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Abstract: BACKGROUND: Statins effectively reduce risk for atherosclerotic cardiovascular disease
(ASCVD) when 10-year risk is $ 7.5%. In many patients at intermediate risk (7.5-,20% risk), there is
uncertainty about reliability of risk assessment by current pooled cohort equations (PCE). A decision to
initiate statin therapy is favored by several risk enhancing factors not employed in PCEs.

OBJECTIVE: This study examines the scope of the metabolic syndrome, a risk enhancing factor, and
its principal sequala, diabetes, in 26,796 US adults age 40–75 years from the NHANES survey data,
1999–2016.

METHODS: The prevalence of metabolic syndrome without diabetes (MetS1) and of diabetes
(DM1) were determined for 10-year risk categories estimated to be low (,7.5%), intermediate
(7.5% -, 20%) and high ($20%). Data were weighted to account for complex study design.

RESULTS: 90.4% of the population was free of ASCVD. In subjects projected to be at low risk by
PCEs, MetS1 was present in 15.0% and 17.6% of women and men, respectively. MetS 1 increased to
30.6% of women and 29.6% of men at intermediate risk, and to 21.5% of women and 32.2% of men at
high risk. In addition, DM1 was present in 6.1%/5.3% (F/M) of low risk individuals, 20.1%/14.8% (F/
M) of intermediate risk subjects, and 44.3%/39.4% (F/M) of high-risk persons. Prevalence of both
MetS1 and DM 1 rose progressively with age in women and men.

CONCLUSIONS: MetS1 and DM 1 are common multiplex risk factors that predispose to higher
lifetime risk and support statin therapy in patients at intermediate and high risk.
2021 National Lipid Association. All rights reserved. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

In 2013 American College of Cardiologists and Amer-
ican Heart Association (ACC/AHA) cholesterol guidelines1

recommended statins as first-line cholesterol-lowering drug
therapy. This recommendation was based on a review of
randomized controlled trials (RCTs) of cholesterol-
lowering therapy. This review found that statin therapy
significantly reduces atherosclerotic cardiovascular disease
(ASCVD) event rates when 10- year risk is $ 7.5%. To
assess risk in US adults, data from five community-based
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prospective studies were combined to create a pooled
cohort equation (PCE) for predicting 10-year risk stratified
by race and gender.2

Subsequently, several reports claimed that PCE’s over-
estimate or underestimate risk in some US subpopulations.3

For this reason, 2018 AHA/ACC/Multisociety cholesterol
guidelines4 emphasized the clinician patient risk discussion
to consider other factors in addition to PCEs when deciding
whether the 7.5% 10-year risk threshold is likely to be ex-
ceeded for individual patients. These other factors may be
especially useful in patients whose PCE-estimated 10-
year risk falls in the intermediate range (7.5-,20%), where
absolute risk is more uncertain or when clinicians seek
further evidence of long-term risk.

In this study, we examined the implications for using
metabolic syndrome as a risk-enhancing factor supporting
statin therapy. Consideration is also given to whether
diabetes, which can be one component of the metabolic
syndrome, should be listed as a risk-enhancing factor or, as
recommended in current guidelines,4–6 an imperative for
statin therapy in middle-aged adults (40–75 years).

Methods and subjects

This report is based on a secondary analysis of data
obtained during the National Health and Nutrition Exam-
ination (NHANES) conducted by the National Center for
Health Statistics (NCHS) from 1999 through 2016. For this
study, data from 26,796 middle age adults (ages 40–75
years) were selected for analysis. This sample size
represents 119,087,006 subjects of the noninstitutionalized
civilian population of the US. The information consists of
demography, anthropometry, health related questions, re-
sults of selected clinical chemistry laboratory analyses, and
information obtained during a clinical examination that
includes vital signs, clinical history and results of a clinical
examination.

The NHANES surveys have three stages: a screening
period, a home interview and a visit to a mobile examina-
tion center (MEC). Detailed description of study design and
population demography is provided in the CDC- NHANES
website (https://www.cdc.gov/nchs/nhanes/about_nhanes.
htm). The survey is approved by the Ethics Board for
Research in Humans. The de-identified data are freely
available at the NHANES website (https://www.cdc.gov/
nchs/nhanes.htm) and local IRB approval is not required
for secondary analyses.

