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Background of this Report 

Our report examines the available evidence in the scientific literature on the health risks 
of being overweight, with a specific focus on the relationship between BMI and type 2 
diabetes, cardiovascular disease, cancer, and morbidity . Janine Pillitteri, Ph .D., 
conducted a review of the literature for relevant articles and wrote the initial draft of the 
report . We reviewed and extensively discussed the draft report on May 24, 2006, at a 
meeting of our panel in Washington, DC. Our panel was chaired by George Blackburn, 
M.D., Ph.D ., and the members included Madeline Femstrom, Ph.D., John Foreyt, Ph .D., 
Arthur Frank, M.D., and Anne Wolf, M.S., R.D . Following this meeting, we thoroughly 
reviewed modifications to the report and provided additional information . We then 
approved the final version of the report . This final report represents our panel's 
consensus on the state of the literature which demonstrates that overweight is an 
independent risk factor for obesity, type 2 diabetes, cardiovascular disease, and cancer. 
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Introduction 
The most widely used measure of body fat is the body mass index (BMI, also called the 
Quetelet Index), defined as weight in kilograms divided by height in meters squared . The 
standard BMI categories that are recommended by the World Health Organization (World 
Health Organization, 1995 ; 1998) and supported by other advisory committees and expert 
panels to federal agencies (National Institutes of Health, 1998; 2000 ; US Department of Health 
and Human Services, 2005) are as followsi : 

" Normal weight = 18.5-24.9 kg/m2 

" Overweight = 25-29.9 kg/M2 

" Obesity = 30 kg/m2 or greater 

o Class I obesity = 30-34.9 kg/M2 

o Class 11 obesity = 35-39.9 kg/M2 

o Class III obesity= 40 or greater kg/m2 

This review examines the available evidence addressing the health risks of being overweight . 
Specifically, a literature review was conducted to identify studies that included an assessment of 
the relationship between BMI and type 2 diabetes, cardiovascular disease, cancer, and 
morbidity . Many older studies could not be included in the review because the BMI cutoffs used 
were not consistent with the standard categories identified above . For example, studies may 
have classified overweight as 25 or greater, thus incorporating the 'obesity' category (i.e ., 30 or 
greater) into the 'overweight' category, making it impossible to do an assessment of the 
overweight category alone . 

1 Question : Does overweight (BM1= 25-29.9) contribute to morbidity 
(i.e., obesity, type 2 diabetes, cancer, and cardiovascular 
disease)? 

A number of large, population-based cohort studies and systematic reviews have been 
published that examine the association between overweight and morbidity . . Most of the studies 
do not focus on defining the BMI at which risk of morbidity increases . Rather, they identify the 
amount of risk associated with the categories that correspond to normal weight, overweight, and 
obesity . Overall, the accumulated evidence is strong and indicates that overweight is 
associated with increased risk for several diseases including obesity, type 2 diabetes, several 
types of cancer, and cardiovascular disease (Field et al ., 2001 ; McTigue et al ., 2002; Must et al ., 
1999 ; National Task Force on the Prevention and Treatment of Obesity, 2000; NIH, 1998 ; 2000; 
Willett et al ., 1999) . In addition, in some cases this risk has been shown to increase in BMIs 
below 25 (i.e ., in the normal weight range) . Most of the studies that provide evidence of the 
health risks of overweight were published within the last 5 years. 

' Unless otherwise indicated, use of the terms 'normal weight', 'overweight', and 'obesity' refer to these 
specific BMI categories . 
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1 .1 Obesity 
The proportion of Americans who are obese has increased at an alarming rate in recent years. 
Between 1980 and 2002, obesity prevalence doubled in US adults (Flegal et al ., 2002 ; Hedley 
et al ., 2004) and is currently estimated at 32% (Ogden et al ., 2006) . The direct and indirect 
costs associated with overweight and obesity are estimated to exceed $75 billion per year 
(Finkelstein et al ., 2004) . Though the percentage of US medical expenditures associated with 
excess body weight are higher per capita for obese individuals, actual medical expenditures are 
in fact highest for overweight individuals, who constitute a much larger percentage of the 
population (Arterburn et al ., 2005) . 

