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Objectives. Associations of pa-
rental education, parental body size,
and offspring’s education with body
mass index and 7-year change in
body mass index were examined
among participants in the Coronary
Artery Risk Development in Young
Adults (CARDIA) study.

Methods. CARDIA is a study of
coronary artery disease risk factors in
5115 Black and White persons aged
18 to 30 at baseline. Analyses of
covariance were carried out with
body mass index and change in body
mass index as the dependent vari-
ables, and with parental education,
parental body size, and participant
education as the major independent
variables.

Results. Father’s body size was
positively associated with partici-
pant’s baseline body mass index
among Black men, White men, and
White women. Mother’s body size
was positively associated with base-
line body mass index among all
race-sex groups, and with change in
body mass index among White
women. Father’s education was in-
versely associated with baseline body
mass index among Black men and
White women, and with change
among White women.

Conclusions. Parental education
may influence body mass index and
changes in young adulthood, espe-
cially among White women. Such
associations may be both genetic and
environmental and may be important
for obesity prevention efforts. (Am J
Public Health. 1996;86:480-485)
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Introduction

Obesity is a severe problem in the
United States, one with numerous ad-
verse health consequences. An inverse
association between socioeconomic status
(SES) and adiposity has been reported for
women in industrialized countries.!-!* Re-
ported associations of SES with obesity
and overweight have been inconsistent for
men. 134916

Fatness in adults may be influenced
by environmental factors related to SES
in childhood as well as by genetic fac-
tors.'-2* An association of parental SES
with an adult offspring’s adiposity may be
through childhood nutrition or the influ-
ence of SES on behaviors such as physical
activity, smoking, or alcohol consumption.
Similarly, parental fatness and the adult
child’s adiposity may be associated through
genetics or, again, through parent—child
associations of behaviors influencing adi-
posity. Thus, to understand obesity in
adulthood, it is important to examine
family and childhood environmental fac-
tors.

Only a few studies have examined
associations of parental fatness and SES
with adiposity in adult offspring.!”182¢29
Parental weight and body mass index have
been found to be positively correlated
with that of their adult children.'$2* An
inverse association of parents’ SES with
their adult children’s adiposity has also
been noted, more strongly among women
than among men and more apparent in
young adulthood than in earlier child-
hood.?26 However, previous studies have
not examined whether associations be-
tween parental SES and adult offspring
adiposity are present in different ethnic
groups. Also, few previous studies have
examined whether the child’s own socio-
economic achievement might mediate

associations of adult adiposity with paren-
tal SES, which is important for public
health policy.

For the present report, analyses were
conducted to assess whether parental
educational attainment, parental body
shape, and offspring’s education were
associated with body mass index and
change in body mass index over 7 years
among participants in the Coronary Ar-
tery Risk Development in Young Adults
(CARDIA) study.

Methods

Population

CARDIA is a longitudinal study of
the development of coronary artery dis-
ease risk factors in young adults. The
study design and sample characteristics
have been described elsewhere.?® Briefly,
5115 adults, aged 18 to 30 years at
baseline (1985-1986), were recruited from
four centers (Birmingham, Ala; Chicago,
Il; Minneapolis, Minn; and Oakland,
Calif). Within each center, the sample was

Kurt J. Greenlund was and Kiang Liu and Alan
R. Dyer are with the Department of Preventive
Medicine, Northwestern University Medical
School, Chicago, 11l; Dr Greenlund is currently
with the Tulane School of Public Health and
Tropical Medicine, New Orleans, La. Catarina
I. Kiefe is with the Division of Preventive
Medicine, University of Alabama at Birming-
ham. Gregory L. Burke is with the Department
of Public Health Sciences, Bowman Gray
School of Medicine, Winston-Salem, NC. Carla
Yunis is with the Division of General and
Preventive Medicine, University of Minnesota,
Minneapolis.

