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Abstract: The importance of genetic influences on obesity has
been emphasized recently. We conducted matched co-twin analyses
of 250 pairs of White, male, monozygotic twins from the National
Heart, Lung, and Blood Institute (NHLBI) Twin Study. Entirely in
the absence of genetic influences, obesity was significantly associ-
ated with systolic and diastolic blood pressures; one-hour, post-load
glucose; total, LDL-, and HDL-cholesterol; and triglycerides among
these 42-55 year old men. Similar results were obtained in longitu-

Introduction

Obesity, hypertension, glucose intolerance, and high
lipid levels tend to cluster in families.1,2 Obesity is also
correlated with these other cardiovascular disease risk fac-
tors in individuals.34 The extent to which this clustering is
caused by common genetic influences on multiple risk factors
or by shared environmental or behavioral factors is unknown.
In a previous report,5 investigators from the National Heart,
Lung, and Blood Institute (NHLBI) Twin Study demon-
strated that many cardiovascular disease risk factors have
genetic determinants. Using another analytic approach with
the same data, we sought to determine whether associations
exist between obesity and the other cardiovascular disease
risk factors independent of genetic influences.

Comparison within genetically identical, monozygotic
twin pairs removes all genetic variability.6 If intrapair differ-
ences in cardiovascular disease risk factors are related to
intrapair differences in obesity, these associations must be
attributable to environmental or behavioral, and therefore
potentially alterable, influences. In this paper, we use longi-
tudinal data from a group of White, male, monozygotic twins
in a matched-pair analysis to assess the nature of the
relationships of obesity and adult weight gain with blood
pressure, glucose tolerance, and lipid levels at middle-age.

Methods

Study Subjects
Data collection for the NHLBI Twin Study took place

between July 1969 and June 1973 in five locations: Framing-
ham, Massachusetts; Indianapolis, Indiana; and Los Ange-
les, San Francisco, and Davis, California. Participants were
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dinal analyses of weight change during adulthood (from mean age of
20 to mean age of48 years) and risk factor status at middle-age. These
results indicate that behaviors and environmental exposures that
occur later in life are responsible, at least in part, for the associations
between adult obesity and cardiovascular disease risk, supporting
the appropriateness of weight reduction efforts during adulthood.
(Am J Public Health 1990; 80:675-678.)

514 pairs of White male twins who were members of the
National Academy of Sciences-National Research Council
Twin Panel7 and who lived in California, New England, or
within 200 miles of Indianapolis. All twins were born during
the years 1917 through 1927 and served in the US Armed
Forces during the period from World War II through the
Korean War. Twins were ages 42-55 years at the study
examination. In this report, only the 250 monozygotic twin
pairs were included.
Data Collecdon

After an overnight fast, both members of each twin pair
received physical examinations on the same day by different
physicians. Weight and height were measured in pounds and
inches. Each individual's weight and height also were ob-
tained from records of the physical examination prior to
military induction (ages 17 to 28). After conversion to
kilograms and meters, body mass index (BMI) was calculated
as the measure of obesity (weight/height2). Blood pressure
was measured three times using a standard sphygmomanom-
eter: first by a nurse, later twice by a physician. The
participant was seated, and both systolic and diastolic (Phase
V) blood pressures were recorded. The mean of the two
physician readings was used in this report. Blood samples
were collected to determine glucose tolerance, plasma cho-
lesterol and triglycerides, and serotypes for assignment of
zygosity. A 50-g oral glucose load was given one hour before
blood was drawn unless the subject had diabetes and was
currently using insulin or oral hypoglycemic agents or had
glycosuria of 3+ or greater. Glucose levels were measured at
the examination centers using an SMA 12/60 instrument
(Technicon Instruments, Tarreytown, NY). Total, HDL-,
and LDL-cholesterol8 and triglyceride9 levels were deter-
mined at three regional laboratories; specimens were ex-
changed to maintain standardization. Additional details ofthe
recruitment process, response rates, zygosity determination,
clinical examination, and questionnaire are available.5,10
Statistical Analyses

Matched-pair t-tests and linear regression models were
computed using SAS computer programs." Both members of
a twin pair were included in both the unmatched and matched
analyses. However, unmatched analyses were adjusted to
avoid overestimating the statistical significance of parameter
estimates due to correlated errors between co-twins.'2 For
the matched analyses, regression models incorporated intra-
pair differences of the dependent and independent variables.
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The intrapair difference for each variable was obtained by
subtracting the value for one twin from that of the other in
each monozygotic twin pair. For analyses of weight change,
the value of BMI at the military induction physical exami-
nation was subtracted from the value of BMI at the study
examination.