All individuals who are obese were at one time overweight, and research suggests that the 
progression from overweight to obesity is quite common; therefore, overweight is an 
independent risk factor for obesity . In a prospective, cohort study examining weight trends in 
over 9,000 young adults followed for 20 years, being mildly or moderately overweight at ages 
20-22 was linked with a substantial incidence of obesity by ages 35-37 (McTigue et al ., 2002). 
For example, 41 % of white, 47% of Hispanic, and 66% of black women who had a BMI of 2425 
at ages 20-22 became obese by ages 35-37 . Among women who had a BMI of 26-27.9 at 20-
22 years of age, approximately 80% became obese by ages 35-37, regardless of racial or ethnic 
group. Therefore, overweight individuals are at increased risk of subsequent obesity as they 
age . 

1 .2 Type 2 Diabetes 
In the United States, approximately 20 .8 million people have diabetes, with over 6.2 million of 
these people unaware that they have the disease. Diabetes costs about $92 billion per year in 
direct medical expenditures and $40.8 billion in indirect expenditures through lost productivity 
for a total of $132.8 billion per year (Centers for Disease Control and Prevention, 2004; Hogan 
et al ., 2003). Almost 90% of people with type 2 diabetes are overweight or obese (American 
Diabetes Association ; www.diabetes.oro) . 

Risk of developing diabetes increases dramatically as BMI increases, and several studies note 
increasing risk of diabetes at BMIs in the normal and overweight range (See Table 1) . Colditz et 
al . (1990) reported a strong relationship between BMI and the risk of diabetes among women in 
the Nurses' Health Study . Even women with BMIs within the normal weight range (23-24) had a 
risk of diabetes 3.6 times greater than women with lower BMIs. Subsequent follow-up data from 
the Nurses' Health Study reported similar results (Colditz et al ., 1995) - the risk of diabetes 
increased monotonically with BMIs greater than 22. For those with a BMI in the overweight 
range (defined as 25-28 .9 in this particular study), the risk of diabetes was up to 10 times 
greater relative to those with a BMI of 22 or less. Hu et al . (2001) examined 16 years of follow-
up data from the Nurses' Health Study and found that even a BMI at the high end of the normal 
range (i.e ., 23-24.9) was associated with an increased risk of diabetes (relative risk [RR] of 2.67 ; 
95% confidence interval [CI] 2.13-3.34) compared to a BMI of 23 or less . For women with a BMI 
of 25-29.9 (i.e ., overweight), the relative risk of diabetes was 7.59 (95% CI 6.27-9.19) . 

To assess the risk of developing diabetes associated with overweight in both women and men, 
Field et al . (2001) analyzed data from two prospective cohort studies (i .e ., Nurses' Health Study 
with women and the Health Professionals Follow-up Study with men). In both cohorts, the risk 
of developing diabetes increased progressively with increasing level of BM I . Among both 
women and men, those who were overweight (25-29.9) were significantly more likely to develop 
diabetes (RR = 4.6, 95% CI 3.9-5.4 for women; RR = 3.5, 95% CI 2.9-4.1 for men) than their 
same-sex, normal weight peers. 
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The risk of diabetes was also reported to increase progressively with increasing level of BMI in 
the San Antonio Heart Study, a recent prospective, population-based study (Burke et al., 2003) 
of Mexican Americans and non-Hispanic whites . Among Mexican Americans, those who were 
overweight had a risk 2.7 times greater than those of normal weight ; for overweight, non-
Hispanic whites, the risk of diabetes was 4.0 times greater than for those of normal weight. 

A recent study (St-Onge et al ., 2004) using NHANES III data examined the association between 
BMI and risk of the metabolic syndrome (i.e ., a constellation of diabetes, hypertension, and 
dyslipidemia [abnormal lipid concentrations in the blood] risk factors) among individuals in the 
normal weight and slightly overweight range. The likelihood of having the metabolic syndrome 
increased with increasing BMI. More importantly, adults with a BMI in the lower end of the 
overweight range (i.e ., 25-26.9) as well as adults of normal weight (i .e ., 21-24.9) had a 
significantly increased risk of having the metabolic syndrome relative to those with a BMI of 
18.5-20.9 . An increased risk of the metabolic syndrome among overweight individuals relative 
to their normal weight peers was also recently reported by Janssen et al . (2004) in an earlier 
analysis of NHANES III data (odds ratio [OR] = 2.51, 95% CI 1 .70-3.70 for women; OR = 2.49, 
95% CI 1 .81-3.44 for men). 

