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A substantial proportion of adults at healthy body mass index (BMI) are potentially at
high risk for cardiovascular disease (CVD). The objective of this study is to determine if
sedentary lifestyle characteristics in healthy weight adults increase their likelihood of
being at high CVD risk to that of individuals who are overweight. Adults aged 40 to
79 years in the 2011 to 2016 National Health and Nutrition Examination Survey at a
healthy BMI (18.5 to 24.9) and overweight BMI (25 to 29.9; unweighted n=4,572;
weighted n=43,919,354) were analyzed. The American College of Cardiology/American
Heart Association atherosclerotic CVD risk score was used to assess CVD risk. For indi-
viduals with a BMI 18.5 to 24.9, 29.6% had increased risk of a CVD event. In logistic
regressions adjusted for age, race, gender, education, poverty/income ratio, insurance sta-
tus, and number of visits to a healthcare provider in the past year, individuals with
unhealthy sagittal abdominal diameter (odds ratio [OR] 2.44; 95% confidence interval
[CI], 0.97 to 6.14), shortness of breath upon exertion (OR 1.35; 95% CI, 0.65 to 2.79),
unhealthy waist circumference (OR 0.99; 95% CI, 0.60 to 1.61), and less than recom-
mended levels of physical activity (OR 0.73; 95% CI, 0.43 to 1.23) were not significantly
different than overweight adults in being at high risk for CVD events. Individuals with
healthy characteristics and a BMI 18.5 to 24.9 were significantly less likely than over-
weight adults to be at high risk for CVD. In conclusion, the findings suggest that in
individuals at a BMI 18.5 to 24.9, characteristics of a sedentary lifestyle increase the likeli-

hood of being at high risk for CVD to that of overweight individuals. © 2018 Elsevier
Inc. All rights reserved. (Am J Cardiol 2019;123:764—768)

The most commonly used tool to assist healthcare pro-
viders in screening patients for these risk factors is the
American College of Cardiology/American Heart Associa-
tion (AHA)’s Atherosclerotic Cardiovascular Disease
(ASCVD) risk score, which has also been endorsed by the
US Preventive Services Task Force.' " The ASCVD risk
score indicates in asymptomatic adults the probability of
having a first CVD event in 10 years based upon several
known CVD risk factors such as smoking, blood pressure,
diabetes, and lipids. Body composition, particularly body
mass index (BMI), is used as a common risk stratification
measurement for obesity-related diseases, with “healthy”
BMI conveying a low risk.” A variety of studies have
shown that a substantial proportion of individuals at a BMI
from 18.5 to 24.9 have the presence of CVD risk factors
like abnormal glucose and hypertension and CVD mortal-
ity.°”? It is unclear whether patients with a BMI from 18.5
to 24.9 but characteristics of a sedentary lifestyle raise their
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CVD risk above their counterparts with an active lifestyle
to the CVD risk level similar to overweight patients. Thus,
the objective of this study is to determine in this nationally
representative population-based study of US adults if sed-
entary lifestyle characteristics in normal weight adults
increase their likelihood of being at high CVD risk to that
of individuals who are overweight.

Methods

We analyzed data from the National Health and Nutri-
tion Examination Survey (NHANES) for the years 2011 to
2016. The NHANES is a large, nationally representative
survey that samples the noninstitutionalized population of
the United States using a stratified multistage probability
sample design. The application of weights and variables
accounting for the complex survey design allows the study
to provide nationally representative population estimates
for the United States. Consistent with ASCVD risk score
guidance, the present study focused on adults aged 40 to
79 years. In adults aged 40 to 79 years, the study focused
on those who did not have diagnosed CVD and had a
healthy or overweight BMI (unweighted n=35,016;
weighted n=71,997,650). In addition, participants needed
to have complete data to calculate the ASCVD risk score
(final unweighted n =4,572; weighted n=43,919,354). The
2011 to 2016 NHANES has all the desired variables and is
the most currently available data. This study was approved
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as exempt by the University of Florida Institutional Review
Board.

