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Objective: The association between obesity and coronary heart disease (CHD) may have changed over

time, for example due to improved pharmacological treatment of CHD risk factors. This meta-analysis of

31 prospective cohort studies explores the influence of calendar period on CHD risk associated with

body mass index (BMI).

Design and Methods: The relative risks (RRs) of CHD for a five-BMI-unit increment and BMI categories

were pooled by means of random effects models. Meta-regression analysis was used to examine the

influence of calendar period (>1985 v �1985) in univariate and multivariate analyses (including mean

population age as a covariate).
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Results: The age, sex, and smoking adjusted RR (95% confidence intervals) of CHD for a five-BMI-unit

increment was 1.28(1.22:1.34). For underweight, overweight and obesity, the RRs (compared to normal

weight) were 1.11(0.91:1.36), 1.31(1.22:1.41), and 1.78(1.55:2.04), respectively. The univariate analysis

indicated 31% (95%CI: �56:0) lower RR of CHD associated with a five-BMI-unit increment and a 51%

(95%CI: �78: �14)) lower RR associated with obesity in studies starting after 1985 (n ¼ 15 and 10,

respectively) compared to studies starting in or before 1985 (n ¼ 16 and 10). However, in the multivariate

analysis, only mean population age was independently associated with the RRs for a five-BMI-unit

increment and obesity (�29(95%CI: �55: �5)) and �31(95%CI: �66:3), respectively) per 10-year

increment in mean age).

Conclusion: This study provides no consistent evidence for a difference in the association between BMI

and CHD by calendar period. The mean population age seems to be the most important factor that

modifies the association between the risk of CHD and BMI, in which the RR decreases with increasing

age.

Obesity (2013) 21, 865-880. doi:10.1002/oby.20043

Introduction
The prevalence of both overweight and obesity has increased world-

wide over the past decades, especially after the 1980s in Europe and

the USA (1-3). This is a major concern because obesity is associated

with increased mortality, disability, decreased quality of life, high

health care costs, and morbidity including coronary heart disease

(CHD) (1,4).

Despite the rise in the prevalence of obesity, CHD mortality rates

have declined since the 1960s-1970s in Western Europe, Australia

and the USA (5,6). This decline can be explained by major improve-

ments in coronary treatments and CHD management since the mid

1980s and by changes in risk factors—even in overweight and obese

persons—such as a decrease in the prevalence of smoking, and in

blood pressure and cholesterol levels (7-10). Additional in this pe-

riod, the lifestyle approach was advocated within health-care proce-

dures to combat CHD (11,12). Because of all these developments,

we expected that the risk of incidence and mortality of CHD associ-

ated with being overweight or obese has decreased over time.

The impact of time on CHD risk associated with obesity in adults

has not been examined in a large meta-analysis before. Knowledge

of time-dependent shifts in CHD risk associated with obesity not

only provides indirect ‘‘evidence’’ for improved health care proce-

dures in the obese, but is also important for forecasting future deaths

from chronic diseases, as presented in leading publications (13,14).

This in turn is fundamental for underpinning the needs for policies

on obesity and CVD management.

The present meta-analysis, including 31 prospective cohort studies from

various countries, comprising 389,212 persons, examined the influence

of calendar period (the year in which the study started) on the associa-

tion between BMI and CHD, adjusted for age, sex and smoking. The

analysis took additional study characteristics (i.e., mean age of the pop-

ulation and length of follow-up) into account that have been proposed

to influence the association between body weight and CHD (15,16). To

test for the impact of changes in risk factors over time (induced by

treatment developments), we additionally examined the influence of

calendar period on the association between BMI and CHD in a subset

of 21 cohort studies with additional adjustments for physical activity,

blood pressure and cholesterol. We expected that the influence of calen-

dar period would be attenuated by adjusting for CHD risk factors.

Methods
Data sources, study selection and data extraction were previously

described in detail (17). Briefly, studies were identified by a

PubMed/Medline search until 2007 by using the following search

strategy: obesity, body mass index, BMI, or overweight in either the

title or in the Medical Subject Heading (MeSH) and either coronary

heart disease in the title or coronary disease in MeSH, plus either

prospective or cohort. Also, we examined reference lists of identi-

fied articles, and got suggestions through colleagues. Eligible studies

were prospective cohort studies conducted in healthy, mainly Cauca-

sian populations. Seventy cohort studies were identified and 62

investigators were contacted of whom 31 agreed to participate. The

31 cohort studies had data available on BMI, age, sex and smoking

and CHD incidence or mortality. Eighteen studies used mortality

from CHD and 13 studies used incidence of CHD (both fatal and

non-fatal events) as their endpoint. Twenty-one studies had extra

data available on physical activity, blood pressure and cholesterol.

The investigators from the participating cohort studies were

requested to calculate hazard ratios (further on called relative risks

(RR)) of CHD for BMI and their 95% confidence intervals (CIs)

with systematic adjustments for age, sex and smoking, and if avail-

able also for physical activity, blood pressure, and cholesterol levels.