1 .3 Cancer 
Cancer, the second most common cause of death in the US, currently affects about 9.6 million 
people (approximately 3% of the population) . Estimates of the economic impact of cancer are 
about $206.3 billion, with indirect productivity losses contributing approximately $95 billion of 
this figure (National Institutes of Health, 2005; Eyre et al ., 2004). 

Several case-control and prospective cohort studies have found that the risk of several types of 
cancers increases with increasing BMI (see Table 2), and individuals who are overweight are at 
increased risk of developing certain cancers (Bianchini et al ., 2002). A recent review (Calle & 
Kaaks, 2004) summarized the evidence on overweight, obesity, and cancer risk using a 
comprehensive evaluation of the available literature on the issue (International Agency for 
Research on Cancer, 2002). The review concluded that based on the results from 
epidemiological studies, those who are overweight are at increased risk of developing several 
cancer types including colon cancer (RR = 1 .5 for men and 1 .2 for women) ; postmenopausal 
breast cancer in women (RR = 1 .3) ; endometrial cancer (RR = 2.0) ; kidney cancer (RR = 1 .5) ; 
esophageal adenocarcinoma (RR = 2.0) ; pancreatic cancer (RR = 1 .3) ; gallbladder cancer (RR 
= 1 .5) ; and gastric cardia adenocarcinoma (RR = 1 .5) (95% confidence intervals not reported) . 

A more recent report released on October 31, 2007 (World Cancer Research Fund / American 
Institute for Cancer Research, 2007) reached the same conclusions as the earlier review (Calle 
& Kaaks, 2004) . This comprehensive report on global cancer prevention concluded that being 
overweight increases the risk of esophageal adenocarcinoma, pancreatic cancer, colorectal 
cancer, postmenopausal breast cancer, endometrial cancer, and kidney cancer . In addition, the 
evidence indicated a very probable association between overweight and gallbladder cancer . 

The association between BMI and risk of mortality from cancer was examined using data from a 
prospective study of a large cohort of U.S . adults (Cancer Prevention Study II) (Calle et al ., 
2003) . The authors reported that, compared to women of normal weight (18.5-24.9), overweight 
women (i.e ., BMI of 25-29.9) had a significantly elevated risk of death from all cancers (RR = 
1 .08, 95%a CI 1 .05-1 .11), as well as colorectal cancer (RR = 1 .10, 95% CI 1 .01-1 .19); breast 
cancer (RR = 1 .34, 95% CI 1 .23-1 .46) ; uterine cancer (RR = 1 .50, 95% CI 1 .26-1 .78) ; ovarian 
cancer (RR = 1 .15, 95% CI 1 .02-1 .29) ; kidney cancer (RR = 1 .33, 95% CI 1 .08-1 .63) and non-
Hodgkin's lymphoma (RR = 1 .22, 95% CI 1 .06-1 .40) . In comparison to men of normal weight, 
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men with a BMI between 25-29.9 had significantly elevated risks of colorectal cancer (RR = 
1 .20, 95% CI 1 .12-1 .30) ; pancreatic cancer (RR = 1 .13, 95% CI 1 .03-1 .25); prostate cancer (RR 
= 1 .08, 95% C1 1 .01-1 .15) ; kidney cancer (RR = 1 .18, 95% CI 1 .02-1 :37); multiple myeloma (RR 
= 1 .18, 95% CI 1 .01-1 .39) ; and leukemia (RR = 1 .14, 95% CI 1 .02-1 .28) . Calle et al . (2003) 
estimated that more than 90,000 annual cancer-related deaths could be prevented if all adults 
had a BMI less than 25 throughout their lives . 

1 .4 Cardiovascular Disease 
Approximately 21% of the US population has one or more types of cardiovascular disease 
which includes heart disease, stroke, atherosclerosis, coronary heart disease, coronary artery 
disease, hypertension, congestive heart failure, and congenital cardiovascular defects. The 
estimated direct and indirect costs of cardiovascular disease is $403 billion (Eyre et al ., 2004; 
National Institutes of Health, 2005). 

