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Abstract
Background:  Metabolic syndrome (MetS) is a cluster of risk factors presaging the development of
cardiovascular diseases and diabetes. It is a risk factor for severe coronavirus disease 2019 (COVID-19).
This study aims to estimate the prevalence of MetS in the US National Health and Nutrition Examination
Survey (NHANES) 2011-2018.

Methods: This cohort study included 22370 eligible participants aged ≥20 years from the NHANES 2011-
2018. MetS was de�ned as the presence of at least three of these components: central obesity, reduced
high-density lipoprotein, elevated triglycerides, elevated blood pressure and elevated fasting blood
glucose. The prevalence of MetS was estimated taking into account the complex sampling. The time
trend was evaluated using logistic regression. Annual percentage changes (APC) were used to measure
the trends in MetS prevalence.

Results: The prevalence of MetS was 36.2% (95% CI, 32.3-40.3), 34.8% (95% CI, 32.3-37.4), 39.9% (95% CI,
36.6-43.2) and 38.3% (95% CI, 35.3-41.3) in 2011-2, 2013-4, 2015-6, 2017-8, respectively (P for trend =.08).
Among the MetS components, the prevalence of elevated glucose increased from 48.7% (95% CI, 45.9-
51.5) in 2011-2 to 64.3% (95% CI, 61.0-67.4) in 2017-8 [P for trend <.001; APC=11.7, (95% CI, 3.5-21.0)].
The prevalence of MetS in non-Hispanic Asian increased from 21.8% (95% CI, 16.7-28.0) in 2011-2 to
31.2% (95% CI, 27.4-35.3) in 2017-8 [P for trend <.001; APC=14.6, (95% CI, 2.5-34.8)].

Conclusions: The prevalence of MetS remained stable from 2011 to 2018, but increased among non-
Hispanic Asians. Lifestyle modi�cation is needed to prevent metabolic syndrome and the associated
risks of diabetes and cardiovascular disease.

Background
Metabolic syndrome (MetS) is a cluster of conditions comprising central obesity, elevated blood pressure,
hyperglycemia, hypertriglyceridemia and reduced high-density lipoprotein-cholesterol (HDL) that are
associated with the development of type 2 diabetes mellitus and cardiovascular disease.1 In the National
Cholesterol Education Program’s Adult Treatment Panel III de�nition, a person with three or more criteria
above is deemed to have MetS.2 We and other groups have shown that MetS is also associated with
hypertension, stroke, cancer and increased mortality.3-5 Recent studies have revealed that MetS and its
components are highly associated with the susceptibility to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection and the severity of coronavirus disease 2019 (COVID-19).6,7

Therefore, diagnosing metabolic syndrome is clinically important because it prompts clinicians to look
for the myriad of diseases associated with it, helps patients to understand the causes of their seemingly
diverse ailments, and paves the way for the prevention of the complications of MetS, such as
cardiovascular diseases, and severity of COVID-19, through pharmacologic and non-pharmacologic
therapy.8 
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At the societal level, the prevalence of MetS is an index of the cardiometabolic health of the population. In
the US, it has been reported many times that the prevalence of diabetes has been increasing and has
reached epidemic proportions.9 Abdominal obesity, or central obesity, leads to a state of systemic
in�ammation and insulin resistance. It plays a major role in the pathogenesis of MetS.10 Previous reports
have highlighted a steady increase in the prevalence of MetS in the US.11, 12 However, its prevalence
appears to have reached a plateau in 2016, with no evidence of further increases.13 The prevalence was
34%, 33%, and 34.7% in 1999-2006,14 2003-2012,15 and 2011-2016,13 respectively. This may seem
surprising against the background of an obesity and diabetes epidemic, which would be expected to
increase the  prevalence of MetS as they are components of the syndrome.16 

Socioeconomic status (SES), re�ecting education, occupation and income, is known to be a powerful
predictor of morbidity and mortality.17 Previous studies have shown greater decline in the prevalence of
obesity, diabetes and cardiovascular diseases among people of higher SES in the US.18 The prevalence
and time trends in MetS in people with different SES warrants investigation.