Data synthesis
In this study, we examined the influence of calendar period on the

pooled RR for BMI as a continuous variable (i.e., risk per five units

increase in BMI; N ¼ 31) as well as for BMI-categories (i.e., cate-

gories underweight (<18.5 kg m�2; N ¼ 17), overweight (25.0-29.9

kg m�2; N ¼ 20) and obesity (�30.0 kg m�2; N ¼ 20), as compared

to the reference category (18.5-24.9 kg m�2)). For the 10 studies

which only provided RRs for BMI categories, the RRs were trans-

formed to their continuous form for each set of adjustments by

applying the method of Greenland and Longnecker (18), using the

numbers of cases as observed rather than their fitted values (19).

The adjusted RRs for BMI were plotted to visualize variation in

results between studies.

Calendar period was calculated by using the baseline year of each

cohort study. Recruitment and data collection at baseline took in

most cohort studies more than 1 year. Therefore, baseline year was

defined as the mean of the first year and last year in which baseline
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measurements were conducted. The studies were then divided into

two strata to examine whether the pooled RRs differed by calendar

period (�1985 and >1985). The 1985 cut-point chosen, corre-

sponded with the period when major changes occurred regarding the

management of CHD and the increase in advocating lifestyle

approaches within health-care procedures (7-12). Furthermore, the

influence of other important study characteristics on the association

between BMI and CHD, i.e. age of the population (defined as the

mean age of the population at baseline) and length of follow-up

(defined as the mean length in years the population was followed to

their endpoint) were examined.

Statistical analysis
Descriptive statistics were used to describe the main characteristics

of the cohort studies, i.e., baseline year, mean age of the population

and length of follow-up.

The age, sex, and smoking adjusted log RRs for BMI as a continuous

and categorical variable were pooled by means of a random effects

model (20), using the MIXED procedure in SAS (version 9.1). The

pooled RR and the 95% confidence interval (95%CI) was estimated

by exponentiating the results from this model. Heterogeneity of RRs

between cohort studies was tested using chi-squared tests.

To determine sensitivity of the results, meta-analyses with 30 studies

(continuous BMI) and with 16 and 19 studies (BMI categories) were

performed, leaving repeatedly each individual study out of the

pooled risk. Further, to check for potential bias due to misclassifica-

tion of BMI based on self-reported weight and height, analyses were

repeated after excluding cohorts with self-reported BMI. This meant

exclusion of four studies in the analysis for continuous BMI, over-

weight, and obesity and three studies for underweight. Publication

bias was investigated using a funnel plot.

To examine the influence of calendar period (>1985 vs. �1985),

age of the population and length of follow-up (expressed per 10

year increment), a meta-regression analysis (including the random

effects model) was used. In this meta-regression analysis, the age,

sex, and smoking adjusted log RR of the studies was regressed onto

the study characteristics. This was done by using a univariate (i.e.,

calendar period, age and length of follow-up in separate models)

and a multivariate analysis (i.e., calendar period and age of the pop-

ulation adjusted for each other). Calendar period and length of fol-

low-up were not simultaneously entered into the model to prevent

multicollinearity since baseline year and length of follow-up were

highly correlated (Pearson’s r ¼ �0.86; P < 0.001). Similar models

were used for the categories underweight, overweight and obesity.

These analyses were then repeated in a subset of cohort studies

(continuous BMI: N ¼ 21, underweight: N ¼ 12, overweight and

obesity: N ¼ 14) with log RRs additionally adjusted for physical ac-

tivity, blood pressure and cholesterol.

The influence of study characteristics is reported as a percentage

change of the RR of CHD associated with BMI by the study charac-

teristic term. To give insight in how the percentage change was cal-

culated, we present the following hypothetical example:

Suppose the regression coefficients for the log(RR) are 0.3 for the

intercept and �0.1 for the calendar period effect. In that case, the

RR of studies starting before and in 1985 is e0.3 ¼ 1.35 and the RR

for studies starting after 1985 is e(0.3þ�0.1) ¼ 1.22. This gives a

percentage change of ((1.22 � 1) � ((1.35 � 1))/(1.35 � 1) �
100% ¼ �37%. To indicate whether the influence of a study char-

acteristic was statistically significant, the accompanying 95% confi-

dence intervals are presented.

Results
Characteristics of cohorts
Table 1 presents the characteristics of the study populations, com-

prising a total of 389,212 persons. During follow-up in total 20 652

CHD events were observed. Some studies provided RRs for a longer

length of follow-up than in the original articles. The cohorts used

for analysis regarding BMI categories are marked in Table 1.

Table 2 presents the descriptive statistics of baseline year, age of

the population and length of follow-up. For the earlier studies

(�1985), age of the population was lower in comparison with the

later studies (>1985). The length of follow-up was longer for the

earlier studies.

Relative risks of CHD associated with BMI
For the 31 studies, the age, sex, and smoking adjusted RR of CHD

was increased for a five-BMI-unit increment, overweight and obesity

(Table 3). Underweight was not associated with the risk of CHD

(RR 1.11 (0.91:1.36). After adjustment for physical activity, blood

pressure and cholesterol, the RRs for a five-BMI-unit increment,

overweight and obesity were lower but still significant as reported

previously (17).

There was substantial heterogeneity between study results of the 31

cohorts (P < 0.001; Figure 1) and between the study results for

each BMI category (P < 0.05; not shown). The sensitivity analysis

indicated no strong influence by individual studies as the change in

RR of CHD associated with BMI ranged maximally from �0.08 to

0.06 when single studies were excluded. Exclusion of studies that

used self-reported BMI resulted in somewhat lower RRs in the

remaining cohorts concerning increasing BMI, underweight, over-

weight and obesity (respectively, 1.26 (1.20:1.32); 1.09 (0.84:1.42);

1.26 (1.18:1.35); 1.66 (1.45:1.91)).