Published reports strongly suggest that being overweight is an important risk factor for 
cardiovascular disease (Anderson & Konz, 2001 ; Eckel & Krauss, 1998 ; Krauss et al ., 1998), 
and those with BMIs in the overweight range carry elevated risk relative to those of normal 
weight (see Table 3). Using data from the Nurses' Health Study, Willett et al . (1995) examined 
the association between BMI and coronary heart disease risk in women. Risk of coronary heart 
disease increased monotonically with increasing BMI, and even women with BMIs in the normal 
weight range (23-24.9) were at excess risk (RR = 1 .46, 95%a CI 1 .20-1 .77) compared to those 
with a BMI of less than 21 . Women with BMIs within the overweight range (25-28.9) had twice 
the risk of coronary heart disease (RR = 2:06, 95% CI 1 .72-2.48) . Similarly, using the Health 
Professionals Follow-up Study data, it was reported that men within the overweight category 
(25-28.9) had a relative risk of coronary heart disease of 1 .49 (95% CI 1 .11-2.00) compared to 
men with a BMI of less than 23 (Rimm et al ., 1995) . 

Field et al . (2001) examined the risk of hypertension, hypercholesterolemia, and heart disease 
in the 10-year follow-up of women and men, respectively, in the Nurses' Health Study and the 
Health Professionals Follow-up Study . In both cohorts, those who were overweight were 
significantly more likely than their normal weight peers to develop hypertension, 
hypercholesterolemia, and heart disease (for women: RR = 1 .7,95% CI 1 .6-1 .8 ; RR = 1 .1, 95% 
CI = 1 .1-1 .2 ; RR = 1 .4, 95% CI = 1 .2-1 .5, respectively; for men: RR = 1 .7, 95% CI 1 .6-1 .8 ; RR = 
1 .3, 95% CI 1 .2-1 .3; RR = 1 .5, 95% CI 1 .4-1 .7, respectively) . Janssen et al . (2004) found a 
similar association between BMI and cardiovascular disease risk factors using NHANES III data. 
BMI was related to hypertension and hypercholesterolemia in a graded fashion - as BMI 
increased, the odds of these conditions also increased. The odds of hypertension and 
hypercholesterolemia, respectively, were significantly greater for overweight men and women 
than for their normal weight counterparts (for women: OR = 1 .92, 95% CI 1 .56-2 .35 ; OR = 2.26, 
95% CI 1 .80-2.82 ; for men : OR = 1 .75, 95% CI 1 .44-2.11 ; OR = 1 .57, 95% CI 1 .25-1 .97). 

Cardiovascular risk factors were also shown to be significantly influenced by BMI in a large, 
population-based study of Dutch men and women (Monitoring Cardiovascular Health in the 
Netherlands) (Lean et al ., 1999). Compared to those of normal weight, overweight individuals 
were at greater risk of hypertension and hypercholesterolemia - the odds ratios for hypertension 
were 1 .95 (95% CI 1 .57-2.43) for women and 2.89 (95% CI = 2 .27-3.68) for men, and the odds 
ratios for hypercholesterolemia were 1 .52 (95% CI = 1 .29-1 .79) for women and 1 .58 (95% CI 
1 .33-1 .88) for men. 

Using data from the Framingham Heart Study cohort, Wilson et al . (2002) demonstrated an 
increased risk of hypertension, hypercholesterolemia, and cardiovascular disease (which 
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included angina pectoris, myocardial infarction, coronary heart disease, or stroke) among 
overweight men and women. In comparison to those of normal weight, the risk of hypertension 
and hypercholesterolemia, respectively, was increased for overweight BMIs (for women: RR = 
1 .75, 95% CI 1 .542.00; RR = 1 .35, 95% CI 1 .20-1 .52; for men: RR = 1 .46, 95% CI 1 .241 .75; 
RR = 1 .19, 95% CI 1 .041 .37) . The same relationship was found for overweight BMIs and risk 
of cardiovascular disease in women (RR = 1 .20, 95% CI 1 .03-1 .41) and in men (RR = 1 .21, 95 
C1 1 .05-1 .40) . 

2 Question: Is overweight (BMI = 25-29.9) associated with all-cause 
mortality? 

An extensive body of literature exists on the relationship between body weight and mortality . It 
is well accepted that obesity is associated with increased mortality, particularly at the higher 
levels of obesity (e.g ., BMI of 35 or greater) (Allison et al ., 1999; NIH, 1998 ; Stevens et al ., 
1998). However, the relationship between body weight and mortality across the entire weight 
spectrum has been the subject of intense debate and controversy for over 20 years (Flegal et 
al ., 2005; Manson et al ., 1987; Willet et al ., 1999). Although it is clear that marked obesity is 
associated with mortality, the impact of being mildly to moderately overweight is less certain. 
Recent evidence suggests a stronger relationship between overweight and mortality than had 
previously existed . 

