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Abstract

Background: Several guidelines for cardiometabolic risk factor identification and management have been
released in recent years, but there are no estimates of current prevalence of metabolic health among adults in the
United States. We estimated the proportion of American adults with optimal cardiometabolic health, using
different guidelines.

Methods: Data from the National Health and Nutrition Examination Survey 2009-2016 were analyzed
(n=8721). Using the most recent guidelines, metabolic health was defined as having optimal levels of waist
circumference (WC <102/88 cm for men/women), glucose (fasting glucose <100 mg/dL and hemoglobin Alc
<5.7%), blood pressure (systolic <120 and diastolic <80 mmHg), triglycerides (<150 mg/dL), and high-density
lipoprotein cholesterol (=40/50 mg/dL for men/women), and not taking any related medication.

Results: Changing from ATP III (Adult Treatment Panel III) guidelines to more recent cut points decreased the
proportion of metabolically healthy Americans from 19.9% (95% confidence interval [CI]: 18.3-21.5) to 12.2%
(95% CI: 10.9-13.6). Dropping WC from the definition increased the percentage of adults with optimal
metabolic health to 17.6%. Characteristics associated with greater prevalence of metabolic health were female
gender, youth, more education, never smoking, practicing vigorous physical activity, and low body mass index.
Less than one-third of normal weight adults were metabolically healthy and the prevalence decreased to 8.0%
and 0.5% in overweight and obese individuals, respectively.

Conclusions: Prevalence of metabolic health in American adults is alarmingly low, even in normal weight
individuals. The large number of people not achieving optimal levels of risk factors, even in low-risk groups,
has serious implications for public health.
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Introduction

INCE 2001 A NUMBER of guidelines have been issued by

American scientific societies and government agencies'™’
to provide evidence-based recommendations for cardiometa-
bolic risk factor identification and management. Risk factor
cut points indicate levels at which lifestyle and/or pharma-
ceutical intervention is advised, and provide de facto indicators
to define metabolically healthy levels of traditional cardio-
metabolic risk factors. Currently there is no strong consensus
on the combination of variables that define ‘‘metabolic
health,” and different subsets are used in the literature.®'°

We consider metabolic health to be related to, but not the
same as, the absence of metabolic syndrome. The 2001 re-
port from the National Cholesterol Education Program
Adult Treatment Panel III (ATP III)! helped to solidify the
definition of metabolic syndrome as failing to meet optimal
levels of three of five traditional cardiometabolic risk fac-
tors. The term metabolic syndrome was coined to point to
clusters of risk factors—thus, the stipulation that multiple
risk factors must be present. The term ‘‘metabolic health” is
not aimed at clusters of risk factors, but at identification of a
health status characterized by levels of metabolic indicators
that are consistent with a high level of health and low risk of
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impending cardiometabolic disease. The purpose of this re-
search is to determine the number and proportion of Ameri-
can adults who have optimal levels of each of five traditional
cardiometabolic risk factors in the absence of pharmaceutical
treatment. We examine the impact of the use of cut points
proposed by different agencies on these estimates, and show
the distributions of metabolic health within demographic and
lifestyle categories.

Methods
Study population

We used data from 2009-2016 National Health and Nu-
trition Examination Survey (NHANES).'"' NHANES is a
nationally representative survey of the U.S. noninstitution-
alized residents, selected by a complex multistage proba-
bility sampling design. The study protocol was approved by
the institutional review board at the Centers for Disease
Control and Prevention (Atlanta, GA), and written informed
consent was obtained from all participants. The analyses
included men and nonpregnant women aged >20 years who
had a fasting blood sample (n=9447). Participants with
missing data on components of the metabolic health defi-
nition, body mass index (BMI), physical activity, smoking,
or educational level were excluded, and the final sample
included 8721 participants.

Data collection

Data from NHANES participants were collected through
questionnaires both at home and in the mobile examination
centers (MECs), and examination data, including anthro-
pometrics, were obtained in the MECs, using standardized
procedures by trained research staff. Detailed information
on data collection is described in NHANES protocols.'? In
our analyses of demographic and lifestyle factors we used
gender, age, education, race/ethnicity, moderate and vigor-
ous recreational physical activity, smoking, and BMI. Age
groups used in the analysis were 20-39, 40-59, and 60 years
and over, and race/ethnicity was categorized as non-
Hispanic white, non-Hispanic black, Mexican American and
other, according to the NHANES analytic guidelines.'
Education was grouped in three categories: less than high
school, high school or equivalent, and at least some college.
Self-reported data about any current practice of moderate
and vigorous recreational physical activity was assessed
using yes/no questions, which were then combined to create
a three-option variable: none, only moderate, and at least
some vigorous physical activity. Regarding smoking, never
smokers were those participants who have not smoked at
least 100 cigarettes in life, former smokers reported having
smoked at least 100 cigarettes in life but do not smoke at all
currently, and current smokers are those smoking currently,
either everyday or some days. BMI used in the analysis was
based on measured weight and height, and subjects were
classified in four categories: underweight, <18.5 kg/m?; normal
weight, 18.5-24.9 kg/m?; overweight, 25.0-29.9 kg/m?; and
obese, >30.0 kg/mz.

