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Abstract

Aim: We aimed to describe the trends in the prevalence, intervention, and control of metabolic syndrome (MetS)
among US adults through 1999-2018. Additionally, the influence factors of MetS and its control were further explored.

Methods: We included participants older than 20 using the National Health and Nutrition Examination Survey
(NHANES) from 1999 to 2018 (n=22,114). The rate of prevalence, intervention, and control of MetS were caculated by
survey weights. Joinpoint regression and survey-weighted generalized linear models were used to analyze trends and
influence factors, respectively.

Results: The prevalence of MetS increased from 28.23 to 37.09% during 1999-2018 (P for trend <0.05). The former
smoker (OR=1.20, 95%Cl: 1.07, 1.36) and current smoker (OR=1.27,95%Cl: 1.11, 1.45) increased the prevalence of
MetS. While vigorous activity (OR=0.53, 95%Cl: 0.47, 0.61) decreased it. Among MetS components, the prevalence of
elevated blood-glucose (from 21.18 to 34.68%) and obesity (from 44.81 to 59.06%) raised (P for trend <0.05), with an
uptrend in the use of antidiabetic (from 9.87 to 28.63%) and a downtrend of vigorous activity (from 23.79 to 16.53%)
(P for trend < 0.05). Decreased trends were observed in the control of Hb1Ac (< 7%) (from 87.13 to 84.06%) and BMI
(<25 kg/mz) (from 11.36 to 7.49%). Among MetS underwent antidiabetic, 45-64 years old and male decreased the
control of HbTAC (< 7%). The control of BMI (<25 kg/mz) among individuals with physical activity was reduced mainly
in the population of younger (aged 20-44 years old), male, non-Hispanic black, middle income and smoker (former
and current).

Conclusions: The prevalence of MetS increased significantly through 1999-2018. Elevated blood glucose and
obesity were the main causes of MetS burden. Quitting smoking and increasing physical activity may decrease the
prevalence of MetS. In the control of blood-glucose and obesity, we should screen out the focus population to modify
treatment and improve lifestyle.
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Introduction

Metabolic syndrome (MetS) is a constellation of meta-
bolic abnormalities characterized by hyperglycemia,
dyslipidemia, hypertension, and abdominal obesity [1].
Each component of MetS may increase the risk of cardio-
vascular disease occurrence [2], diabetes developing [3],
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stroke recurrence [4], and all-cause mortality [5]. In the
2022 statistical update of heart disease and stroke [6], the
prevalence of cardiovascular disease (including coronary
heart disease, heart failure, stroke, and hypertension) in
adults >20years old was 49.2% overall; meanwhile, an
average of 19 million deaths was attributed to cardio-
vascular disease globally in 2020. Thus, it is crucial for
the prevention and control of cardiovascular diseases to
understand trends in the prevalence of MetS and the sta-
tus of its intervention and control.

The prevalence of diabetes increased significantly from
9.8% in 1999-2000 to 14.3% in 2017-2018, with a decline
in glycemic control (HblAc <7%) from 57.4 to 50.5%
among the adult National Health and Nutrition Examina-
tion Survey (NHANES) participants with diabetes [7, 8].
The estimated US prevalence of severe dyslipidemia was
6.6%, while the statin use among them was uniformly low
at 37.6 % [9]. In 2019, the global age-standardized preva-
lence of hypertension in adults aged 30-79years was 32%
in women and 34% in men, among whom the control rate
was only 23 and 18%, respectively [10]. From 1999 to 2000
to 2017-2018, the prevalence of obesity increased from
30.5 to 42.4% among adults [11]. Previous studies reported
that the prevalence of MetS was 23.7% in 1988-1994
and 23% in 2003-2014 among US adults [12, 13]. Trend
analysis showed that the prevalence of MetS decreased
from 25.5 to 22.9% during 1999-2010, and subsequently
increased from 32.5 to 36.9% through 2011-2016 in the
US adult [14, 15]. During 1999-2018, US cardiometabolic
health, defined by optimal levels of blood glucose, blood
lipids, blood pressure, and adiposity, has been poor and
worsening, with only 6.8% of adults having optimal cardio-
metabolic health [16], which may reflect an unoptimistic
status of MetS.

The influence factors of MetS and its control are very
important for the improvement of MetS burden. Chitrala
et al. [17] discovered that there was race-specific altera-
tion in DNA methylation among middle-aged African
Americans and Whites with MetS. Krijnen et al. [18]
found that education was inversely associated with MetS
development for males; education, income and occu-
pational prestige were inversely associated with MetS
development for females. Besides, therapeutic lifestyle
changes, such as a Mediterranean diet and exercise,
could decrease the risk of MetS [19]. Thus, demographics
characteristics, socioeconomic position and lifestyle are
main factors for the prevalence of MetS and its control.

