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Cardiorespiratory fitness and metabolic
syndrome: US National Health and Nutrition
Examination Survey 1999–2002

Susan E. Brien, Ian Janssen, and Peter T. Katzmarzyk

Abstract: Increasing physical activity is recommended as a therapeutic lifestyle change in the treatment of metabolic syn-
drome (MetS); however, little evidence exists for a relationship between cardiorespiratory fitness (CRF) and MetS in rep-
resentative samples. Using data from the US National Health and Nutrition Examination Survey, 1999–2002, the
relationship between CRF and MetS was examined in 692 men and 608 women between the ages of 18 and 49 y who
were free of major disease and disability. In men, the odds of MetS were significantly lower in moderate and high CRF
categories versus the low CRF category, whereas in women there were no significant relationships between CRF and
MetS.

Key words: risk factors, lifestyle, physical activity, syndrome X, cardiovascular risk.

Résumé : Dans le traitement du syndrome métabolique (MetS), on recommande d’ajouter la pratique de l’activité physique
aux modifications de comportement à apporter au mode de vie. Nous disposons cependant de peu d’information sur la re-
lation entre la capacité cardiorespiratoire (CRF) et le MetS chez des échantillons représentatifs. D’après les observations
recueillies de 1999 à 2002 dans le US National Health and Nutrition Examination Survey 1999–2002, nous avons analysé
la relation entre la CRF et le MetS chez 608 femmes et 692 hommes âgés de 18 à 49 ans ne présentant aucune maladie
grave ou incapacité importante. Chez les hommes, le risque de MetS est significativement inférieur chez les individus de
CRF modérée à élevée comparativement à ceux de CRF faible ; chez les femmes, on n’observe aucune relation entre la
CRF et le MetS.

Mots clés : facteurs de risque, mode de vie, activité physique, syndrome X, risque cardiovasculaire.

[Traduit par la Rédaction]

Introduction

Therapeutic lifestyle changes, including increases in phys-
ical activity, are recommended for the treatment of meta-
bolic syndrome (MetS) (Expert Panel on Detection,
Evaluation, and Treatment on High Blood Cholesterol in
Adults 2001; Grundy et al. 2005). Indeed, there is accumu-
lating evidence that physical activity is important for both
the prevention and treatment of MetS (Lakka and Laaksonen
2007). A significant association between physical activity
and MetS has been demonstrated in representative samples
of the Canadian (Brien and Katzmarzyk 2006) and US (Ford
et al. 2005) populations; however, the relationship between
objective measurements of physical fitness (i.e., the ability
to perform physical activity) and MetS has not been exten-

sively studied in representative samples. Thus, the purpose
of this report is to document the association between cardior-
espiratory fitness (CRF) and MetS in the US National Health
and Nutrition Examination Survey (NHANES 1999–2002).

Materials and methods

Sample
A total of 692 men and 608 women between the ages of

18 and 49 y who had participated in the NHANES 1999–
2002 with complete 12 h fasting blood samples and CRF
data were included in the study.

Cardiorespiratory fitness
Among adults who participated in the NHANES, CRF

tests were only performed on individuals aged 18–49 y. In-
dividuals were also excluding from CRF testing if they had
diagnosed cardiovascular disease, respiratory difficulties,
were taking exclusionary medications (i.e., anti-anginal
agents, anti-arrhythmics, beta-blockers, nitrates, nitrogly-
cerin, or digitalis), or were physically disabled (National
Center for Health Statistics 2004). Thus, the sample repre-
sents a relatively healthy group of US adults. Maximal aero-
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bic capacity ( _VO2 max) was used as the measure of CRF in
the NHANES. Although genetic factors influence _VO2 max,
it is well established that CRF is improved in individuals en-
gaged in regular exercise, a form of physical activity (US
Department of Health and Human Services 1996b). Using a
submaximal treadmill test where participants either walked
or ran on a treadmill to achieve 75% of age-predicted heart
rate in an 8 min, multi-staged test, _VO2 max was estimated
from heart-rate measurements following reference levels of
submaximal work (Carnethon et al. 2005). In the analyses
for this study, _VO2 max was regressed on age, and the resid-
uals were retained to represent age-adjusted values. The
sample was then divided evenly into low, moderate, and
high CRF tertiles based on the age-adjusted _VO2 max values.