Weight and height were measured by a trained examiner
in the mobile examination center as part of the NHANES
examination and were used to calculate BMI. BMI was cal-
culated as body weight divided by height squared (kg/
m?).'” BMI values were classified into several convention-
ally agreed categories upon by the World Health Organiza-
tion."" A healthy BMI was classified as a BMI of 18.5 to
24.9, whereas overweight was classified as 25.0 to 29.9.

The American College of Cardiology/AHA ASCVD risk
score uses age, gender, race/ethnicity, smoking status, dia-
betes status, high-density lipoprotein cholesterol, total cho-
lesterol, systolic blood pressure, and blood pressure
medication status to determine the 10-year risk of a first
CVD event, such as nonfatal myocardial infarction, coro-
nary heart disease death, and fatal/nonfatal stroke.> The
444 respondents (8.8%) who were missing data on any of
the ASCVD risk score components were excluded from the
analysis, as the ASCVD risk score cannot be computed
without complete case data.

Low risk was defined as <7.5% 10-year risk of a CVD
event. High risk was defined as >7.5% 10-year risk of a
CVD event. This follows the guidance provided in the
2013 ACC/AHA guideline on the assessment of cardiovas-
cular risk it recommends that risk assessment should be
repeated every 4 to 6 years in persons who are found to be
at low 10-year risk (<7.5%). Long-term or lifetime risk
estimation is recommended for all persons who are deter-
mined to be at low 10-year risk (<7.5%)."”

Table 1
Characteristics of study sample, NHANES 2011-2016 (unweighted
n=4,572; weighted n =43,919,354)

40-59 (years) 65.3%
60-79 (years) 34.7%
Men 48.9%
Non-Hispanic White 71.5%
Non-Hispanic Black 8.0%
Hispanic 11.1%
Other 9.4%
Less than high school degree 14.1%
High school graduate or equivalent 19.1%
Some college/degree 66.7%
Poverty to income ratio

<1.00 12.8%

1.00 or greater 87.2%
Health insurance status

Private insurance 67.8%

Public insurance 18.5%

No insurance 13.7%
Visits to healthcare provider in last year

None 14.7%

1 18.3%

2-5 47.2%

>5 19.8%
ASCVD risk

<7.5% 10-year risk of CVD event 65.4%

>7.5% 10-year risk of CVD event 34.6%

ASCVD = American Heart Association/American College of Cardiol-
ogy Atherosclerotic Cardiovascular Disease.

Table 2
Frequency distribution of BMI/lifestyle marker

Sagittal abdominal diameter

BMI 18.5-24.9, healthy SAD 35.8%

BMI 18.5-24.9, unhealthy SAD 4.7%

BMI 25.0-29.9 59.4%
Shortness of breath

BMI 18.5-24.9, no shortness of breath 33.1%

BMI 18.5-24.9, has shortness of breath 7.6%

BMI 25.0-29.9 59.3%
Activity

BMI 18.5-24.9, active 25.4%

BMI 18.5-24.9, inactive 15.3%

BMI 25.0-29.9 59.3%
Sitting time

BMI 18.5-24.9, not excess sitting time 25.4%

BMI 18.5-24.9, high levels of sitting time 15.3%

BMI 25.0-29.9 59.3%
Waist circumference

BMI 18.5-24.9, healthy waist circumference 20.4%

BMI 18.5-24.9, unhealthy waist circumference 20.4%

BMI 25.0-29.9 59.2%

BMI =body mass index; SAD = sagittal abdominal diameter.

Sagittal abdominal diameter (SAD) is a simple anthropo-
metric index of visceral adiposity and has been correlated
with obesity-related metabolic disturbances and risk scores.
SAD was measured 3 times using standardized methods."”
Although still widely debated, SAD is said to be a better
predictor of cardiovascular disease than BMI, waist circum-
ference (WC), and waist-hip ratio.'*'> An unhealthy SAD
was defined as an SAD of >22 cm for men and >20 cm for
women.'® SAD was missing for 145 participants (3.2%).

WC measured a horizontal line just above the upper-
most lateral border of the right ilium for participants at
standing position using measuring tape.'”> An unhealthy
WC was defined as a WC of >102 cm for men and
>88 cm for women.'”"'® Data were missing for 107 par-
ticipants (2.3%).