However, there was no estimation of the trend in the
prevalence, intervention, and control of MetS over
20vyears period in US, especially no update after 2016.
Concurrently, there was few studies to explore the influ-
ence factors of MetS control after the intervention.
The objectives of our study were to update the national
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trend in the prevalence of MetS and assess the ten-
dency of medication use and metabolic risk factors con-
trol in MetS among US adults. Furthermore, we explore
the influence factors of MetS and its control after the
intervention.

Material and methods
Data collection
The NHANES is a complex, multistage sampling design
and nationally representative survey to monitor the
health of the US population conducted by the Centers
for Disease Control and Prevention [20]. Participants
were recruited from the US non-institutionalized, civil-
ian population, who underwent 4 stages of selection:
counties, segments, households, and individuals. Data
were collected through in-home interviews and study
visits to a mobile examination center (MEC), releasing
in every 2-year. The study protocols of NHANES were
approved by the NCHS Research Ethics Review Board
and obtained participants’ written informed consent [21].
Our study included the participants in the NHANES
from 1999 to 2018 who were more than 20years old and
nonpregnant. We selected individuals who fasted for 8h
or more and had complete information on glucose, HDL,
triglycerides, blood pressure, and waist circumference.
We excluded persons with no information on sampling
design parameters, including primary sampling units
(PSUs), stratum, and fasting subsample weight.

Definition of metabolic syndrome

MetS was defined based on the National Cholesterol
Education Program’s Adult Treatment Panel III (ATP
III) as having 3 or more of the following [22]: 1) fasting
plasma glucose level at least 5.6 mmol/L (or 100 mg/dL)
or drug treatment for elevated blood glucose; 2) high-
density lipoprotein (HDL) cholesterol less than 40mg/
dL (or 1.0mmol/L) in men or less than 50mg/dL (or
1.3mmol/L) in women or drug treatment for low HDL; 3)
triglyceride level greater than 150 mg/dL (or 1.7 mmol/L)
or drug treatment for elevated triglyceride; 4) waist cir-
cumference greater than 102cm in men or 88cm in
women; 5) systolic blood pressure at least 130 mmHg,
diastolic blood pressure at least 85mmHg or taking
hypertension medications.

Medication use

During the household interview, survey participants
were asked if they had taken any prescription medica-
tions in the past 30days. For those who answered “yes’,
the medication containers of all the products used should
be shown to the interviewer. If containers were unavail-
able, participants could report the name of the medica-
tion. When the interviewer entered the medication name
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into the computer, the name was automatically identified
as an exact match or similar text matches [23]. The usage
of antidiabetic (yes or no), antihyperlipidemic (yes or no),
and antihypertensive (yes or no) were obtained by drug-
classification codes.

Metabolic risk factors control

The metabolic risk factors and control standards were
based on the diagnosis and the management of MetS in
ATP III [22], including glycated hemoglobin (HbAlc),
fasting blood-glucose, triglyceride, HDL, blood pressure,
and body mass index (BMI). The hematological indica-
tors were measured following the NHANES protocol.
Blood pressure was measured on the same arm three
consecutive times with a mercury sphygmomanometer,
calculated for average. BMI was calculated as weight
in kilograms divided by height in meters squared. We
defined glycemic control as HbAlc <8.0% and <7.0%, and
fasting blood-glucose <5.6 mmol/L (or 100 mg/dL). Lipid
control was regarded as HDL > 40 mg/dL (or 1.0 mmol/L)
in men and > 50mg/dL (or 1.3mmol/L) in women, and
triglyceride <150mg/dL (or 1.7mmol/L). Blood pres-
sure control was ruled by <140/90mmHg and a more
stringent target of <130/80mmHg. Obesity status was
stated by BMI: thin (< 18.5kg/m?), normal weight (18.5—
24.9kg/m?), overweight (25.0-29.9kg/m?), and obesity
(>30.0kg/m?) [24].

Social demography and lifestyle characteristics
Participants reported sociodemographic factors, includ-
ing age, sex (male and female), race (non-Hispanic white,
non-Hispanic black, Mexican American, Non-Hispanic
Asian and other race), marital status (yes and no), edu-
cation level (less than high school, high school graduate,
some college, and college graduate or above), insurance
status (uninsured and any insurance), income-to-pov-
erty ratio (PIR) (<1, 1-2, 2-3.5 and > 3.5) [25]. Lifestyle
information was obtained from questionnaires, includ-
ing alcohol, smoking status, and activity. The activity was
divided into three levels: vigorous, moderate and no. The
alcohol use was divided into two categories: yes (more
than 12 drinks) and no. The smoking status was grouped:
never smoked (smoked less than 100 cigarettes in life);
former smoker (smoked at least 100 cigarettes in life and
not at all now); current smoker (smoked at least 100 ciga-
rettes in life and smoked some days or every day now).