Therefore, we used the latest �gures up to 2018 to estimate the latest prevalence of MetS in US adults,
and in gender, age, ethnic and socioeconomic subgroups.

Methods
Description of the study

The US National Health and Nutrition Examination Survey (NHANES) is a continuous and longitudinal
survey since 1999. It received ethical approval from the National Center for Health Statistics Ethics
Review Board. Written consent was obtained from all adult subjects. A cross-sectional, strati�ed,
multistage probability sampling method was used to obtain a nationally representative sample of the US
population ≥ 20 years of age. Demographics, examination, questionnaire, and laboratory data covering
the period 2011-2018 were extracted.19 Pregnant women were excluded to reduce bias associated with
weight, hypertension, and gestational diabetes.

De�nition 

Self-reported race/ethnicity was categorized into the following subgroups: Hispanic, non-Hispanic white,
non-Hispanic black, non-Hispanic Asian, and ‘other’. Hispanic race/ethnicity includes Mexican American
and other Hispanic races. Other race/ethnicity includes other non-Hispanic races, including non-Hispanic
multiracial. Educational level was categorized into four subgroups: less than 11th grade, high school,
some college, and college or above. The household income is based on a comparison of family income
with the poverty threshold determined by the U.S. Bureau of Census. The household income was
classi�ed as < 130%, 130-349%, and ≥ 350%. MetS was de�ned according to the National Cholesterol
Education Program’s Adult Treatment Panel III as having at least three of the following diagnostic criteria:
waist circumference greater than 102 cm in men or 88 cm in women, triglyceride level greater than 150
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mg/dL, high-density lipoprotein cholesterol less than 40 mg/dL in men or less than 50 mg/dL in women,
systolic blood pressure at least 130 mm Hg or diastolic blood pressure at least 85 mm Hg or taking
hypertension medications, or fasting plasma glucose level at least 100 mg/dL or taking diabetes
medications.2, 20

Statistical analysis  

Statistical analysis was performed in STATA (version 15.0). Four discrete 2-year cycles of continuous
NHANES (2011-2012, 2013-2014, 2014-2016, 2017-2018) were analyzed using complex sample weights
accounting for unequal probabilities of selection, nonresponse bias, and oversampling. Chi-square tests
and Kruskal-Wallis were used to compare categorical and continuous variables, respectively. Trends were
assessed using logistic regression after regressing metabolic syndrome on year (prevalence was treated
as an outcome variable and cycle year was modeled as a continuous predictor).  Annual percentage
changes (APC) were calculated to measure the trends in MetS during 2011-2018 using the Joinpoint
Regression Program, Version 4.9.0.0 (Statistical Research and Applications Branch, National Cancer
Institute). All analyses were 2-tailed, and P<0.05 was considered statistically signi�cant.

Results
Characteristics of study participants

We included 22370 adult participants [mean age 47.9 years (95% CI, 47.3-48.6), 48.6% (95% CI, 47.5-49.6)
men] from the four most recent 2-year cycles of continuous NHANES (2011-2012, 2013-2014, 2014-2016,
2017-2018). The percentage of adults that underwent an examination in these cycles was 69.5%, 68.5%,
58.7%, and 48.8%, respectively.21 Their characteristics of participants included in this study by gender,
age group, race/ethnicity and socioeconomic status are shown in Table 1. The percentages of each
component of MetS among the study participants are shown in Figure 1. The percentage of elevated
glucose increased from 48.7% (95% CI, 45.9-51.5) in 2011-2 to 64.3% (95% CI, 61.0-67.4) in 2017-8 [P for
trend <.001; APC=11.7, (95% CI, 3.5-21.0)], whereas the percentage of reduced HDL, central obesity,
elevated triglyceride and blood pressure remained stable in participants from 2011-2014 to 2017-2018
(All P for trend >.05). 