Table 3

Differences in ASCVD risk between normal weight unhealthy marker, nor-
mal weight healthy marker, and overweight, NHANES 2011 to 2016
(unweighted n =4,572; weighted n =43,919,354)

Risk >7.5% p Value

BMI 18.5-24.9, healthy SAD 26.2% <0.0001
BMI 18.5-24.9, unhealthy SAD 51.4%

BMI 25.0-29.9 37.8%

BMI 18.5-24.9, normal breath 26.7% <0.0001
BMI 18.5-24.9, shortness of breath 42.1%

BMI 25.0-29.9 38.0%

BMI 18.5-24.9, active 27.0% <0.0001
BMI 18.5-24.9, inactive 33.7%

BMI 25.0-29.9 37.9%

BMI 18.5-24.9, not excessive sitting 31.1% p=0.0007
BMI 18.5-24.9, high levels of sitting 27.1%

BMI 25.0-29.9 38.0%

BMI 18.5-24.9, healthy waist circumference 29.9% p <0.0001

BMI 18.5-24.9, unhealthy waist circumference 28.3%
BMI 25.0-29.9 37.9%

BMI =body mass index; SAD = sagittal abdominal diameter.
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Table 4

Unadjusted and adjusted odds ratios from logistic regression analysis using the NHANES 2011 to 2016 (unweighted n =4,572; weighted n =43,919,354)

Unadjusted OR (95% CI)

Adjusted OR (95% CI)*

BMI 18.5-24.9, healthy SAD

BMI 18.5-24.9, unhealthy SAD

BMI 25.0-29.9

BMI 18.5-24.9, normal breath

BMI 18.5-24.9, shortness of breath

BMI 25.0-29.9

BMI 18.5-24.9, active

BMI 18.5-24.9, inactive

BMI 25.0-29.9

BMI 18.5-24.9, not excessive sitting

BMI 18.5-24.9, excessive sitting

BMI 25.0-29.9

BMI 18.5-24.9, healthy waist circumference
BMI 18.5-24.9, unhealthy waist circumference
BMI 25.0-29.9

0.59 (0.48-0.71)
1.74 (1.18-2.58)
1.00
0.59 (0.49-0.72)
1.19 (0.83-1.71)
1.00
0.61 (0.49-0.76)
0.83 (0.64-1.08)
1.00
0.74 (0.60-0.91)
0.61 (0.46-0.81)
1.00
0.70 (0.54-0.90)
0.65 (0.54-0.78)
1.00

0.56 (0.39-0.79)
2.44 (0.97-6.14)
1.00
0.55 (0.40-0.77)
1.35 (0.65-2.79)
1.00
0.66 (0.44-0.99)
0.73 (0.43-1.23)
1.00
0.78 (0.49-1.23)
0.54 (0.35-0.82)
1.00
0.48 (0.32-0.73)
0.99 (0.60-1.61)
1.00

BMI =body mass index; SAD = sagittal abdominal diameter.

* Logistic regression models were adjusted for age, race, gender, education, poverty/income ratio, insurance status, and number of visits to a healthcare pro-

vider in the past year.

The respondents were asked whether they ever experi-
enced shortness of breath either when hurrying on the level
or walking up a slight hill. Although affirmative answers
are not completely discriminatory of a sedentary lifestyle,
this general indication of fitness would be consistent with
either an active or sedentary lifestyle. Data were missing
for 6 participants (0.13%).

Moderate/vigorous physical activity was defined using
measurements of average minutes per day of moderate
and vigorous work and recreational activities that
occurred for at least 10 minutes. A binary variable was
created that indicated whether the respondent met the
American College of Sports Medicine’s exercise guideline
of >150 minutes of moderate weekly exercise or >75
minutes of vigorous exercise.'””’ Data were missing for
15 participants (0.33%).