Statistical analysis

NHANES data was extracted and preprocessed by
“nhanesR package” NHANES provided weights to ensure
the representative and unbiased estimation of the total
civilian noninstitutionalized US population. Fasting sub-
sample weight was selected in this study. The prevalence
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and proportion were weighted by 2-year weights, as well
as the characteristics distribution. While, we combined
20-year weights to calculate the total prevalence or pro-
portion, and analyze the influence factors.

The estimation of weighted prevalence and proportion
were both conducted by “survey package” that was spe-
cially handled complex sample design surveys, summa-
rized as mean and 95% confidence interval (CI). Joinpoint
regressions were used to calculate average annual per-
cent change (AAPC) and its 95% CI, determining trends
in log-transformed prevalence, intervention, and control
of MetS, allowing 1 joinpoint. The Monte Carlo method
was used to select the best-fitting model and identify
the point of change in trends (joinpoint) [26]. When the
AAPC and its 95% CI were both greater than 0, the rate
indicated an uptrend; on the contrary, when the AAPC
and its 95% CI were both less than 0, the rate indicated
a downtrend; any AAPC with a 95% CI overlapping with
zero was considered stable trend.

Rao-Scott y* test was used for assessing the discrepancy
of distribution over time in sociodemographic and life-
style factors. Survey-weighted generalized linear models
were performed to evaluate odds ratio (OR) and 95% CI
by “survey package” (family = quasibinomial), estimating
the factors associated with the prevalence of MetS, and
the factors for the control of MetS after the intervention.

Statistical analyses were performed with R version 4.1.1
software and Joinpoint regressions Program 4.9.0.0. Sta-
tistical significance was <0.05.

Result

Trend in the prevalence of MetS

For analyzing the trend in the prevalence of MetS, 22,114
participants were included, representing an estimated
203,067,836 US adults aged 20 or older (Fig. 1; sTablel).
A total of 7733 patients satisfied the diagnosis criteria
of MetS, with a prevalence of 31.43%. The prevalence of
MetS components, elevated blood glucose, reduced HDL,
elevated triglyceride, obesity, and elevated blood pressure
were 27.61, 40.32, 26.58, 54.57, and 31.61%, respectively.
The estimated prevalence of MetS increased significantly
from 28.23 to 37.09% from 1999 to 2018, with a 1.385%
(95% CI: 0.778, 1.996%) relative increase per 2-year cycle
(Table 1; Fig. 2 A; A significant increase in the estimated
prevalence of MetS was observed in the following popu-
lation over the study period: more than 65 years old (from
50.78 to 63.02%; P< 0.001 for trend), non-Hispanic white
adults (from 28.32 to 38.33%; P=0.003 for trend), Mexi-
can American adults (from 25.36 to 40.64%; P=0.005
for trend), married (from 29.44 to 41.14%; P=0.016
for trend) or not (from 27.11 to 32.67%; P=0.003 for
trend), insured adults (from 29.29 to 38.56%; P=0.033
for trend), alcohol (from 25.44 to 36.91%; P< 0.001 for
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Fig. 1 Flow chart

trend) and no activity (from 34.95 to 44.53%; P=0.035
for trend). The inflection point, the annual rate of change
before or after inflection, and AAPC in the prevalence of
MetS were shown in Additional file 3 sTable 2.

Among the trends in the prevalence of MetS com-
ponents, only elevated blood glucose (from 21.18 to
34.68%) and obesity (from 44.81 to 59.06%) were increas-
ing significantly, with 3.337% (95%CI: 2.072, 4.618%)
and 1.597% (95%CI: 0.678, 2.526%) relative increase per
2-cycle, respectively, from 1999 to 2000 to 2017-2018
(Additional file 4 sTable 3- Additional file 8 sTable 7,
Fig. 2 A). The relative rate change per 2-year cycle in the
prevalence of MetS components was displayed in Addi-
tional file 3 sTable 2. There was an upward trend both
in the prevalence of elevated blood glucose and obesity
among the population of 20-44years old, more than
65years old, female, non-Hispanic white, non-Hispanic
black, Mexican American, all marital status, low educa-
tion level, any insurance, low economic level, smoking
now, no activity, and overweight (all P for trend <0.05).