The funnel plot suggested that studies with higher estimates of rela-

tive risk were not overrepresented, suggesting that there was no pub-

lication bias using the 31 cohorts (Appendix 1).

Influence of calendar period and other factors on
the relative risk of CHD for BMI
The relationships between study characteristics and the RR of CHD

associated with BMI as a continuous and categorical variable are

graphically displayed in Appendix 2.

Table 3 presents the percentage changes in the RR of CHD associ-

ated with BMI by calendar period, age of the population and length

of follow-up for the univariate and multivariate meta-regression

analyses. Because underweight was not associated with CHD, the

influences of the study characteristics were not examined for this
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category. Table 4 presents the RRs of CHD associated with continu-

ous and categorical BMI stratified by calendar period.

Relative risks adjusted for age, sex, and smoking. The differ-

ence in the RR of CHD for a five-BMI-unit increment and obesity

between calendar periods, that was observed in the univariate analy-

sis (�31% (95%CI: �56:0) and �51% (95%CI: �78: �14), respec-

tively) (Tables 3 and 4), was no longer observed in the multivariate

analysis (Table 3). However, in the multivariate analysis, age of the

population still (near) significantly lowered the RR by 29% (95%CI:

�55: �5) and 31% (95%CI: �66:3) respectively for each 10-year

increase in age of the population (Table 3). No interaction effect

between calendar period and mean age was found.

Length of follow-up (only examined in the univariate analysis) had

a significant influence on the RR associated with a five-BMI-unit in-

crement (þ25% (95%CI: 0:52)) and with obesity (þ53% (95%CI:

9-109)) (Table 3).

We repeated these analyses in a subset of studies (N ¼ 13; N ¼ 6

�1985; N ¼ 7 >1985) with a length of follow-up between 10 and

19.9 years to reduce correlation between baseline year and length of

follow-up (Pearson’s r ¼ �0.48, P ¼ 0.10) and overlap in time

TABLE 2 Mean (range) study characteristics

Studies in the body mass index analyses Baseline year Age of population (yr) Length of follow-up (yr)

All studies (N ¼ 31)a 1981 (1958-1996) 51.5 (35.0-73.0) 15.0 (1.2-35.0)

Studies �1985 (N ¼ 16) 1973 (1958-1985)* 48.1 (35.0-71.1)* 20.8 (6.0-35.0)*

Studies >1985 (N ¼ 15) 1989 (1986-1996) 55.1 (43.4-73.0) 8.9 (1.2-15.8)

Studies in the overweight and obesity analyses

Total (N ¼ 20)a 1983 (1969-1996) 51.0 (35.0-73.0) 15.2 (1.2-33.0)

Studies �1985 (N ¼ 10) 1976 (1969-1985)* 47.1 (35.0-71.1) 21.3 (15-33.0)*

Studies >1985 (N ¼ 10) 1989 (1986-1996) 54.8 (43.4-73.0) 9.0 (1.2-15.8)

*Significant difference between calendar period strata: P < 0.05.
aThe mean study characteristics did not change substantially in the subset of studies used in the model with additional adjustments for physical activity, blood pressure
and cholesterol, although the range was slightly reduced with �4 years in baseline year and follow-up period.

TABLE 3 Relative risks (RR) of coronary heart disease per five body mass index-unit increment, overweight and obesity and
the percentage change by covariates: calendar period, age of the population and length of follow-up

Percentage

change (95% CI) in

relative risks (%)c

BMI measure

of interest

Model

(nstudies)

Meta-regression

analysisa
Pooled RRb

(95% CI)

Calendar period

(>1985 v �1985)

Age of population

(per 10 yr increment)

Length of follow-up

(per 10 yr increment )

Continuous 5-BMI-unit

increment

1 (n ¼ 31)d Univariate analysis 1.28 (1.22:1.34) �31 (�56:0) �32 (�52: �13) 25 (0:52)

Multivariate analysis - �9 (�41:36) �29 (�55: �5) -

2 (n ¼ 21) Univariate analysis 1.16 (1.11:1.21) �36 (�78:15) �44 (�90: �4) 6 (�29:52)
Multivariate analysis - �10 (�61:84) �40 (�105:6) -

Overweight 1 (n ¼ 20)d Univariate analysis 1.31 (1.22:1.41) �27 (�70:34) �48 (�87: �12) 22 (�19:78)
Multivariate analysis - 20 (�44:145) �55 (�128: �11) -

2 (n ¼ 14) Univariate analysis 1.17 (1.11:1.23) 6 (�82:148) �24 (�148:51) �12 (�50:49)
Multivariate analysis - 21 (�87:260) �30 (�220:52) -

Obesity 1 (n ¼ 20)d Univariate analysis 1.78 (1.55:2.04) �51 (�78: �14) �43 (�72: �13) 53 (9-109)

Multivariate analysis - �32 (�68:26) �31 (�66:3) -

2 (n ¼ 14) Univariate analysis 1.49 (1.32:1.67) �51 (�96:10) �42 (�135:28) 29 (�21:104)
Multivariate analysis - �45 (�97:40) �25 (�107:39) -

