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Abstract

Minimal data are available regarding the cumulative effects of healthy lifestyle behaviours on cardiometabolic risk. The objective of the

present study was to examine a combination of healthy lifestyle behaviours associated with cardiometabolic risk reduction. The analysis

was based on a cross-sectional study of 1454 participants from the population-based Lipid Research Clinic’s Princeton Follow-up Study.

The healthy lifestyle factors included fruit and vegetable intake $ 5 servings/d, meat intake # 2 servings/d, never smoking, consuming

2–6 alcoholic drinks/week, television (TV) viewing time # 2 h/d and moderate to vigorous physical activity $ 4 h/week. The combination

of healthy lifestyle behaviours was strongly and negatively associated with the presence of cardiometabolic risk, as well as with a compo-

site cardiometabolic risk score after adjustment for race, age, generation and sex. With each additional healthy lifestyle factor, cardiometa-

bolic risk decreased by 31 % (OR 0·69; 95 % CI 0·61, 0·78). A higher healthy lifestyle score was associated with a lower prevalence of

cardiometabolic risk (P for trend,0·001). Compared with individuals having 0–1 healthy lifestyle behaviours, those with 5 or 6 healthy

lifestyle behaviours had a 70 % lower prevalence of cardiometabolic risk (OR 0·30; 95 % CI 0·13, 0·67). Healthy lifestyle behaviours includ-

ing sufficient fruit and vegetable intake, less meat intake, less TV viewing time, abstinence from smoking, modest alcohol intake and

regular exercise are associated with reduced cardiometabolic risk.
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Cardiometabolic risk is an umbrella term encompassing

risk factors for CVD and type 2 diabetes, including

increased TAG, fasting glucose, blood pressure, abdominal

obesity and reduced HDL-cholesterol(1). An estimated

seventy-six million US adults(2) and 2·9 million adolescents

of 12–19 years of age(3) have the metabolic syndrome

and the presence of any three of the above-mentioned

five factors. The National Cholesterol Education Program

Adult Treatment Panel III guidelines also include elevated

LDL-cholesterol in its definition of the metabolic syn-

drome(4). A previous study has identified the metabolic

syndrome as a significant predictor of the development

of CVD and type 2 diabetes(5). Similarly, the Framingham

Risk Score, which includes age, sex, cigarette smoking

and the above-mentioned factors, was found to be associ-

ated with CHD and stroke(6).

Metabolic, clinical and epidemiological studies have

examined the influence of individual dietary and lifestyle

factors on adverse cardiometabolic outcomes, showing that

diets characterised by high polyunsaturated fat, low gly-

caemic index or glycaemic load, and increased consumption

of fish, fruits, vegetables, nuts and whole grains appear to

reduce the risk of cardiometabolic diseases(7). Furthermore,

increased television (TV) viewing time(8–10), psychosocial

stressors(11,12), cigarette smoking(13,14), and both excessive

drinking and abstinence from alcohol(15) were associated

with increased cardiovascular risk and mortality.

Healthy dietary and lifestyle patterns tend to co-exist and

inter-relate with each other; therefore, it is important to

examine dietary and lifestyle factors as a whole. However,

only minimal data are available regarding the cumulative

effects of healthy lifestyle behaviours on cardiometabolic

risk. Stampfer et al.(16) examined the effect of a combi-

nation of modifiable factors including smoking, alcohol

drinking, physical activity, BMI and diet on the risk of

CHD among 84 129 women in the Nurses’ Health Study.

The outcome of interest was major coronary events

which occurred rarely among subjects within the low-risk

categories, making it hard to provide reliable estimates of

the effects(16). A few studies have identified diet and life-

style behaviours associated with the risk of heart failure(17)

and hypertension(18), but the effect of these behaviours on
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the clustering of cardiometabolic risk factors (rather than

the actual disease) has not been evaluated.

The present study was based on a population-based, cross-

sectional sample from the Lipid Research Clinic (LRC)’s

Princeton Follow-up Study (PFS) to examine the effect of

a combination of lifestyle behaviours (including fruit and

vegetable intake, meat intake, smoking, alcohol consump-

tion, physical activity and TV viewing time) on cardio-

metabolic risk reduction.