Metabolic syndrome

Metabolic syndrome (MetS) was defined using the Na-
tional Cholesterol Education Program Adult Treatment
Panel III (NCEP ATP III) (Expert Panel on Detection, Eval-
uation, and Treatment on High Blood Cholesterol in Adults
2001; Grundy et al. 2005) and International Diabetes Feder-
ation (IDF) guidelines (International Diabetes Federation
2005), as described in greater detail by Desroches and La-
marche (2007). The NCEP definition includes having at
least 3 of the following indicators: high waist circumference,
high plasma triglycerides, low high-density lipoprotein
(HDL) cholesterol, high fasting blood glucose, and high
blood pressure. The IDF definition requires having a high
waist circumference plus two more of the following indica-
tors: high plasma triglycerides, low HDL cholesterol, high
fasting blood glucose, and high blood pressure. See the
footnote in Table 1 for the NCEP and IDF cut-off values
used to denote abnormal levels for each of the MetS com-
ponents. Note that the IDF guidelines are unique in that
they provide race-specific cut-offs for waist circumference
(International Diabetes Federation 2005). For the purpose
of the current investigation, the waist circumference cut-
offs for ‘‘Europids’’, which were also recommended for
use in African-Americans and Hispanics, were used (Inter-
national Diabetes Federation 2005).

Confounding variables
Age, ethnicity (non-Hispanic whites, non-Hispanic blacks,

Mexican Americans, other Hispanic and others including
multi-racial), poverty–income ratio (based on family income
and size, divided into sex-specific quartiles), alcohol con-
sumption (none, 1–30 drinks/month as moderate intake
and >30 drinks/month as high intake), smoking (never, for-
mer, or current), and fat consumption (based on %fat intake
of total calorie intake, with <30% as low, 30%–40% as
moderate, and >40% as high) were included as confounding
variables (US Department of Health and Human Services
1996a; US Department of Health and Human Services and
US Department of Agriculture 2005). An additional category
of non-responders were included for poverty income ratio
(6.7%), alcohol consumption (14.9%), smoking (24.2%),
and fat intake (0.7%) such that the entire sample (n = 1300)
was included in the analyses.

Statistical analyses
The odds of having MetS and component risk factors

across CRF categories were determined by logistic regres-
sion using STATA Intercooled 7 (StataCorp 2001), to ac-
count for the complex sampling design and weighting of the
NHANES. The low CRF tertile was used as the referent
group. Confounding variables listed above were included as
covariates in all logistic regression models. Chi-square tests
were used to compare prevalences of IDF- versus NCEP-de-
fined MetS within fitness categories and to compare preva-
lences of IDF- and NECP-defined MetS across fitness
categories, in both men and women separately. Unpaired
Student’s t tests were used to compare the mean : V:O2 max
between men and women.

Results
The mean age of men was 32.4 y (95% CI: 31.2–33.5)

and the mean age of women was 33.2 y (95% CI: 32.2–
34.1). The mean _VO2 max values in men were 35.9 (95%
CI: 35.2–36.6), 43.7 (95% CI: 43.2–44.3), and 54.4 (95%
CI: 52.8–56.0) mL�kg-1�min–1 for the low, moderate, and
high CRF groups, respectively. In women, the corresponding
_VO2 max values were 28.0 (95% CI: 27.5–28.5), 35.1 (95%
CI: 34.6–35.6), and 45.2 (95% CI: 43.9–46.6) mL�kg-1�min–1,

Table 1. Odds of having the metabolic syndrome according to cardiorespiratory fitness (CRF) categories.

Men Women

OR 95% CI p value OR 95% CI p value

NCEP ATP III definition
Low CRF 1.00 — — 1.00 — —
Moderate CRF 0.37 0.18–0.72 0.005 0.63 0.31–1.3 0.197
High fitness CRF 0.26 0.12–0.57 0.002 1.08 0.52–2.2 0.833

IDF definition
Low CRF 1.00 — — 1.00 — —
Moderate CRF 0.41 0.22–0.77 0.007 0.60 0.31–1.2 0.129
High CRF 0.36 0.18–0.73 0.006 0.81 0.37–1.8 0.579