Analysis of influence factors for MetS

Univariate analysis showed that the estimated preva-
lence of MetS was significantly higher in older, non-
Hispanic white, married, low level of education, insured
adults, middle economic level, didn’t drink alcohol, for-
mer smoker, no activity, and obesity (Additional file 9
sTable 8). There was a statistical difference in the preva-
lence of each component of MetS in sociodemographic
and lifestyle factors (P< 0.05) (Additional file 9 sTable 8).
Establishing survey-weighted generalized linear mod-
els, the association between the prevalence of MetS and

sociodemographic and lifestyle was estimated (Table 2).
After multivariate analysis, the risk factors for MetS were
45-64years old (OR=2.75; 95%CI: 2.42, 3.12), more
than 65years old (OR=6.48; 95%CI: 5.68, 7.39), male
(OR=1.20; 95%CI: 1.08, 1.33), any insurance (OR=1.28;
95%CI: 1.13, 1.45), former smoker (OR=1.20; 95%CI:
1.07, 1.36), current smoker (OR=1.27; 95%CI: 1.11, 1.45),
25 <BMI<30 kg/m2 (OR=4.44; 95%CI: 3.88, 5.09) and
BMIZBO.Ol(g/m2 (OR=16.49; 95%CI: 14.20, 19.14). The
strongest association was found in the more than 65years
old group. While, non-Hispanic black (OR = 0.66; 95%Cl:
0.57, 0.75), college graduate or above (OR=0.70; 95%Cl:
0.59, 0.82), PIR > 3.5 (OR=0.82; 95%CI: 0.69, 0.98), alco-
hol (OR=0.77; 95%CI: 0.69, 0.86), and vigorous activity
(OR=0.53; 95%CI: 0.47, 0.61) decreased the prevalence
of MetS. The factors associated with the prevalence of
MetS components was also shown in Table 2.

Change in the distribution of characteristics among MetS

From 1999 to 2018, the distribution of age and sex, race,
marital status, PIR, and smoking status among NHANES
participants with MetS remained stable (all P>0.05),
whereas the education, insurance status, alcohol, and
activity were changed (all P< 0.05) (Additional file 10
sTable 9; Additional file 1 sFigure 1). Those with a college
degree raised from 13.19 to 22.90% from 1999 to 2018.
The proportion of participants who had any insurance
increased from 85.23 to 89.63% from 1999 to 2001 to
2017-2018. The percentage of alcohol raised from 65.30
to 92.84% during the study period. Details on the changes
in the characteristics of MetS components were provided
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Fig. 2 Trend in prevalence of intervention and control among metabolic syndrome from 1999 to 2018. (A) Prevalence of metabolic syndrome in
adults. (B) Proportion of intervention in metabolic syndrome. (C) Proportion of control in metabolic syndrome

in Additional file 11 sTable 10 to Additional file 15
sTable 14.

Trend in proportion of intervention and control

among MetS

Among MetS, the total proportion of glucose-lowering,
blood lipid regulation, blood pressure lowering, and
vigorous activity were 20.83, 37.73, 12.34, and 15.41%,
respectively (Table 3). From 1999 to 2018, the use of
glucose-lowering and blood-lipid regulation medication
increased from 9.87 to 28.63% and from 16.16 to 45.11%,
respectively; while vigorous activity decreased from
23.79 to 16.53% (all P for trend <0.05) (Table 2; Fig. 2 B).
The use of blood pressure-lowering medication raised
from 9.58 to 15.57% from 1999 to 2000 to 2009-2010
and gradually fell to 9.65% after then. The trends in the
intervention of glucose-lowering, blood-lipid regulation,
blood pressure-lowering, and physical activity in the sub-
group population were shown in Additional file 16 sTa-
ble 15- Additional file 19 sTable 18.

During the whole survey intervals, the control per-
centages of HblAc (<7%), fasting blood glucose
(<5.6mmol/L), HDL (>1.3mmol/L), triglyceride
(<1.7mmol/L), BMI (<25kg/m? and blood pressure
(<130 mmHg) were 86.20, 38.00, 44.48, 39.80, 7.87, and
40.03%, respectively (Table 2). The percentages of par-
ticipants who achieved Hb1Ac <7% and fasting blood
glucose <5.6mmol/L declined from 87.13 to 84.06%
and from 46.22 to 30.40% (all P for trend <0.05) through

the study period (Table 2; Fig. 2 C). Opposite trends
were observed for triglyceride control (<1.7mmol/L)
and blood pressure control (<130 mmHg) from 32.97 to
45.54% and from 33.67 to 39.68% (all P for trend <0.05).
The normal BMI (<25 kg/m?) displayed a downward trend
from 11.36 to 7.49% (all P for trend <0.05). The trends in
the control of HbAlc, triglyceride, BMI, and blood pres-
sure in the subgroup population were shown in Addi-
tional file 20 sTable 19-Additional file 23 sTable 22.