Data employed in the current analyses includes infor-
mation about age, sex, ethnicity, replies to questionnaires
administered in person regarding history of ASCVD,
diabetes, medications (antihypertensives, hypoglycemic
agents and lipid-lowering medications) and history of
smoking.

ASCVD is defined as positive history of coronary heart
disease (CHD), angina, heart attack or stroke; diabetes is
defined as reported diabetes, intake of hypoglycemic
medications, or plasma levels of HbA1c $ 6.5%. The core
questions for the classification of diabetes, including
diagnosis by a physician, duration, and treatment are the
same throughout the surveys.

The risk factors of metabolic syndrome for this analysis
are based on a multi-organizational harmonized definition7

with minor modifications on some of the threshold values
for waist circumference, triglycerides, and hemoglobin
A1c. A cut point of 102 cm was used for waist circumfer-
ence for both men and women. Grundy et al.8 recently re-
ported that associations between absolute measures of waist
circumference ($102 cm) and risk factors in NHANES sur-
veys were similar for women and men. The study showed
that over a broad range of waist circumferences, levels of
metabolites associated with MetS1 were similar between
women and men. The rationale for the cut points of triglyc-
eride and the use of HbA1c as surrogate of glucose is that in
NHANES surveys, only a subgroup of subjects was
randomly assigned to fast for 8 h prior to the examination
conducted in the mobile centers. All other subjects were
not fasted. Additionally, the triglyceride cut point used in
the current study is recommended by the current AHA/
ACC cholesterol guidelines of 2018.4 The threshold value
accommodates non-fasting levels. The MetS 1 diagnosis
employed consisted of the presence of 3 or more of the
following abnormalities. (a) Waist circumference for
women and men $ 102 cm. (b) Fasting or nonfasting
triglycerides $ 175 mg/dL4; (c) HDL-C ,40 mg/dL in
men and ,50 mg/dL in women7; (d) high systolic blood
pressure $ 130 mm Hg, or treatment with antihypertensive
medication.7 Diastolic blood pressure was not included in
the criteria because isolated diastolic hypertension does
not contribute in a significant way to risk for cardiovascular
disease.9 Dysglycemia, which can either be prediabetes
(defined here as hemoglobin A1c 5.7 - , 6.5%10) or dia-
betes (HbA1c $ 6.5%). In this report, metabolic syndrome
(MetS1) excludes diabetes, which is identified separately
(DM1). Most adult patients with diabetes in the US have
metabolic syndrome,7 but the two are considered separately
in 2018 cholesterol guidelines.4 Identifying absence of
metabolic syndrome in NHANES patients with diabetes is
problematic. 10-year risks for hard ASCVD events (defined
as coronary death, nonfatal myocardial infarction, fatal or
nonfatal stroke) were estimated by US-derived PCE.2

This equation was obtained by pooling data of 5
community-based cohorts of white and black participants.
Variables included the well-established, major risk factors
(age, gender, race, current cigarette smoking, systolic blood
pressure or treatment for hypertension), total cholesterol,
HDL cholesterol, and history of diabetes. The PCE was de-
signed to be sex- and race-specific for whites and blacks,
and they include stroke (not just coronary heart disease)
as an endpoint to better identify modifiable risk in women
and blacks. For present purposes, 10-year risks were
divided into three categories: low (,7.5%), intermediate
(7.5-,20%), and high ($20%).

https://www.cdc.gov/nchs/nhanes/about_nhanes.htm
https://www.cdc.gov/nchs/nhanes/about_nhanes.htm
https://www.cdc.gov/nchs/nhanes.htm
https://www.cdc.gov/nchs/nhanes.htm
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The methods employed for the clinical laboratory data
and the procedures employed during study visits are
detailed in the NHANES manual of operations (https://
wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx).