Methods

Study population

The analysis was based on 1454 participants from the PFS

(1998–2003) who were followed up from the National

Heart, Lung and Blood Institute LRC Prevalence Study in

Cincinnati (1973–8). A detailed description of the LRC

and PFS has been published elsewhere(19–21). Briefly, the

LRC was a multi-centre, multi-stage epidemiological study

of lipids in eleven different populations in the USA and

Canada. The LRC study in Cincinnati examined about

7000 students in grades 1–12 and 4500 parents in the Prin-

ceton School District. A family identification number was

used to identify the familial correlation among parents

and children from the same family. Stage 1 measured

total cholesterol and TAG in all subjects plus demographic

data. Stage 2 measured lipid profiles, blood pressure, BMI,

triceps skinfolds, 24 h diet recalls, family history of CVD

and twelve-channel clinical chemistries in random and

hyperlipidaemic subsets of all stage 1 subjects. Stage 3

repeated stage 2 measures in all first-degree relatives of

random and hyperlipidaemic index cases from stage 2,

except for blood pressure.

After an average 26 years since their initial participation

in the LRC study, eligible former schoolchildren were

invited to participate in the PFS along with a sibling or a

parent to assess the changes in lifestyles and cardiometa-

bolic risk factors(19–21). Among the 1454 PFS participants,

26 % were black and 56 % were female. There were 432

parents (age 66·5 (SD 6·6) years) and 1022 adult children

(age 39·6 (SD 4·9) years).

The study was conducted according to the guidelines

laid down in the Declaration of Helsinki, and all pro-

cedures involving human subjects were approved by the

Cincinnati Children’s Hospital institutional review board.

Written informed consent was obtained from all subjects.

The University of Massachusetts Boston institutional

review board approved the data analysis protocol.

Measures and definitions of healthy lifestyle and
cardiometabolic risk in the Princeton Follow-up Study

Participants were assessed for sociodemographic charac-

teristics, smoking, alcohol use, medical history and

family history of certain diseases using standardised

self-administered questionnaires. Dietary intake was

measured by a Block-Quantified Food Frequency question-

naire. Information on physical activity was collected

through a 7 d physical activity recall using the Paffenbarger

Physical Activity Questionnaire, which had been val-

idated against pedometer readings, treadmill tests and

VO2max
(22–24). Participants’ weight, height, waist circumfer-

ence, blood pressure, LDL-cholesterol, HDL-cholesterol,

total cholesterol, TAG, glucose and insulin were measured

following standard procedures(25).

Diet measures chosen for inclusion in the present study

were daily servings of meat, vegetables and fruits. Life-

style factors were smoking (never/ever smoker), alcohol

use (number of alcoholic beverages per week), physical

activity (hours of moderate to vigorous physical activity

(MVPA) per week) and TV viewing hours per d. Each

of these six lifestyle factors has a substantial research

base indicating potential reduction in cardiometabolic

risk(6–9,12–17).

Healthy lifestyle behaviour was defined based on public

health recommendations and evidence from the previous

literature on associations between individual lifestyle fac-

tors and cardiometabolic diseases. For fruit and vegetable

intake, the Food Pyramid developed by the US Department

of Agriculture recommends 3–5 servings of vegetables and

2–4 servings of fruits each day(26); therefore, a healthy

behaviour for fruit and vegetable intake was defined as

$5 servings/d. Because the Food Pyramid recommends

2–3 servings of meat daily(26), we defined a healthy beha-

viour for meat intake as # 2 servings/d. The cut-off points

for smoking status, alcohol consumption, TV viewing time

and MVPA time were determined based on the findings

from previous studies(9,15,17). For example, the healthy

alcohol drinking behaviour was defined as at least 1–2

drinks/week. This is based on the finding that compared

with non-drinkers (,1 drink/week), regular drinkers

had a decreased risk of ischaemic stroke(15). For TV view-

ing time, subjects with TV viewing time , 2 h/d had a

lower CVD mortality compared with those with more

than 2 h/d; therefore, #2 h TV viewing time was defined

as a healthy behaviour(9). For physical activity, previous

studies found that at least 30 min of MVPA/d, correspond-

ing to 3·5 h/week, was associated with a reduction in

the risk of CHD and stroke(15,17). The MVPA data in the pre-

sent study were recorded in integers; therefore, we used

4 h/week as our cut-off point. We tested these cut-off

points in exploratory data analysis, and found consistent

relationships between each healthy lifestyle behaviour, as

defined above, and cardiometabolic risk reduction. A com-

bination of healthy lifestyle behaviours included daily fruit

and vegetable intake $5 servings, daily meat intake #2

servings, never smoking, consuming 2–6 alcoholic

drinks/week, TV viewing #2 h/d and MVPA $4 h/week.

