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ABSTRACT 

To investigate the risk of perinatal death associated with maternal obesity, a cohort oflow-income women 
who participated in the North Carolina WIC program during 1988-90 was evaluated retrospectively. Blacks 
(N=45,651) and Whites (N=40,929) were considered separately. Perinatal mortality rate ratios for moderate 
overweight and obesity were calculated using normal weight women as the referent group. A logistic 
regression analysis provided adjusted estimates of the relative risks of perinatal mortality associated with 
maternal overweight and obesity. 

Maternal obesity was associated with an excess risk of perinatal death among both Blacks (RR=1.3) and 
Whites (RR=1.5), after adjustment for maternal age, education, parity, cigarette smoking, gestational weight 
gain, diabetes and hypertension. There was no overall elevated risk of perinatal death among infants of 
moderately overweight women for either Blacks or Whites. For both race groups, stronger associations of 
maternal obesity with perinatal mortality were observed among women less than 18 years old, women 3 5 years 
or older, and women with adequate or excessive gestational weight gain. 

The results of this study confirm that obesity is a major risk factor for perinatal mortality, not solely due 
to risk factors associated with obesity, such as diabetes and hypertension. The high prevalence of obesity 
among low-income women, which leads to high rates of chronic disease in later life, adversely affects 
reproductive outcomes as well. 
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INTRODUCTION 

Maternal obesity confers some advantages on the 
developing fetus. Infants of obese mothers are less 
likely to be bom prematurely or have low birth weight, 
and obese women are also less likely to suffer from 
iron-deficiency anemiaduringpregnancy1"6. However, 
there has been a general consensus among clinicians 
and researchers that obese women are more likely to 
suffer pregnancy complications than normal weight 
women113. Early studies of obesity and pregnancy 
reported increased risks of pre-eclampsia, diabetes, 
cesarean delivery, and maternal mortality""13. More 
recent studies have found higher risks of hypertensive 
disorders, urinary tract infections, postpartum wound 
infections, and multiple gestations among obese preg- 
nant women 1-6 

In addition, there is evidence from several 
epidemiologic studies that infants of obese women 
suffer higher rates of perinatal mortality than infants of 
normal weight women136'9101415. However, only two 
of these studies explicitly considered the high risk 
conditions (e.g. diabetes and hypertension) that often 
accompany maternal obesity in assessing the risk of 
perinatal mortality'3 and only one study presented race- 
specific analyses10. The main objective of the present 
study was to investigate the risk of perinatal death 
among infants of obese Black and White women with 
consideration of maternal age, education, parity, ciga- 
rette smoking, gestational weight gain, diabetes, and 
hypertension. 

The large number of pregnant women for whom 
data were available (N=95,328) was an important 
strength of this study, which included over 9,000 obese 
women. Previous studies of maternal obesity and 
perinatal mortality have been limited by small numbers 
of obese women. The only cohort of comparable size 
is the Collaborative Perinatal Project, in which deliver- 
ies occurred over thirty years ago114. Since the early 
1960's, rates of perinatal mortality have declined sig- 
nificantly and obstetric management of pregnancies 
complicated by obesity has also changed. 

We also examined the relationship of obesity to 
perinatal mortality- separately for Black and White 
women. To our knowledge, only one previous report 
has assessed the perinatal risks of obesity among Black 
women10, even though Blacks suffer much greater rates 
of both obesity and perinatal mortality than White1617. 

MATERIALS AND METHODS 

This study examined data from a cohort of low- 
income women who participated in the North Carolina 
Special Supplemental Food Program for Women, In- 
fants and Children (WIC) during pregnancy, and whose 
pregnancies ended in either a live birth or fetal death 
during 1988, 1989 or 1990. Data on 95,328 women 
were available for this study. There were too few fetal 
and infant deaths among American Indians, Asian 
Americans, and Hispanics during the three-year study 
period to analyze these groups. Because infants of 
underweight women have been shown to be at in- 
creased risk of perinatal mortality3, and because the 
causes of perinatal mortality for infants bom to obese 
mothers may differ from the causes for infants of 
underweight mothers, this study included women of 
normal or greater prepregnancy body mass index only. 

Descriptive analyses were conducted on 86,580 
pregnancies after the following hierarchical exclusions 
were made—2,046 multiple births and 6,702 Native 
American, Asian and Hispanic women. After further 
exclusion of 20,258 women who were underweight 
prior to pregnancy, the final analysis dataset contained 
pregnancy risk factor and outcome data for 66,322 
pregnancies. 