Statistics

Descriptive statistics (median, percentiles, mean, and
standard error) were employed for summarizing variables.
ANOVA, ANCOVA, and multiple comparison with Bon-
ferroni correction were performed to compare measure-
ments among groups. The level of significance was set at ,
0.05. Data were weighted to account for the complex study
design as indicated by NHANES guidelines (https://wwwn.
cdc.gov/nchs/nhanes/analyticguidelines.aspx estimation-
and-weighting-procedures). SAS 9.4 (SAS Institute Inc,
Cary, NC) was employed for data analysis and data
weighing.11,12
Results

In the NHANES population, (1999–2016), ages 40–75
years, among 26,796 subjects (equivalent of 119,087,006
US residents), 9.6% had ASCVD (Fig. 1). Among these,
49.8% had no metabolic syndrome or diabetes (MetS2/
DM2), 21.1% had metabolic syndrome without diabetes
(MetS1), and 29.1% had diabetes (DM1). The remaining
90.4% of the population had no ASCVD; among all of
these, 68.9% were MetS2/DM2, 19.4% were MetS1,
and 11.7% were DM1.

Characteristics of women and men with ASCVD are
shown in Tables 1 and 2, respectively. Body mass index and
waist circumference were higher in MetS1 and
Fig. 1 Schematic representation of study groups. The population
size of 119,087,006 is estimated from the weighted analysis of the
data from 26,796 participants of the NHANES surveys analyzed in
this study. Adult subjects, aged 40–75 years, had either a positive
or negative history of atherosclerotic cardiovascular disease
(ASCVD). Each ASCVD category included subjects without
metabolic syndrome or diabetes (MetS2/DM2), subjects with
MetS1, and subjects with diabetes (DM1). Fifty percent of
ASCVD subjects had either MeS 1 or DM1. About a third of
subjects without ASCVD had also had MetS 1 or DM1.
DM 1 compared to MetS2/DM2. Lipid levels (non-
HDL-C and triglycerides) were lower in women with
DM1, compared to MetS1, but in men only non-HDL-C
was lower. This may have been due to greater treatment
with lipid-lowering drugs. As a group, DM 1 subjects
had a pattern of metabolic risk factors similar to the group
with MetS1. Women and men with MetS 1 or with DM1
were similarly obese, but those with DM 1 had lower non-
HDL-C compared to MetS1; this may have been due to
more intensive statin therapy in DM1 (Table 2).

MetS1 and DM 1 women and men had increased prev-
alence of ASCVD compared to MetS2/DM2 (P , .0001)
(Fig. 2). The prevalence of DM1 in men was significantly
higher than in women (P 5 .0016) but the prevalence of
MetS1 was not significantly different between the sexes
(P 5 .066). In both genders, prevalence of ASCVD events
were strikingly higher in subjects with DM1 (Fig. 2).

Fig. 3 shows the percentages of MetS1 and DM1 in the
population without ASCVD, according to age. The percent-
ages of both rose with age (P , .0001). By the seventh
decade, the sum of MetS1 and DM1 was greater than
50% for men.

Characteristics of women and men without ASCVD are
shown in Tables 3 and 4, respectively. On average, for both
genders, subjects with MetS1 and DM1 were a few years
older than those with MetS2/DM2 (P , .0001). Body
mass index and waist circumference were similarly
elevated in MetS1 and DM 1 compared to MetS2/
DM2 (P , .0001). Lipid levels (non-HDL-C and triglycer-
ides) in subjects with DM1 were lower than with MetS1
(P , .0001); but again this may have been due to greater
treatment with lipid-lowering drugs (P , .0001). As a
group, DM 1 subjects had a pattern of metabolic risk fac-
tors similar to the group with MetS1.

Compared with frequencies of ASCVD in the 3 risk
categories (MetS2/DM2, MetS1, and DM1), a similar
pattern of progression of PCE-estimated 10-year risk was
observed (Fig. 4 compared to Fig. 2). The markedly higher
estimated risk in non-ASCVD patients with
DM 1 foreshadows the greater frequency of ASCVD in
DM1 (Fig. 4).

In subjects at low, intermediate, and high risk, as
determined by PCE. Fig. 5 shows the distributions of
MetS2/DM2, MetS1, and DM1. In low-risk women,
approximately 21.1% were either MetS 1 or DM1; this
percentage rose significantly (P , .0001) to 50.7% in inter-
mediate risk women, and 65.8% in high risk women. 22.9%
of low risk men were either MetS 1 or DM1; this combi-
nation occurred in 44.4% of intermediate risk men and a
71.6% of high-risk men.
Discussion

The metabolic syndrome is a multiplex risk factor for
ASCVD. Three of its components (hypertension, reduced
HDL-C, and diabetes) overlap with those in PCEs.

https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx
https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx
https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx
https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx


Table 1 Demographic and clinical characteristics of women with ASCVD adjusted for age and BMI

Without Diabetes Mellitus

Diabetes Mellitus (D) P valuesMetabolic Syndrome Negative (N) Metabolic Syndrome Positive (P)

Medians (25th, 75th%)

Metabolic Syndrome

N vs P N vs D P vs D

Number of Subjects (% of total) 2,529,449 (51.5%) 1,006,136 (20.5%) 1,377,202 (28.0%)
Age (years) 60.0 (49.7, 67.7) 60.7 (52.9, 67.8) 63.9 (56.6, 69.5) 0.583 ,0.0001 0.012
Body Mass Index (kg/m2) 27.3 (24.2, 32.3) 31.6 (28.0, 36.3) 34.6 (30.1, 39.3) ,0.0001 ,0.0001 0.092
Waist Circumference (cm) 94.1 (86.9, 103.8) 107.8 (101.0, 114.7) 112.3 (101.8, 122.8) ,0.0001 ,0.0001 0.683
Total Cholesterol (mg/dL) 195.9 (170.1, 224.9) 202.6 (177.6, 239.5) 189.6 (160.3, 222.0) 0.020 1.00 0.0496
Non-HDL cholesterol (mg/dL) 133.8 (106.8, 161.9) 157.4 (126.7, 193.0) 140.7 (107.1, 175.0) ,0.0001 0.0082 0.005
HDL Cholesterol (mg/dL) 59.2 (50.5, 71.2) 44.7 (38.6, 49.9) 46.3 (40.1, 55.8) ,0.0001 ,0.0001 0.121
Triglycerides (mg/dL) 112.9 (81.7, 152.4) 189.4 (135.0, 220.1) 155.3 (105.0, 230.2) ,0.0001 ,0.0001 ,0.0001
Hemoglobin A1c (% of total) 5.4 (5.2, 5.6) 5.7 (5.4, 5.9) 7.0 (6.5, 8.1) ,0.0001 ,0.0001 ,0.0001
C-Reactive Protein (mg/L) 3.0 (1.4, 7.1) 4.3 (2.1, 8.6) 5.0 (1.9, 10.1) 0.914 1.00 1.00
Smokers 33.6% 36.4% 18.7% 0.023 1.000 0.007
Diabetes 0% 0% 100%
Taking hypoglycemic drugs 1.5% 2.1%e 87.0%a 1.00 ,0.0001 ,0.0001
Taking hypolipidemic drugs 43.9% 53.8% 63.5%c 0.201 0.0003 0.312
Taking statins 38.4% 46.9% 57.9%c 0.576 0.0033 0.253
Taking antihypertensives 55.8% 70.8% 79.5%c 0.235 0.0045 1.000
Race distribution (%) 1.00 0.375 0.312
Non-Hispanic White 71.6% 74.8% 58.2%
Non-Hispanic Black 13.9% 11.4% 20.8%
Mexican-American 3.3% 4.8% 8.2%
Other Hispanic 4.0% 2.9% 4.4%
Other/Multi-Racial 7.2% 6.1% 8.4%
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Table 2 Demographic and clinical characteristics of men with ASCVD adjusted for age and BMI

Without Diabetes Mellitus

Diabetes Mellitus (D) P valuesMetabolic Syndrome Negative (N) Metabolic Syndrome Positive (P)

Medians (25th, 75th%)