Model 1: the RRs are adjusted for age, sex and smoking at baseline.
Model 2: Model 1 with additional adjustment physical activity, blood pressure and cholesterol at baseline.
aUnivariate analysis: calendar period, age and follow-up period in separate models; Multivariate analysis: calendar period and age adjusted for each other.
bThe pooled RR (intercept) changed slightly in the meta-regression analysis, but not substantially with regard to the magnitude of the RR.
cIndicates the percentage change in RR of BMI or BMI category on CHD associated with the specified change in each study characteristic
dThe results of percentage change in the age, sex and smoking adjusted RR by each study characteristic in the univariate and multivariate were in the same order when
examining this in the subset of studies used in model 2.
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period. In this subset, the results for calendar period and age of the

population were similar (data not shown).

Also, to take both baseline year and length of follow-up into account

together with age of the population, we repeated the analyses with

the variables age of the population and half of the follow-up length

added up to baseline year. Then, calendar period had not an influ-

ence on the association between BMI and CHD in the univariate or

multivariate analysis, while the influence of age of the population

remained the same (data not shown).

Relative risks additionally adjusted for physical activity,

blood pressure and cholesterol. When the RRs were additionally

adjusted for physical activity, blood pressure and cholesterol, the

univariate analysis indicated no longer a significant influence of

TABLE 4 Relative risks (RR) of CHD per five BMI-unit increment, overweight and obesity stratified by calendar period
(>1985 v �1985)

BMI measure of

interest Model (nstudies)

Pooled RR (95% CI)a

Calendar period �1985 Calendar period >1985

Continuous 5-BMI-unit

increment

1 (n ¼ 31) 1.33 (1.27:1.41) 1.23 (1.16:1.31)

2 (n ¼ 21) 1.19 (1.13:1.24) 1.12 (1.04:1.20)

Overweight 1 (n ¼ 20) 1.35 (1.23:1.48) 1.25 (1.11:1.42)

2 (n ¼ 14) 1.17 (1.10:1.24) 1.18 (1.03:1.35)

Obesity 1 (n ¼ 20) 2.05 (1.75:2.40) 1.51 (1.26:1.81)

2 (n ¼ 14) 1.57 (1.39:1.78) 1.28 (1.04:1.58)

Model 1: the RRs are adjusted for age, sex and smoking at baseline.
Model 2: Model 1 with additional adjustment physical activity, blood pressure and cholesterol at baseline.
aCalculated from the univariate meta-regression analysis including calendar period, see explanation in text and Table 3 for the percentage difference between calendar
periods.

FIGURE 1 Relative risks of coronary heart disease per increment of 5 kg m�2, adjusted for age, sex and smoking. Horizontal
lines indicate 95% confidence intervals.
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calendar period on the associations between a five-BMI-unit incre-

ment and CHD and obesity and CHD, but the percentage changes

remained in the same order of magnitude (�36% (95%CI: �78:15)

and �51% (95%CI: �96:10), respectively) (Tables 3 and 4). Age of

the population remained significant for the association between a

five-BMI-unit increment and CHD (�44% (95%CI: �90: �4), but

not for overweight and obesity (Table 3).

The multivariate analysis indicated that age of the population did

not significantly influence the association between overweight or

obesity and CHD, but a trend was still visible for the association

between a five-BMI-unit increment and CHD (�40% (95%CI:

�105:6)) (Table 3).

Length of follow-up had no longer a significant influence on the

association between a five-BMI-unit increment and CHD and obe-

sity and CHD (Table 3).

Because we used two endpoints, we examined whether there was a

difference between incidence and mortality regarding the RR of

BMI (categories). We found no differences and also the influence of

calendar period, follow-up period or mean age on the RR did not

differ by the endpoint used in the analyses (data not shown).

Discussion
In this meta-analysis of 31 cohorts worldwide including 389 212

mainly Caucasian persons and 20 652 CHD events, we explored the

hypothesis whether the RR of CHD associated with BMI is lower in

later studies compared to earlier studies. Further, we took other im-

portant study characteristics, i.e., age of the population and length of

follow-up into account. By taking these study characteristics into

account and carrying out extra analyses with RRs adjusted for CHD

risk factors, we found no longer a difference in the RR of CHD

associated with BMI between calendar periods. The most important

and consistent cohort characteristic influencing the association

between BMI and CHD was age of the population.

Strengths and limitations
The strength of our analysis lies in the large number of cohorts

including populations from various countries and the systematic

adjustments for relevant cohort variables (i.e., length of follow-up

and age of the population). No indication of publication bias was

found, as was discussed also in a previous publication (17).

Another strength of our meta-analysis is that we were able to

account for CHD risk factors (i.e., physical activity, blood pressure,

and cholesterol) which could influence the change in the association

between BMI and CHD over time.