Regarding the cardiometabolic risk factors, waist cir-
cumference (WC) was assessed with a measuring tape at the
uppermost lateral border of the right ilium to the nearest
0.1 cm. After resting quietly in a seated position for 5 min,
three consecutive blood pressure readings were taken in the

right arm. A fourth reading may have been taken, when a
measurement was interrupted or incomplete. For the anal-
ysis, we used the average of the available readings, ex-
cluding the first reading. If only one blood pressure reading
was available, that reading was used. Plasma glucose, gly-
cated hemoglobin (HbAlc), triglycerides, and high-density
lipoprotein cholesterol (HDL-C) were measured from fast-
ing blood samples. Specific laboratory methods used to
quantify each biochemical parameter are described in detail
for each survey in NHANES files.'* Medication use for
diabetes, blood pressure, and cholesterol was self-reported.
Participants with missing data on self-reported medication
were considered as not taking medication, if reported no
previous medical diagnosis of the disease. The remaining
missing values (0.1% for blood pressure medication and
6.6% for cholesterol medication) were included in the de-
nominator, when the prevalence of not taking medication
was estimated.

Definition of metabolic health

Prevalence of metabolic health is the proportion of people
who have optimal levels of all the risk factor variables
without any medication. We first compared the prevalence
of metabolic health using cut points from several scientific
societies and government agencies.'® We then conducted a
focused analysis of five risk factors, grouping variables
(e.g., systolic and diastolic blood pressure [SBP and DBP]),
and applying cut points using the most recent guidance: (i)
WC <102/88 cm in men/women®; (i1) SBP <120 mmHg and
DBP <80 mmHg?>; (iii) glucose <100mg/dL and HbAlc
<5.7%%7; (iv) triglycerides <150 mg/dL*; (v) HDL-C >40/
50mg/dL in men/women.* We also examined the preva-
lence of not taking medications for blood pressure, diabetes,
and cholesterol.

Statistical analysis

Associations of optimal metabolic health with gender,
age, education, race/ethnicity, physical activity, smoking,
and BMI were examined in odds ratios. All analyses ac-
counted for the complex survey design, using the fasting
sampling weights and survey procedures (SURVEYFREQ
and SURVEYLOGISTIC) in SAS 9.4 (Cary, NC), so esti-
mates are representative of the noninstitutionalized civilian
U.S. population. Although <10% of subjects were excluded
from our analysis due to missing data (7.7%), we adjusted
the NHANES fasting weights according to gender, race/
ethnicity, self-reported physical activity, and health insurance."?

Some guidelines™’ recommend that levels of specific risk
factors outside the normal range should be repeated on a
separate day to avoid overestimation of risk factors preva-
lence. Since the NHANES study assessed each participant
on only 1 day, we performed sensitivity analyses to examine
the impact of correction for within-person day-to-day vari-
ability. The gender- and age-specific correction factors from
Klungel et al.'> were applied to blood pressure, and the
approximate average correction factor (0.8) was applied to
glucose, HbAlc, HDL-C, and triglycerides. Since the ratio
of the between-person variance to the within-person vari-
ance across days is generally smaller for blood pressure than
for these other risk factors'®'® the sensitivity analysis was
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conservative, that is, likely identified more individuals as
metabolically healthy than would a true correction.

Results

As expected, the proportion of metabolically healthy
Americans changed depending on the cut points applied.
Using the cut points from ATP III,' the overall prevalence
of metabolic health was 19.9% (95% confidence interval:
18.3-21.5). It decreased to 16.0% (14.4-17.6) with the
reduction of glucose threshold to 100 mg/dL*; to 14.8%
(13.2-16.3) with the inclusion of HbAlc in the definition®;
and finally to 12.2% (10.9-13.6) when the blood pressure
cut points were lowered from 130/85 to 120/80 mmHg for
SBP and DBP, respectively.”> The 12.2% prevalence corre-
sponds to ~27.3 million American adults with optimal
metabolic health.

Separate assessments of risk factors showed that <50% of
Americans had waist, glucose, and blood pressure levels in
the optimal range, whereas almost three-quarters had tri-
glycerides and HDL-C within optimal levels (Table 1).
More than 90% reported not taking medication for diabetes,
and around 70% did not take medication for blood pressure
and cholesterol. In general, women had a higher prevalence
of optimal cardiometabolic factors, although this was not
true for WC or HDL-C: two risk factors with gender-specific
cutoff. With the exception of lipids, the proportion of in-
dividuals with optimal risk factor levels tended to decrease
with advancing age and higher BMI.