Metabolic Syndrome

N vs P N vs D P vs D

Number of Subjects (% of total) 3,187,962 (48.5%) 1,417,073 (21.6%) 1,965,365 (29.9%)
Age (years) 61.8 (54.3, 68.3) 61.3 (53.0, 68.8) 63.9 (57.5, 58.2) 1.00 0.018 0.036
Body Mass Index (kg/m2) 27.3 (24.6, 30.5) 31.0 (28.9, 34.2) 32.6 (28.8, 37.0) ,0.0001 ,0.0001 0.008
Waist Circumference (cm) 100.4 (93.6, 108.9) 111.1 (105.0, 119.2) 114.9 (104.6, 126.5) 0.0001 0.011 0.734
Total Cholesterol (mg/dL) 174.1 (150.4, 206.5) 187.2 (153.2, 217.3) 171.8 (147.3, 199.8) 0.0024 0.672 0.123
Non-HDL cholesterol (mg/dL) 122.1 (100.0, 152.4) 150.0 (115.8, 175.6) 131.6 (105.9, 159.7) ,0.0001 0.0025 0.0279
HDL Cholesterol (mg/dL) 46.5 (40.9, 56.2) 36.6 (32.5, 41.4) 39.1 (33.0, 45.4) ,0.0001 ,0.0001 0.0416
Triglycerides (mg/dL) 114.7 (78.7, 148.4) 200.5 (143.7, 259.0) 150.4 (105.4, 240.8) ,0.0001 ,0.0001 0.414
Hemoglobin A1c (% of total) 5.4 (5.2, 5.6) 5.7 (5.5, 5.9) 7.0 (6.4, 8.3) ,0.0001 ,0.0001 ,0.0001
C-Reactive Protein (mg/L) 1.9 (0.8, 4.3) 2.7 (1.3, 6.3) 2.9 (1.3, 6.6) 1.00 0.777 0.9627
% Smokers 27.7% 29.0% 18.9% 0.353 1.00 0.2373
% Diabetes 0.0% 0.0% 100.0%
% Taking hypoglycemic drugs 1.3% 1.6% 83.3% 1.00 ,0.0001 ,0.0001
%Taking hypolipidemic drugs 56.6% 63.3% 72.2% 0.886 0.008 0.178
% Taking statins 57.6% 56.1% 71.8% 1.00 0.0092 0.001
% Taking antihypertensives 54.6% 70.6% 74.9% 0.0058 0.0002 1.00
Race distribution (%) 1.00 0.441 0.099
Non-Hispanic White 77.0% 81.0% 70.4%
Non-Hispanic Black 10.1% 5.7% 13.4%
Mexican-American 3.6% 4.7% 6.2%
Other Hispanic 2.1% 4.1% 3.0%
Other/Multi-Racial 7.1% 4.4% 6.9%
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Fig. 2 Prevalence (%) (SE) of ASCVD in adult women (W)
(white bars) and men (M) (black bars). MetS1 and
DM 1 womena and menb have increased prevalence of ASCVD
compared to MetS2/DM2 (P , .0001). The prevalence of
DM1 in menc is significantly higher than in womenc

(P 5 .0016) but the prevalence of MetS1 was not significantly
different between the two genders (P 5 .066).
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Metabolic syndrome carries a fivefold risk for developing
diabetes.13 In turn, a very high percentage of patients with
type II diabetes manifest the metabolic syndrome.14 Other
components of the syndrome are not included in the
PCEs; several reports have identified these as independent
risk factors for ASCVD. They include abdominal
obesity,15–17 elevated triglycerides,18,19 prothrombotic
state,20,21 pro-inflammatory state,22–24 and prediabetes/in-
sulin resistance.25–28 These factors, either alone or in com-
bination, seemingly make the metabolic syndrome an
independent risk factor (risk-enhancing factor) for ASCVD
(4). As such, it’s presence should favor initiation of statin
therapy in patients at moderately elevated (intermediate)
risk. The implications of this conclusion can be examined
for the US population as found in the NHANES database
(1999–2016).
Fig. 3 Percent of women (W) and men (M) with MetS 1 or DM 1 a
condition increases significantly (a,bP , .0001) with age in women and
significant (cP , .0001) differences in the prevalence of MetS 1 betw
60–69 years (P 5 .121). There were significant differences between m
those aged 50–59 years (P 5 .103).
In 2004, Alexander et al.29 analyzed the NHANES III
population 50 years and older and found that metabolic
syndrome essentially doubled the prevalence of coronary
heart disease (CHD) compared to absence of the syndrome.
When diabetes was added to metabolic syndrome, CHD
frequency was increased by another third. The authors sug-
gested that most of the risk for CHD associated with type 2
diabetes can be explained by an underlying metabolic
syndrome.

Our analyses examined updated NHANES data in adults
aged 40–75 years and included ASCVD instead of CHD.
Ours also divided the NHANES population into men and
women, which Alexander et al.29 did not. On average, in
both women and men, frequency of ASCVD increased pro-
gressively from MetS2/DM2through MetS 1 to DM1.
Here, the presence of diabetes appears to strikingly raise
prevalence of ASCVD beyond the influence of metabolic
syndrome alone.