Prolonged sitting time represents a risk factor for mortal-
ity and CVD as a sedentary lifestyle.”’ Respondents were
asked a question about how many minutes they spent sitting
at school, at home, getting to and from places, or with
friends on a typical day. A recent study found increased
risk of heart disease at 7.7 hours (>462 minutes) of sitting
per day or more.”” This cut point was used to identify high
levels of sitting time. Data were missing for 29 participants
(0.63%).

All demographic items were self-reported and include
age, gender, race/ethnicity, education, poverty-to-income
ratio (PIR), health insurance status, and healthcare utiliza-
tion. For multivariate modeling, age is categorized as 40 to
59 and 60 to 79. The ASCVD risk score calculates risk dif-
ferently according to race, but only considers White and
Black. For the purposes of the risk score calculation, race
was categorized as White (including Hispanic and other)
and non-Hispanic Black. For multivariable analysis in
regression models, race was categorized as non-Hispanic
White, non-Hispanic Black, Hispanic, and other. Education
was categorized as less than high school (<12 years of edu-
cation), high school (12 years of education), and some

college/degree (>12 years of education). PIR was catego-
rized as <1.0 (family income is less than the official defini-
tion of poverty) and >1.0 (family income is above the
poverty level). Health insurance status was categorized as
private, public, and none. Healthcare utilization was
defined by a question asking about the number of visits to a
provider in the past year.

The NHANES uses a stratified multistage probability
design. To account for the complex sample design of the
NHANES, SAS 9.4 (SAS Institute, Cary, North Carolina)
and SUDAAN 11.0.1 (RTI International, Research Triangle
Park, North Carolina) were used with the appropriate
design and weighting variables provided by the National
Center for Health Statistics. The National Center for Health
Statistics suggests that estimates are considered to be reli-
able if the standard error is less than 30% of the population
parameter estimate.

We calculated chi-square analysis to determine the dif-
ference in normal weight adults between those individuals
with <7.5% 10-year risk of a CVD event, >7.5% 10-year
risk and overweight adults and the independent variables
consistent with a sedentary lifestyle. Chi-square analysis
utilized pairwise deletion for cases of missing data. Forced
inclusion logistic regressions controlling for age, gender,
race, education, PIR, insurance status, and number of visits
to a healthcare provider in the past year were conducted to
assess the impact of sedentary lifestyle markers on the like-
lihood of being at high CVD risk. Multivariable models uti-
lized listwise deletion in the event of missing data.

Gender- and race-specific subanalyses were not con-
ducted as gender and race are both accounted for in the
ASCVD risk score.

A subgroup analysis was conducted to assess whether
excess sitting time was moderated by high levels of activ-
ity. Adjusted and unadjusted forced inclusion logistic
regression models were conducted, controlling for age, gen-
der, race, education, PIR, insurance status, and number of
visits to a healthcare provider in the past year.
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Results

Table 1 shows the demographic characteristics of the
study sample. Overall, a substantial percentage of the sam-
ple had increased risk of a CVD event. Table 2 shows the
frequency distribution of the combination of BMI and life-
style marker. Table 3 shows the chi-square test results for
the assessment of BMI and lifestyle marker, and how
healthy BMI individuals with unhealthy markers compare
with their normal weight and overweight peers. For most
combinations of lifestyle markers and BMI, results showed
that risk for the 3 groups was significantly different for
every health marker assessed. The healthy BMI/unhealthy
marker group tended to be at high risk for a CVD event
between overweight and their healthier peers. Table 4
shows the logistic regression analysis. Adjusted models
indicate that for SAD, shortness of breath, activity level,
and WC, there is not a significant difference between those
who have a healthy BMI and unhealthy markers and those
who are overweight. However, individuals with a healthy
BMI and healthy markers are at lower likelihood of being
high risk for CVD than individuals who are overweight.
The only variable where the individuals at a healthy BMI
with a sedentary lifestyle marker were different from over-
weight individuals was extended sitting.