Note: OR, odds ratio; 95% CI, 95% confidence intervals adjusted for age, ethnicity, poverty–income ratio, alcohol consumption, smoking, and dietary fat
intake. NCEP ATP III cut-offs for metabolic syndrome: 3 or more of the following: waist circumference ‡102 cm in men or ‡88 cm in women; plasma
triglycerides >1.69 mmol/L; HDL-cholesterol <1.04 in men or <1.29 in women; fasting plasma glucose ‡5.6 mmol/L; systolic blood pressure ‡130 mmHg
or diastolic blood pressure ‡85 mmHg. IDF cut-offs for metabolic syndrome: high waist circumference (‡94 cm in men or ‡80 cm in women) plus 2 or
more of the following: plasma triglycerides ‡1.69 mmol/L; HDL-cholesterol <1.04 mmol/L in men or <1.29 mmol/L in women; fasting plasma
glucose ‡5.6 mmol/L; systolic blood pressure ‡130 mmHg or diastolic blood pressure ‡85 mmHg.
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respectively. The mean _VO2 max in men was significantly
greater than in women (p < 0.001). The prevalence of
NCEP-defined MetS in the overall sample was significantly
higher in men than in women (men, 17.0%, SE 1.8; women,
15.2%, SE 1.1, p < 0.01), as was the prevalence of IDF-de-
fined MetS (men, 21.8%, SE 2.0; women, 17.8%, SE 1.3).

The prevalence of MetS according to the IDF definition
was significantly higher than the NCEP ATP III definition
in both sexes at all fitness levels (p < 0.001). In men, the
prevalence of MetS significantly decreased across increasing

CRF groups (ptrend < 0.01) for both definitions of MetS, but
in women there was no significant difference in the preva-
lence of MetS according to fitness categories (ptrend = 0.175
for IDF-defined MetS and p = 0.234 for NCEP-defined
MetS; Fig. 1).

In men, the odds of having MetS as defined by NCEP and
IDF was lower in the moderate and high CRF groups than in
the low CRF group (Table 1). Additional analyses revealed
that the odds of having MetS in men decreased in a linear
dose–response manner when moving from the low to high
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Fig. 1. Prevalence of metabolic syndrome (MetS) and component risk factors according to cardiorespiratory fitness (CRF) category in (a)
men and (b) women. The error bars represent the 95% confidence intervals for the prevalence estimates. TG, triglycerides; HDL, high-den-
sity lipoprotein cholesterol; BP, blood pressure; WC, waist circumference; NCEP, National Cholesterol Education Program Adult Treatment
Panel III; IDF, International Diabetes Federation.
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CRF groups (ptrend < 0.01). In women, there were no signifi-
cant relationships between MetS and CRF.

Conclusions
The odds of having MetS decreased in a graded fashion

when moving from low to high CRF in men; in women,
there was no significant relationship between CRF and
MetS. Similar to these findings, previous results from the
NHANES III (Zhu et al. 2004) and the Canadian Heart
Health Surveys (Brien and Katzmarzyk 2006) demonstrated
an inverse relationship between MetS and physical activity
in men and no significant relationship in women. This sex
difference may be due to several factors such as hormonal
differences, varying patterns of fat distribution, and different
types and intensity of exercise between men and women.
More research is required to determine potential mecha-
nisms for this apparent sex difference.

Another important consideration in the present investiga-
tion is the sub-maximal treadmill test protocol used to pre-
dict _VO2 max in the NHANES. The protocol relies on
prediction formulas that have been shown to underestimate
_VO2 max in physically fit individuals (Tanaka et al. 2001)
and may not accurately predict _VO2 max in women (Gulati
et al. 2005). Given that measurement error biases the results
towards the null hypothesis, it is possible that the lack of as-
sociation between CRF and MetS in women in this study
was due to the imprecise estimates of _VO2 max.

The sample used in this study was apparently healthy and
relatively young, as those over the age of 49 y or those with
diagnosed cardiovascular disease, respiratory difficulties, on
exclusionary medications, or with physical disabilities were
excluded according to the NHANES criteria for CRF testing
(National Center for Health Statistics 2004). Individuals
with these exclusion criteria are more likely to have low
CRF levels (Carnethon et al. 2005), implying that the low
CRF group in this study was more fit than one would expect
in the general population. Given that strong associations are
more likely to exist between extreme exposures (i.e., indi-
viduals with a very low CRF) and outcomes (i.e., individu-
als with MetS who have progressed to cardiovascular
disease), it is plausible that the findings in this study under-
estimate the impact of CRF on MetS.

The prevalence of MetS using the IDF definition resulted
in a greater prevalence compared with the NCEP ATP III
definition in this study. Previous studies have demonstrated
that lowering the waist circumference threshold increases
the prevalence of MetS (Lakka et al. 2002; Katzmarzyk et
al. 2006). However, despite the inclusion of those who may
be at lower risk (i.e., with lower waist circumference) with
the IDF definition, the results from the logistic regression
analyses were similar between MetS definitions.

In conclusion, the findings herein indicate that even in an
apparently healthy sample of men, the likelihood of having
MetS decreases in a gradient manner with increasing level
of CRF. Further investigations are required to fully charac-
terize the sex differences in the relationship between CRF
and MetS.
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