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The occurrence of metabolic abnormalities related to insulin resistance syndrome in nondiabetic offspring of type 2 diabetic

parents is known. However, information is lacking on the timing and the course of development of the components of this

syndrome from childhood to adulthood in the offspring of parents with diabetes. This aspect was examined in a community-

based cohort with (n � 303) and without (n � 1,136) a parental history of type 2 diabetes followed longitudinally since

childhood (ages 4 to 17 years; mean follow-up period, 15 years) by repeated surveys. Offspring with parental diabetes versus

those without such history had significantly excess generalized and truncal adiposity as measured by body mass index (BMI)

and subscapular skinfold beginning in childhood, higher levels of fasting insulin and glucose and homeostasis model

assessment index of insulin resistance (HOMA-IR) from adolescence, and higher levels of low-density lipoprotein (LDL)

cholesterol and triglycerides and lower levels of high-density lipoprotein (HDL) cholesterol in adulthood. Many of these risk

variables changed adversely at an increased rate in offspring of diabetic parents. In a multivariate analysis, parental diabetes

was an independent predictor of longitudinal changes in adiposity, glucose, insulin, HOM-IR, systolic and diastolic blood

pressure, and LDL cholesterol in the offspring, regardless of race and gender. As young adults, the offspring of diabetic

parents had a higher prevalence of generalized (BMI > 30, 36% v 16%, P � .0001) and visceral (waist > 100 cm, 15% v 6%, P �
.0001) obesity, hyperinsulinemia indicative of insulin resistance (insulin > 18 �U/mL, 15% v 8%, P � .0001), hyperglycemia

(>110 mg/dL, 2% v 0.5%, P � .02), high LDL cholesterol (>160 mg/dL, 11% v 7%, P � .02), low HDL cholesterol (<40 mg/dL

for males and <50 mg/dL for females, 40% v 31%, P � .004), high triglycerides (>150 mg/dL, 23% v 15%, P � .0001), and

hypertension (>140/90 mm Hg, 11% v 6%, P � .004). Thus, the offspring of diabetic parents displayed excess body fatness

beginning in childhood and accelerated progression of adverse risk profile characteristics of insulin resistance syndrome from

childhood to young adulthood. These observations have important implications for early prevention and intervention.

Copyright 2003 Elsevier, Inc. All rights reserved.

TYPE 2 DIABETES has become one of the most com-
monly prevalent chronic diseases in the United States,

with approximately 16 million people having clinical manifes-
tations of the disease and another 13 million people having
impaired fasting glucose (110 to 125 mg/dL).1 In addition,
there has been an increase in the prevalence of the disease over
time.1 Of concern is the increase in the incidence of type 2
diabetes among children and adolescents over the past de-
cade.2,3

It is widely recognized that type 2 diabetes is preceded by a
long prediabetes stage characterized by metabolic abnormali-
ties.4-10 Studies in this regard mainly involved ethnically dis-
tinct groups with a high prevalence of the disease.5-7,10 Infor-
mation is scant on the time-course of potential antecedent
markers or risk factors for the disease at an early age in the US
general population.

Because type 2 diabetes has a strong genetic and familial
component,11-13 a positive parental history is widely being used
as a surrogate measure of risk to identify potential risk factors
of the disease in the offspring.4,14-18 A number of prospective
population studies have shown that, besides positive family
history, obesity and adverse levels of fasting and post-glucose
plasma glucose and insulin are important risk factors of type 2
diabetes.5-10,19 In addition, conventional risk factors of coro-
nary heart disease (CHD) such as hypertension and dyslipide-
mia are also known to occur long before the onset of diabe-
tes.20-22 The risk factors of type 2 diabetes and CHD are
recognized as components of insulin resistance syndrome (syn-
drome X), linked metabolically by a common pathophysiologic
mechanism involving insulin resistance/hyperinsulinemia.23-25

Information on the timing and course of development of
components of insulin resistance syndrome from childhood to
young adulthood in persons at risk might be useful not only in

assessing future risk but also in prevention and intervention
algorithms. As part of the Bogalusa Heart Study, a biracial
(black-white) community-based investigation of cardiovascular
risk factors in children and young adults,26 this study examines
the longitudinal changes in risk variables of insulin resistance
syndrome in a cohort of subjects with and without parental
history of type 2 diabetes as they grew from childhood into
young adulthood.