Despite current recommendations to the contrary,4–6 it
can be asked whether type 2 diabetes carries enough risk
to warrant statin therapy in essentially all persons regard-
less of PCE-estimated risk. Recently, Malik et al.30 reported
that a sizable portion of all patients with type 2 diabetes
have a coronary artery calcium score of zero (CAC 5 0).
These patients were found to have a low 10-year risk, sug-
gesting that statin therapy can be delayed for a decade. As
shown in Fig. 5, a small percentage of individuals at low
risk by PCEs have diabetes; but even so, the absolute num-
ber of people in this category is relatively high. Hence,
more research is needed to determine the characteristics
of diabetes in otherwise low-risk individuals. For example,
measurement of CAC may be useful for identifying patients
with diabetes who have CAC 5 0 and thus are candidates
for delaying statin therapy.31 Conversely, an elevated
CAC can override a low PCE score and favors statin
therapy.
s a function of age. The percent of each sex with each metabolic
men, except for the age group of 70–75 years. There were also
een women and men at each age group except in the range of

en and women in the prevalence of DM1 (dP 5 .013) except for



Table 3 Demographic and clinical characteristics of women without ASCVD adjusted for age and BMI

Without Diabetes Mellitus

Diabetes Mellitus (D) P values

Metabolic Syndrome
Negative (N)

Metabolic Syndrome
Positive (P)

Medians (25th, 75th%)

Metabolic Syndrome

N vs P N vs D P vs D

Number of Subjects (%
of total)

41,192,765 (72.2%) 9,705,342 (17.0%) 6,169,059 (10.8%)

Age (years) 51.2 (44.7, 59.7) 55.3 (47.4, 63.5) 58.0 (50.5, 65.3) ,0.0001 ,0.0001 ,0.0001
Body Mass Index (kg/
m2)

26.2 (23.0, 30.3) 33.7 (29.4, 37.8) 33.5 (29.2, 39.4) ,0.0001 ,0.0001 0.384

Waist Circumference
(cm)

90.7 (82.4, 99.7) 108.2 (101.9, 116.5) 109.2 (98.8, 121.7) ,0.0001 ,0.0001 0.550

Total Cholesterol (mg/
dL)

205.1 (182.3, 229.9) 213.7 (188.4, 244.0) 191.0 (164.5, 224.4) ,0.0001 ,0.0001 ,0.0001

Non-HDL cholesterol
(mg/dL)

139.9 (117.3, 165.8) 167.0 (140.1, 196.9) 140.5 (113.8, 174.3) ,0.0001 0.940 ,0.0001

HDL Cholesterol (mg/
dL)

61.4 (52.5, 73.0) 44.8 (39.5, 49.7) 47.6 (40.4, 58.1) ,0.0001 ,0.0001 ,0.0001

Triglycerides (mg/dL) 95.9 (71.4, 132.7) 186.3 (135.7, 241.8) 152.7 (102.2, 215.8) ,0.0001 ,0.0001 0.980
Hemoglobin A1c (% of
total)

5.3 (5.1, 5.5) 5.7 (5.5, 5.9) 6.9 (6.4, 8.1) ,0.0001 ,0.0001 ,0.0001

C-Reactive Protein
(mg/L)

1.9 (0.7, 4.4) 4.6 (2.2, 8.6) 4.6 (2.0, 9.8) 0.060 0.0044 0.612

% Smokers 17.9% 19.8% 14.5% ,0.0001 0.051 0.062
% Diabetes 0.0% 0.0% 100.0%
% Taking
hypoglycemic drugs

0.2% 0.3% 78.2% 0.651 ,0.0001 ,0.0001

% Taking
hypolipidemic drugs

16.0% 27.0% 53.6% ,0.0001 ,0.0001 ,0.0001

% Taking statins 11.3% 16.8% 41.7% 0.5681 ,0.0001 ,0.0001
% Taking
antihypertensives

24.3% 46.1% 65.3% ,0.0001 ,0.0001 ,0.0001

Race Distribution (%) 0.244 0.213 0.022
Non-Hispanic White 74.2% 72.6% 52.9%
Non-Hispanic Black 9.9% 10.9% 19.7%
Mexican-American 4.9% 7.0% 10.9%
Other Hispanic 4.6% 4.9% 6.9%
Other/Multi-Racial 6.3% 4.5% 9.7%
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Table 4 Demographic and clinical characteristics of men without ASCVD adjusted for age and BMI