A diversity of findings exist regarding the nature of the relationship between weight and 
mortality . Most recently it has been suggested that the relationship is J-shaped or U-shaped, 
with increased death rates among both the leanest and the heaviest people . This controversy 
exists in part because most studies include one or more methodological limitations which 
preclude a valid assessment of the relationship between body weight and mortality (Manson et 
al ., 1987; Willett et al ., 1999). A major methodological limitation and potential source of bias is 
the failure to account for cigarette smoking . Since smoking tends to be more prevalent among 
those with lower BMIs and is an independent risk factor for mortality, failure to control for its 
effects will make leaner persons appear to be at elevated risk of mortality . A second limitation 
concerns inappropriate statistical control for the physiological effects of excess body fat such as 
hypertension, dyslipidemia, and diabetes, thus artificially removing some of the effects of being 
overweight. Conditions such as these, rather than being confounding variables, are effects of 
obesity and links in the causal pathway by which obesity exerts its influence on mortality risk . A 
third major problem with studies of body weight and mortality is the failure to consider bias from 
illness-related weight loss that leads to mortality . This is the issue of reverse causation (i.e., 
weight loss as a result of illness that ultimately leads to mortality creates the appearance of 
higher mortality among those with lower weights) . Although this is most apparent among the 
very lean, the weight loss associated with illness will lead to an underestimate of the weight-
mortality slope throughout the weight range. 

Very few studies to date have attempted simultaneously to consider these methodological 
limitations when investigating the association between body weight and mortality . As a result, 
one or more of these limitations is present in most studies, and the controversy continues 
regarding the relationship between BMI and mortality . 

A recent study estimated mortality associated with underweight, overweight, and obesity using 
all available mortality data from the National Health and Nutrition Examination Surveys 
(NHANES; including NHANES I, 11, and III) (Flegal et al ., 2005) . However, even this study is not 
without its critics (Ding, 2005; Greenberg, 2005; Strickler et al ., 2005; Willett et al ., 2005) . The 
NHANES surveys used in this study each included a different nationally representative cross- 
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sectional sample of the US population . Using the combined survey data, the results indicated 
that overweight is not associated with an increased risk of mortality relative to the normal weight 
category (RR = 0 .83, 95% CI 0.65-1 .06 for ages 25-59; RR = 0.95, 95% CI 0.80-1 .13 for ages 
60-69; RR = 0.91, 95% CI 0.83-1 .01 for ages 70 and older) . Overweight was actually 
associated with a reduction in mortality- 86,094 fewer deaths (95% CI -161,223 to -10,966) -
relative to normal weight. Underweight and obesity, however, were associated with increased 
mortality, with 33,746 excess deaths (95% CI 15,726-51,766) due to underweight and 111,909 
excess deaths (95% CI 53,754-170,064) due to obesity. 

The authors reported adjustments for confounding factors in their analyses, and they also 
conducted extensive supplemental analyses to determine whether the estimates of excess 
deaths were affected by factors such as smoking status, weight loss caused by illness, or 
weight stability . Even after they excluded smokers from the analysis, excluded the first 5 years 
of follow-up during which sick subjects are expected to die, and restricted the analysis to 
subjects who maintained their weight for 10 years, the broad pattern of results did hot change. 

A more recent prospective study, however, did find an increased risk of mortality due to 
overweight (Adams et al ., 2006). Data from the National Institutes of Health -- American 
Association of Retired Persons (AARP) Diet and Health Study was used to examine BMI and 
risk of death from any cause in 527,265 U.S . adults who were 50 to 71 years of age at 
enrollment in 1995-1996 . The authors reported adjustments for potential bias due to pre-
existing disease and confounding due to smoking status by using midlife BMI values and 
restricting analyses to never smokers -- after such adjustments, the data showed an increased 
risk of mortality even at moderate elevations in BMI, including overweight. For example, when 
analyses were restricted to healthy individuals who had never smoked, overweight was 
associated with increased mortality. Similarly, the risk of death among those who were 
overweight at age 50 and had never smoked was 20-40% higher than that of those who had a 
BMI of 23.5 to 24.9 at the same age. Therefore, although the authors indicate that they "cannot 
conclude with complete certainty that the relation between adiposity and the risk of death is 
causal" (p. 777), their findings suggest that overweight is associated with an increased risk of 
death. 