Sample sizes varied between 219 and 245 pairs in the
different regression analyses because of missing values and
specific exclusions of individuals using medications that
affect blood pressure, glucose, or lipid levels. Because the
distribution of triglycerides was skewed toward higher val-
ues, we used the natural log transformation on this variable
in all regression analyses.

Results

Means and standard deviations for obesity, weight
change, and the other cardiovascular disease risk factors for
the twins as individuals are presented in Table 1.

Within monozygotic twin pairs, heavier twins had sig-
nificantly higher levels of systolic and diastolic blood pres-
sures, glucose (one-hour, post-load), total cholesterol, LDL-
cholesterol, and triglycerides and lower levels of HDL-
cholesterol than their genetically identical, lighter-weight
brothers (Table 2). Regression coefficients measuring the
association of obesity with each risk factor are indicated in
Table 3. Examination BMI was significantly associated with
all the cardiovascular disease risk factors in the unmatched
analyses, independently of age. Matched-pair regression
analyses revealed even stronger, significant, cross-sectional
relationships between BMI and the cardiovascular disease
risk factors. Only the regression coefficient for HDL-choles-
terol was somewhat reduced.

Obesity was then partitioned into two variables-BMI at
military induction (average age 20 years), and change in BMI
during the 20 to 34 years between the induction and study
examinations. The independent influences of the two obesity
parameters on the other cardiovascular disease risk factors
are indicated in Table 4. In both the unmatched and matched
analyses, weight gain during adulthood was significantly
associated with all the cardiovascular disease risk factors
measured. In addition, induction BMI was independently and
significantly related to systolic and diastolic blood pressures,
total cholesterol, and triglycerides in the matched analyses.
The negative regression coefficient between change in BMI

TABLE 1-Obesity Measures at Military Induction and at Study Exami-
nation and Cardiovascular Disease Risk Factors at Study
Examination (1969-73) in a Sample of White, Male, Monozy-
gotic Twins

Number of Mean ± Standard
Variables Individuals Deviation

Body mass index (kg/M2)
at military induction 499 21.9 + 2.4
at study examination 499 25.7 ± 3.2
change between induction
and examination 498 3.8 ± 2.9

Age at study examination (years) 500 47.8 + 3.1
Systolic blood pressure (mmHg) 439 127.0 + 16.3
Diastolic blood pressure (mmHg) 439 81.3 + 10.2
One-hour, post-load glucose (mg/dl) 465 162.6 + 51.9
Total cholesterol (mg/dl) 491 219.7 ± 35.0
HDL-cholesterol (mg/dl) 486 44.2 + 12.8
LDL-cholesterol (mg/dl) 485 143.5 ± 33.5
Triglycerides (mg/dl) 490 136.1 _ 89.2

TABLE 2-Mean Levels of Cardiovascular Disease Risk Factors at Ages
42-55 Years Comparing Heavier and Lighter Brothers within
Monozygotic Twin Pairs

Mean Intrapair
Heavier Lighter Difference

Variables Twin Twin (95% Cl)

Body mass index (kg/M2) 26.6 24.8 1.8 (1.6, 2.0)
Systolic blood pressure (mmHg) 129.6 124.5 5.1 (3.1, 7.1)
Diastolic blood pressure (mmHg) 82.7 80.0 2.7 (1.4, 3.9)
One-hour, post-load glucose (mg/dl)* 161.7 156.0 5.6 (0.3,11.2)
Total cholesterol (mg/dl)* 222.6 217.1 5.5 (1.9, 9.1)
HDL-cholesterol (mg/dl)* 43.1 45.3 -2.2 (-3.5,-1.0)
LDL-cholesterol (mg/dl)* 145.7 141.6 4.2 (0.8, 7.5)
Triglycerides (mg/dl)* 147.6 124.9 22.7 (12.5, 33.0)

Conversion factor to Si Units in mmoVL:
Glucose-0.05551
Cholesterol (total, HDL, LDL)-0.02586
Triglycerides-0.01 129

TABLE 3-Regression Coefficients+ (± standard errors) for Cross-
sectional Relationships between Body Mass Index (BMI) and
other Cardiovascular Disease Risk Factors in MiddleAged,
White, Male Monozygotic Twins