Several limitations should be addressed. First, we did not use studies

with a baseline year in the 21st century. This limited our time span

to examine the influence of calendar period and to give insight on

recent developments of the association between BMI and CHD. Sec-

ond, length of follow-up was found to be a strong confounder, but

was also strongly correlated with baseline year and associated with

the RR of CHD for BMI (categories). However, in a previous analy-

sis of data from the NHANES study, adjustment for length of fol-

low-up did not affect the outcome of the trend of decreasing RRs of

all cause mortality for obesity over time (13). Third, for some stud-

ies the RRs for categories of BMI were transformed to RRs for BMI

as a continuous variable, which may have introduced some inaccur-

acy. Finally, we did not adjust for important confounders such as

dietary variables or weight (loss) history because these were not

available in most studies although those have been shown to be

related to BMI and CHD (56,57). Nevertheless, in the Nurses’ Health

Study (the largest included study) adjustment for diet had virtually

no impact on the association between BMI and risk of CHD (42).

Findings in the context of the literature
We found increased RRs of CHD for a five-BMI-unit increment,

overweight and obesity of 1.28, 1.31, and 1.78, respectively. The

accompanying RRs with the additional adjustments were 1.16, 1.17,

and 1.49, respectively. This corresponds well with relative risks

found in other studies (58-61).

With regard to time-dependent changes in the association between

obesity and health risks, a previous meta-analysis found in over-

weight and obese elderly an RR of total mortality of 0.47

(0.40:0.55) and 0.66 (0.51:0.71), using five cohorts starting in or af-

ter 1990 (62). In 13 and 15 cohorts starting before 1990, they found

respectively an RR of 1.00 (0.96:1.04) and 1.02 (0.98:1.07) (62). In

the National Health and Nutrition Examination Surveys (NHANES

I, II and III), a similar trend of decreasing RR of total mortality in

obese US adults (�25 years) was found (13). Our results also indi-

cated an association between calendar period and the RR of CHD

for (increasing) BMI and obesity, but not when study characteristic

mean age of the population was taken into account. In addition, we

expected that the influence of calendar period would be attenuated

by the additional adjustments for physical activity, blood pressure

and cholesterol, because of the hypothesis that the blood pressure

and cholesterol profile in persons were unfavorable at baseline in

studies starting before 1985 compared to studies starting after 1985

due to improvements of treatment of CHD risk factors and lifestyle.

However, after the additional adjustments in the univariate analysis,

the magnitude of the percentage changes on the RRs for a five-

BMI-unit increment and obesity remained in the same order as for

the age, sex and smoking adjusted RRs.

In summary, we did not find a clear difference between calendar

periods in the association between BMI and CHD. This suggests

that earlier studies may not be ruled out for use in predictive models

forecasting future deaths of chronic diseases. However, as discussed

before, length of follow-up and age of the population might have

confounded our results, since these factors were different between

calendar periods. Therefore, we cannot conclude beyond doubt that

there is no difference between calendar periods. To examine changes

by calendar period more thoroughly, a meta-analysis should be per-

formed with similar study characteristics to exclude this kind of con-

founding. Also, systematic adjustments including information on

medication use should be considered to test our hypothesis.

Nevertheless, our study yields sufficient evidence to draw the con-

clusion that age of the population is an important factor modifying

the association between BMI and CHD. Throughout all analyses we

found a significant influence of age of the population on the associa-

tion between BMI and CHD, except in the univariate and multivari-

ate analyses with CHD and overweight and obesity adjusted for the

additional CHD risk factors. These exceptions can easily be
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explained by the low number of included studies with an old popu-

lation (N ¼ 1), which in turn made it less accurate to regress the log

RR on age for the higher age ranges. All together, our results stress

the importance of taking age of a population into account in predic-

tive models forecasting future deaths attributable to overweight and

obesity.

The decrease in RR of CHD for a five-BMI-unit increment with

each 10 year increment of age was comparable to previous studies

who found a decreasing trend in the RR of CHD associated with

BMI with increasing age (58,63). An explanation for the reduction

in RR at higher BMI levels with increasing age is complicated. In

the elderly, the value of BMI as an indicator of body fatness is

reduced because of the higher total fat mass (because of an age-de-

pendent loss of lean body mass), fat redistribution and age-related

decline in height (64). Unintentional age-related weight loss which

might be caused by (un)diagnosed illnesses can confound the associ-

ation between BMI and risk of disease/mortality in the elderly (64).

Also, the ones susceptible for the consequences of obesity might

have died earlier in life, while the remaining obese elderly persons

survived (64). Furthermore, several studies reported that the lowest

mortality from all-causes or CVD in elderly persons lies within the

overweight category, which indicates that a BMI of 18.5-24.9 kg

m�2 is not appropriate for the elderly (65-67) and therefore another

anthropometric measure such as waist circumference, waist-hip ratio,

body fat or lean body mass might be more useful (68,69).

Conclusion
We found no consistent evidence for a difference in the association

between BMI and the risk of CHD by calendar period, but we can-

not conclude beyond doubt that no difference exists. Further

research, that excludes the possible influence of follow-up length, is

needed to clarify this. A clear finding of our study is, however, that

age of the population was consistently associated with the RR of

CHD for BMI. In older populations the RR of CHD associated with

BMI is lower than in younger populations. Therefore, for models

used to predict mortality and prevalence of CHD in general popula-

tions, for example as used by the WHO, data from earlier studies

may not be ruled out completely, but applying an age specific

approach can be highly recommended.

Acknowledgments
We thank Federica Barzi for help with data extraction and analysis

of some of the Australian and New Zealand studies.

VC 2012 The Obesity Society

References
1. Branca FNH, Lobstein T. The challenge of obesity in the WHO European Region

and the strategies for response. Denmark: World Health Organization, 2007.