Overall prevalence of MetS in 2011-2018

Among 22370 participants, 5820 ful�lled the criteria for MetS, giving an overall prevalence of 37.3% (95%
CI, 35.7-39.0). The prevalence was not signi�cantly different among men and women [37.9% (95% CI,
35.6-40.2) vs 36.8% (95% CI, 34.7-39.0), P =.48]. As expected, the prevalence increased with age (Table 2).
It increased from 20.1% (95% CI, 18.1-22.4) in the 20-39 age group to 53.7% (95% CI, 50.7-56.7) in those
aged ≥ 60 years (P <.001). It was highest in non-Hispanic Whites (39.3%; 95% CI, 37.1-41.0) and lowest in
non-Hispanic Asians (24.0%; 95% CI, 21.6-26.6). 

Trends in the prevalence of MetS in 2011-2018
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The prevalence of MetS was 36.2% (95% CI, 32.3-40.3), 34.8% (95% CI, 32.3-37.4), 39.9% (95% CI, 36.6-
43.2) and 38.3% (95% CI, 35.3-41.3) in 2011-2, 2013-4, 2015-6, 2017-8, respectively. The overall weighted
prevalence of MetS remained stable across the four 2-year cycles (P for trend =.08). The percentage of
MetS prevalence in non-Hispanic Asian increased from 21.8% (95% CI, 16.7-28.0) in 2011-2 to 31.2% (95%
CI, 27.4-35.3) in 2017-8 [P for trend <.001; APC=14.6, (95% CI, 2.5-34.8)].

Prevalence of MetS by socioeconomic status 

High SES was associated with a low prevalence of MetS (Table 2). During 2011-2018, the weighted
prevalence of MetS among college graduates was lower (29.5%; 95% CI, 27.0-32.1) than among those
with some college (39.6%; 95% CI, 36.8-42.5) and those who were high school graduates or less [41.4%
(95% CI, 38.0-44.9), 42.3% (95% CI, 39.4-45.3), respectively; P <.001]. The prevalence of MetS was lower in
the household income ≥350% group (35.1%; 95% CI, 32.2-38.0) than the 130%-349% group and the
<130% group [39.9% (95% CI, 37.5-42.2) and 38.4% (95% CI, 35.7-41.2), respectively; P =.02). 

Discussion
This is a report of the most up-to-date estimates of the prevalence of MetS in US adults. Our results
showed no signi�cant overall change in the prevalence of MetS since 2011. This conclusion is in line with
a recent analysis of MetS prevalence in NHANES 2011-2016.13 As there might be a time lag between
obesity and the development of diabetes and hypertension, it would be premature to conclude that the
epidemic of obesity and diabetes would not result in a higher incidence of MetS in the future. Indeed, our
analysis showed a rising trend in hyperglycemia, and so highlights the pressing need for measures to
prevent diabetes in the US. On the basis of the 2018 census numbers for U.S. adults aged ≥20 years
(∼247 million), we estimate that about 93 million people had the metabolic syndrome in 2018, which
exceeded the prevalence of 50 million in 1990, and 64 million in 2000.22 

We also investigated the prevalence of MetS in gender, age and ethnic subgroups. Older individuals have
a higher prevalence of MetS due to the increase in the prevalence of hypertension and diabetes with
age.23, 24 The increased overall prevalence of MetS was to a large extent driven by the increased
prevalence in MetS in this age group. As the elderly population increases, the number of people with MetS
is set to increase. A study showed that only 20.4% of older US adults had satisfactory health
metrics.7 The increase in MetS and the associated increase in diabetes, hypertension and cardiovascular
disease will increase the population disease burden in the coming years.25

The rise in the prevalence of MetS in non-Hispanic Asians in the US should not be overlooked. Asian
Americans are the fastest-growing racial-ethnic minority in the United States. In 2018, Asian Americans
comprised 6.5% of the U.S. population.26 Despite the seemingly low rate of obesity in Asian Americans,
they are prone to MetS and type 2 diabetes for the same BMI as other ethnic groups.27, 28 Conversely, non-
Hispanic blacks in the US have relatively higher lean mass and lower fat mass.29 The impact of high BMI
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on the development of diabetes and hypertension shows ethnic differences, with the greatest impact seen
among Asians and the least impact among blacks.30, 31 