There were two principle data sources for this 
study—WIC Program certification records and vital 
records. Weight, height, and smoking data for pregnant 
women were extracted from WIC prenatal and postpar- 
tum certification records and linked to pregnancy risk 
factor and outcome data from birth certificates, fetal 
death reports, and infant death certificates. Only 
women whose prenatal WIC records matched a fetal 
death report or infant birth certificate were included in 



the study population. Details of the dataset matching 
procedures used are available from the authors on 
request. 

Prepregnancy body mass index (BMI) was calcu- 
lated using weight and height data from the WIC 
prenatal record. Prepregnancy weight was self-report- 
ed to a nutritionist at the first WIC prenatal visit. Three 
categories of prepregnancy BMI were analyzed in this 
study—normal weight moderately overweight, and 
obese (Table 1). The cutpoints for normal weight, 
moderate overweight and obesity correspond to 90% - 
120%. 120%-150%. and greater than 150% of the 
Metropolitan Life Insurance ideal weights for wom- 
en18. For this study, all fetal deaths of 20 weeks gesta- 
tion or greater and all deaths ofliveborn infants less than 
28 days old were considered perinatal deaths. 

Table 1 
Definition of the Study Groups 

Median 
BMI* Weight 

Cutpoints in Pounds Number 
Blacks 

Normal weight 19.8-26.0 132 21,939 

Overweight 26.1-32.0 167 9,220 

Obese >32.0 215 5.478 

Whites 

Normal weight 19.8-26.0 130 19,068 

Overweight 26.1-32.0 167 6,752 

Obese >32.0 212 3,865 

or fetal death report. A woman was considered a 
smoker if she was coded as a smoker on either record. 

Prepregnancy weight taken from the WIC prena- 
tal record was subtracted from end-of-pregnancy in the 
WIC postpartum record to obtain a measure of total 
gestational weight gain. Gestational weight gain could 
not be calculated for those records that were missing 
end-of-pregnancy weight (23% of all records). For 
those records, total gestational weight gain recorded on 
the birth certificate or fetal death report was used. For 
each pregnancy, length of gestation and prepregnancy 
BMI category (normal weight moderately overweight 
or obese) were used to calculate whether total weight 
gain was inadequate, adequate, or excessive, based on 
national weight gain recommendations19. 

For normal weight women, the recommended 
gain is 25 to 35 pounds at term; therefore less 
than 25 pounds was considered inadequate and 
greater than 35 pounds was considered exces- 
sive in this study. Overweight women are 
advised to gain 15 to 25 pounds, while obese 
women are advised to gain at least 15 pounds. 
Since there is no recommended upper limit of 
weight gain for obese women, we used an 
upper limit of 25 pounds for both moderately 
overweight and obese women who delivered at 
term. 

*BMI = Body Mass Index (metric), calculated as (lbs./inches2 *700). 
Based on self-reported prepregnancy weight. 

Maternal age at the time of delivery, maternal 
education and maternal parity were obtained from the 
birth certificate or fetal death report. Cigarette smoking 
during pregnancy was recorded on both the WIC 
prenatal record and the North Carolina birth certificate 

In order to estimate adequacy of weight 
gain for women who delivered preterm, tables 
of cumulative minimum and maximum rec- 
ommended weight gain for each week of ges- 
tation after the first trimester were constructed 
for each BMI group. Weight gains that were 
less than, greater than, or within the recom- 
mended range for gestational duration were 
considered inadequate, excessive, and ade- 
quate, respectively. 

Diagnoses of maternal diabetes and hypertension 
were extracted from the medical risk factor section of 
the birth certificate or fetal death report. Lack of a 



recorded diagnosis of either condition on the vital 
record was considered absence of the condition. Diabe- 
tes included both chronic and gestational diabetes. 
Similarly, hypertension included both chronic and 
pregnancy-associated hypertension. 

All analyses were conducted separately for Blacks 
and Whites. Perinatal mortality rates were calculated 
for infants of normal weight, moderately overweight 
and obese women. Rate ratios and rate differences for 
the moderately overweight and obese groups were 
calculated using normal weight women as the referent 
group. Relative risks of perinatal mortality for moder- 
ate overweight and obesity, adjusted for maternal age, 
education, parity, cigarette smoking, gestational weight 
gain, diabetes, and hypertension, were estimated using 
a logistic regression analysis. 