The presence of each behaviour was given a score of 1,

so the healthy lifestyle score ranged from 0 to 6.
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The primary outcome, cardiometabolic risk, was defined

as having at least three of the following conditions:

BMI $ 25kg/m2, waist circumference $ 102 cm among men

or $ 88 cm among women, blood pressure $ 130/85mmHg

or use of medication for hypertension; fasting blood

glucose $ 1000mg/l or use of glucose-lowering medication,

total cholesterol $ 2000mg/l, LDL-cholesterol $ 1300mg/l,

total TAG $ 1500mg/l or drug treatment for elevated total

TAG; and HDL-cholesterol , 400mg/l in men or , 500mg/l

in women or drug treatment for reduced HDL-cholesterol.

The cardiometabolic risk measures were based on recom-

mendations from the Adult Treatment Panel III, the

American Heart Association/National Heart, Lung and

Blood Institute and the International Diabetes Federa-

tion(4,27,28). The secondary outcome of the present study

was the composite cardiometabolic risk score, defined as an

individual’s total number of risk factors. This score varied

between 0 and 9.

Statistical analyses

Means and standard deviations were calculated for con-

tinuous variables; numbers and proportions were calcu-

lated for categorical variables. A mixed-effect generalised

linear regression model was used to evaluate associations

of individual lifestyle factors with cardiometabolic risk

in univariate analyses adjusted for within-family correlation

identified by the same family identification number.

Covariates including age, sex, race and generation were

added to the model in multivariate analyses. OR and

95 % CI were obtained.

Next, each healthy lifestyle factor and the global healthy

lifestyle score were examined as predictors of the pre-

sence/absence of cardiometabolic risk. The variables for

individual healthy lifestyle factors were dichotomous

(yes/no). The healthy lifestyle score was initially treated

as a continuous variable, but only 1·2 % (eighteen) of the

subjects had a healthy lifestyle score of 0, and only 2·6 %

(thirty-eight) and 0·07 % (one) had scores of 5 or 6. Conse-

quently, we collapsed the data into five groups to achieve

robust sample sizes at the extremes: 0–1 as the reference

group, 2, 3, 4 and 5–6. Four dummy variables were created

for the five groups of the global healthy lifestyle score. An

ordinal score was given to each category of the healthy

lifestyle score, and then an analysis of P for a trend test

was performed to examine the trend of cardiometabolic

risk with increasing healthy lifestyle scores. Coefficients

were obtained using the mixed-effect logistic regression

because the outcome, cardiometabolic risk, was a binary

variable.

We then used the composite score of cardiometabolic

risk (i.e. the number of cardiometabolic risks) as the out-

come variable. The composite score was categorised into

four groups: 0–2 (reference group), 3–4, 5–6 and 7–9,

so that each group had a similar sample size. Since the out-

come was ordinal, the mixed-effect ordered logistic

regression was used to model the likelihood of having

3–4 cardiometabolic risk factors, 5–6 cardiometabolic

risk factors and 7–9 cardiometabolic risk factors, v.

having 0–2 cardiometabolic risk factors (the reference

group), on individual healthy lifestyle factors and then on

the healthy lifestyle score, after adjustment for age, sex,

race, generation and within-family correlation.

All P values were two-sided, and the significance level

was set at 0·05. Data were analysed with Statistical Analysis

Software version 9.1 (SAS Institute, Cary, NC, USA).