A subgroup analysis was conducted in individuals with
extended sitting to determine if this effect was modified by
vigorous exercise. In unadjusted analyses, individuals with a
healthy BMI, excessive sitting, and meeting the American
College of Sports Medicine guidelines for exercise exhibited
findings like the other nonsedentary characteristics and these
individuals were less likely than overweight adults to be at
high risk for CVD (odds ratio [OR] =0.51; 95% confidence
interval [CI] =0.36 to 0.72). Also, similar to the other seden-
tary characteristics, individuals with a healthy BMI, exces-
sive sitting, and not active in terms of exercise, these
individuals were not significantly different from overweight
adults to be at high risk for CVD (OR =0.73; 95% CI=0.49
to 1.01). Adjusted analyses yielded similar relationships with
individuals with extended sitting and high levels of exercise
being less likely than overweight adults to be at high risk for
CVD (OR=0.42; 95% CI=0.24 to 0.72) and individuals
with extended sitting and low levels of exercise being not sig-
nificantly different from overweight adults to be at high risk
for CVD (OR =0.68[95% CI =0.34to 1.37]).

Discussion

The findings of this study provide new insights into the
relation between BMI, body composition, characteristics
associated with a sedentary lifestyle, and high risk for
CVD. It suggests that not all individuals at a healthy BMI,
individuals who are typically considered as being healthy,
are at low CVD risk. Characteristics of a sedentary lifestyle,
exemplified by exercise or body composition are distin-
guishing variables. These findings suggest that a common
thinking for CVD prevention strategy primarily based on
BMI and weight loss to a healthy BMI to ensure decreased
risk may be need to be amended.

Additionally, characteristics of being “unfit” (i.e., short-
ness of breath and being inactive) inindividuals with a healthy

BMl increased their likelihood of being at high-risk for CVD
to a level that was not different from individuals who were
overweight. The present study indicated a counterintuitive
finding related to extended sitting time and CVD risk in adults
with healthy BMIs. Those sedentary lifestyle indicators may
play better roles in predicting CVD risk. A recent study found
thatindividuals who are not consistently sedentary with physi-
cal activity tend to have lower CVD mortality.” Moreover,
physical activity is independently associated with reduced
CVD risk regardless of amount of sedentary activity time.”*
Our subgroup analysis reinforced this idea and indicated that
the relation between excessive sitting time and CVD risk in
adults with healthy BMIs can be modified by other indicators
of physical activity. Individuals who had excessive sitting but
reported getting sufficient exercise were significantly less
likely tohave alower CVDrisk than those whoreported exces-
sive sitting without sufficient exercise and overweight adults.
It may be more informative that moderate/vigorous activity
and having normal reported fitness are markers that are indica-
tive of adequate fitness rather than whether the individual
reports substantial sitting. Rather than measuring sitting time,
ameasurement of prolonged sedentary time without physical
activity may play acritical role inincrementing CVDrisk.

Unhealthy levelsof SAD and WCinadults atahealthy BMI
were associated with an increased likelihood of being at risk
for CVD similar to adults who were overweight. The existing
evidence that SAD as a practical proxy of visceral fat was use-
ful in discriminating CVD risk in individuals at a healthy
BMI. Ithighlights the importance of additional body composi-
tion assessment in discriminating the healthy BMI Population
who are typically neglected in CVD prevention.” The find-
ings also support other research that suggests that individuals
at a healthy BMI with body composition indicators like
decreased grip strength or high percentage of body fat are asso-
ciated with hypertension and abnormal glucose.®~® Thus, it
may be useful to integrate other measurements of body com-
position into the clinician’s risk stratification model for adult
patients with healthy BMIs.

There are several limitations that need to be considered
when interpreting these results. First, although we used the
currently accepted and endorsed risk score for atheroscle-
rotic CVD, the ASCVD risk score, some authors have
voiced concern as to whether the })ooled equations overesti-
mate CVD risk in some groups.””** Moreover, there may
be some concern that the a 10-year risk of CVD at 7.5%
which was recommended in the guideline may be seen as
an arbitrary cut point. Second, fitness was measured by
self-report of getting out of breath upon mild exertion. It is
possible that this general measurement is too nonspecific
for fitness, but self-reports of fitness are associated with
objective measurements of cardiorespiratory fitness.””*’

The study results are generalizable to the adult US popu-
lation, aged 40 to 79, who are free of CVD and are of a
healthy or overweight BMI as the study utilized data
designed to be nationally representative. In conclusion, this
study provides additional evidence that fitness and body
composition markers consistent with a sedentary lifestyle
distinguish individuals with healthy BMIs as likely to be at
increased risk for cardiometabolic outcomes. Encouraging
patients to maintain or achieve a healthy BMI may not be
enough to ensure lower CVD risk and CVD prevention.
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Messaging about a healthy lifestyle may benefit from addi-
tional focus on achieving sufficient physical activity.