Analysis of influence factors for control of MetS

after intervention

Subsequently, we explored the influence factors of met-
abolic risk-factors control in MetS after intervention
(Table 4). 45—64years old, and male increased the risk
of HblAc uncontrol (>7%) in persons with glucose-
lowering medication among MetS. The younger (aged
20—44years old), non-Hispanic white, and smoking now
were the risk factors for uncontrol of HDL(< 1.3 mmol/L)
and triglyceride (>1.7mmol/L) in persons with lipid-
regulating medication. The uncontrol of BMI (>25kg/
m?) among persons with vigorous or moderate activ-
ity was raised mainly in the population of younger
(aged 20—44years old), male, non-Hispanic black, mid-
dle income (PIR 1-3.5) and smoking (former and cur-
rent). The risk of blood pressure uncontrol in persons
with blood pressure-lowering medication was similar in
most subpopulations, except for the reduced risk of high
income (PIR > 3.5).
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Discussion

The estimated prevalence of MetS and its components
of elevated blood glucose and obesity among US adults
increased significantly between 1999 and 2000 and 2017-
2018, paralleling a recent rise in the prevalence of diabe-
tes [8] and obesity [11]. There were increase in the use of
blood glucose-lowering and decrease in the intervention
of vigorous activity, accompanied by a descent in the con-
trol of blood-glucose and obesity among MetS during the
whole period (Fig. 3). Therefore, elevated blood glucose
and obesity are the main causes of MetS burden, which
is the focus of prevention and control. Quitting smoking
and increasing physical activity may decrease the preva-
lence of MetS. Ultimately, we screened out the focus pop-
ulation of uncontrol for blood-glucose and obesity, whom
should be modified treatment and improved lifestyle in
the management of MetS.

The significant increasing trend in the estimated preva-
lence of MetS mainly consists of four reasons. Firstly,
with the convenience and availability of testing in blood
glucose, blood lipid, blood pressure, and waist circumfer-
ence, an increasing number of apparently healthy people
could be diagnosed with MetS, leading to the augment of
prevalence. Secondly, the increased trend in MetS preva-
lence may in part be a collective product of improved
survival in diabetes, dyslipidemia, hypertension, and
obesity, due to the advance in clinical treatment [27-30]
and management policy [31, 32]. The Global action plan
for the prevention and control of non-communicable dis-
eases 2013-2020 is proposed by WHO aimed to reduce
the preventable and avoidable burden of morbidity, mor-
tality, and disability due to noncommunicable diseases
(including cardiovascular diseases and diabetes) [31].
Correspondingly, America put forward to Plan of Action
for the Prevention and Control of Noncommunicable Dis-
eases for 2012-2025 [32], contributing to the chronic
duration and longer life span in MetS. Thirdly, the bur-
den of MetS among children and adolescents may result
in the increasing prevalence of MetS in adults. A sys-
tematic review with modeling analysis revealed that the
global prevalence of MetS in 2020 at 2.8% for children
and 4.8% for adolescents [33], who may become the adult
MetS with age growth. Last and most important, new
cases were the direct cause of the increased prevalence
of MetS. Our study found that the major subpopulations
with increased MetS prevalence were the older, male,
non-Hispanic white, low level of education and income,
any insurance, BMI > 25kg/m?, smoking and no activity,
which may construct the source of new cases.

The above factors may be the risk factors for the preva-
lence of MetS. With an aging US population and accumu-
lation of cases, prevalence among those aged 65years or
older remained high and presented an increasing trend,
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consistent with previous studies [15]. There was an iden-
tical risk of MetS in non-Hispanic white and Mexican
American but the reduced risk in non-Hispanic black and
female, accompanied by the increasing prevalence trend
of MetS in non-Hispanic white and Mexican American,
which may be related to the differences of race and gen-
der in metabolic status [34]. Our result manifested that
highly educated (college graduate or above) and high-
income (PIR > 3.5) had lower risks of MetS. Meanwhile,
a higher prevalence of MetS and an increasing trend were
observed in the insurance subpopulation. The individu-
als with insurance may reflect a higher state of economic
condition, who were more accessible to physical exami-
nation and aware of the MetS; while persons with high
education and income probably know more about health
knowledge to avoid metabolic risk factors [35]. Our data
showed a lower risk of MetS in alcoholic adults and an
increasing prevalence trend of MetS in alcoholic adults.
The reversal appearance may be related to the increase in
the proportion of people who drink alcohol among MetS.
Drinking alcohol is a double-edged sword for MetS due
to the amount and type of alcohol consumed [36]. In this
study, alcohol meant having at least 12 drinks of any alco-
holic beverage in the past 12months or lifetime, which
may contain a quantity of moderate drinking, associating
with a reduced risk of MetS. Nevertheless, the propor-
tion of alcohol among MetS raised, which may be respect
with an annual increment of 0.2% for alcohol-drinking
prevalence [37]. The risk of MetS was significantly higher
in either former or current smokers, conforming with
the previous investigation [38]. We found that the risk
of MetS decreased with vigorous activity (not moder-
ate activity), in conformity with previous research [39],
in which underlying mechanisms were the improvement
of insulin resistance, acceleration of fat metabolism, and
alleviation of inflammation response [40]. Accordingly,
quitting smoking and increasing physical activity may
decrease the prevalence of MetS.