Results

Table 1 summarises the prevalence of cardiometabolic risk

according to demographic characteristics of the study

population. Overall, 50·9 % (740 out of 1454) of the sub-

jects had cardiometabolic risk. Males (53 %) and females

(49·3 %) had a similar prevalence of cardiometabolic risk,

as did Blacks (52·8 %) and Whites (50·2 %) (all P values

.0·05). First-generation participants (parents) had a

higher prevalence of cardiometabolic risk compared with

their children, 66·9 % (289 out of 432) in parents v. 44·1 %

(451 out of 1022) in their children (P,0·001). Within

generation, age was positively associated with cardio-

metabolic risk.

The univariate and multivariate analyses of associations

between individual lifestyle factors and cardiometabolic

risk are summarised in Table 2. Daily fruit intake and

frequency of alcohol consumption were associated with a

Table 1. Prevalence of cardiometabolic risk* by demographic characteristics

(Number of participants and percentage or mean values and standard
deviations)

Having cardiometabolic risk

Yes No

Demographic
characteristics n % n % P

Sex
Male (n 642) 340 53·0 302 47·0 0·16
Female (n 812) 400 49·3 412 50·7

Race
White (n 1081) 543 50·2 538 49·8 0·39
Black (n 373) 197 52·8 176 47·2

Generation
Parent (n 432) 289 66·9 143 33·1 ,0·001
Child (n 1022) 451 44·1 57·1 55·9

Age of parent participants (n 432) (years) ,0·001
Mean 68·0 65·7
SD 6·5 6·6

Age of child participants (n 1022) (years) 0·007
Mean 40·1 39·2
SD 5·0 4·8

* Cardiometabolic risk was defined as having at least three of the following con-
ditions: BMI $ 25 kg/m2, waist circumference $ 102 cm among men or $ 88 cm
among women, blood pressure $ 130/85 mmHg or use of medication for hyper-
tension; fasting blood glucose $ 1000 mg/l or use of glucose-lowering
medication, total cholesterol $ 2000 mg/l, LDL-cholesterol $ 1300 mg/l, total
TAG $ 1500 mg/l or drug treatment for elevated total TAG; and HDL-
cholesterol , 400 mg/l in men or , 500 mg/l in women or drug treatment for
reduced HDL-cholesterol.
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decreased prevalence of cardiometabolic risk after adjust-

ing for sex, age, race and generation, whereas daily meat

intake, cigarette smoking and TV viewing time were associ-

ated with increased cardiometabolic risk (Table 2).

Then, each lifestyle factor was categorised dichoto-

mously, generating six healthy lifestyle factors, including

high fruit and vegetable consumption ($5 servings/d),

low meat consumption (#2 servings/d), never smoking,

consuming alcohol regularly (2–6 drinks/week), regularly

participating in MVPA ($4 h/week) and less TV viewing

(#2 h/d). About a third (437 out of 1454 or 30·1 %) of

the participants had 2 healthy lifestyle behaviours, and

40·6 % (590 out of 1454) and 15·5 % (226 out of 1454)

had 3 and 4 healthy lifestyle behaviours, respectively.

The remaining 162 subjects (11·1 %) had 0 or 1 healthy life-

style behaviour, and 39 (2·7 %) had 5 or 6 healthy lifestyle

behaviours. As shown in Table 3, in the univariate model

adjusted for the intra-cluster correlation within family,

low meat consumption (OR 0·77; 95 % CI 0·61, 0·96), regu-

lar consumption of alcohol (OR 0·66; 95 % CI 0·52, 0·83),

regularly participating in MVPA (OR 0·80; 95 % CI 0·63,

1·00) and less TV viewing time (OR 0·42; 95 % CI 0·23,

0·78) were inversely associated with cardiometabolic risk.

These factors remained significant in multivariate analyses

after adjustment for race, age, generation and sex, except

for physical activity which became marginally significant.

In addition, high fruit and vegetable consumption (OR

0·71; 95 % CI 0·55, 0·93) and never smoking (OR 0·69;

95 % CI 0·51, 0·92) were also inversely associated with

cardiometabolic risk.