Unmatched Matched
Dependent Variables Analysis Analysis

Systolic blood pressure 1.47 + 0.28 2.23 t 0.43
Diastolic blood pressure 1.06 t 0.17 1.44 t 0.26
One-hour, post-load glucose 3.95 t 0.80 4.79 t 1.22
Total cholesterol 2.43 t 0.51 3.88 t 0.74
HDL-cholesterol -0.97 t 0.18 -0.83 t 0.27
LDL-cholesterol 1.13 t 0.49 2.37 t 0.71
Ln triglycerides 0.065 ± 0.008 0.073 t 0.013

+Coefficients are age-adjusted: age was included in the unmatched regression models,
but was not related significantly to any outcome; matched co-twin analyses control for age
in that co-twins are perfectly matched on age.

and HDL-cholesterol was the only coefficient smaller in the
matched analysis than in the unmatched analysis; the inverse
relationship between induction BMI and HDL-cholesterol in
the unmatched analysis was reduced and no longer statisti-
cally significant in the matched analysis. The proportion of
nongenetic variance explained by both measures of obesity in
the matched analyses ranged from 4 percent for HDL-
cholesterol to 10 percent for total cholesterol, 11 percent for
systolic blood pressure, and 13 percent for diastolic blood
pressure and triglycerides.

Discussion

In response to the recent emphasis on the importance of
genes in influencing adult obesity,'3-' we used data from
identical twins to address the following question: do nonge-
netic differences in obesity contribute to levels of blood
pressure, glucose intolerance, and lipids? The results of our
analyses indicate that significant associations exist between
obesity and many cardiovascular disease risk factors entirely
in the absence of genetic influences. These results were
obtained from both cross-sectional analyses of obesity and
concurrent risk factor status and longitudinal analyses of
change in weight during adulthood and risk factor status
during middle-age. Furthermore, because matched-pair anal-
yses also control for any factors that are identical or very
similar between co-twins, such as the influences of shared
early environment and culture, the observed associations
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TABLE 4-Regression Coefficients+ (±standard errors) for Longitudinal Reationships between Cardiovas-
cular Disease Risk Factors and Body Mass Index (BMi) from Military Induction to Middle-age In
White, Male, Monozygotic Twins

Unmatched Analysis Matched Analysis

Dependent Induction Induction
Variables Change in BMI BMI Change in BMI BMI

Systolic blood
pressure 1.66 ± 0.31 1.06 ± 0.39 2.27 ± 0.44 1.93 ± 0.79
Diastolic blood
pressure 1.18 ± 0.19 0.79 ± 0.24 1.48 ± 0.26 1.09 ± 0.47
One-hour,
post-load
glucose 4.60 ± 0.87 2.19 ± 1.21 4.99 ± 1.25 3.22 ± 2.29
Total cholesterol 2.83 ± 0.55 1.33 ± 0.77 3.89 ± 0.76 3.80 ± 1.37
HDL-cholesterol -0.97 ± 0.20 -0.97 ± 0.28 -0.84 ± 0.27 -0.75 ± 0.50
LDL-cholesterol 1.34 ± 0.54 0.54 ± 0.76 2.35 ± 0.72 2.55 ± 1.33
Ln triglycerides 0.075 ± 0.008 0.041 ± 0.011 0.075 ± 0.013 0.057 ± 0.023

+Coefficients are age-adjusted: age was induded in the unmatched regression models, but was not related significarntly to any
outcome; matched co-twin analyses control for age in that co-twins are perfecty matched on age.

may be attributed more specifically to environmental expo-
sures or personal behaviors of adulthood.

These results do not preclude genetic influences on
obesity, blood pressure, glucose tolerance, or lipid levels.5'16
Nor do they reveal the specific, nongenetic mechanisms
underlying the associations of cardiovascular disease risk
factors with obesity. Obesity may serve as a marker of an
atherogenic lifestyle, or it may contribute directly to the
increases in blood pressure, glucose intolerance, and lipid
levels through mechanical or biochemical pathways. Regard-
less of the mechanisms involved, the effects observed here
are not pleiotropic effects of genes regulating adult fatness.
The generalizability of these findings is supported by the
comparability ofthe twins participating in this study to White
men in the general population'7-19 and to participants in
similar studies.20-23

Weight change during adulthood was generally more
important than baseline BMI at military induction in predict-
ing cardiovascular disease risk factor status in the longitudi-
nal analyses. However, for blood pressure, total cholesterol,
and triglycerides, BMI in early adulthood also contributed
independently to risk factor status in middle-age. When
analyses for all cardiovascular disease risk factors were
conducted including both examination BMI (middle-age) and
induction BMI (early adulthood) in the models, only the
examination BMI was statistically significant (data not
shown). These results suggest that the attained level of
obesity is important in elevating a person's risk for diabetes
and cardiovascular disease, although duration of obesity may
also play an independent role.