The strength of the association between maternal 
overweight and obesity and perinatal mortality strati- 
fied by several perinatal risk factors was also evaluated. 
Separate logistic regression models were run for wom- 
en in each risk factor category. Estimated relative risks 
(adjusted odds ratios) of perinatal mortality for moder- 
ate overweight and obesity, and 95% confidence inter- 
vals were calculated from the regression coefficients 
and standard errors. 

RESULTS 

The initial study population, including under- 
weight women, consisted of 45,651 Blacks and 40,929 
Whites. The distributions of demographic, nutritional 
and medical characteristics for these two study groups 
are provided in Table 2. Underweight women were 
subsequently excluded from further analyses. 

Over 30% of Blacks and over 25% of Whites 
within the study population were moderately over- 
weight or obese. The prevalence of obesity was slightly 
higher among Blacks (12.0%) than among Whites 
(9.4%) (Table 2). Blacks tended to have more educa- 
tion, to be of higher parity, were less likely to be 
smokers, and had lower gestational weight gains. 

Table 2 
Demographic and Reproductive Characteristics 

of the Study Population 

Blacks Whites 
(N=45.65n <7S=40.929> 

Prepregnancy 
Body Mass Index 

underweight 19.7% 27.5% 
normal weight 48.1% 46.6% 
overweight 20.2% 16.5% 
obese 12.0% 9.4% 

Ag£ 
<18 14.7% 11.7% 
18-25 59.1% 64.7% 
26-34 23.3% 21.3% 
35+ 2.9% 2.3% 

Education 
<9 years 4.2% 8.1% 
9-11 years 32.7% 41.2% 
12 years 48.8% 41.1% 
>12 years 14.3% 9.5% 

Parity 
0 43.3% 46.1% 
1-2 46.1% 46.9% 
3+ 10.6% 7.0% 

Gestational 
Weight Gain 

inadequate 34.4% 26.9% 
adequate 29.8% 31.8% 
excessive 35.8% 41.4% 

Cigarettes 
Smoked Per Dav 

0 78.8% 53.3% 
1-10 17.7% 28.3% 
11 + 3.5% 18.4% 

Diabetes 
absent 97.6% 96.9% 
present 2.4% 3.1% 

Hypertension 
absent 95.4% 95.5% 
present 4.6% 4.5% 



The prevalence of obesity varied markedly in 
relation to demographic, nutritional and medical char- 
acteristics of both the Black and White study popula- 
tions (Table 3). Among both race groups, the preva- 
lence of obesity increased dramatically with advancing 
age, rising over six-fold from youngest to oldest wom- 
en. Higher education and higher parity were both 
associated with a higher prevalence of obesity among 
Blacks and Whites in this low-income population. The 
prevalence of obesity did not vary greatly by either 
adequacy of gestational weight gain or cigarette smok- 
ing. 

Diabetes and hypertension showed the most dra- 
matic associations with prevalence of obesity. Among 
women without diabetes, the prevalence of obesity was 
11.4% for Blacks and 8.9% for Whites. Among women 
with diabetes, the prevalence of obesity was approxi- 
mately three times as high (37.9% among Blacks and 
25.9% among Whites). Similarly, the prevalence of 
obesity was approximately three times greater among 
both Black and White hypertensives compared with 
non-hypertensives. 

Perinatal mortality rates for infants of normal 
weight, moderately overweight and obese women are 
shown in Table 4. There was no elevated risk of 
perinatal death among infants of moderately over- 
weight women for either Blacks or Whites. However, 
there was an excess risk of perinatal mortality among 
infants of obese women for both Blacks (RR=1.4) and 
Whites (RR=1.6), corresponding to 5.4 and 6.7 excess 
deaths per 1000, respectively. Adjustment for age, 
education, parity, cigarette smoking, gestational weight 
gain, diabetes and hypertension did not notably alter the 
relative risks for moderate overweight and obesity 
among either Blacks or Whites (Table 4). 