Next, we examined the healthy lifestyle score, which

was the sum of the six healthy lifestyle factors. Fig. 1

shows that with each increment of the healthy lifestyle

score, the prevalence of cardiometabolic risk decreased

on average by 31 % (OR 0·69; 95 % CI 0·61, 0·78). A linear

trend was observed. Compared with individuals having

0–1 healthy lifestyle score, those with 3 healthy lifestyle

behaviours had a 47 % lower prevalence of cardio-

metabolic risk (OR 0·53; 95 % CI 0·36, 0·78), those with 4

healthy lifestyle behaviours had a 68 % lower cardiometa-

bolic risk (OR 0·32; 95 % CI 0·20, 0·51), and those with

5 or 6 healthy lifestyle behaviours had a 70 % lower risk

(OR 0·30; 95 % CI 0·13, 0·67). A higher healthy lifestyle

score was associated with a lower prevalence of cardio-

metabolic risk (P for trend ,0·001).

Table 4 presents results from the ordered logistic

regression on the association between healthy lifestyle

factors and the composite score of cardiometabolic risk,

which are further visualised in Fig. 2. There were statisti-

cally significant inverse relationships between the presence

Table 2. Reductions and increases in cardiometabolic risk associated with individual lifestyle factors

(Odds ratios and 95 % confidence intervals)

Crude† Adjusted‡

Lifestyle factors OR 95 % CI P OR 95 % CI P

Fruit intake (servings/d) 0·91 0·81, 1·01 0·09 0·85 0·73, 0·99 0·04*
Vegetable intake (servings/d) 1·01 0·96, 1·06 0·67 1·00 0·93, 1·07 0·94
Meat intake (servings/d) 1·11 1·02, 1·20 0·01* 1·13 1·01, 1·26 0·03*
Cigarette smoking (ever v. never) 1·24 0·95, 1·64 0·12 1·42 1·01, 2·01 0·04*
Alcohol drinking (frequency/week) 0·90 0·83, 0·98 0·01* 0·85 0·77, 0·94 0·001*
Physical activity (h/week) 0·85 0·62, 1·15 0·28 1·00 0·99, 1·01 0·58
TV viewing (h/d) 1·26 1·16, 1·36 ,0·001* 1·19 1·08, 1·31 ,0·001*

TV, television.
*P,0·05
† Adjusted for intra-cluster correlation within family.
‡ Adjusted for age, race, sex, generation and intra-cluster correlation within family.

Table 3. Reductions in cardiometabolic risk associated with individual lifestyle factors

(Odds ratios and 95 % confidence intervals)

Crude† Adjusted‡

Healthy lifestyle factors OR 95 % CI P OR 95 % CI P

$5 Servings of fruits and vegetables/d 0·87 0·68, 1·11 0·27 0·71 0·55, 0·93 0·01*
#2 Servings of meat/d 0·77 0·61, 0·96 0·02* 0·69 0·54, 0·89 0·004*
Never smoking 0·80 0·61, 1·59 0·12 0·69 0·51, 0·92 0·01*
2–6 Alcohol drinks/week 0·66 0·52, 0·83 ,0·001* 0·62 0·48, 0·80 ,0·001*
$4 h MVPA/week 0·80 0·63, 1·00 0·05* 0·81 0·63, 1·03 0·08
#2 h TV watching/d 0·42 0·23, 0·78 0·01* 0·44 0·23, 0·85 0·01*
Global healthy lifestyle score 0·71 0·64, 0·79 ,0·001* 0·69 0·61, 0·78 ,0·001*

MVPA, moderate to vigorous physical activity; TV, television.
*P,0·05
† Adjusted for intra-cluster correlation within family.
‡ Adjusted for age, race, sex, generation and intra-cluster correlation within family.
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of healthy lifestyle behaviours and cardiometabolic risk

score. For example, individuals who consumed alcohol

regularly, compared with those who did not, had 27 %

lower odds of a composite cardiometabolic risk score of

3–4 v. 0–2 (OR 0·73; 95 % CI 0·54, 0·98), and the protective

effect of alcohol consumption increased as the cardiometa-

bolic risk score increased. The findings were similar for the

healthy lifestyle score. With every increment in healthy life-

style score, the odds of a cardiometabolic risk score of 3–4

v. 0–2 were 18 % lower (OR 0·82; 95 % CI 0·72, 0·95), the

odds of having the score as 5–6 v. 0–2 were 32 % lower

(OR 0·68; 95 % CI 0·59, 0·79), and the odds of having the

score as 7–9 v. 0–2 were 36 % lower (OR 0·64; 95 % CI

0·53, 0·78).