Using this set of the most recent and restrictive cutoffs
(Fig. 1), the prevalence of metabolic health was higher in
women than men, in those highly educated, who reported
currently doing any recreational vigorous physical activity
and never smokers; and it decreased markedly with aging.
Less than one-third of normal weight adults were metabol-
ically healthy, and the prevalence decreased with increasing
BMLI. The prevalence of metabolic health was higher among
the underweight than in the normal weight; however, the
percentage of Americans who are underweight is small and
there were only 137 underweight adults in the NHANES
unweighted sample. Exclusion of the WC criterion had a
relatively large impact on the percentage of obese and
overweight adults who were classified as metabolically
healthy, increasing the percentages from 0.5% to 6.8% and
from 8% to 15.0%, respectively. Nevertheless, the preva-
lences were still much lower than seen in the normal weight
and underweight groups. Removal of the WC criteria
changed the overall estimate of optimal metabolic health
from 12.2% to 17.6%.

Table 2 shows the adjusted odds ratios computed to es-
timate the independent effects of each of the demographic
and lifestyle factors shown in Fig. 1. All of the factors were
independently associated with the odds of being metaboli-
cally healthy. The association between BMI and metabolic
health was attenuated when WC was excluded from the
metabolic health definition.

We combined the modifiable characteristics associated
with higher or lower odds of metabolic health in a separate
analysis to produce maximum contrast. This analysis showed
that among normal weight adults, who had at least some
college education, reported any vigorous physical activity
regularly, and never smoked (population n=5,660,191),
46.4% enjoyed optimal metabolic health. In contrast, none
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(0%) had optimal metabolic health if they were obese, had
less than a high school education, were not moderately or
vigorously active, and were current smokers (population
n=2,777388).

Correction for short-term variability of the cardiometa-
bolic risk factors hardly changed the estimated prevalence of
metabolic health. After correction, prevalence of optimal
levels of each factor changed by —0.2 percentage points for
glucose metabolism (glucose and HbAlc) to 5.4 for HDL-C.
However, the overall prevalence of metabolic health in-
creased by only 1.1 percentage points (from 12.2% to
13.3%).

Discussion

Prevalence of optimal metabolic health is remarkably low
among U.S. adults, with one in eight Americans achieving
optimal levels of the five traditional cardiometabolic risk
factors without medication. To our knowledge, no other study
has provided similar estimates of metabolic health, although
Muntner et al.?® showed the impact of recent guidelines® on
the prevalence of hypertension. Other regorts have described
the prevalence of metabolic syndrome'®*! and combinations
of risk factors and health behaviors®**?* using older data. In
NHANES 1999-2004, 7.5% of U.S. adults met criteria that
included the absence of smoking, elevated BMI, elevated
cholesterol, diabetes, and hypertension.® Another study ap-
plied seven lifestyle and risk factors criteria suggested by the
American Heart Association®® to national data from 2011 to
2012 and found that virtually 0% of U.S. adults met all the
ideal levels (not smoking, having a healthy diet, sufficient
physical activity, normal weight, and normal levels of total
cholesterol, blood pressure, and glucose).23 In this work, our
focus is on physical manifestations of metabolic health, and
we do not include health behaviors in the definition of met-
abolic health.

The low prevalence of optimal metabolic health was
driven by the cut points used. These cut points were selected
from prominent scientific societies and government agen-
cies, and are therefore likely to be influential and evidence
based. Nevertheless, they may not be entirely immune to
advocacy for medication use, even though cutoffs used to
identify optimal health are often stricter than those used to
screen individuals eligible for pharmaceutical interventions.
Recommendations of optimal levels of some risk factors
have grown more restrictive for the past two decades as a
result of evidence linking levels previously considered op-
timal to increased risk of cardiovascular disease.””***> In
this work, we did not consider adults taking medication for
blood pressure, diabetes, or cholesterol metabolically heal-
thy, even if cardiometabolic factors were within optimal
levels. This option was consistent with the guidelines for the
definition of metabolic syndrome.l’3’4 In addition, previous
studies have shown that there is residual cardiovascular
disease risk in 2patients treated for elevated blood pressure
and cholesterol“®° compared with adults with similar risk
factor levels without pharmacologic treatment. Further,
when the medication criteria were removed from the defi-
nition, prevalence of optimal metabolic health increased by
only 1.2 percentage points.