Among Blacks (Table 5), stratum-specific rela- 
tive risks of perinatal mortality for obesity exceeded the 
overall relative risk for women less than 18 years old, 

Table 3 
Prevalence of Obesity by Selected Risk Factors 

for Perinatal Mortality 

Blacks Whites 

Age 
<18 3.8% 2.5% 
18-25 10.8% 8.6% 
26-34 18.4% 15.1% 
35+ 26.3% 16.5% 

Education 
<9 years 8.4% 7.6% 
9-11 years 9.8% 7.5% 
12 years 12.8% 10.8% 
>12 years 15.3% 13.7% 

Parity 
0 9.1% 7.0% 
1-2 13.6% 11.2% 
3+ 16.9% 13.8% 

Gestational 
Weight Gain 

inadequate 11.9% 10.7% 
adequate 10.1% 7.6% 
excessive 13.6% 10.1% 

Cigarettes 
Smoked Per Dav 

0 12.1% 11.3% 
1-10 11.6% 7.0% 
11 + 12.0% 8.2% 

Diabetes 
absent 11.4% 8.9% 
present 37.9% 25.9% 

Hypertension 
absent 11.2% 8.7% 
present 30.0% 25.3% 



Table 4 
Perinatal Mortality Rates by Maternal Prepregnancy BMI 

Number of Perinatal Adjusted * 
Perinatal Mortality Rate Relative 

Studv Group Deaths Rate Ratio (95% CD Risk (95% CO. 

Blacks 

Normal Weight 302 13.8/1000 1.0 1.0 

Overweight 136 14.8/1000 1.1 (0.9-1.3) 1.1 (0.9-1.4) 

Obese 105 19.2/1000 1.4(1.1-1.7) 1.3(1.0-1.6) 

Whites 

Normal Weight 199 10.4/1000 1.0 1.0 

Overweight 71 10.5/1000 1.0(0.8-1.3) 1.1(0.8-1.4) 

Obese 66 17.1/1000 

after adjustment for age (<18, 

1.6(1.2-2.2)                   1.5(1.1-2.1) 

18-34. 35-). education (<12 years. 12+ years), parity •Logistic regression estimates of the relative risk. 
(0.1 -2.3+), smoking (yes no), gestational weight gain (inadequate, adequate, excessive), diabetes (yes . no) and hypertension (yes. no). 

Table 5 
Adjusted Logistic Regression Estimates of the Relative Risk of Perinatal Mortality 

for Overweight and Obesity Among Blacks 

Risk Group Overweight Obese Number 

Age <18' 
18-34 
35+ 

1.5(0.8-2.8) 
1.1 (0.8-1.4) 
0.5(0.2-1.8) 

1.6(0.6-4.3) 
1.2(0.9-1.6) 
1.4(0.5-4.0) 

4,670 
28.856 

1,146 

Education <12 years 
12+ years 

1.1 (0.7-1.6) 
1.1(0.8-1.4) 

1.2(0.8-2.1) 
1.3(0.9-1.7) 

12.218 
22,454 

Parity 0 
1-2 
3^ 

1.5(1.1-2.1) 
0.9(0.6-1.2) 
0.6(0.3-1.3) 

1.9(1.3-2.7) 
0.8(0.5-1.2) 
1.3(0.7-2.8) 

14,561 
16,382 
3,729 

Cigarettes 
Smoked/Dav 

0 
1 + 

1.1 (0.8-1.3) 
1.1 (0.7-1.7) 

1.2(0.9-1.6) 
1.5(0.9-2.4) 

27.482 
7,190 

Gestational 
Weight Gain 

inadequate 
adequate 
excessive 

1.0(0.7-1.3) 
0.9(0.5-1.5) 
1.4(0.9-2.1) 

0.8(0.6-1.2) 
1.8(1.0-3.1) 
2.4(1.5-3.8) 

13.855 
10.054 
10,763 

Diabetes absent 
present 

1.1 (0.9-1.4) 
0.9(0.2-3.6) 

1.3(1.0-1.7) 
1.2(0.3-4.3) 

33,743 
929 

Hypertension absent 
present 

1.1(0.9-1.4) 
1.1 (0.5-2.7) 

1.3(1.0-1.7) 
1.1 (0.5-2.7) 

32.893 
1,779 

Except where noted, each logistic regression estimate of the relative risk was adjusted for all other risk factors in the table. The referent 
groups for ail estimates are normal weight women w ithin the risk factor group. 95°o Confidence Intervals are in parentheses following 
the relative risk estimates. 
'Adjusted for parity 0. weight gain, smoking, diabetes, and hypertension 
2Adjusted for age 35+. weight gain, smoking, diabetes, and hypertension 



women 3 5 years or older, primiparous women, women 
who smoked, and women with adequate or excessive 
gestational weight gain. An excess risk of perinatal 
mortality associated with moderate overweight was 
observed only for women aged less than 18 years old, 
primiparous women, and women with excessive weight 
gain. 