Discussion

Results from the present study indicated that a combination

of healthy lifestyle factors including sufficient fruit and veg-

etable intake, less meat intake, abstinence from smoking,

moderate drinking, regular exercise and less TV viewing

time was associated with a decreased cardiometabolic

risk. Each additional healthy lifestyle factor was associated

with a 31 % reduction in cardiometabolic risk. Cardiometa-

bolic risk decreased in a graded manner as the number

of healthy lifestyle factors increased. These results support

the hypothesis that reductions in cardiometabolic risk are

associated with both individual and cumulative adherence

to healthy lifestyle behaviours(29). When individual lifestyle

factors were examined individually, most, but not all, fac-

tors were associated with cardiometabolic risk reduction.

The lifestyle factors in the present study have been

examined individually or jointly by other researchers,

and the present study adds to this literature by focusing

on precursors to the actual disease rather than on

frank disease outcomes as has typically been the

case. For example, Chiuve et al.(30) found that a low-risk

lifestyle including healthy diet, not smoking, alcohol con-

sumption 5–30 g/d, MVPA $ 30 min/d and maintaining

BMI , 25 kg/m2 resulted in a 62 % reduction in CHD

among men of middle age or later in life. Djoussé

et al.(17) found that a combination of BMI , 25 kg/m2,

not smoking, exercise $ 5 times/week, alcohol intake $ 5

drinks/week, breakfast cereal $ 1 serving/week and fruits

and vegetables $ 1 serving/week reduced the risk of

heart failure. In another study, adherence to the Mediter-

ranean diet, no smoking and exercise were associated

with reduced total cholesterol, LDL-cholesterol and

TAG(31). In addition, several studies have documented

the effects of other lifestyle factors such as folic acid sup-

plementation(18,32,33), dairy consumption(34), whole-grain

intake(35) and psychosocial stressors(36). To the best of

our knowledge, no studies have examined the effect of a

combination of healthy lifestyle factors on cardiometabolic

risk, which is a precursor of CVD and type 2 diabetes(37).

By targeting lifestyle behaviours associated with cardio-

metabolic risk, we can prevent and manage risk for

cardiometabolic disease and adverse outcomes of these

disease processes at the early stages of development.

The present study found that fruit and vegetable intakes,

when viewed on a continuous scale, were not significantly

associated with cardiometabolic risk, whereas a high intake

of fruits and vegetables ($5 servings/d) was associated

0
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Fig. 1. Linear trend between the global healthy lifestyle score and cardio-

metabolic risk.

Table 4. Associations between individual healthy lifestyle factors, global healthy lifestyle score and the composite score of cardiometabolic risk

(Odds ratios and 95 % confidence intervals)

Composite cardiometabolic risk score

Score ¼ 3–4 v. 0–2 Score ¼ 5–6 v. 0–2 Score ¼ 7–9 v. 0–2

Healthy lifestyle factors Adjusted OR† 95 % CI Adjusted OR† 95 % CI Adjusted OR† 95 % CI

$5 Servings of fruits and vegetables/d 0·73* 0·54, 0·99 0·69* 0·50, 0·96 0·56* 0·36, 0·88
#2 Servings of meat/d 0·75 0·57, 1·01 0·67* 0·49, 0·90 0·55* 0·37, 0·83
Never smoking 1·10 0·78, 1·55 0·76 0·53, 1·08 0·74 0·46, 1·17
2–6 Alcohol drinks/week 0·73* 0·54, 0·98 0·60* 0·44, 0·83 0·47* 0·30, 0·73
$4 h MVPA/week 0·88 0·66, 1·17 0·76 0·56, 1·04 0·99 0·65, 1·50
#2 h TV watching/d 0·84 0·44, 1·60 0·35* 0·14, 0·86 0·40 0·12, 1·41
Global healthy lifestyle score 0·82* 0·72, 0·95 0·68* 0·59, 0·79 0·64* 0·53, 0·78

MVPA, moderate to vigorous physical activity; TV, television.
*P,0·05.
† Adjusted for age, race, sex, generation and intra-cluster correlation within family.
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with reduced cardiometabolic risk. This suggests a possible

threshold effect of fruit and vegetable consumption on

cardiometabolic health. The present findings are consistent

with the results of a previous epidemiological study,

which found a similar protective effect of a high fruit and

vegetable intake. For example, in a study in the USA,

compared with people consuming , 3 servings of fruits

and vegetables per d, those consuming 5–7 servings

per d had a 73 % lower risk for myocardial infarction(38).