We observed that the prevalence of MetS decreased with elevated educational attainment and income.
People of low SES were more likely to have MetS. Possible explanations might include unhealthy lifestyle,
diet habits, and poorer access to healthcare. Those with lower SES tend to have an unhealthy lifestyle,
including smoking and alcohol consumption which could aggravate the potential risks of MetS.32 People
with low income might prefer higher energy density food at less cost, which results in higher energy
intake and increased risk of obesity.33 Obese and obesity are closely related to development of MetS. Low
SES is also related to psychiatric illnesses which can also result in metabolic syndrome by inducing
unhealthy behaviors such as alcohol consumption, smoking, poor diet, sleeping disorder and poor
adherence to treatment.34, 35

MetS is associated with severe COVID-19.7 Nearly half of COVID-19 patients had a comorbidity such as
hypertension and diabetes.36 Obesity confers a 2.4-fold higher odds of developing severe pneumonia in
COVID-19.37 The high prevalence of MetS in the US and its increasing trend are worrying, since it may
suggest that a substantial proportion of the US population is at risk of COVID-19 and its complications.

There are some limitations in this study that should be acknowledged. Firstly, the NHANES is a cross-
sectional survey that collected data from different participants in each time interval failing to provide
longitudinal follow-up data. Secondly, NHANES used a recall questionnaire for some variables, especially
the antihypertension and anti-diabetes medications, prone to recall and response bias. Thirdly, the
number of participants, especially with triglyceride and high-density lipoprotein cholesterol, is relatively
small.

Conclusions
The prevalence of MetS in the US has not increased signi�cantly in 2011-8. It was 36.2% (95% CI, 32.3–
40.3) in 2011-2 and 38.3% (95% CI, 35.3–41.3) in 2017-8. This may be a re�ection of the type 2 diabetes
epidemic in the US. Lifestyle modi�cation including healthy diet and regular physical activity would help
to reduce the risk of developing MetS. This is especially important in Asian Americans and people of low
SES. The early recognition of MetS, the prompt modi�cations of lifestyle may forestall the late
complications of MetS including cardiovascular disease.

Abbreviations
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COVID-19: coronavirus disease 2019

NHANES: National Health and Nutrition Examination Survey



Page 7/15

APC: Annual percentage changes
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Characteristics

Unweighted No.  Weighted (%) [95% CI] P value 

for
trend

Total No.(%)

[95% CI]2011-2012 2013-2014 2015-2016 2017-2018

N 5503(24.2)

[21.5-27.1]

5704(24.7)

[22.5-37.1]

5649(25.3)

[22.6-28.1]

5514(25.8)

[23.5-28.3]

.88 22370

Male  2740(48.3)

[45.7-50.8]

2758(48.5)

[46.4-50.6]

2747(48.7)

[46.8-50.6]

2702(48.7)

[46.6-50.8]

.99 10947(48.6)

[47.5-49.6]

Age, y

Mean

(95%CI)

47.67

(46.37-
48.96)

47.62

(46.33-
48.90)

47.92

(46.68-
49.16) 

48.42

(47.13-
49.71)

.81 47.91

 (47.28-
48.55)

20-39 1903(35.5)

[31.0-40.3]

1892(35.6)

[32.6-38.8]

1887(35.3)

[32.6-38.2]

1636(35.6)

[32.9-38.3]

.88 7318(35.5)

[33.8-37.2]

40-59 1809(38.0)

[34.3-42.0]

1971(37.5)

[34.8-40.4]

1861(36.3)

[33.6-39.1]

1728(35.2)

[31.3-39.3]

7369(36.7)

[35.0-38.5]

>=60 1791(26.4)

[24.1-28.9]

1841(26.8)

[23.7-30.3]

1901(28.4)

[25.4-31.7]

2150(29.2)

[24.9-33.9]

7683(27.8)

[26.1-29.5]

Ethnicity

Hispanica 1107(14.2)

[10.2-19.4]

1264(14.8)

[10.3-20.8]

1740(15.0)

[10.2-21.4]

1237(16.3)

[12.2-21.4]

.11 5348(15.1)

[12.7-17.8]

Non-Hispanic
White

2023(66.6)

[58.9-73.5]

2449(66.5)

[59.2-73.0]

1846(63.8)

[55.3-71.6]

1921(61.8)

[56.9-66.6]

8239(64.6)

[61.6-68.1]