We recognize that the evidence is weaker for elevated
WC as a lone risk factor to define metabolic health com-
pared with the other components; however, it is difficult to
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TABLE 2. POPULATION PREVALENCE AND ADJUSTED
OpDs RATIOS OF OPTIMAL CARDIOMETABOLIC HEALTH
IN AMERICAN ADULTS, FOR DEMOGRAPHICS, PHYSICAL
AcTIvITY AND BODY MASS INDEX: NATIONAL HEALTH

AND NUTRITION EXAMINATION SURVEY 2009-2016

% (95% CI)

OR* (95% CI)

Gender
Men 10.1 (8.5-11.6) Ref.
Women 14.3 (12.4-16.2) 1.48 (1.16-1.90)
Age, years
20-39 23.3 (20.7-26.0) Ref.
40-59 9.0 (7.5-10.5)  0.36 (0.28-0.46)
>60 2.1 (1.3-2.8)  0.06 (0.04-0.10)
Education
Less than high 6.7 (5.2-8.2) Ref.
school
High school or 8.7 (6.9-10.5) 1.23 (0.84-1.80)
equivalent
At least some 14.9 (13.0-16.9) 1.65 (1.20-2.27)
college
Race/ethnicity

Non-Hispanic white
Non-Hispanic black
Mexican American
Other

Physical activity

12.4 (10.7-14.1)
8.4 (6.7-10.2)
10.0 (8.2-11.7)

15.8 (13.2-18.3)

Ref.
0.71 (0.53-0.95)
0.85 (0.63-1.15)
0.76 (0.60—0.97)

None 7.9 (6.8-9.0) Ref.
Only moderate 10.9 (9.0-12.9) 0 (0.94-1.53)
Vigorous and 21.9 (19.0-24.9) 1.54 (1.22-1.95)
moderate
Smoking
Never 14.7 (13.0-16.3) Ref.
Former 7.8 (6.1-9.5)  0.77 (0.56-1.05)
Current 11.0 (8.8-13.1)  0.60 (0.46-0.79)
BMI, kg/m?
<18.5 45.1 (35.0-55.3) 1.89 (1.24-2.86)
18.5-24.9 31.1 (28.0-34.2) Ref.
25.0-29.9 8.0 (6.8-9.2)  0.21 (0.16-0.26)
>30.0 0.5 (0.2-0.8)  0.01 (0.01-0.02)
BMI, kg/m?”
<18.5 45.1 (35.0-55.3) 1.64 (1.06-2.54)
18.5-24.9 33.5 (30.5-36.5) Ref.
25.0-29.9 15.0 (13.2-16.8) 0.40 (0.33-0.49)
>30.0 6.8 (5.5-8.1)  0.15 (0.12-0.19)

Statistically significant (P <0.05) estimates are shown in bold.

“ORs were adjusted for all factors in the table.

Prevalence and odds ratio of optimal cardiometabolic health,
excluding waist circumference as a criterion.

CI, confidence interval; OR, odds ratio.

justify labeling an adult with any one of the ATP III risk
factors as having optimal metabolic health. Since WC is
highly correlated with BMI, it is useful to examine associ-
ations of BMI with metabolic health with and without WC
included in the definition. Dropping WC as a criterion in-
creased the proportion of metabolic health by 5.4 percentage
points overall, with greater impact in overweight and obese
individuals. Even when WC was excluded from the defini-
tion, only one-third of the normal weight adults enjoyed
optimal metabolic health. Given the roles of positive energy
balance and excess adiposity in the accepted mechanistic
genesis of several cardiometabolic risk factors, the meta-

bolically unhealthy normal weight group is perplexing.
Normal weight adults are at lower risk than heavier adults
for development of cardiometabolic risk factors,30 but as
illustrated in this study they are not immune, and it is known
that metabolically unhealthy normal weight adults are at
increased risk of all-cause mortality and cardiovascular
events compared with the metabolically healthy normal
weight.*!

The use of national data for this analysis is a strength, as
was the recalibration of survey weights to better represent
the American population. The lack of repeated measure of
risk factors over different days was a study limitation, but
our sensitivity analysis indicated that this deficit did not
have a large impact on prevalence. Finally, cut points for
continuous variables are at least somewhat arbitrary, and
less strict cut points would result in a greater number of
adults labeled as metabolically healthy.

Conclusions

The prevalence of metabolic health in American adults is
very low, even in normal weight individuals. The large
number of people not achieving optimal cardiometabolic
levels of risk factors has serious implications for public
health. More work is needed to understand the mechanisms
of risk factor development, with attention given to normal
weight as well as heavier adults. Most disturbing was the
absence of optimal metabolic health in adults who had
obesity, less than a high school education, were not physi-
cally active, and were current smokers. Currently available
interventions to improve health-related behaviors have met
with limited success, and stronger and more widely acces-
sible strategies to promote healthier lifestyles are urgently
warranted.
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