Requests for reprints should be sent to
Kiang Liu, PhD, Northwestern University
Medical School, Department of Preventive
Medicine, 680 N Lake Shore Dr, Suite 1102,
Chicago, IL 60611.

This paper was accepted August 21, 1995.

April 1996, Vol. 86, No. 4



designed to include approximately equal
numbers of participants by age group (18
to 24, 25 to 30), educational level (up to
high school, beyond high school), ethnic-
ity (Black, White), and sex. Participants
were randomly recruited, chiefly through
telephone contact (door-to-door contact
in some areas of Minneapolis), from the
total community or from census tract
areas (except in Oakland, where partici-
pants were recruited from a health plan
membership roster). Once a subgroup
based on sex, race, age, and education was
filled, further potential participants were
ineligible. Participants were reexamined
at 2 (1987-1988), 5 (1990-1991), and 7
years (1992-1993) after the baseline ex-
amination and as closely as possible to the
original calendar date of examination. For
the longitudinal sample used here, mean
follow-up was exactly 7 years (range = 6.0
to 8.1 years).

Height and weight were measured
without shoes and with light clothing.
Body mass index was calculated as weight
in kilograms divided by height in meters
squared (kg/m?). The difference between
year 7 and baseline body mass index was
used to measure change in body mass
index.

Socioeconomic Indicators

Of three commonly used indices of
SES (education, occupation, income),
education is the most frequently used and
is correlated with many health-related
factors.132 Father’s education was ob-
tained from participant reports of the
number of years of schooling completed
by the participant’s father or male head of
the family; mother’s education was re-
corded similarly. Participants’ education
was recorded at the baseline examination
(used here) and at each follow-up. For
this report, parent and participant educa-
tional level was grouped as less than 12
years, 12 years (completed high school),
13 to 15 years, and 16 years and more.

In social mobility research, family
SES is usually tied to the father’s educa-
tion (or occupation). However, a substan-
tial number of respondents, especially
among the Black participants, did not
know their father’s education (see re-
sults). Fewer respondents did not know
the educational attainment of their
mother. Further, it was not known how
many individuals might have grown up in
single-parent households. Thus, associa-
tions of both the father’s and mother’s
education with the participant’s body
mass index and 7-year change in body
mass index were analyzed.
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TABLE 1—Means and Percentage Levels for Selected Descriptive
Characteristics: The CARDIA Study
Black Black White White
Men Women Men Women

Sample size 1157 1480 1171 1307
Baseline body mass index, kg/m?

Mean 24.6 25.9 24.3 23.1

SD 43 6.5 3.6 44
7-year change in body mass

index, kg/m?

Mean 2.4 3.0 1.8 1.8

SD 25 3.6 21 3.1

No. 819 1100 1001 1055
Baseline weight, kg

Mean 76.9 69.2 77.0 62.8

SD 15.1 18.7 12.9 12.6
Change in weight," kg

Mean 8.0 8.7 5.9 5.3

SD 8.0 9.8 6.7 8.4

No. 819 1100 1001 1055
Baseline education, y

Mean 12.9 13.1 14.6 14.5

SD 1.9 1.8 25 23
Father’s education, y

Mean 11.6 11.6 14.3 14.2

SD 3.1 33 34 35

No. 842 1043 1080 1194
Mother's education, y

Mean 12,5 12.2 13.7 13.5

SD 25 2.6 2.7 2.8

No. 1026 1320 1103 1260
Father’s body size, %

1-3 (thinnest) 18.8 26.2 141 19.7

4-6 74.0 66.1 75.8 69.7

7-9 (heaviest) 7.2 7.7 10.1 10.5

No. 1090 1391 1131 1262
Mother’s body size, %

1-3 (thinnest) 21.4 23.3 247 25.5

4-6 70.9 64.6 68.5 67.7

7-9 (heaviest) 7.7 121 6.8 6.8

No. 1139 1458 1147 1287

Sociodemographic data were re-
ported on a male head of household for
about 7% of Black participants and 4% of
White participants. Sociodemographic
data were reported on a female head of
household for about 3% of Black partici-
pants and 1% of White participants. Data
were not obtained on more than one male
or female head of household, or on how
long parents or heads of household lived
with the children.