Since the trend in the prevalence of MetS is increas-
ing, it is necessary to understand the intervention and
control of MetS to provide direction for prevention and
control in the future. Our data showed that the use of
glucose-lowering medication was increasing, while the
control of blood glucose declined among MeS, accom-
panied by the raised prevalence trend of elevated
blood glucose in adults from 1999 to 2018. This inverse
change between hypoglycemic drug use and blood glu-
cose control was corresponding to the researches on
diabetes [7, 8]. We discovered that the 45—64 years old,
and male were the focus population of Hb1Ac uncon-
trol (=7%) in persons with glucose-lowering medica-
tion among MetS. On the one hand, it may indicate
that the treatment strategy is inappropriate in this
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Table 2 Analysis of influence factors for the prevalence of metabolic syndrome and its components

Factors MetS Elevated blood Reduced HDL  Elevated Obesity Elevated blood
glucose triglyceride pressure
Age (years)
20-44 1(reference) 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)
45-64 2.75(242,3.12) 343(3.05,3.85) 1.39(1.26,1.53)  1.34(1.20, 1.50) 2.28(1.94,2.67) 3.13(2.81,349)
>65 6.48(5.68,7.39) 7.39(6.47,843) 252(2.27,2.81)  1.37(1.23,1.54) 3.76(3.12,4.54) 7.22(6.39,8.17)
Sex
Female 1(reference) 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)
Male 1.20(1.08, 1.33) 1.86(1.70, 2.03) 0.98(0.89,1.08)  1.41(1.27,1.56) 0.10(0.08,0.12) 147(1.34,1.61)
Race and ethnicity
Non-Hispanic white 1(reference) 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)
Non-Hispanic black 0.66(0.57,0.75) 1.14(1.01,1.29) 0.62(0.55,0.70)  0.33(0.28,0.37) 0.46(0.38,0.55) 1.88(1.69, 2.09)
Mexican American  1.03(0.90, 1.18) 1 52(T 30,1 78) 0.87(0.77,0.97)  1.14(1.01,1.29) 0.58(0.47,0.71) 0.79(0.69, 0.90)
Non-Hispanic Asian 0. 92(0 75,1.13) 32(1.07,1.62) 1 03(0 87,1.21) 0. 97(0 77,1.21) 045(0 35,0.57) 0. 90(0 73,1.11)
Other race 36(1.11, 1.66) 1.80(1.48,2.18) 15(0.95, 1.39) 29(1.07, 1.55) 51(0.41,0.65) 15(0.97,1.37)
Marital status
No 1(reference) 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)
Yes 1.09(0.96, 1.22) 1.03(0.93,1.13) 1.17(1.07,1.28)  1.06(0.95,1.18) 1.13(0.96, 1.31) 0.97(0.88, 1.06)
Education level
Less than high 1(reference) 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)
school
High school gradu-  1.00(0.86, 1.16) 0.96(0.83,1.11) 0.96(0.83,1.11)  1.00(0.89, 1.14) 0.99(0.83,1.19) 0.99(0.86, 1.15)
ate
Some college 0.88(0.76, 1.02) 0.84(0.73,0.97) 0.91(0.79,1.04)  1.02(0.89,1.17) 0.98(0.81, 1.20) 0.83(0.72,0.94)
College graduate 0.70(0.59,0.82) 0.79(0.68,0.93) 0.79(0.68,0.92)  0.86(0.73,1.02) 0.94(0.75,1.17) 0.61(0.52,0.71)
or above
Insurance status
Uninsured 1(reference) 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)
Any Insurance 1.28(1.13,1.45) 1.16(1.02,1.32) 1.19(1.06,1.33)  1.00(0.89, 1.12) 1.37(1.14,1.64) 1.08(0.96, 1.22)
Income-to-poverty ratio
<1 1(reference) 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)
1-2 0.98(0.85,1.12) 0.95(0.83,1.08) 0.85(0.74,0.98)  1.09(0.95, 1.25) 1.04(0.85,1.27) 1.05(0.92,1.19)
2-35 0.86(0.74,1.01) 0.91(0.79, 1.05) 0.85(0.74,0.98)  0.94(0.81,1.10) 0.85(0.69, 1.04) 1.00(0.86, 1.17)
>35 0.82(0.69,0.98) 0.85(0.73,0.99) 0.78(0.67,091)  0.97(0.83,1.14) 0.74(0.61,0.89) 1.03(0.87,1.21)
Alcohol
No 1(reference) 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)
Yes 0.77(0.69, 0.86) 0.97(0.86, 1.09) 0.74(0.65,0.84)  0.89(0.80,0.99) 0.92(0.78,1.10) 0.80(0.72,0.89)
Smoking status
Never smoked 1(reference) 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)
Former smoker 1.20(1.07,1.36) 1.11(0.97,1.26) 1.03(0.94,1.13)  1.19(1.06, 1.34) 1.27(1.08, 1.49) 1.03(0.93,1.15)
Current smoker 1.27(1.11,1.45) 1.04(0.92,1.17) 1.55(1.38,1.75)  1.49(1.31,1.70) 1.11(0.92,1.35) 0.84(0.74,0.95)
Activity
No 1(reference) 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)
Moderate 0.90(0.80, 1.02) 0.90(0.81,1.01) 0.91(0.82,1.02)  0.92(0.83,1.02) 0.87(0.74,1.02) 1.05(0.93,1.17)
Vigorous 0.53(0.47,0.61) 0.62(0.55,0.71) 0.70(0.62,0.79)  0.67(0.59,0.76) 0.54(0.47,0.62) 0.80(0.70,0.91)
BMI (kg/m?) @
Normal weight 1(reference) 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)
(18.5-24.9)
Overweight 4.44(3.88, 5.09) 2.01(1.77,2.28) 2.07(1.87,231)  2.60(2.31,2.93) 27.55(22.69,33.45)  1.33(1.19,1.48)
(25.0-29.9)
Obesity (=30.0) 16.49(14.20,19.14)  4.79(4.22,5.44) 3.76(3.33,4.24)  4.10(3.63,4.63) 1136.18(867.74, 2.14(1.91,239)
1487.66)