As observed for Blacks, the stratum-specific rel- 
ative risks of perinatal mortality for obesity exceeded 
the overall relative risk of perinatal mortality among 
White women who were less than 18 years old, who 

were 35 years or >lder. and who had adequate or 
excessive gestational weight gain (Table 6). In addi- 
tion, there was a stronger association of maternal 
obesity with perinatal mortality among White women 
who had at least a high school education, had three or 
more previous births, did not smoke, did not have 
diabetes, and did not have hypertension. Moderate 
overweight was associated with an excess risk of 
perinatal mortality among women 35 years or older, 
women with 12 or more years of education, women 
with three or more previous births, and non-smoking 
women. 

Table 6 
Adjusted Logistic Regression Estimates of the Relative Risk of Perinatal 

Mortality for Overweight and Obesity Among Whites 

Risk Group Overweight Obese Number 

Age <18' 
18-34 
35+^ 

0.6(0.2-1.6) 
1.1 (0.8-1.5) 
1.4(0.4-4.7) 

2.1 (0.7-6.2) 
1.5(1.0-2.1) 
1.6(0.5-5.7) 

2.823 
24.546 

791 

Education <12 years 
12+years 

0.8(0.5-1.2) 
1.5(1.0-2.3) 

1.2(0.7-1.9) 
2.0(1.3-3.3) 

13,048 
15,080 

Parirv 0 
1-2 
3+^ 

1.3(0.8-2.0) 
0.8(0.5-1.2) 
1.9(0.8-4.7) 

1.5 (0.9-2.6) 
1.3(0.8-2.1) 
2.7(1.1-6.8) 

12,455 
13,642 
2.031 

Cigarettes 
Smoked/Da v 

0 
1 + 

1.4(0.9-2.2) 
0.8(0.5-1.2) 

1.8(1.1-2.9) 
1.3(0.8-2.1) 

15,766 
12.362 

Gestational 
Weight Gain 

inadequate 
adequate 
excessive 

0.9(0.6-1.5) 
1.2(0.7-2.2) 
1.1(0.6-1.9) 

1.1 (0.7-1.7) 
2.2(1.1-4.2) 
2.5(1.3-4.6) 

8.687 
8.623 

10,818 

Diabetes absent 
present4 

1.0(0.8-1.4) 
0.9 (0.3-2.9) 

1.6(1.2-2.3) 
0.6(0.2-2.3) 

27.120 
1.072 

Hypertension absent 
present 

1.1(0.8-1.5)                        1.6(1.1-2.2) 
0.7 (0.2-2.2)                       0.9 (0.3-2.7) 

on estimate of the relative risk was adjusted for all other risk factors ir 
w omen within the risk factor group. 95% confidence intervals are ir 

26.618 
1.510 

i the table. The referent 
parentheses following 

Except where noted, each logistic regressi 
groups for all estimates are normal weight 
the relative risk estimates. 

'Adjusted for parity 0. weight gain, smoking, diabetes, and hypertension. 
2Adjusted for age 35+. weight gain, smoking, diabetes, and hypertension. 
'Due to small number of deaths (n=15). these estimates are unadjusted. 
4Due to small number of deaths (n=14), these estimates are unadjusted. 



DISCUSSION 

Obesity is one of the most prevalent and detrimen- 
tal risk factors for chronic disease, including cancer, 
heart disease, hypertension, and diabetes20"23. The 
results of this study confirm that obesity is a serious risk 
factor for perinatal mortality as well. After adjustment 
for several perinatal risk factors, the overall risk of 
perinatal mortality for infants of obese women exceed- 
ed the risk among infants of normal weight women by 
50% for Whites and by 30% for Blacks. 

There was no overall risk of perinatal mortality 
observed among infants of moderately overweight 
women. Among both race groups, women less than 18 
years old experienced a relative risk of perinatal mor- 
tality associated with maternal obesity which was 
higher than the relative risks for older women. This 
finding suggests that obesity present in very young 
women may hold more serious health consequences 
than obesity in older women. 