A study in India found that people consuming 3·5 servings

of vegetables per d had a threefold lower risk of IHD

than did those consuming 0·8 servings/d(39).

Strengths of the present study include the population-

based dataset, the objective measurement of cardiometa-

bolic risk and the robustness of the results from different

analyses. Healthy lifestyle factors were tested individually

and jointly as a composite healthy lifestyle score, while

the outcome, cardiometabolic risk, was measured both

dichotomously and as a composite risk score. The results

were largely consistent across the analyses, corroborating

the evidence of the effect of a healthy lifestyle on cardio-

metabolic risk. The finding that MVPA was not individually

associated with cardiometabolic risk reduction and showed

no discernible dose–response pattern is surprising in the

light of substantial literature to the contrary and may indi-

cate a low validity of the MVPA data (see later for further

discussion on a possible recall error in physical activity

data). The absence of a statistically significant effect of

cigarette smoking, conversely, probably reflects the

sample size given the width of the CI.

The study is limited, however, by the cross-sectional

design, which does not allow us to establish the time

sequence of exposure and outcome, therefore preventing

us from inferring causality. The selection bias in the

cross-sectional design may also affect the estimated associ-

ations from the present study. Participants with a very

unhealthy lifestyle and lethal cardiometabolic outcomes

may not be included in the study, which is likely to

lead to an underestimation of the effect of the lifestyle

factors on cardiometabolic risk. A prospective, longitudinal

study is desired to obtain more conclusive evidence on

the temporal relationship between lifestyle and cardio-

metabolic risk.

Physical activity was measured by 7 d physical activity

recall using the Paffenbarger Physical Activity Question-

naire in the present study(22). Physical activity is a complex

behaviour with four major components, frequency, inten-

sity, duration and mode, which makes it difficult to

obtain accurate measurement of all these components(40).

The 7 d recall method is practical and feasible for adminis-

tering to large populations of individuals; however, due to

its subjective nature in methodology, it is subject to recall

error and unable to quantify physical activity with sufficient

accuracy and precision. When compared with the doubly

labelled water method, which is the criterion method

to evaluate physical activity-related energy expenditure,

this 7 d recall method has a low accuracy in the estimation

of physical activity-related energy expenditure for indi-

viduals under free-living conditions. In addition, it is

imprecise with an underestimation of physical activity-

related energy expenditure in the most-active individuals

and an overestimation in the least-active individuals(41).

It was found that MVPA was not individually associated

with cardiometabolic risk reduction in the present study,

indicating a low validity of the MVPA data measured by

the 7 d recall method.

0·0

0·5

1·0

1·5

2·0

Fruit &
veg≥5/d

Meat
≤2/d

No
smoking

Alcohol
= 2–6/w

MPVA ≥4h/w TV≤2h/d Global
score

O
R

Fig. 2. Associations between healthy lifestyle factors and composite score of cardiometabolic risk. , OR of the cardiometabolic risk composite score 3–4 v. 0–2;

, OR of the cardiometabolic risk composite score 5–6 v. 0–2; , OR of the cardiometabolic risk composite score 7–9 v. 0–2. Veg, vegetables; w, weeks;

MVPA, moderate to vigorous physical activity; TV, television.

L. Shi et al.752

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114510004307  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114510004307


Another limitation of the present study is that some

potential confounders such as education and income plus

unknown confounders were not adjusted for, so a potential

confounding effect could not be ruled out. Future study

should use a longitudinal study design to examine the

impacts of lifestyle in early life on cardiometabolic risk in

later life. In addition, diet appears to be important for car-

diometabolic risk in the present study, but we used only

three aspects of dietary intake – fruits, vegetables and

meat. Other dietary components such as total energy

intake, fat, sugar, fibre intake, etc., which may influence

CVD risk, were not included in the analyses.