MATERIALS AND METHODS

Population

The Bogalusa Heart Study is conducted in the biracial (65% white,
35% black) community of Bogalusa, LA. Six cross-sectional surveys of
children aged 4 to 17 years were conducted between 1973 and 1988. In
addition, four cross-sectional surveys of young adults aged 18 to 32
years who had been previously examined as children and remained
accessible were conducted between 1979 and 1991. The above panel
design, based on repeated cross-sectional examinations, resulted in
serial observations from childhood to young adulthood required for the
longitudinal analysis. However, since this was not a prospective study
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by design, not every participant was examined in all surveys. The
participation rate was approximately 80% for children and 60% for the
young adult cohort. The study cohort (n � 1,439) was selected from
1,930 young adults who participated in the 1988 to 1991 survey and
provided information on parental history of diabetes during this and the
1984 to1986 surveys.

Parental history of type 2 diabetes (onset after the age of 30) was
obtained from the study cohort through a questionnaire as part of the
examination. There were 303 subjects who reported father (42%),
mother (54%), or both parents (4%) having diabetes either in both the
1984 to 1986 and the 1988 to 1991 surveys or in the 1988 to 1991
survey, and 1,136 subjects who reported consistently neither parents
having diabetes in either survey. No data were collected to ascertain
whether the offspring of diabetic mothers were in utero during gesta-
tional diabetes or before or after the mother had diabetes.

The study cohort consisted of 71% whites, 29% blacks, 61% fe-
males, and 39% males. The distributions of the study cohort by age at
the 1988 to 1991 survey and number of screenings between childhood
and adulthood are given in Table 1. Seventy-four percent of young
adults were screened 4 times or more and only 10.3% were screened
twice since childhood. The mean follow-up interval was 15 years.

The number of observations totaling 6,598 made on this 1,439–study
cohort from childhood to young adulthood by age at the time of
examination and status of parental diabetes is given in Table 2.

General Examination

All examinations followed the same protocols, described previous-
ly.27 Subjects were instructed to fast for 12 hours prior to screening, and
compliance was determined by interview on the morning of the exam-
ination. Anthropometric and blood pressure measurements were made
in replicate and mean values were used in all analyses.

Height and weight were measured 2 times; subscapular skinfold
thickness 3 times. The body mass index (BMI � weight in kilograms
divided by the square of the height in meters) was used as a measure of
overall adiposity; subscapular skinfold for truncal fatness. In the 1988
to 1991 survey, waist circumference, measured in triplicate, was used
as an indicator of visceral fatness. The reproducibility in terms of
intraclass (intra-observer) correlation coefficients was greater than 0.99
for weight and height, and greater than 0.97 for subscapular skinfold
and waist circumference. Young adults were considered obese if their
BMI was above 30 or waist circumference above 100 cm.

Blood pressure levels were measured in 6 replicates by 2 randomly
assigned nurses on the right arm of subjects in a relaxed, sitting
position. Young adults were classified as hypertensive if they had
systolic blood pressure higher than 140 mm Hg, diastolic blood pres-
sure higher than 90 mm Hg, or had been treated for hypertension.

Laboratory Analyses

From 1978 to 1986, cholesterol and triglyceride levels were mea-
sured using chemical procedures on Technicon Autoanalyzer II (Tech-

nicon Instrument, Tarrytown, NY) according to the Laboratory Manual
of the Lipid Research Clinics Program.28 Since then, these variables
were determined by enzymatic procedures on the Abbott VP instrument
(Abbott Laboratories, North Chicago, IL). Serum lipoprotein choles-
terols were analyzed by a combination of heparin-calcium precipitation
and agar-agarose gel electrophoresis procedure.29 Both chemical and
enzymatic procedures met the performance requirement of the Lipid
Standardizations Program of the Centers for Disease Control and
Prevention, Atlanta, GA. The laboratory has been monitored for pre-
cision and accuracy of lipid measurements by the agency’s surveillance
program since 1973. The intraclass correlation coefficients between the
blind duplicate (10% random sample) values ranged from 0.87 to 0.99
for total cholesterol, 0.88 to 0.99 for triglycerides, 0.86 to 0.98 for
low-density lipoprotein (LDL) cholesterol, and 0.86 to 0.98 for high-
density lipoprotein (HDL) cholesterol. Based on the guidelines from
the National Cholesterol Education Program Adult Treatment Panel
III,30 adult offspring were classified as dyslipidemic if they have
adverse levels of LDL cholesterol (�160 mg/dL), HDL cholesterol
(�40 mg/dL for males and �50 mg/dL for females), or triglycerides
(�150 mg/dL), or if they were being treated for dyslipidemia.