Non-Hispanic
Black

1437(11.4)

[7.7-16.6]

1157(11.4)

[ 8.8-14.7]

1182(11.4)

[7.3-17.3]

1283(11.3)

[8.3-15.3]

5059(11.4)

[9.5-13.5]

Non-Hispanic
Asian

785(5.3)

[3.6-7.7]

660(5.2)

[3.9-7.0]

681(5.8)

[4.2-8.0]

800(5.6)

[4.0-8.0]

2926(5.5)

[4.6-6.5]

Otherb 151(2.5)

[1.5-4.2]

174(2.1)

[1.5-2.9]

200(4.0)

[2.8-5.7]

273(4.9)

[3.5-6.8]

798(3.4)

[2.8-4.1]

Education

< 11th grade 1325(17.5)

[13.9-21.6]

1231(16.2)

[12.8-20.4]

1351(15.1)

[11.4-19.7]

1105(11.8)

[9.9-14.0]

<.001 5012(15.1)

[13.4-16.9]
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High School 1161(19.9)

[16.3-24.0]

1291(20.9)

[17.4-25.0]

1221(21.6)

[18.1-25.6]

1314(27.9)

[24.9-31.1]

4987(22.7)

[20.9-24.5]

Some college 1630(31.5)

[28.5-34.8]

1747(32.4)

[29.2-35.8]

1670(31.6)

[27.9-35.6]

1758(30.7)

[26.2-35.6]

6805(31.6)

[29.7-33.5]

College
graduate or
above

1382(31.2)

[25.3-37.6]

1428(30.5)

[26.1-35.2]

1402(31.6)

[25.1-39.0]

1324(29.6)

[24.2-35.5]

5536(30.7)

[27.8-33.7]

Poverty to income ratio

<130% 1818(24.1)

[20.4-28.2]

1807(25.6)

[19.4-32.9]

1622(21.1)

[17.9-24.7]

1331(20.1)

[17.8-22.5]

.21 6578(22.7)

[20.6-25.0]

130%-349% 1695(36.2)

[31.5-41.2]

1811(34.2)

[31.5-37.0]

1985(37.7)

[34.5-41.0]

1971(37.8)

[33.6-42.2]

7462(36.5)

[34.5-38.4]

≥350% 1498(39.7)

[32.8-47.0]

1636(40.2)

[33.5-47.4]

1411(41.2)

[36.4-46.2]

1430(42.2)

[37.4-47.1]

5975(40.8)

[37.8-43.9]

Data are represented as percentage (95% con�dence interval)

a Mexican American or other Hispanic race.

b Other non-Hispanic races, including non-Hispanic multiracial.

Table 2. Prevalence of Metabolic syndrome by Gender, Age Group, Race/Ethnicity 
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Unweighted No. (Weighted %) [95% CI] P value
for trend
cross the
years

Total
unweighted
No.
(weighted
%)

[95% CI]

2011-2012 2013-2014 2015-2016 2017-2018

MetS 1330(36.2)

[32.3-40.3]

1432(34.8)

[32.3-37.4]

1543(39.9)

[36.6-43.2]

1515(38.3)

[35.3-41.3]

.08 5820(37.3)

[35.7-39.0]

Gender

Male 623(37.1)

[32.7-41.8]

641(34.8)

[30.7-39.2]

705(40.5)

[35.9-45.3]

694(38.8)

[34.2-43.7]

.32 2663(37.9)

[35.6-40.2]

Female 707(35.3)

[30.9-39.9]

791(34.8)

[31.4-38.4]

838(39.3)

[35.4-43.3]

821(37.7)

[33.1-42.7]

.33 3157(36.8)

[34.7-39.0]

P value .37 >.99 .66 .78   .48

Age, y

20-39 205(17.4)

[14.6-20.6]

227(20.1)

[16.1-24.7]

241(21.2)

[17.1-26.0]

204(21.7)

[17.1-27.3]

.35 877(20.1)

[18.1-22.4]

40-59 484(40.9)

[35.2-47.0]

533(37.4)

[34.5-40.5]

556(46.3)

[39.6-53.1]

509(41.6)

[36.8-46.5]

.08 2082(41.5)