Parental Body Size and Other
Measures

Parental fatness was based on partici-
pant reports of parental body size. Using a
common body image scale depicting nine
mannequin figures progressing from thin
to obese, 33 participants were asked to
record their natural mother’s and father’s

body size during most of the participant’s
childhood. For these analyses, the nine
categories were collapsed to three levels:
1 to 3 (thinnest), 4 to 6, and 7 to 9
(heaviest). Parental body size was re-
corded only for the natural parents.

Other covariates related to adipos-
ity!37-41 considered here were the partici-
pant’s baseline smoking status, alcohol
intake, and physical activity. Current
smoking status was derived from self- and
interviewer-administered questions re-
garding whether the participant currently,
formerly, or never smoked cigarettes.*?
Alcohol intake was derived from inter-
viewer-administered questions on whether
the participant drank any alcohol within
the previous year. The average amount of
absolute alcohol per day was recorded in
milliliters.#* Total physical activity was
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TABLE 2—Participants’ Adjusted® Mean Body Mass Indexes and Changes in
Body Mass Index from Baseline to Year 7, by Father’s Educational
Level: The CARDIA Study

Black Black White White
Father’s Education Men Women Men Women

Participant’s baseline body mass index, kg/m?

No. 805 998 1047 1156
<12y 25.6 26.8 246 24.6
12y 25.0 26.5 25.0 234
13-15y 26.0 26.7 246 23.8
16+y 24.4 253 24.7 228
P .03 13 .64 .0001
df 3,793 3,986 3;1035 3;1144
Participant’s 7-year change in body mass index, kg/m?
No. 591 760 905 937
<12y 2.61 297 1.86 2.40
12y 2.42 3.17 1.78 2.63
13-15y 212 2.82 1.79 2.57
16+ y 2.23 2.60 1.78 1.89
P .54 .49 .99 .01
df 3,578 3,747 3,892 3,924

aMeans are adjusted for father's and mother’s body size and for participant's baseline age and
education. Means for 7-year change in body mass index are also adjusted for baseline body mass
index. Probability (P) is from analysis of covariance (F test).

/5

TABLE 3—Participants’ Adjusted® Mean Body Mass Indexes and Changes in
Body Mass Index from Baseline to Year 7, by Father’s Body Size: The

CARDIA Study

Black Black White White

Father's Body Size Men Women Men Women
Participant’s baseline body mass index, kg/m?
No. 805 998 1047 1156
1-3 (thinnest) 24.8 255 241 227
4-6 245 26.2 243 24.0
7-9 (heaviest) 26.5 273 25.8 242
P .007 .08 .0001 .0002
df 2;793 2;986 2;1035 2;1144
Participant’s 7-year change in body mass index, kg/m?

No. 591 760 905 937
1-3 (thinnest) 1.83 2.76 1.60 2.60
4-6 2.33 2.81 1.75 2.35
7-9 (heaviest) 2.88 3.10 2.05 2.18
P .06 .78 .28 .48
df 2;578 2,747 2;892 2;924

aMeans are adjusted for father’s education, mother’s body size, and participant’s baseline age and
education. Means for 7-year change in body mass index are also adjusted for baseline body mass
index. Probability (P) is from analysis of covariance (F test).

obtained with a physical activity history
questionnaire designed for CARDIA,
assessing the various types and intensity of
activity done over the previous year.*45

Statistical Analyses

Analyses of covariance were con-
ducted with SAS statistical software.*
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Major independent variables were paren-
tal education, parental body size, and
participant education, entered as categori-
cal (ordinal) variables. Dependent vari-
ables were participant body mass index
and change in body mass index over 7
years. All analyses were race- and sex-
specific. An alpha of .05 was used to

determine statistical significance in two-
tailed tests.