The recent study by Adams and colleagues suggests a somewhat stronger association between 
overweight and mortality than had previously been believed to be the case. However, 
overweight is very strongly associated with morbidity, including type 2 diabetes, cardiovascular 
disease, and cancer. 
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Table 1 . Relative risk (and 95% confidence intervals) of Type 2 diabetes 

Colditz et al . (1990)* Colditz et al . (1995) Hu et al . (2001) Field et al . (2001) 
Nurses' Health Study Nurses' Health Study Nurses' Health Study Nurses' Health Study 

Health Professionals Follow-u Stud 

WOMEN WOMEN WOMEN WOMEN 

BMI RR BMI RR (95%CIl BMI RR (95%CI) BMI RR (95%CI) 
<22 1 .0 <22 1 .0 <23 1 .0 <25 1 .0 
22-22 .9 2 .2 22-22.9 2.9 (2 .0-4.1) 23-24.9 2.67 (2 .13-3.34) 25-29.9 4.6 (3.9-5 .4) 
23-23.9 3.6 23-23.9 4.3 (3.1-5.8) 25-29.9 7.59 (6.27-9.19) 30-34.9 10.0 (8.4-11 .8) 
24-24.9 3.1 24-24.9 5.0 (3.6-6.6) 30-34.9 20.1 (16.6-24.4) z35 17.0 (14.2-20.5) 
25-26.9 5 .5 25-26.9 8.1 (6.2-10.5) 235 38.8 (31 .9-47.2) 
27-28.9 10.1 27-28.9 15.8 (12.7-19.8) 
29-30.9 20.0 29-30.9 27.6 (22.7-33.5) 
31-32.9 29.6 31-32.9 40.3 (33.7-48.3) 
33-34.9 40.2 33-34.9 54.0 (45.6-64.0) 
2:35 60.9 ?35 93.2 81 .4-106 .6 

MEN 

BMl RR (95%CD 
<25 1 .0 
25-29.9 3.5 (2.9-4.1) 
30-34.9 11 .2 (9.3-13.6) 

I V yl l y ?35 23.4 (19.4-33.2) 

Table 1 continued on next page 
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Table 1 . Continued 

Burke et al . (2003)' St . Onge et al . (2004)t Janssen et al . (2004)t 
San Antonio Heart Stud NHANES III NHANES III 

MEXICAN-AMERICANS WOMEN WOMEN 

BMI RR BMI RR (95%CI) BIVII RR (95%C I) 
<25 1 .0 18 .5-20 .9 1 .0 18.5-24.9 1 .0 
2:25-29 .9 2.7 21-22.9 3.68 (1 .89-7.19) 25-29.9 2.51 (1 .70-3.70) 
z30-34.9 5.1 23-24.9 7.51 (3.90-14,46) 30-34.9 4.27 (3.06-5.93) 
?35 6.8 25-26.9 18 .58 (10,10-34 .17) 

NON-HISPANIC WHITES MEN MEN 

BI RR BMI RR (95%CI) BMI RR (95%CI) 
<25 1 .0 18 .5-20.9 1 .0 18.5-24.9 1 .0 
2:25-29.9 4.0 21-22.9 2.97 (1 .24-7.15) 25-29.9 2,49 (1 .81-3.44) 
z30-34.9 10 .1 ~ 23-24.9 4.95 (2 .13-11 .54) ~ 30-34.9 5.08 (3.56-7.27) 
235 11 .2 fl 

1 
25-26,9 9.88 4 .29-22.75) 

' Confidence intervals not reported 
t Relative risk of the metabolic syndrome, which includes diabetes, hypertension, and dyslipidemia 



Table 2. Relative risk (and 95% confidence intervals) of different forms of cancer 

MEN WOMEN 

Colorectal cancer _BMI 
18.5-24.9 
25-29.9 
30-34.9 
35-39.9 

Breast cancer N/A 

Uterine cancer N/A 

Ovarian cancer N/A 

Kidney cancer BMI 
18.5-24.9 
25-29.9 
30-34.9 
35-39.9 

Table 2 continued 
on next page 

RR (95%CI) 
1 .0 
1 .20 (1 .12-1 .30) 
1 .47 (1 .30-1 .66) 
1 .84 (1 .39-2.41) 

RR (95%CI)x 
1 .0 
1 .18 (1 .02-1 .37) 
1 .36 (1 .06-1 .74) 
1.70 (0 .99-2 .92) 