Although the influence of obesity on the other cardio-
vascular disease risk factors appears to be limited to less than
15 percent of the nongenetic variability of each risk factor, a
significant, if moderate, effect of weight gain during adult-
hood was observed on each risk factor. The average man in
our cohort was 69 inches tall and gained 28 pounds between
age 20 and age 48. By middle-age, he had higher levels ofeach
of the cardiovascular disease risk factors studied, except for
HDL-cholesterol, than men who gained less weight. Asso-
ciated with his weight gain were excesses of 9.5 mmHg
systolic blood pressure, 6.2 mmHg diastolic blood pressure,
21.0 mg/dl glucose (one-hour, post-load), 16.4 mg/dl total
cholesterol, 9.8 mg/dl LDL-cholesterol, and a decrease of 3.5
mg/dl HDL-cholesterol. Similarly, his triglyceride level was

40 percent higher than that of men who did not gain weight
between military induction and middle-age; this represents
roughly a 50 mg/dl excess. These excesses occurred inde-
pendent of initial BMI and can be attributed solely to
nongenetic influences on the basis of the matched co-twin
analysis (Table 4). The cumulative impact of similar or larger
weight gains on multiple risk factors clearly contributes
significantly to an increase in cardiovascular disease risk.

The causes of adult obesity are complex and undoubt-
edly involve both genetic and nongenetic influences.24.25
Bouchard, et al,26 have shown that monozygotic twins
generally gain similar amounts of weight as a result of similar
diets that include excess calories. However, unrelated twin
pairs respond very differently to the same diet. This interpair
variability is a reflection of gene-environment interaction,
where an individual's response depends both on genetic
predisposition as well as specific environmental exposure.
Moreover, BMI is only a surrogate measure of obesity and
may not capture the most relevant aspect related to cardio-
vascular disease risk. Unfortunately, more detailed measures
of total body fat or fat distribution were not available from the
induction or 196-73 study examinations.

Despite the etiologic complexity ofadult obesity, and the
well-documented difficulty in its control, our findings provide
some reason for optimism. They indicate that behaviors and
environmental exposures that occur later in life are respon-
sible, in part, for the association between adult obesity and
cardiovascular disease risk factor status. They emphasize the
importance ofattained weight in influencing that risk, thereby
suggesting that weight reduction will be effective even at later
ages, when most individuals tend to gain weight. Thus, they
confirm the clinical impression that weight control and
prevention of obesity are likely to be successful in reducing
a person's risk of cardiovascular disease and diabetes.

ACKNOWLEDGMENTS
This research was supported by Contract NO1-HC-55028 from the Na-

tional Heart, Lung, and Blood Institute.

REFERENCES
1. Perkins KA: Family history ofcoronary heart disease: Is it an independent

risk factor? Am J Epidemiol 1986; 124:182-194.
2. King MC, Lee G, Spinner NB, et al: Genetic epidemiology. Ann Rev

Public Health 1984; 5:1-52.

AJPH June 1990, Vol. 80, No. 6 677



NEWMAN, ET AL.

3. Hubert HB: The importance ofobesity in the development ofcoronary risk
factors and disease: The epidemiologic evidence. Ann Rev Public Health
1986; 7:493-502.

4. Burton BT, Foster WR, Hirsh J, Van Itallie TB: Health implications of
obesity: An NIH Consensus Development Conference. Int J Obes 1985;
9:155-170.

5. Feinleib M, Garrison RJ, Fabsitz R, et al: The NHLBI Twin Study of
Cardiovascular Disease Risk Factors: Methodology and summary of
results. Am J Epidemiol 1977; 106:284-295.

6. Gesell A: The method of co-twin control. Science 1942; 95:446-448.
7. Jablon S, Neel JV, Gershowitz H, et al: The NAS-NRC Twin Panel:

Methods of construction of the panel, zygosity diagnosis, and proposed
use. Am J Hum Genet 1967; 19:133-161.

8. Manual of Laboratory Operations, Lipid Research Clinics Program.
DHEW Pub. No. (NIH) 75-628. Washington, DC: Govt Printing Office,
1974.

9. Kessler G, Lederer H: Fluorometric measurement of triglyceride. In:
Skeggs LI Jr, et al (eds): Automation in Analytic Chemistry: Technicon
Symposia, 1965. New York: Mediad, 1966.

10. Feinleib M, Christian JC, Borhani NO, et al: The National Heart and Lung
Institute Twin Study of Cardiovascular Disease Risk Factors: Organiza-
tion and methodology. Acta Genet Med Gemellol (Roma) 1976; 25:125-
128.