2 BMI< 18.5 kg/m? were excluded; BMI, body mass index
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Table 4 Analysis of influence factors for controlled of MetS after intervention

Factors Hb1Ac> 7% in HDL < 1.3 mmol/L TG > 1.7 mmol/L BMI>25kg/ Blood Pressure of
persons with in persons with in persons with m?in persons >140/90 mmHg in
glucose-lowering lipid-regulating lipid-regulating with vigorous or persons with blood
medication medication medication moderate activity*  pressure-lowering

medication

Age (years)

20-44 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)
45-64 0.60(0.36,0.98) 1.37(0.80,2.34) 1.28(0.78,2.11) 2.23(1.15,432) 1.12(0.52,2.42)
>65 1.07(0.62,1.83) 1.86(1.07,3.23) 2.09(1.23,3.55) 5.55(2.91,10.60) 0.93(0.45,1.94)

Sex

Female 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)
Male 0.60(0.46,0.78) 1.44(1.04,1.98) 1.23(0.97,1.55) 0.40(0.25, 0.64) 1.06(0.71,1.59)
Race and ethnicity
Non-Hispanic white  1(reference) 1(reference) 1(reference) 1(reference) 1(reference)
Non-Hispanic black 0.91(0.65,1.27) 1.81(1.31,2.48) 4.09(2.97,5.63) 0.45(0.25,0.79) 0.79(0.54,1.15)
Mexican American 0.68(0.44,1.06) 42(1.04,1.94) 0.87(0.64,1.17) 0.57(0.27,1.21) 0.81(042,1.59)
Non-Hispanic Asian 0.67(0.44,1.03) 0.71(0.44,1.1 3) 1.35(0.90,2.01) 1.04(0.41, 2.64) 0.59(0.26,1.35)
Other race 0.72(0.39,1.33) 1.38(0.78,2.42) 1.24(0.73,2.11) 3.43(1.99,5.92) 0.97(0.38,2.49)
Marital status
No 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)
Yes 1.13(0.83,1.54) 1.07(0.82,1.40) 0.98(0.75,1.27) 0.95(0.62, 1.45) 1.00(0.69,1.44)
Education level
Less than high school  1(reference) 1(reference) 1(reference) 1(reference) 1(reference)
High school graduate  0.84(0.59,1.20) 1.22(0.88,1.67) 0.80(0.58,1.09) 0.95(0.54, 1.66) 0.74(0.46,1.20)
Some college 1.15(0.78,1.71) 1.46(1.04,2.05) 0.83(0.58,1.19) 0.71(0.39, 1.27) 0.97(0.59,1.58)
College graduate or ~ 0.89(0.56,1.40) 1.03(0.69,1.55) 0.93(0.64,1.35) 0.91(0.47,1.76) 1.06(0.62,1.81)
above

Insurance status 1.36(0.82,2.26) 1.13(0.70,1.84) 1.50(0.90,2.49) 0.95(0.48, 1.88) 0.54(0.27,1.07)

Uninsured 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)

Any Insurance 1.36(0.82,2.26) 1.13(0.70,1.84) 1.50(0.90,2.49) 0.95(0.48, 1.88) 0.54(0.27,1.07)
Income-to-poverty ratio

<1 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)

1-2 1.07(0.68,1.67) 0.89(0.63,1.24) 0.76(0.51,1.13) 0.47(0.26,0.85) 1.06(0.64,1.76)

2-35 0.90(0.55,1.47) 0.93(0.63,1.39) 0.83(0.55,1.24) 0.49(0.27,0.91) 1.38(0.78,2.47)

>35 1.37(0.85,2.22) 1.05(0.70,1.60) 0.79(0.53,1.17) 0.55(0.30, 1.01) 1.94(1.07,3.52)