Analyses were conducted with adjust-
ment for participant age only, with adjust-
ment for age and all main independent
variables (parent’s education, parent’s
body size, and participant’s education),
and lastly with adjustment for age, all
main independent variables, and other
possible confounders (smoking, alcohol
consumption, and physical activity level).
Models assessing the 7-year body mass
index differential also included baseline
body mass index as a covariate. Cross-
sectional analyses were conducted on
both baseline and year 7 data. Associa-
tions with mother’s and father’s body size
were assessed both separately and jointly,
as was also done for mother’s and father’s
education.

Analyses took into account data in
which parental body size was that of a
natural parent, but parental education
was that of a step-parent. This situation
occurred for about 7% of Black partici-
pants and about 3% of White participants
in cross-sectional and longitudinal (6% of
Black women) analyses.

Results

Sample Characteristics

Black women had the highest base-
line body mass index and the greatest
7-year change in body mass index (Table
1). The parents of Black participants had
a lower mean educational level than those
of White participants. A greater percent-
age of White participants’ fathers were in
the heaviest body size category compared
with fathers of Black participants, while
the reverse was true for Black partici-
pants’ mothers compared with mothers of
White participants.

Twenty-seven percent of Black men
and 30% of Black women reported that
they did not know their father’s educa-
tion, compared with 8% and 9% of White
men and women, respectively. Those not
knowing their father’s education had a
lower educational level (124 vs 14.1
years) and were more likely to be current
smokers (43.7% vs 27.4%). There were no
significant differences in baseline body
mass index or weight adjusted for height
between those knowing and those not
knowing their father’s education. A slightly
greater 7-year increase in body mass index
occurred among White women who did
not know their father’s education com-
pared with those who did (2.6 vs 1.7
kg/m?), whereas a slightly lower 7-year
weight gain was observed among Black
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men who did not know their father’s
education compared with those who did
(7.0vs 8.4 kg).

Parental Education

With adjustment for major indepen-
dent variables, significant associations
between father’s educational level and
participant’s baseline body mass index
were observed among Black men and
White women (Table 2). Differences in
participant body mass index between the
lowest and highest parental education
groups were 1.2 kg/m? among Black men
and 1.8 kg/m?> among White women.
Father’s education was associated with a
7-year difference in body mass index
among White women only, with a differ-
ence of 0.51 kg/m? between the lowest
and highest education groups. Associa-
tions were primarily due to those with the
highest parental education having a lower
body mass index or change than those in
the other categories. Further adjustment
for smoking, alcohol consumption, and
physical activity level yielded similar re-
sults (not shown). In analyses adjusted for
age only (not shown), father’s education
was also associated with baseline body
mass index among Black women (P = .04).

In similar models in which father’s
education was replaced by mother’s edu-
cation (and with those participants with
unknown father’s education included),
only the association with a 7-year change
in body mass index among White women
was significant (P < .05; not shown).
Mother’s education did not contribute
additional explanatory value when in-
cluded with father’s education.

Parental Body Size

Father’s body size was positively
associated with body mass index among
Black men, White men, and White women
(Table 3). Similar though statistically
nonsignificant trends were also noted
among Black women. Differences in par-
ticipant body mass index between the
leanest and heaviest parental body size
categories were 1.7 kg/m? for Black men,
1.8 kg/m? for Black women, 1.7 kg/m? for
White men, and 1.5 kg/m? for White
women. Trends were similar in analyses
adjusted for age only and analyses ad-
justed for other lifestyle factors (not
shown).

