measurements are taken for WC. Ashwell et al. were
the first to show that there is a correlation between visceral
fat mass and waist-to-hip ratio. However, compared with the
waist-to-hip ratio, WC has a stronger correlation with visceral
fat mass (25).

Obesities, Type 2 Diabetes Mellitus, and
Cardiovascular Outcomes
Obesity is an important driving factor for the development
of type 2 diabetes. Compared with BMI-matched non-type 2
diabetic patients, type 2 diabetic patients have a larger WC and
more VAT (7). A patient with VAT or severe obesity and type 2
diabetes is susceptible to cardiovascular abnormalities and CVD;
their simultaneous presence should further increase the risk
of cardiovascular outcomes (26). The underlying mechanisms
may be ectopic, and visceral obesity is related to insulin
resistance, this may partially mediate the link between obesity,
type 2 diabetes, and cardiovascular risk. Metabolic syndrome
and insulin resistance have been recognized as risk factors
for cardiovascular morbidity and mortality (27). Studies have
also shown that the presence of metabolic syndrome increases
the risk of heart failure. The result of a cross-sectional study
has shown that obesity and type 2 diabetes have an additive
effect on left ventricular remodeling in normotensive patients
(28). A recent study of patients with type-2 DM showed that
compared with those in the first quartile of WC, male patients
in the fourth quartile of WC (WC ≥ 126) had an HR of 1.24
(95% CI: 1.05–1.46) for major adverse cardiovascular events
(MACEs); female patients in the fourth quartile of WC (WC
≥ 122 cm) had an HR of 1.22 (95% CI: 0.96–1.56) for MACEs

(29). Our results suggested that patients with higher levels
of WC coexisted with diabetes had the worst outcome, the
association is still significant after adjustment of other clinical
confounders. Our results provided updated information about
the long-term prognostic role of WC and diabetes in the
general population.

LIMITATIONS OF OUR STUDY

Our study still has some limitations: first, we calculate the
WC at bassline, we did not reevaluate WC during the follow-
up. However, previous studies showed that changes in WC
were not significantly associated with mortality (30). Second,
all included patients were Asians, and the result may not apply
to another population. Another limitation would be the lack
of “gold standard” methods for abdominal obesity, such as
CT or MRI.

CONCLUSION

In conclusion, our study demonstrated that an increased WC
(WC ≥ 94 cm) was associated with increased cardiovascular
death in the general population. Patients with higher levels ofWC
coexisted with diabetes had the worst outcome. WC and diabetes
may provide incremental prognostic value beyond traditional
risks factors.
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