Among Whites in this study, the excess risk of 
perinatal mortality associated with obesity was higher 
for several low-risk subgroups than for their high-risk 
counterparts (e.g. non-smokers vs. smokers, non-dia- 
betics vs. diabetics, non-hypertensives vs. 
hypertensives). These results are counter to the stated 
findings of one earlier study' which concluded that 
there was no significant excess risk of perinatal mortal- 
ity associated with obesity in pregnancies uncomplicated 
by other risk factors. However, a critical evaluation of 
that study reveals that the authors did not account for the 
U-shaped relationship between maternal prepregnancy 
BMI and perinatal death in assessing their data. Be- 
cause there was an elevated perinatal mortality rate 
among infants of both underweight and obese women, 
the authors concluded that obesity per se was not an 
independent risk factor for perinatal death. In fact, the 
perinatal mortality rate ratio comparing morbid obesity 
to normal weight in uncomplicated pregnancies was 
2.3. 

Historically, many obstetricians have advocated 
restricted gestational weight gain or weight loss for 
obese women24"28, and previous reports have suggested 
that the influence of gestational weight gain on infant 
birth weight in pregnancies complicated by obesity 
may be trivial29. However, one previous study of 
perinatal mortality found that the optimal weight gain 
for overweight women (defined as BMI >29.0) was 15 
pounds at term, and weight gains higher or lower than 
the optimum were associated with increased risks of 
perinatal mortality14. In this study, we observed the 
strongest association of maternal obesity with perinatal 
mortality among women with excessive gestational 
weight gain. 

However, we employed a simple categorization 
of gestational weight gain (inadequate, adequate, ex- 
cessive) based on the 1990 recommendations of the 
National Academy of Sciences19. In addition, our esti- 
mates of total weight gain were derived either from 
subtracting two self-reported weights or from a weight 
gain item on the vital record. We could not evaluate the 
accuracy of our weight gain variables. Therefore, 
definitive conclusions about the interactive effects of 
maternal obesity and gestational weight gain on the risk 
of perinatal mortality must await the results of a well- 
designed prospective study with multiple measures of 
weight gain across the course of gestation. 

Our study focused on a population of low-income 
women who participated in the WIC program during 
pregnancy. The study population included 30% of all 
White women and 63% of all Black women who gave 
birth in North Carolina during the study period (1988- 
90). Clearly, our study population was representative 
of the majority of Black pregnant women in North 
Carolina. However, the question of the general izability 
of our findings to women with greater economic re- 
sources is important. Low-income women are more 
likely to experience adverse perinatal conditions that 
we were unable to measure in this study, including lack 
of social support, psychosocial stress and adverse 



occupational exposures. These risk factors, if associat- 
ed with prepregnancy weight, could have contributed 
to an association of maternal obesity with perinatal 
mortality which would not be observed among affluent 
women. Alternatively, in a middle class population we 
would expect the overall risk of perinatal mortality 
among normal weight women to be minimized, which 
could lead to a more pronounced effect of maternal 
obesity than observed in this study. Limited support for 
this scenario can be inferred from our finding of a 
stronger association between obesity and perinatal 
mortality among White women with 12 or more years 
of education compared with less educated 
women. 

The high prevalence of obesity among young 
low-income women in North Carolina portends poorly 
not only for reproductive health outcomes but also for 
the long-term health and well-being of these women. 
This is especially true for Black women, who suffer 
much higher rates of mortality from obesity-related 
diseases than White women17. Unfortunately, the prev- 
alence of obesity among low-income pregnant women 
in the United States has increased dramatically over the 

past ten years for both Blacks and Whites30. Despite the 
millions of dollars spent on various weight-loss pro- 
grams every year, obesity is in most cases an irrevers- 
ible condition3'. The inefficacy of medical treatment of 
obesity necessitates a primary prevention approach to 
lowering the prevalence of obesity and its many ad- 
verse effects on health. 

There are a number of competing theories about 
the causes of obesity. Genetic predisposition, metabol- 
ic abnormalities, and psychological disorders are all 
widely considered to contribute to the onset of obesity, 
which is usually characterized as a disease state32"35. An 
alternative perspective views the high prevalence of 
obesity in the United States and Western Europe not as 
the result of widespread individual pathologies, but 
rather as the evolutionary product of relatively recent 
and dramatic cultural, social, and economic changes36. 
This perspective suggests that primary prevention of 
obesity will require population-level interventions, 
such as changes in nutritional composition of available 
food supply and patterns of work-related and leisure- 
time physical activity. 
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