2. Cameron AJ, Welborn TA, Zimmet PZ, et al. Overweight and obesity in Australia:
the 1999-2000 Australian diabetes, obesity and lifestyle study (AusDiab). Med J
Aust 2003;178:427-432.

3. Flegal KM, Carroll MD, Ogden CL, et al. Prevalence and trends in obesity among
US adults, 1999-2000. JAMA 2002;288:1723-1727.

4. Overweight, obesity, and health risk. National task force on the prevention and
treatment of obesity. Arch Intern Med 2000;160:898-904.

5. O’Flaherty M, Allender S, Taylor R, et al. The decline in coronary heart disease
mortality is slowing in young adults (Australia 1976-2006): a time trend analysis.
Int J Cardiol 2012;158:193–198.

6. Uemura K, Pisa Z. Trends in cardiovascular disease mortality in industrialized
countries since 1950. World Health Stat Q 1988;41:155-178.

7. Gregg EW, Cheng YJ, Cadwell BL, et al. Secular trends in cardiovascular disease
risk factors according to body mass index in US adults. JAMA 2005;293:1868-1874.

8. Kuulasmaa K, Tunstall-Pedoe H, Dobson A, et al. Estimation of contribution of
changes in classic risk factors to trends in coronary-event rates across the WHO
MONICA Project populations. Lancet 2000;355:675-687.

9. Rosengren A, Eriksson H, Hansson PO, et al. Obesity and trends in cardiovascular
risk factors over 40 years in Swedish men aged 50. J Intern Med 2009;266:
268-276.

10. Tunstall-Pedoe H, Vanuzzo D, Hobbs M, et al. Estimation of contribution of
changes in coronary care to improving survival, event rates, and coronary heart dis-
ease mortality across the WHO MONICA Project populations. Lancet 2000;355:
688-700.

11. AIHW. Australia’s Health. Australian Institute of Health and Welfare: Canberra,
1992.

12. WHO. The World Health Report 2002: reducing risks, promoting healthy Life.
Geneva: WHO, 2002.

13. Flegal KM, Graubard BI, Williamson DF, et al. Excess deaths associated with
underweight, overweight, and obesity. JAMA 2005;293:1861-1867.

14. WHO. Preventing chronic diseases: a vital investment: a global report. Geneva:
WHO, 2005.

15. Stevens J, Cai J, Pamuk ER, et al. The effect of age on the association between
body-mass index and mortality. N Engl J Med 1998;338:1-7.

16. Dyer AR, Stamler J, Garside DB, et al. Long-term consequences of body mass
index for cardiovascular mortality: the Chicago Heart Association Detection Project
in Industry study. Ann Epidemiol 2004;14:101-108.

17. Bogers RP, Bemelmans WJ, Hoogenveen RT, et al. Association of overweight with
increased risk of coronary heart disease partly independent of blood pressure and
cholesterol levels: a meta-analysis of 21 cohort studies including more than 300 000
persons. Arch Intern Med 2007;167:1720-1728.

18. Greenland S, Longnecker MP. Methods for trend estimation from summarized dose-
response data, with applications to meta-analysis. Am J Epidemiol 1992;135:
1301-1309.

19. Hartemink N, Boshuizen HC, Nagelkerke NJ, et al. Combining risk estimates from
observational studies with different exposure cutpoints: a meta-analysis on body
mass index and diabetes type 2. Am J Epidemiol 2006;163:1042-1052.

20. van Houwelingen HC, Arends LR, Stijnen T. Advanced methods in meta-analysis:
multivariate approach and meta-regression. Stat Med 2002;21:589-624.

21. Welborn TA, Dhaliwal SS, Bennett SA. Waist-hip ratio is the dominant risk factor
predicting cardiovascular death in Australia. Med J Aust 2003;179:580-585.

22. Knuiman MW, Vu HT. Prediction of coronary heart disease mortality in Busselton,
Western Australia: an evaluation of the Framingham, national health epidemiologic
follow up study, and WHO ERICA risk scores. J Epidemiol Commun Health 1997;
51:515-519.

23. Yarnell JW, Patterson CC, Sweetnam PM, et al. Haemostatic/inflammatory markers
predict 10-year risk of IHD at least as well as lipids: the Caerphilly collaborative
studies. Eur Heart J 2004;25:1049-1056.

24. Yu S, Yarnell JW, Sweetnam PM, et al. What level of physical activity protects
against premature cardiovascular death? The Caerphilly study. Heart 2003;89:
502-506.

25. Simons LA, Friedlander Y, McCallum J, et al. Risk factors for coronary heart dis-
ease in the prospective Dubbo Study of Australian elderly. Atherosclerosis 1995;
117:107-118.

26. Menotti A, Lanti M, Puddu PE, et al. The risk functions incorporated in Riscard
2002: a software for the prediction of cardiovascular risk in the general population
based on Italian data. Ital Heart J 2002;3:114-121.

27. Knekt P, Reunanen A, Jarvinen R, et al. Antioxidant vitamin intake and coronary
mortality in a longitudinal population study. Am J Epidemiol 1994;139:1180-1189.

28. Kaprio J, Kujala UM, Koskenvuo M, et al. Physical activity and other risk factors
in male twin-pairs discordant for coronary heart disease. Atherosclerosis 2000;150:
193-200.