Mother’s body size (Table 4) was
positively associated with body mass index
among all four race—sex groups, and with
a change in body mass index among White
women. Differences in participant body
mass index between the leanest and
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TABLE 4—Participants’ Adjusted® Mean Body Mass Indexes and Changes in
Body Mass Index from Baseline to Year 7, by Mother’s Body Size: The

CARDIA Study

Black Black White White

Mother’s Body Size Men Women Men Women
Participant’s baseline body mass index, kg/m?
No. 805 998 1047 1156
1-3 (thinnest) 244 24.8 24.2 226
4-6 255 25.8 24.6 23.5
7-9 (heaviest) 25.9 28.5 25.4 24.8
P .01 .0001 .03 .0001
df 2,793 2;986 2;1035 2;1144
Participant’s 7-year change in body mass index, kg/m?

No. 591 760 905 937
1-3 (thinnest) 2.09 2.61 1.69 1.75
4-6 2.40 3.03 1.91 218
7-9 (heaviest) 2.54 3.04 1.81 3.19
P 43 .36 .39 .004
df 2,578 2,747 2,892 2,924

aMeans are adjusted for father’s body size, father's education, and participant’s baseline age and
education. Means for 7-year change in body mass index are also adjusted for baseline body mass
index. Probability (P) is from analysis of covariance (F test).

TABLE 5—Participants’ Adjusted® Mean Body Mass Indexes and Changes in
Body Mass Index from Baseline to Year 7, by Participant’s Educational
Level: The CARDIA Study

Black Black White White

Participant’s Education Men Women Men Women
Participant’s baseline body mass index, kg/m?
No. 805 998 1047 1156
<12y 24.9 27.0 249 23.7
12y 249 26.2 24.6 24.2
13-15y 254 26.3 249 23.7
16+y 25.8 25.9 24.6 22.9
P .26 .66 .59 .003
df 3,793 3,986 3;1035 3;1144
Participant’s 7-year change in body mass index, kg/m?

No. 591 760 905 937
<12y 1.91 3.00 1.93 3.22
12y 2.40 3.10 1.75 2.27
13-15y 2.70 3.1 1.94 217
16+y 2.36 2.37 1.59 1.84
P .16 .21 19 .09
df 3,578 3,747 3;892 3;924

aMeans are adjusted for father's and mother's body size, father's education, and participant's
baseline age. Means for 7-year change in body mass index are also adjusted for baseline body
mass index. Probability (P) is from analysis of covariance (F test).

heaviest maternal body size categories
were 1.5 kg/m? for Black men, 3.7 kg/m?
for Black women, 1.2 kg/m? for White
men, and 2.2 kg/m? for White women. For
the change in body mass index among
White women, a difference of 1.44 kg/m?
between the leanest and heaviest mater-

nal body size categories was noted. When
adjusted for age only, a positive associa-
tion with change in body mass index
among Black men and Black women
(P < .02) was also observed (not shown).
When adjusted for smoking, alcohol in-
take, and physical activity level (not
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shown), results were similar to those
reported.

Participant Education

In an earlier CARDIA paper, partici-
pant education was noted to be inversely
related to body mass index among White
women, and a slight positive association
was noted among Black men.!* When
adjusted for father’s education and paren-
tal body size, only the association with
body mass index among White women
was significant (a difference of 0.8 kg/m?
between the highest and lowest education
groups), although the positive trend among
Black men was still observed (Table 5).

The substitution of education at year
7 for baseline education (when most
participants would have completed school-
ing) showed significant associations with
body mass index at baseline and at year 7
among White men and women (P < .01),
and with change in body mass index
among White women. For these analyses,
those participants with the highest educa-
tion had the lowest body mass index and
change in body mass index over 7 years.

Other Results

When those participants reporting
education data for a step-parent were
excluded from analyses, associations of
parental education and parental body size
with participant body mass index and
change in body mass index were similar to
those reported (not shown). Additionally,
the association of father’s body size with
baseline body mass index among Black
women became statistically significant
(P =.02).