Alcohol

No 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)

Yes 1.22(0.88,1.68) 1.10(0.86,1.41) 1.17(0.90,1.52) 1.23(0.80, 1.90) 0.94(0.63,1.38)
Smoking status

Never smoked 1(reference) 1(reference) 1(reference) 1(reference) 1(reference)

Former smoker 0.87(0.63,1.20) 0.82(0.63,1.07) 0.76(0.59,0.99) 0.87(0.57,1.33) 1.27(0.86,1.88)

Current smoker 1.02(0.64,1.62) 0.53(0.36,0.78) 0.67(0.46,0.98) 1.81(0.99, 3.30) 1.59(0.96,2.61)
Activity

No 1(reference) 1(reference) 1(reference) - 1(reference)

Moderate 0.92(0.66,1.30) 1.08(0.83,1.41) 1.15(0.90,1.46) - 0.83(0.53,1.30)

Vigorous 1.22(0.67,2.20) 1.61(1.01,2.54) 1.31(0.85,2.03) - 0.88(0.44,1.76)

BMI (kg/m?) @

Normal weight 1(reference) 1(reference) 1(reference) - 1(reference)
(18.5-24.9)

Overweight 1.19(0.70,2.03) 0.84(0.57,1.23) 0.96(0.64,1.44) - 1.10(0.53,2.29)
(25.0-29.9)

Obesity (>30.0) 0.99(0.58,1.71) 0.64(0.45,091) 0.86(0.60,1.23) - 1.14(0.58,2.25)

2 BMI < 18.5 were excluded; BMI, body mass index
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population and needs to be adjusted; on the other hand,
drug therapy alone cannot control blood glucose well in
older and male who should improve lifestyle intensively,
such as physical activity. Studies have proved that activ-
ity enhancement and weight loss have beneficial effects
on the control of blood glucose, blood lipids, and blood
pressure [41-43]. However, we found decreasing in
moderate or vigorous activity among MeS, with an
uptrend trend in the prevalence of obesity. It is stated
that current intervention of antidiabetic and physical
activity is insufficient in the control of blood glucose
and obesity. Therefore, the focus population should
be screened out and strengthened management in the
control of blood glucose and obesity. According to
our findings, the focus population were the older and
male for blood glucose control; the younger, male, non-
Hispanic black, middle income, and smoking for BMI
control.

Our study had several strengths. First, we updated
the prevalence of MetS nationally represented US
adults, and estimated the tendency of MetS in the sub-
group of social demography and lifestyle. Second, this
work extends prior findings by considering the trend in
prevalence of MetS, and the tendency in proportion of
intervention and control among MetS. The increasing
trend of MetS is mainly reflected in the enhancement
of elevated blood glucose and obesity, with the consist-
ency tendency of glucose and weight control among US
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adults during 1999-2018. Third, based on the epidemi-
ological characteristics of MetS, we explored the influ-
encing factors of its prevalence and control to provide
theoretical basis for the health policy.

This study has several limitations. Firstly, there are
non-response bias, measurement bias, and recall bias
during the whole survey period in NHANES. The
unweighted response rates ranged from 52 to 84% for
the household interview and 49 to 80% for the medi-
cal examination during 1999-2018 [7]. The change
of blood biochemistry analyzer and the variation of
HDL measuring method may be referred to the meas-
urement bias. Besides, data on medication use may
be subject to recall bias. Secondly, the type and num-
ber of anti-diabetics, anti-hypertensive and regulate-
lipids drugs were not subdivided; thus, the relationship
between concrete drug use strategy, MetS control, and
epidemic trend cannot be entirely certain. Meanwhile,
most lipid-regulating drugs can decrease triglyceride
and increase HDL synchronously; therefore, we cannot
distinguish drugs for elevated triglyceride and reduced
HDL accurately. Thirdly, for the analysis of influenc-
ing factors, the direction of causal correlation may be
uncertain, owing to the unknown of previous MetS
conditions in this cross-sectional study. Fourth, we did
not include dietary related variables, which may over-
look the trend in the prevalence of dietary subgroups
and the effects of diet on MetS. Fifth, the reasons for

Blood glucose HDL
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the contradiction phenomenon that the trend of antidi-
abetic use increased and the tendency of glycemic con-
trol decreased have not been fully illuminated, which
should be further studied.

Conclusion

The estimated and prevalence of MetS increased signifi-
cantly between 1999 and 2000 and 2017-2018, especially
in elevated blood glucose and obesity. Quitting smok-
ing and increasing degree of physical activity may be the
effective measurement to reduce the prevalence of MetS.
There was uptrend of antidiabetic and downtrend of the
moderate or vigorous activity, accompanied by declined
controls of blood glucose and obesity. In the control of
blood-glucose and obesity, we should screen out the
focus population to modify treatment and improve
lifestyle.

Abbreviations
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