29. Kujala UM, Kaprio J, Koskenvuo M. Modifiable risk factors as predictors of all-
cause mortality: the roles of genetics and childhood environment. Am J Epidemiol
2002;156:985-993.

30. MacMahon S, Norton R, Jackson R, et al. Fletcher Challenge-University of Auck-
land heart and health study: design and baseline findings. N Z Med J 1995;108:
499-502.

31. Menotti A, Lanti M, Puddu PE, et al. First risk functions for prediction of coronary
and cardiovascular disease incidence in the Gubbio Population Study. Ital Heart J
2000;1:394-399.

32. Folsom AR, Kushi LH, Anderson KE, et al. Associations of general and abdominal
obesity with multiple health outcomes in older women: the Iowa Women’s Health
Study. Arch Intern Med 2000;160:2117-2128.

33. Menotti A, Lanti M. Coronary risk factors predicting early and late coronary deaths.
Heart 2003;89:19-24.

Review Obesity
OBESITY BIOLOGY AND INTEGRATED PHYSIOLOGY

www.obesityjournal.org Obesity | VOLUME 21 | NUMBER 5 | MAY 2013 873



34. Lakka HM, Lakka TA, Tuomilehto J, et al. Abdominal obesity is associated with
increased risk of acute coronary events in men. Eur Heart J 2002;23:706-713.

35. Jonsson S, Hedblad B, Engstrom G, et al. Influence of obesity on cardiovascular
risk. Twenty-three-year follow-up of 22,025 men from an urban Swedish popula-
tion. Int J Obes Relat Metab Disord 2002;26:1046-1053.

36. Tomas-Abadal L, Varas-Lorenzo C, Bernades-Bernat E, et al. Coronary risk factors
and a 20-year incidence of coronary heart disease and mortality in a Mediterranean
industrial population. The Manresa Study, Spain. Eur Heart J 1994;15:1028-1036.

37. Giles GG, English DR. The Melbourne collaborative cohort study. IARC Sci Publ
2002;156:69-70.

38. Rosengren A, Wedel H, Wilhelmsen L. Body weight and weight gain during adult
life in men in relation to coronary heart disease and mortality. A prospective popu-
lation study. Eur Heart J 1999;20:269-277.

39. Thorpe RJ, Jr, Ferraro KF. Aging, obesity, and mortality. Misplaced concern about
obese people? Res Aging 2004;26:108-129.

40. Bakx JC, Veldstra MI, van den Hoogen HM, et al. Blood pressure and cardiovascu-
lar morbidity and mortality in a Dutch population: the Nijmegen cohort study. Prev
Med 2001;32:142-147.

41. Strand BH, Tverdal A. Can cardiovascular risk factors and lifestyle explain the edu-
cational inequalities in mortality from ischaemic heart disease and from other dis-
eases? 26 year follow up of 50,000 Norwegian men and women. J Epidemiol
Commun Health 2004;58:705-709.

42. Li TY, Rana JS, Manson JE, et al. Obesity as compared with physical activity in
predicting risk of coronary heart disease in women. Circulation 2006;113:499-506.

43. Risk Factor Prevalence Study—Survey No 3, 1989. National Heart Foundation and
Australian Institute of Health of Welfare, 1991.

44. Magnus P, Armstrong B, McCall M. A comparison of populations self-selected and
randomly selected for coronary risk factor screening. Prev Med 1983;12:340-350.

45. Mahamat A, Richard F, Arveiler D, et al. Body mass index, hypertension and 5-
year coronary heart disease incidence in middle aged men: the PRIME study.
J Hypertens 2003;21:519-524.

46. Menotti A, Seccareccia F, Blackburn H, et al. Coronary mortality and its prediction
in samples of US and Italian railroad employees in 25 years within the Seven Coun-
tries Study of cardiovascular diseases. Int J Epidemiol 1995;24:515-521.

47. Tunstall-Pedoe H, Woodward M, Tavendale R, et al. Comparison of the prediction
by 27 different factors of coronary heart disease and death in men and women of
the Scottish Heart Health Study: cohort study. BMJ 1997;315:722-729.

48. Haveman-Nies A, de Groot LP, Burema J, et al. Dietary quality and lifestyle factors
in relation to 10-year mortality in older Europeans: the SENECA study. Am J Epi-
demiol 2002;156:962-968.

49. Sundquist K, Qvist J, Johansson SE, et al. The long-term effect of physical activity
on incidence of coronary heart disease: a 12-year follow-up study. Prev Med 2005;
41:219-225.

50. Barbagallo CM, Cavera G, Sapienza M, et al. Prevalence of overweight and obesity
in a rural southern Italy population and relationships with total and cardiovascular
mortality: the Ventimiglia di Sicilia project. Int J Obes Relat Metab Disord 2001;
25:185-190.

51. Jamrozik K, Norman PE, Spencer CA, et al. Screening for abdominal aortic aneu-
rysm: lessons from a population-based study. Med J Aust 2000;173:345-350.

52. Lawrence-Brown MM, Norman PE, Jamrozik K, et al. Initial results of ultrasound
screening for aneurysm of the abdominal aorta in Western Australia: relevance for
endoluminal treatment of aneurysm disease. Cardiovasc Surg 2001;9:234-240.