BMI 
18 .5-24.9 
25-29 .9 
30-34.9 
35-39.9 

BMI 
18.5-24.9 
25-29.9 
30-34.9 
35-39.9 

_BMI 
18.5-24.9 
25-29.9 
30-34.9 
35-39.9 

_BMI 
18.5-24.9 
25-29.9 
30-34.9 
35-39.9 

BMI 
18.5-24.9 
25-29.9 
30-34.9 
35-39.9 

RR (95%CI) 
1 .0 
1 .10 (1 .01-1 .19) 
1 .33 (1 .17-1 .51) 
1 .46 (0 .94-2.24) 

RR (95%CI) 
1 .0 
1 .34 (1 .23-1 .46) 
1 .63 (1 .44-1 .85) 
1 .70 (1 .33-2.17) 

RR (95%CD 
1 .0 
1 .50 (1 .26-1 .78) 
2 .53 (2.02-3.18) 
2.77 (1 .83-4.18) 

RR (95%CI) 
1 .0 
1 .15 (1 .02-1 .29) 
1 .16 (0.96-1 .40) 
1 .51 (1 .12-2.02) 

RR (95%CI) 
1 .0 
1 .33 (1 .08-1 .63) 
1 .66 (1 .23-2.24) 
1 .70 0 .94-3.05) 

Colorectal cancer 
(men) 

Colorectal cancer 
(women) 

BMI RR 
25-29 .9 1 .5 
230 2.0 

_BMI _RR 
25-29 .9 1 .2 
?30 1 .5 

Postmenopausal BMI RR 
breast cancer 25-29.9 1 .3 
(women) ?30 1 .5 

Endometrial cancer 
(women) 

BMI RR 
25-29.9 2.0 
230 3.5 

Kidney cancer BMI RR 
(men and women) 25-29.9 1 .5 

?30 2.5 
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Calle et al . (2003)t 1~ - . Calle & Kaaks (2004)* 

MEN WOMEN 

Non-Hodgkins NS _BMI RR (95%CI) 
lymphoma 18.5-24.9 1 .0 

25-29.9 1 .22 (1 .06-1 .40) 
30-34.9 1 .20 (0.95-1 .51) 
35-39.9 1 .95 (1 .39-2.72) 

Pancreatic cancer BMI RR (95%CI) NS 
18 .5-24.9 1 .0 
25-29.9 1 .13 (1 .03-1 .25) 
30-34.9 1 .41 (1 .19-1 .66) 
35-39.9 1 .49 (0.99-2.22) 

Prostate cancer BMI RR (95%CI) N/A 
18.5-24.9 1 .0 
25-29.9 1 .08 (1 .01-1 .15) 
30-34.9 1 .20 (1 .06-1 .36) 
35-39.9 1 .34 (0.98-1 .83) 

Multiple myeloma BMI RR (95%CI)$ NS 
18.5-24.9 1 .0 
25-29.9 1 .18 (1 .01-1 .39) 
30-34.9 1 .44 (1 .10-1 .89) 
35-39.9 1 .71 (0 .93-3.14) 

Leukemia BMI RR (95%CI) NS 
18.5-24.9 1 .0 
25-29.9 1 .14 (1 .02-1 .28) 
30-34.9 1 .37 (1 .13-1 .67) 
35-39.9 1 .70 (1 .08-2.66) 

Confidence intervals not reported 
$p for trend = p<0.001 unless otherwise noted 
p=0.002 
N/A = Not Applicable 
NS = Not Significant 

Esophageal BMI RR 
adenocarcinoma 25-29.9 2.0 
(men and women) z30 3.0 

Pancreatic cancer _BMI _RR 
(men and women) 25-29.9 1 .3 

?30 1 .7 

Gallbladder cancer _BMI RR 
(men and women) 25-29.9 1 .5 

?30 2.0 

Gastric cardia _BMI RR 
adenocarcinoma 25-29.9 1 .5 
(men and women) z30 2.0 
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Table 3. Relative risk (and 95% confidence intervals) of cardiovascular disease 

Willet et al . (1995)' Rimm et al . (1995) Janssen et al . (2004)t Field et al. (2001)x 
Nurses' Health Study Health Professionals Follow-up NHANES III Nurses' Health Study 

Stud Health Professionals Follow-up Study 

WOMEN MEN WOMEN WOMEN 

BMI RR BMI RR (95%CI) BI RR of hypertension Bmi RR of hypertension 
<21 1 .0 <23 1 .0 18.5-24.9 1 .0 <25 