Plasma immunoreactive insulin levels were measured by a commer-
cial radioimmunoassay kit (Phadebas; Pharmacia Diagnostics, Piscat-
away, NJ). The high cross-reactivity (41%) of the assay with proinsulin
should not affect the insulin measurements because proinsulin is se-
creted in very low amounts relative to insulin in individuals without
diabetes. From 1978 to 1991, plasma glucose was measured by a
glucose oxidase method using a Beckman glucose analyzer (Beckman
Instruments, Fullerton, CA). Since then, it has been measured enzy-
matically as part of a multichemistry profile. The intraclass correlation
coefficients between the blind duplicate values ranged from 0.94 to
0.98 for insulin and 0.86 to 0.98 for glucose. For comparison between
groups hyperinsulinemia was arbitrarily defined as fasting values above
18 �U/mL, values considered indicative of insulin resistance in normal
subjects.31 An index of insulin resistance was calculated according to
the homeostasis model assessment formula32: HOMA-IR � fasting
insulin (�U/mL) � fasting glucose (mmol/L) � 22.5. This model is
considered useful to assess insulin resistance in epidemiologic stud-
ies.33 Based on American Diabetes Association criteria,34 individuals
were classified as having diabetes or impaired fasting glucose if their
fasting glucose values were � 126 mg/dL or 110 to 125 mg/dL,
respectively.

Table 1. Distribution of Study Cohort by Age at Last Survey and

Number of Screenings Between Childhood and Adulthood:

The Bogalusa Heart Study

Age* (yr)

No. of Screenings†

Total2 3 4 5 6 7

19-24 47 79 107 177 170 25 606
25-28 77 121 144 154 134 82 712
�28 23 26 19 18 16 19 121
Total 148 226 270 349 320 126 1,439

*Age at the last screening.
†Since childhood.

Table 2. Number of Observations on Study Cohort by Age and

Parental Type 2 Diabetes: The Bogalusa Heart Study

Age (yr)

No. of Examinations*

Total
(N � 1,439)

With Parental
Diabetes (n � 303)

Without Parental
Diabetes (n � 1136)

�7 28 157 185
7-8 59 315 374
9-10 105 459 564
11-12 138 526 664
13-14 188 668 856
15-16 179 613 792
17-18 137 527 664
19-20 99 399 498
21-22 98 432 530
23-24 95 395 490
25-26 89 293 382
27-28 79 242 321
�28 74 204 278
Total 1,368 5,230 6,598

*Values represent multiple observations made from childhood to
adulthood on individuals with and without parental diabetes.
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Statistical Analyses

For tests of significance insulin glucose and triglycerides were log-
arithmically transformed to approach normality. Mean levels of risk
variables by age groups 4 to 11, 12 to 18, and 19 to 32 years
corresponding to childhood, adolescence, and young adulthood periods
were compared between groups with and without parental diabetes in a
general linear model using age, race, and gender as covariates and
single measurement per subject in each age group. Using data from the
last survey, the prevalence of risk factors related to insulin resistance
syndrome in young adults was compared between those with and
without parental diabetes in a chi-square analysis.

To evaluate the longitudinal rates of change in different risk vari-
ables and the association between parental history of diabetes and the
longitudinal changes in risk variables in the offspring from childhood
to young adulthood, generalized estimating equations (GEE) analysis
was used.35 GEE analysis adjusts for the correlation between observa-
tions taken on the same individuals repeatedly. Further, GEE analysis
is suitable for longitudinal data on individuals with varying number and
unequal spacing of observations. For each risk variable, a univariate
regression model with age as predictor was used to describe the rate of
change with age in each parental history group. Since the main objec-
tive was to evaluate the effect of parental diabetes on the longitudinal
changes of risk variables in the offspring, parental history of diabetes
was used as the main predictor variable in the regression model. Age,

age2, race, and gender and their interactions with the main predictor
variable were always included in the full model. In addition, BMI,
glucose, insulin, and HOMA-IR index were included in the model as
applicable. For example, when BMI was a dependent variable, glucose,
insulin, and HOMA-IR index were used as covariates. Nonsignificant
terms (P � .05) were removed from the full model by backward
stepwise procedure. Other obesity measures such as subscapular skin-
fold and waist circumference were not included in the multivariable
model because of their high correlation with BMI.

RESULTS

Mean levels of risk variables of insulin resistance syndrome
in childhood (4 to 11 years), adolescence (12 to 18 years), and
young adulthood (19 to 32 years) are shown in Figs 1 through
4 by parental history of diabetes. Single measurement per
subject was used in each age group. Comparisons were made
after adjusting for age, race, and gender. Offspring with paren-
tal diabetes versus those without such history displayed signif-
icantly higher levels of BMI and subscapular skinfold begin-
ning in childhood (Fig 1); higher levels of fasting insulin and
glucose and HOMA-IR index beginning in adolescence (Fig 2);
and higher levels of triglycerides and LDL cholesterol and
lower levels of HDL cholesterol in adulthood (Fig 3). Systolic

Fig 1. Mean levels of BMI and

subscapular skinfold thickness

in offspring by parental history

of diabetes and age group corre-

sponding to childhood, adoles-

cence, and young adulthood.