Without Diabetes Mellitus Diabetes Mellitus (D)

P valuesMetabolic Syndrome Negative (N) Metabolic Syndrome Positive (P)

Medians (25th, 75th%)

Metabolic Syndrome

N vs P N vs D P vs D

Number of Subjects (% of total) 32,951,531 (65.2%) 11,156,800 (22.1%) 6,428,321 (12.7%)
Age (years) 50.5 (44.7, 58.2) 52.3 (45.3, 59.9) 56.5 (49.5, 64.3) 0.0002 ,0.0001 ,0.0001
Body Mass Index (kg/m2) 26.8 (24.2, 29.6) 30.9 (28.5, 34.3) 31.3 (27.5, 35.6) ,0.0001 ,0.0001 0.482
Waist Circumference (cm) 97.6 (90.9, 105.2) 109.4 (104.1, 117.9) 110.7 (100.9, 121.3) ,0.0001 ,0.0001 0.0021
Total Cholesterol (mg/dL) 200.7 (176.3, 226.1) 205.1 (180.6, 234.7) 180.8 (154.9, 213.2) ,0.0001 0.0011 ,0.0001
Non-HDL cholesterol (mg/dL) 147.5 (123.0, 173.9) 167.2 (142.2, 197.4) 137.4 (109.6, 169.9) ,0.0001 1.00 ,0.0001
HDL Cholesterol (mg/dL) 49.0 (42.4, 58.7) 36.6 (32.5, 41.1) 41.0 (34.9, 47.8) ,0.0001 ,0.0001 ,0.0001
Triglycerides (mg/dL) 108.8 (79.2, 149.9) 210.8 (152.7, 290.1) 146.8 (103.6, 221.3) ,0.0001 ,0.0001 0.0086
Hemoglobin A1c (% of total) 5.3 (5.1, 5.5) 5.6 (5.3, 5.8) 7.1 (6.5, 8.4) ,0.0001 ,0.0001 ,0.0001
C-Reactive Protein (mg/L) 1.3 (0.6, 2.8) 2.5 (1.3, 4.7) 2.6 (1.1, 5.5) 1.00 0.092 0.1008
% Smokers 23.0% 23.3% 20.3% ,0.0001 0.0014 1.00
% Diabetes 0.0% 0.0% 100.0%
% Taking hypoglycemic drugs 0.4% 0.3% 73.7% 1.00 ,0.0001 ,0.0001
% Taking hypolipidemic drugs 19.2% 28.3% 49.1% 0.001 ,0.0001 ,0.0001
% Taking statins 13.5% 17.0% 42.1% 1.00 ,0.0001 ,0.0001
% Taking antihypertensives 21.4% 37.0% 52.5% ,0.0001 ,0.0001 ,0.0001
Race distribution 0.008 0.303 0.002
% Non-Hispanic White 74.6% 75.0% 61.8%
% Non-Hispanic Black 10.0% 7.6% 14.0%
% Mexican-American 5.9% 6.9% 10.3%
% Other Hispanic 3.9% 5.6% 6.1%
% Other/Multi-Racial 5.7% 4.9% 7.8%

2
6
2

Jo
u
rn
al

o
f
Clin

ical
Lip

id
o
lo
g
y,

V
o
l
1
5
,
N
o
2
,
A
p
ril

2
0
2
1



Fig. 4 Mean PCE-estimated 10-year risk in women (W) and
men (M) without ASCVD. Risk increases progressively among
the women’s groups (aP,.0001) and among the men’s groups
(bP , .0001). The mean 10-year risk for MetS1 and for DM1
is higher in men than in women (cP , .0001). In both sexes,
DM 1 imparts the highest 10-year risk.

Vega et al Metabolic Syndrome and Statins 263
The situation is different for those with diabetes whose
PCE-estimated 10-year risk is intermediate (7.5-,20%).
Here the question is no longer whether diabetes is a CHD
risk equivalent conferring statin eligibility,31 but whether it
is a risk-enhancing factor supporting statin therapy in pa-
tients at intermediate risk. Further studies with CAC mea-
surement in intermediate risk patients with diabetes could
be informative. In the meantime, diabetes may be consid-
ered to be a strong risk-enhancing factor when PCE-
estimated 10-year risk is 7.5-,20%.