Results from the present study provide further evidence

supporting the beneficial effect of healthy lifestyle beha-

viours on cardiometabolic risk. It has important public

health implications regarding the prevention of cardio-

metabolic disease.

Acknowledgements

L. S., J. A. M., J. W. and L. L. H. designed the study; L. S.

performed the statistical analyses and wrote the manu-

script; M. H. conducted the literature review; J. A. M.,

L. L. H. and J. W. edited the manuscript and helped with

the interpretation and discussion of results. All authors

approved the final manuscript. The authors do not have

any conflicts of interest. The present study was supported

by research grant HL62394 from the National Institutes

of Health ( J. A. M.) and the Joseph P. Healey from the

University of Massachusetts Boston (L. S.).

References

1. Brunzell J, Davidson M, Furberg C, et al. (2008) Lipoprotein
management in patients with cardiometabolic risk: consen-
sus statement from the American Diabetes Association and
the American College of Cardiology Foundation. Diabetes
Care 31, 811–822.

2. Ford E (2005) Prevalence of the metabolic syndrome defined
by the International Diabetes Federation among adults in
the U.S. Diabetes Care 28, 2745–2749.

3. Cook S, Auinger P, Li C, et al. (2008) Metabolic syndrome
rates in United States adolescents, from the National Health
and Nutrition Examination Survey, 1999–2002. J Pediatr
152, 165–170.

4. Expert Panel on Detection E, and Treatment of High Blood
Cholesterol in Adults. Executive summary of the third
report of the National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults (Adult Treatment
Panel III). (2001) JAMA 285, 2486–2497.

5. Gami A, Witt B, Howard D, et al. (2007) Metabolic syndrome
and risk of incident cardiovascular events and death: a sys-
tematic review and meta-analysis of longitudinal studies.
J Am Coll Cardiol 49, 403–414.

6. Wannamethee S, Shaper A, Lennon L, et al. (2005) Metabolic
syndrome vs Framingham Risk Score for prediction of coron-
ary heart disease, stroke, and type 2 diabetes mellitus.
Arch Intern Med 165, 2644–2650.

7. Hu F & Willett W (2002) Optimal diets for prevention of cor-
onary heart disease. JAMA 288, 2569–2578.

8. Katzmarzyk P, Church T, Craig C, et al. (2009) Sitting time
and mortality from all causes, cardiovascular disease, and
cancer. Med Sci Sports Exerc 41, 998–1005.

9. Manson J, Greenland P, LaCroix A, et al. (2002) Walking
compared with vigorous exercise for the prevention of cardi-
ovascular events in women. N Engl J Med 347, 716–725.

10. Dunstan D, Barr E, Healy G, et al. (2010) Television viewing
time and mortality. The Australian Diabetes, Obesity and
Lifestyle Study (AusDiab). Circulation 121, 384–391.

11. Rugulies R (2002) Depression as a predictor for coronary
heart disease a review and meta-analysis. Am J Prev Med
23, 51–61.

12. Wassertheil-Smoller S, Shumaker S & Ockene J (2004)
Depression and cardiovascular sequelae in postmenopausal
women. Arch Intern Med 164, 289–298.

13. Mitchell G, Hwang S, Vasan R, et al. (2010) Arterial stiffness
and cardiovascular events. The Framingham Heart Study.
Circulation 121, 505–511.

14. Tamura U, Tanaka T, Okamura T, et al. (2010) Changes in
weight, cardiovascular risk factors and estimated risk of cor-
onary heart disease following smoking cessation in Japanese
male workers: HIPOP-OHP Study. J Atheroscler Thromb 17,
12–20.

15. Kawano Y (2010) Physio-pathological effects of alcohol on
the cardiovascular system: its role in hypertension and cardi-
ovascular disease. Hypertens Res 33, 181–191.

16. Stampfer M, Hu F, Manson J, et al. (2000) Primary prevention
of coronary heart disease in women through diet and life-
style. N Engl J Med 343, 16–22.
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