[38.9-44.2]

≥60 641(54.6)

[45.8-63.2]

672(50.8)

[45.0-56.6]

746(54.9)

[49.2-60.5]

802(54.4)

[51.5-57.2]

.71 2861(53.7)

[50.7-56.7]

P value <.001 <.001 <.001 <.001   <.001

Ethnicity

Hispanic 287(34.2)

[28.4-40.4]

341(33.2)

[28.5-38.4]

554(39.4)

[33.8-45.3]

381(40.0)

[36.2-43.9]

.11 1563(36.9)

[34.4-39.4]

Non-Hispanic
White

538(38.2)

[33.9-42.8]

658(36.9)

[33.6-40.3]

531(42.1)

[38.0-46.3]

555(39.0)

[35.2-42.9]

.27 2282(39.3)

[37.1-41.0]

Non-Hispanic
Black

373(33.5)

[30.0-37.2]

310(33.2)

[30.0-36.5]

306(33.4)

[28.5-38.7]

338(33.9)

[30.2-37.8]

.99 1327(33.5)

[31.5-35.6]

Non-Hispanic
Asian

103(21.8)

[16.7-28.0]

95(19.3)

[15.4-23.8]

91(22.9)

[18.3-28.3]

156(31.2)

[27.5-35.3]

< .001 445(24.0)

[21.6-26.6]

Other 29(35.0) 28(30.0) 61(49.8) 85(41.9) .14 203(41.2)
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( )
[15.3-61.6]

( )
[19.3-43.4]

( )
[38.7-61.0]

( )
[28.7-56.3]

( )
[33.7-49.1]

P value <.001 <.001 <.001 <.001   <.001

Education level

< 11th grade 382(41.1)

[36.3-46.2]

379(40.3)

[34.0-46.9]

429(41.6)

[34.9-48.7]

366(47.4)

[43.4-51.5]

.14 1556(42.3)

[39.4-45.3]

High School 310(40.3)

[35.7-45.1]

355(37.9)

[32.2-44.0]

344(43.6)

[36.2-51.2]

382(43.0)

[35.8-50.6]

.61 1391(41.4)

[38.0-44.9]

Some college 390(38.6)

[31.8-45.8]

456(38.7)

[33.9-43.7]

482(42.3)

[37.3-47.5]

483(38.8)

[33.2-44.7]

.70 1811(39.6)

[36.8-42.5]

College
graduate or
above

247(28.3)

[22.0-35.6]

241(25.8)

[22.9-28.8]

287(34.1)

[29.2-39.3]

281(29.5)

[24.8-37.4]

.05 1056(29.5)

[27.0-32.1]

P value .003 <.001 .03 <.001   <.001

Poverty to income ratio

<130% 473(36.9)

[32.7-41.3]

506(35.2)

[31.4-39.3]

487(39.6)

[33.6-46.1]

388(43.1)

[35.8-50.8]

.27 1854(38.4)

[35.7-41.2]

130%-349% 431(36.0)

[32.0-40.2]

477(39.5)

[35.4-43.7]

576(40.5)

[34.6-46.6]

600(43.1)

[38.8-47.6]

.15 2084(39.9)

[37.5-42.2]

≥350% 319(35.0)

[28.3-42.3]

341(31.9)

[27.4-36.8]

331(40.0)

[34.7-45.4]

345(33.5)

[28.4-39.0]

.16 1336(35.1)

[32.2-38.0]

P value .86 .03 .99 .006   .02

Figures
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Figure 1

The Percentage of Participants with Each Component of MetS * P<.001 for the trend of the MetS
components Central obesity was de�ned as waist circumference ≥102 cm in men or ≥ 88 cm in women.
High triglyceride was de�ned as plasma triglyceride ≥ 150 mg/dL Low HDL was de�ned as high-density
lipoprotein cholesterol (HDL) < 40 mg/dL in men or < 50 mg/dL in women Hypertension was de�ned as
systolic blood pressure ≥ 130 mm Hg, or diastolic blood pressure ≥ 85 mm Hg, or taking hypertension
medications High glucose was de�ned as fasting plasma glucose ≥ 100 mg/dL or taking diabetes
medications