What portions of the US population, ages 40–79, have
metabolic syndrome without diabetes? In 2011, Ford
et al.32 examined the prevalence of metabolic syndrome
in the NHANES population, according to a multi-
organizational harmonized definition of metabolic syn-
drome.7 This definition includes categorical hyperglycemia
Fig. 5 Fraction of individuals without (MetS2/DM2), MetS1/DM
(,7.5%), Intermediate (7.5% - ,20%) and High ($20%)). The ‘‘Numbe
inal study sample size of n 5 26,796 participants of the NHANES
DM 1 increased significantly (P , .0001) within each risk category
DM 1 at the intermediate and high-risk categories was significantly di
(diabetes) as one of the metabolic risk factors. In an up-
dated NHANES cohort, we separated metabolic syndrome
without diabetes (MetS1) and diabetes (DM1). As age
advanced, both increased until by age 60 over 40% of the
population had one or the other. Moreover, the relative pro-
portions of diabetes to metabolic syndrome without dia-
betes increased progressively (Fig. 3).

In low-risk individuals with metabolic syndrome, it is
difficult to make the case that they are candidates for statin
therapy. However, at the least, they deserve intensive
lifestyle intervention to delay the onset of both diabetes
and ASCVD. CAC measurement in this subpopulation is
unlikely to be productive.

Approximately 30% of women and men at intermediate
risk have metabolic syndrome without diabetes. It seems
likely that the majority of both are statin eligible. However,
if uncertainty exists, further risk assessment can be carried
out by measurement of CAC as suggested by Orringer
et al.33 Malik et al.30 have shown that up to 40% of patients
with metabolic syndrome, with or without diabetes, have
CAC 5 0. Such patients have been shown to be at low
risk for the next decade, and thus statin therapy can be de-
layed. Of interest, Goldberg et al.34 measured CAC in pa-
tients of the Diabetes Prevention Program (DPP), which
compared three groups of patients with pre-diabetes for car-
diovascular outcomes: usual care, metformin therapy, and
intensive lifestyle therapy. Most patients with prediabetes
have metabolic syndrome.35 In women, of all three groups,
approximately 50% had CAC 5 0 (Fig. 6). In contrast, in
men, only about one in five had CAC 5 0. Use of CAC
in women with metabolic syndrome at intermediate risk
as a guide to statin therapy seems reasonable because the
number needed to screen to distinguish between
CAC 5 0 and CAC 1 is only about two. On the other
hand, in men, the number needed to screen to identify
2 and DM1 within the three risk categories for ASCVD (Low
r of Subjects*’’ shown in the figure are extrapolated from the orig-
surveys. The combined fraction of subjects with MetS 1 or
for women (W) and men (M). The distribution of MetS1 and
fferent between sexes (P , .0001).



Fig. 6 ‘‘Distribution of CAC Scores by Treatment Group and Sex. Each bar depicts the percent prevalence of CAC severity by color-
coded severity category. There were no differences between CAC severity categories among treatment groups overall (p 5 .69) or among
men (p 5 .08) or women (p 5 .50)’’ (copyright from reference 34).
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one CAC 5 0 is approximately five. This makes cost of
CAC screening relatively high. Furthermore, in view of
the high lifetime risk associated with metabolic syndrome,
CAC screening in intermediate-risk men with the syndrome
does not appear to be necessary to warrant statin initiation.

In high-risk patients, as determined by PCEs, statin
therapy is generally recommended regardless of co-existing
factors.4 Nonetheless, it is interesting to note that the ma-
jority of individuals at high risk by PCE had either diabetes
or metabolic syndrome.

In summary, a large body of evidence indicates that the
metabolic syndrome imparts greater lifetime risk for
ASCVD than can be explained by the major risk factors of
the PCE. This evidence provides strong support for
including metabolic syndrome as a risk-enhancing factor.
The metabolic syndrome is a risk enhancing factor for
lifetime risk and when it exists in persons at intermediate
risk by PCE, the initiation of statin therapy is favored. But in
women with metabolic syndrome who are at intermediate
risk by PCE, it is reasonable to measure CAC to identify
those in whom statin therapy can be delayed. For corre-
sponding men, the probability of CAC 5 0 is not high
enough to justify CAC screening under usual circumstances.
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