25-29.9 
1 .0 
1 .7 (1 .6-1 .8) 21-22.9 1 .19 (0.98-1 .44) 23-24.9 1 .18 (0.86-1 .63) 25-29 .9 1 .92 (1 .56-2 .35) 30-34 .9 2 .1 (1 .9-2 .2) 

23-24.9 1 .46 (1 .20-1 .77) 25-28.9 1 .49 (1 .11-2 .00) 30-34 .9 3.01 (2.28-3.98) 2:35 2 .3 (2.1-2 .6) 
25-28.9 2.06 (1 .72-2.48) 29-32.9 1 .97 (1 .35-2 .88) 
?29 3.56 (2.96-4.29) ?33 3.06 (1 .76-5.32) BMI RR of hvoercholesterolemia BMI 

<25 
RR of hvoercholesterolemia 
1 .0 

18.5-24.9 1 .0 25-29 .9 1 .1 (1 .1-1 .2) 
25-29 .9 2.26 (1 .80-2.82) 30-34 .9 0.9 (0.9-1 .0) 
30-34 .9 1 .87 (1 .46-2.38) z35 0.7 (0.6-0 .7) 

BMI RR of heart disease 
<25 1 .0 
25-29 .9 1 .4 (1 .2-1 .5) . 
30-34 .9 1 .5 (1 .3-1 .7) 
2:35 1,5 1 .3-1 .8 

MEN MEN 

BMI RR of hypertension BI RR of hypertension _ 
18 .5-24.9 1 .0 

<25 
25-29 .9 

1 .0 
1.7 (1 .6-1 .8) 

25-29.9 1 .75 (1 .44-2.11) 30-34 .9 2.7 (2.4-3 .0) 
30-34.9 2.99 (2 .33-3.84) 2:35 3.0 (2.3-3 .9) 

BMI RR of hy0ercholesterolemia 
BI 
<25 

RR of hvoerchoiesterolemia 
1 .0 

. 18 .5-24.9 1 .0 25-29 .9 1 .3 (1 .2-1 .3) 
25-29.9 1 .57 (1 .25-1 .97) 30-34.9 1 .2 (1 .1-1 .3) 
30-34.9 1 .70 (1 .20-2.41) 2:35 1 .3 (1 .1-1 .6) 

BMI RR of heart disease 
<25 1.0 
25-29 .9 1 .5 (1 .4-1 .7) 
30-34 .9 2.0 (1 .7-2 .3) 
235 2.2(1 .5-3 .1) 

Table 3 continued on next page 
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Table 3. continued 

Lean et al . (1999)t Wilson et al . (2002)t 
Monitoring Cardiovascular Health in the Framingham Heart Study 

Netherlands Project 

WOMEN WOMEN 

BMI RR of hypertension BMI RR of hypertension 
<25 1 .0 18.5-24.9 1 .0 
25-29.9 1 .95 (1 .57-2 .43) 25-29.9 1 .75 (1 .54-2.00) 
z30 4.75 (3 .72-6 .07) ?30 2.75 (2 .32-3.27) 

BMI RR of hvpercholesterolemia BMI RR of hvpercholesterolemia 
<25 1 .0 18.5-24.9 1 .0 
25-29.9 1 .52 (1 .29-1 .79) 25-29.9 1 .35 (1 .20-1 .52) 
?30 1 .38 1 .10-1 .72 z30 1 .16 0 .99-1 .36 

MEN MEN 

BMI RR of hypertension BMI RR of hypertension 
<25 1 .0 18.5-24.9 1 .0 
25-29.9 2.89 (2 .27-3 .68) 25-29.9 1 .46 (1 .24-1 .75) 
?30 5.88 (4 .43-7.79) ?30 2.21 (1 .75-2.79) 

BMI RR of hvpercholesterolemia BMI RR of hvpercholesterolemia 
<25 1 .0 18.5-24.9 1 .0 
25-29.9 1 .58 (1 .33-1 .88) 25-29.9 1 .19 (1 .04-1 .37) 
?30 2.22 1 .76-2.81 ?30 1 .11 0 .88-1 .38 

Cardiovascular disease defined as coronary heart disease 
tCardiovascular disease defined as hypertension and hypercholesterolemia 
*Cardiovascular disease defined as hypertension, hypercholesterolemia, and heart disease 