Disclosures

10.

11.

12.

The investigators have no conflicts of interest to disclose.

. Koopman RJ, Mainous AG 3rd. Evaluating multivariate risk scores for

clinical decision making. Fam Med 2008;40:412-416.

. Greenland P, Alpert JS, Beller GA, Benjamin EJ, Budoff MJ, Fayad

ZA, Foster E, Hlatky MA, Hodgson JM, Kushner FG, Lauer MS,
Shaw LJ, Smith SC Jr, Taylor AJ, Weintraub WS, Wenger NK, Jacobs
AK, Smith SC Jr, Anderson JL, Albert N, Buller CE, Creager MA,
Ettinger SM, Guyton RA, Halperin JL, Hochman JS, Kushner FG,
Nishimura R, Ohman EM, Page RL, Stevenson WG, Tarkington LG,
Yancy CW. American College of Cardiology Foundation; American
Heart Association. 2010 ACCF/AHA guideline for assessment of car-
diovascular risk in asymptomatic adults: a report of the American Col-
lege of Cardiology Foundation/American Heart Association task force
on practice guidelines developed in collaboration with the American
Society of Echocardiography, American Society of Nuclear Cardiol-
ogy, Society of Atherosclerosis Imaging and Prevention, Society for
Cardiovascular Angiography and Interventions, Society of Cardiovas-
cular Computed Tomography, and Society for Cardiovascular Mag-
netic Resonance. J Am Coll Cardiol 2010;56:e50-e103.

. Goff DCJr, Lloyd-Jones DM, Bennett G, Coady S, D’ Agostino RB, Gib-

bonsR, Greenland P, Lackland DT, Levy D, O’ Donnell CJ, Robinson JG,
Schwartz JS, Shero ST, Smith SC Jr, Sorlie P, Stone NJ, Wilson PW, Jor-
dan HS, Nevo L, Wnek J, Anderson JL, Halperin JL, Albert NM, Bozkurt
B, Brindis RG, Curtis LH, DeMets D, Hochman JS, Kovacs RJ, Ohman
EM, Pressler SJ, Sellke FW, Shen WK, Smith SC Jr, Tomaselli GF. Amer-
ican College of Cardiology/American Heart Association Task Force on
Practice Guidelines. 2013 ACC/AHA guideline on the assessment of car-
diovascular risk: a report of the American College of Cardiology/Ameri-
can Heart Association Task Force on Practice Guidelines. Circulation
2014;129(25 suppl 2):S49-S73.

. US Preventive Services Task ForceBibbins-Domingo K, Grossman

DC, Curry SJ, Davidson KW, Epling JW Jr, Garcia FA, Gillman MW,
Kemper AR, Krist AH, Kurth AE, Landefeld CS, LeFevre ML, Mangi-
one CM, Phillips WR, Owens DK, Phipps MG, Pignone MP. Statin use
for the primary prevention of cardiovascular disease in adults: U.S.
Preventive Services Task Force recommendation statement. JAMA
2016;316:1997-2007.

. Heymsfield SB, Wadden TA. Mechanisms, pathophysiology, and man-

agement of obesity. N Engl J Med 2017;376:254-266.

. Mainous AG 3rd, Tanner RJ, Jo A, Anton SD. Prevalence of prediabe-

tes and abdominal obesity among healthy-weight adults: 18-year trend.
Ann Fam Med 2016;14:304-310.

. Mainous AG 3rd, Tanner RJ, Anton SD, Jo A. Grip strength as a

marker of hypertension and diabetes in healthy weight adults. Am J
Prev Med 2015;49:850-858.