11. SAS User's Guide: Statistics, Version 5 Edition. Cary, NC: SAS Institute,
Inc., 1985.

12. Fabsitz R, Feinleib M, Hubert H: Regression analysis with correlated
errors: An example from the NHLBI Twin Study. J Chronic Dis 1985;
38: 165-170.

13. Stunkard AJ, Sorensen TIA, Hanis C, et al: An adoption study of human
obesity. N Engl J Med 1986; 314:193-198.

14. Stunkard AJ, Foch TT, Hrubec Z: A twin study ofhuman obesity. JAMA
1986; 256:51-54.

15. Price RA, Cadoret RJ, Stunkard AJ, Troughton E: Genetic contributions
to human fatness: An adoption study. Am J Psychiatry 1987; 144:1003-
1008.

16. Austin MA, King MC, Bawol RD, et al: Risk factors for coronary heart
disease in adult female twins: Genetic heritability and shared environmen-
tal influences. Am J Epidemiol 1987; 125:308-318.

17. Simopoulos AP, Van Itallie TB: Body weight, health, and longevity. Ann
Intern Med 1984; 100:285-295.

18. National Center for Health Statistics: Blood pressure levels of persons
6-74 years, United States, 1971-1974. Vital Health Stat 11, No. 203, 1977.

19. National Center for Health Statistics: Total serum cholesterol levels of
adults 18-74 years, United States, 1971-1974. Vital Health Stat 11, No.
205, 1978.

20. Borkin GA, Sparrow D, Wisniewski C, Vokonas PS: Body weight and
coronary disease risk: Patterns of risk factor change associated with
long-term weight change, The Normative Aging Study. Am J Epidemiol
1986; 124:410-419.

21. Khoury P, Morrison JA, Mellies MJ, Glueck CJ: Weight change since age
18 in 30- to 55-year-old Whites and Blacks. JAMA 1983; 250:3179-3187.

22. Gillum RF, Taylor HL, Brozek J, et al: Blood lipids in young men followed
32 years. J Chronic Dis 1982; 35:635-641.

23. Ashley FW, Kannel WB: Relation of weight change to changes in
atherogenic traits: The Framingham Study. J Chronic Dis 1974;27:103-
114.

24. Bouchard C, Perusse L, Leblanc C, et al: Inheritance of the amount and
distribution of human body fat. Int J Obesity 1988; 12:205-215.

25. Price RA, Stunkard AJ: Comingling analysis of obesity in twins. Hum
Hered 1989; 39:121-135.

26. Bouchard C, Tremblay A, Depres J-P, et al: Sensitivity to overfeeding:
The Quebec experiment with identical twins. Prog Food Nutr Sci 1988;
12:45-72.

$3 Million Awarded to Public Health Schools

Almost $3 million in fiscal 1990 capitation grant funds were awarded by the Health Resources and
Services Administration to 24 schools of public health.

The funds represent general institutional support which a school may expend for any purpose it
judges will most effectively advance its educational program.

The grant recipients and the amounts awarded are:
* University of Alabama at Birmingham, $81,448;
* University of California, Berkeley, $172,670;
* Loma Linda University, California, $131,946;
* University of California, Los Angeles, $206,553;
* San Diego State University, California, $72,000;
* Yale University, New Haven, CT, $77,865;
* University of South Florida, Tampa, $60,272;
* University of Hawaii, Honolulu, $94,154;
* University of Illinois, Chicago, $71,674;
* Tulane University, New Orleans, LA, $124,127;
* Johns Hopkins University, Baltimore, MD, $223,494;
* University of Massachusetts, Amherst, $74,607;
* Boston University, Massachusetts, $76,887;
* Harvard University, Boston, MA, $152,471;
* University of Michigan, Ann Arbor, $224,472;
* University of Minnesota, St. Paul, $107,512;
* Columbia University, New York, NY, $127,059;
* University of North Carolina, Chapel Hill, $201,992;
* University of Pittsburgh, PA, $105,883;
* University of Puerto Rico, San Juan, $120,543;
* University of Oklahoma, Oklahoma City, $86,335;
* University of South Carolina, Columbia, $87,313;
* University of Texas, Houston, $155,729; and
* University of Washington, Seattle, $79,494.
More information is available from the Division of Associated and Dental Health Professions,

Bureau of Health Professions, Room 8-101, 5600 Fishers Lane, Rockville, MD 20857, tel: 301-443-6853.

678 AJPH June 1990, Vol. 80, No. 6