53. Batty GD, Shipley MJ, Jarrett RJ, et al. Obesity and overweight in relation to dis-
ease-specific mortality in men with and without existing coronary heart disease in
London: the original Whitehall study. Heart 2006;92:886-892.

54. Jarrett RJ, Shipley MJ, Rose G. Weight and mortality in the Whitehall Study. Br
Med J (Clin Res Ed) 1982;285:535-537.

55. Buijsse B, Feskens EJ, Kok FJ, et al. Cocoa intake, blood pressure, and cardiovas-
cular mortality: the Zutphen Elderly Study. Arch Intern Med 2006;166:411-417.

56. Harris TB, Savage PJ, Tell GS, et al. Carrying the burden of cardiovascular risk in
old age: associations of weight and weight change with prevalent cardiovascular
disease, risk factors, and health status in the Cardiovascular Health Study. Am J
Clin Nutr 1997;66:837-844.

57. Schaefer EJ. Lipoproteins, nutrition, and heart disease. Am J Clin Nutr 2002;75:
191-212.

58. Whitlock G, Lewington S, Sherliker P, et al. Body-mass index and cause-specific
mortality in 900 000 adults: collaborative analyses of 57 prospective studies. Lancet
2009;373:1083-1096.

59. Rodriguez C, Calle EE, Patel AV, et al. Effect of body mass on the association
between estrogen replacement therapy and mortality among elderly US women. Am
J Epidemiol 2001;153:145-152.

60. Pischon T, Boeing H, Hoffmann K, et al. General and abdominal adiposity and risk
of death in Europe. N Engl J Med 2008;359:2105-2120.

61. Chiuve SE, McCullough ML, Sacks FM, et al. Healthy lifestyle factors in the pri-
mary prevention of coronary heart disease among men: benefits among users and
nonusers of lipid-lowering and antihypertensive medications. Circulation 2006;114:
160-167.

62. Janssen I, Mark AE. Elevated body mass index and mortality risk in the elderly.
Obes Rev 2007;8:41-59.

63. Ni Mhurchu C, Rodgers A, Pan WH, et al. Body mass index and cardiovascular dis-
ease in the Asia-Pacific Region: an overview of 33 cohorts involving 310 000 par-
ticipants. Int J Epidemiol 2004;33:751-758.

64. Zamboni M, Mazzali G, Zoico E, et al. Health consequences of obesity in the el-
derly: a review of four unresolved questions. Int J Obes (Lond) 2005;29:1011-1029.

65. Allison DB, Gallagher D, Heo M, et al. Body mass index and all-cause mortality
among people age 70 and over: the longitudinal study of aging. Int J Obes Relat
Metab Disord 1997;21:424-431.

66. De Hollander EL, Van Zutphen M, Bogers RP, et al. The impact of body mass
index in old age on cause-specific mortality. J Nutr Health Aging 2012;16:100-106.

67. Flicker L, McCaul KA, Hankey GJ, et al. Body mass index and survival in men
and women aged 70 to 75. J Am Geriatr Soc 2010;58:234-241.

68. Heitmann BL, Erikson H, Ellsinger BM, et al. Mortality associated with body fat,
fat-free mass and body mass index among 60-year-old swedish men-a 22-year fol-
low-up. The study of men born in 1913. Int J Obes Relat Metab Disord 2000;24:
33-37.

69. Seidell JC. Waist circumference and waist/hip ratio in relation to all-cause mortal-
ity, cancer and sleep apnea. Eur J Clin Nutr 2010;64:35-41.

Appendix 1: Funnel plot for age, sex, and
smoking-adjusted (log) relative risks vs
precision
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FIGURE 1 Relative risks of CHD for a five-unit-BMI increment adjusted for age, sex and smoking (N ¼ 31) plotted against year of baseline (A), age of the popu-
lation (B), and follow-up period (C) stratified by calendar period (�1985 vs >1985).

Appendix 2: Relative risks of coronary heart disease (CHD) associated with body
mass index (BMI) graphically displayed against study characteristics.
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FIGURE 2 Relative risks of CHD for overweight adjusted for age, sex and smoking (N ¼ 20) plotted against year of baseline (A), age of the population (B), and
follow-up period (C) stratified by calendar period (�1985 vs >1985).
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FIGURE 3 Relative risks of CHD for obesity adjusted for age, sex and smoking (N ¼ 20) by year of baseline (A), age of the population (B), and follow-up period
(C) stratified by calendar period (�1985 vs >1985).
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FIGURE 4 Relative risks of CHD for a five-unit-BMI increment adjusted for age, sex, smoking, physical activity, blood pressure, and cholesterol (N ¼ 21) plotted
against year of baseline (A), age of the population (B), and follow-up period (C) stratified by calendar period (�1985 vs >1985)
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FIGURE 5 Relative risks of CHD for overweight adjusted for age, sex, smoking, physical activity, blood pressure and cholesterol (N ¼ 14) plotted against year of
baseline (A), age of the population (B) and follow-up period (C) stratified by calendar period (�1985 vs >1985).
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FIGURE 6 Relative risks of CHD for obesity adjusted for age, sex, smoking, physical activity, blood pressure and cholesterol (N ¼ 14) plotted against year of
baseline (A), age of the population (B) and follow-up period (C) stratified by calendar period (�1985 vs >1985).
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