. Jo A, Mainous AG 3rd. Informational value of percent body fat with

body mass index for the risk of abnormal blood glucose: a nationally
representative cross-sectional study. BMJ Open 2018;8:¢019200.

. Romero-Corral A, Somers VK, Sierra-Johnson J, Korenfeld Y, Boarin

S, Korinek J, Jensen MD, Parati G, Lopez-Jimenez F. Normal weight
obesity: a risk factor for cardiometabolic dysregulation and cardiovas-
cular mortality. Eur Heart J 2010;31:737-746.

National Institutes of Health. Clinical guidelines on the identification,
evaluation, and treatment of overweight and obesity in Adults—The
Evidence Report. NIH Publication No. 98-4083. 1998. Available at:
http://www .nhlbi.nih.gov/files/docs/guidelines/ob_gdIns.pdf. Accessed
July 18, 2018.

World Health Organization. Physical status: the use and interpretation
of anthropometry. Report of a WHO Expert Committee. WHO Techni-
cal Report Series 854. Geneva: World Health Organization, 1995.
Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D’Agostino RB
Sr, Gibbons R, Greenland P, Lackland DT, Levy D, O’Donnell CJ,
Robinson JG, Schwartz JS, Shero ST, Smith SC Jr, Sorlie P, Stone
NJ, Wilson PW. American College of Cardiology/American Heart
Association Task Force on Practice Guidelines. 2013 ACC/AHA
guideline on the assessment of cardiovascular risk: a report of the

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

American College of Cardiology/American Heart Association Task
Force on Practice Guidelines. J Am Coll Cardiol 2014;63:
2935-2959.

Center for Disease Control and Prevention (CDC). National Health and
Nutrition Examination Survey (NHANES) - Anthropometry Proce-
dures Manual. 2016. Available at: https://wwwn.cdc.gov/nchs/data/
nhanes/2015-2016/manuals/2016_Anthropometry_Procedures_Manual.
pdf. Accessed July 18, 2018.

Zazai R, Wilms B, Ernst B, Keppler R, Thurnheer M, Schmid SM,
Schultes B. Sagittal abdominal diameter does not predict metabolic
traits better than waist circumference-related measures of abdominal
obesity in obese subjects. Exp Clin Endocrinol Diabetes 2017;126:
619-627.

Firouzi SA, Tucker LA, LeCheminant JD, Bailey BW. Sagittal abdom-
inal diameter, waist circumference, and BMI as predictors of multiple
measures of glucose metabolism: an NHANES investigation of US
adults. J Diabetes Res 2018;2018:3604108.

Risérus U, de Faire U, Berglund L, Hellénius M-L. Sagittal abdominal
diameter as a screening tool in clinical research: cutoffs for cardiome-
tabolic risk. J Obes 2010;2010:757939.

. International Diabetes Federation. The IDF Consensus Worldwide

Definition of the Metabolic Syndrome. 2006. Brussels, Belgium .
World Health Organization. Waist Circumference and Waist-Hip Ratio:
Report of a WHO Expert Consultation. 2008; Geneva, Switzerland.
Pescatello LS, Franklin BA, Fagard R, Farquhar WB, Kelley GA, Ray
CA. American College of Sports Medicine. American College of
Sports Medicine position stand: exercise and hypertension. Med Sci
Sports Exerc 2004;36:533-553.

Wolters Kluwer, Reibe D, Ehrman JK, Ligouri G, Magal M. (eds.).
ACSMs Guidelines for Exercise Testing and Prescription. 10th ed.
2018; Philadelphia, PA.

van der Ploeg HP, Chey T, Korda RJ, Banks E, Bauman A. Sitting time
and all-cause mortality risk in 222 497 Australian adults. Arch Intern
Med 2012;172:494-500.

Endorsed by The Obesity Society, Young DR, Hivert MF, Alhassan S,
Camhi SM, Ferguson JF, Katzmarzyk PT, Lewis CE, Owen N, Perry
CK, Siddique J, Yong CM. Physical Activity Committee of the Coun-
cil on Lifestyle and Cardiometabolic Health; Council on Clinical Car-
diology; Council on Epidemiology and Prevention; Council on
Functional Genomics and Translational Biology; and Stroke Council.
Sedentary behavior and cardiovascular morbidity and mortality: a sci-
ence advisory from the American Heart Association. Circulation
2016;134:¢262-279.