In cross-sectional analyses with body
mass index at year 7 as the dependent
variable (not shown), associations with
parental education, parental body size,
and participant education were similar to
those reported here. An inverse associa-
tion between father’s education and year
7 body mass index among Black women
(P = .03) was also noted after adjustment
for smoking, alcohol intake, and physical
activity level.

Analyses were also conducted with
weight and weight change as the depen-
dent variables, with height as a covariate
in addition to those covariates already
noted (not shown). Analyses yielded
similar results to those reported for body
mass index and change in body mass
index, with similar significant and nonsig-
nificant associations with the independent
variables.
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Discussion

Several previous studies have re-
ported inverse associations between SES
and obesity and weight gain, more consis-
tently for women than for men.!-16 Inverse
associations of subjects’ education with
obesity have been reported among Black
women.>%8 A statistically nonsignificant
inverse association of education with body
mass index was observed among Black
women in CARDIA. This discrepancy
may reflect different sampling methods or
adjustment for covariates. Also, educa-
tion is only one indicator of SES. Years of
education do not reflect the quality of
education received, which will influence
how well education reflects SES. Whether
occupation or income as indicators of SES
had an association with body mass index
or change in body mass index was not
examined.

Fewer studies have examined associa-
tions of parents’ SES with their young
adult offspring’s adiposity. In CARDIA,
father’s education was inversely related to
body mass index in White women and
Black men, and with a 7-year change in
body mass index among White women.
These associations were independent of
the participant’s own education and life-
style behaviors associated with weight
(smoking, alcohol use, and physical activ-
ity). These results are in agreement with
those of earlier studies reporting inverse
associations between parental SES and
obesity in adult offspring.!’25-27:2

Caution should be taken regarding
associations of father’s education with
body mass index. A substantial number of
participants did not know their father’s
education. When mother’s education was
used instead, inverse associations with
body mass index were noted for White
women only. However, there were no
significant differences in body mass index
or weight between those participants
included and those excluded from analy-
ses. Further, when the category “father’s
education unknown” was added to the
parental education variable, results were
similar to those reported (not shown).

Parental body size was positively
associated with body mass index among
all groups and with a 7-year change in
body mass index among White women.
However, it is difficult to distinguish
purely genetic and environmental factors,
given the indicator of parental obesity
used. Adiposity has a genetic component,
possibly through influencing fat cell size
or number, insulin levels, or metabolic
rates.! However, adiposity is also influ-

enced by lifestyle factors such as diet,
physical activity, smoking, and alcohol
consumption. Such lifestyle components
may also be conveyed from parents to
children and may persist into adulthood.*’
For example, parental smoking appears to
be an important factor associated with
smoking in children.®-5! Further studies
should examine parent—child associations
of behaviors such as diet and physical
activity to assess this possible intergenera-
tional lifestyle effect.

There may also be an interaction not
examined here between genetic and socio-
economic factors regarding obesity. Garn
and colleagues!* found that obese women
were more likely to “marry down” socio-
economically and to earn less income than
leaner women. Obese children may face
social discrimination that could influence
their adult SES through the type of job or
amount of education obtained or through
their chances for marriage.’> Such argu-
ments would suggest some selection or
“drift” of more obese persons toward
lower social classes based on societal
forces. Genetic factors related to obesity
might then be of greater influence in the
lower classes.

Apart from its health consequences,
a sociocultural bias against obesity ex-
ists.1145253 This bias quite likely affects
women more than men and has greater
consequences for women.’? There are
also cultural differences regarding views
and consequences of obesity.”> These
considerations may help explain why, in
our study, education was related to body
mass index most consistently among White
women, who were the leanest group
overall.

The relationship of family and child-
hood environmental factors to adiposity
in adulthood is complex and includes
differences by ethnicity and sex. Public
health efforts directed toward those at
risk for obesity in adulthood might con-
sider the role of families in obesity
prevention. Cultural and socioeconomic
differences add to the complexity of
obesity prevention but should be consid-
ered in public health programs. (1
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