Cabanas-Sanchez V, Guallar-Castillon P, Higueras-Fresnillo S,
Rodriguez-Artalejo F, Martinez-Gémez D. Changes in sitting time
and cardiovascular mortality in older adults. Am J Prev Med
2018;54:419-422.

Warren TY, Barry V, Hooker SP, Sui X, Church TS, Blair SN. Seden-
tary behaviors increase risk of cardiovascular disease mortality in
men. Med Sci Sports Exer 2010;42:879-885.

Iribarren C, Darbinian JA, Lo JC, Fireman BH, Go AS. Value of the
sagittal abdominal diameter in coronary heart disease risk assessment:
cohort study in a large, multiethnic population. Am J Epidemiol
2006;164:1150-1159.

Mainous AG 3rd, Tanner RJ, Anton SD, Jo A, Luetke MC. Physical
activity and abnormal blood glucose among healthy weight adults. Am
J Prev Med 2017;53:42-47.

Yadlowsky S, Hayward RA, Sussman JB, McClelland RL, Min YI,
Basu S. Clinical implications of revised pooled cohort equations for
estimating atherosclerotic cardiovascular disease risk. Ann Intern Med
2018;169:20-29.

Mora S, Wenger NK, Cook NR, Liu J, Howard BV, Limacher MC, Liu
S, Margolis KL, Martin LW, Paynter NP, Ridker PM, Robinson JG,
Rossouw JE, Safford MM, Manson JE. Evaluation of the pooled
cohort risk equations for cardiovascular risk prediction in a multiethnic
cohort from the Women’s Health Initiative. JAMA Intern Med
2018;178:1231-1240.

Jensen KG, Rosthgj S, Linneberg A, Aadahl M. The association
between self-rated fitness and cardiorespiratory fitness in adults. Int J
Sports Med 2018;39:419-425.

Ortega FB, Sanchez-Lépez M, Solera-Martinez M, Fernandez-Sénchez
A, Sjostrom M, Martinez-Vizcaino V. Self-reported and measured car-
diorespiratory fitness similarly predict cardiovascular disease risk in
young adults. Scand J Med Sci Sports 2013;23:749-757.


http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0001
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0002
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0003
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0004
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0005
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0006
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0007
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0007
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0007
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0008
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0008
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0008
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0009
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0009
http://www.nhlbi.nih.gov/files/docs/guidelines/ob_gdlns.pdf
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0011
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0012
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0012
https://wwwn.cdc.gov/nchs/data/nhanes/2015-2016/manuals/2016_Anthropometry_Procedures_Manual.pdf
https://wwwn.cdc.gov/nchs/data/nhanes/2015-2016/manuals/2016_Anthropometry_Procedures_Manual.pdf
https://wwwn.cdc.gov/nchs/data/nhanes/2015-2016/manuals/2016_Anthropometry_Procedures_Manual.pdf
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0014
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0015
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0016
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0016
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0016
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0016
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0016
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0017
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0018
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0018
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0019
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0020
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0020
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0020
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0021
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0021
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0021
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0022
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0022
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0022
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0022
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0022
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0022
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0022
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0022
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0022
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0023
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0023
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0023
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0023
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0023
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0023
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0023
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0023
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0023
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0024
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0024
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0024
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0025
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0025
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0025
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0025
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0026
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0026
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0026
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0027
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0027
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0027
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0027
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0028
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0028
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0028
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0028
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0028
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0028
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0029
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0029
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0029
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0029
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0030
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0030
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0030
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0030
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0030
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0030
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0030
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0030
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0030
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0030
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0030
http://refhub.elsevier.com/S0002-9149(18)32148-9/sbref0030
www.ajconline.org

	Effect of Sedentary Lifestyle on Cardiovascular Disease Risk Among Healthy Adults With Body Mass Indexes 18.5 to 29.9 kg/m2
	Methods
	Results
	Discussion
	Disclosures