The Bogalusa Heart Study.

Fig 2. Mean levels of fasting

insulin and glucose and

HOMA-IR index in offspring by

parental history of diabetes and

age group corresponding to

childhood, adolescence, and

young adulthood. The Bogalusa

Heart Study.
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and diastolic blood pressure levels remained similar between
the 2 groups during these periods, except that the systolic blood
pressure of offspring of diabetic parents was higher in child-
hood (Fig 4).

Longitudinal rates of change in risk variables obtained by a
univariate regression model are presented in Table 3. The rates of
increase in BMI, subscapular skinfold, triglycerides, LDL choles-
terol and systolic blood pressure were significantly higher in the
offspring with parental diabetes versus those without parental
diabetes. The rate of decrease in glucose was significantly lower in
offspring with parental diabetes. Parental diabetes was marginally
(P � .08) associated with higher rate of increase in HOMA index
of insulin resistance in the offspring.

In a multivariate analysis, parental diabetes history was
independently associated with adverse longitudinal changes in
BMI, fasting insulin and glucose, HOMA-IR, systolic and
diastolic blood pressure, and LDL cholesterol in the offspring,
regardless of race and gender (Table 4). There was a significant
interaction between parental diabetes and age of the offspring

in predicting adverse changes in BMI. This interaction with
age, when viewed in conjunction with data shown in Fig 1 and
Table 3, indicated that BMI was not only consistently higher
from childhood to young adulthood, but also increased faster
with age among those with parental diabetes than those without
such a parental history. The adjusted rate of change in BMI per
year in offspring of diabetic parents (1.42 kg/m2/yr; 95% con-
fidence interval [CI], 0.98 to 1.85) was higher than in offspring
of non-diabetic parents (0.59 kg/m2/yr; 95% CI, 0.35 to 0.46).
Further, an interaction between parental diabetes and gender
was noted for systolic and diastolic blood pressure, indicating
that adverse changes in these variables occur relatively more in
males than in females (4.82 mm Hg/yr [95% CI, 2.33 to 7.32]
v 4.20 mm Hg/yr [95% CI, 1.25 to 7.73]) for systolic blood
pressure and 0.97 mm Hg/yr [95% CI, 0.07 to 1.86] v 0.68 mm
Hg/yr [95% CI, 0.43 to 1.79] for diastolic blood pressure).
Although parental diabetes was not an independent predictor of
adverse changes in triglycerides and HDL cholesterol in the
offspring, BMI, insulin, HOMA-IR, and glucose (triglycerides

Fig 3. Mean levels of LDL cho-

lesterol, HDL cholesterol, and trig-

lycerides in offspring by parental

diabetes and age group corre-

sponding to childhood, adoles-

cence, and young adulthood. The

Bogalusa Heart Study.

Fig 4. Mean levels of systolic

and diastolic blood pressure in

offspring by parental history of

diabetes and age group corre-

sponding to childhood, adoles-

cence, and young adulthood.

The Bogalusa Heart Study.
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only) were associated independently with these 2 variables
(data not shown).

To test whether paternal or maternal history of diabetes
makes a difference in the prediction of adverse longitudinal
changes in risk variables in the offspring, the above multivar-
iate analysis was performed separately for maternal and pater-
nal diabetes (data not shown). The results including BMI and
HOMA-IR index were similar to that shown in Table 4, except
with respect to insulin (maternal diabetes, P � .04; paternal
diabetes P � .20) and to glucose (maternal diabetes, P � .03;
paternal, P � .13). The relatively smaller sample size might
have contributed to the observed differences in insulin and
glucose.

The prevalence of risk factors characteristic of insulin resis-
tance syndrome in young adult subjects at the last survey is
shown in Table 5 by parental diabetes history. Obesity in terms
of excess generalized adiposity (BMI) or visceral adiposity
(waist circumference), hyperinsulinemia indicative of insulin
resistance, hyperglycemia, hypertension, and high risk levels of
LDL cholesterol, HDL cholesterol, and triglycerides were all
significantly more prevalent among the offspring of diabetic
parents. Within the hyperglycemia category, the prevalence of
hyperglycemia indicative of impaired fasting glucose (110 to

125 mg/dL) was marginally (P � .08) higher, and hyperglyce-
mia (�126 mg/dL) indicative of clinical diabetes significantly
higher among those with parental diabetes.

DISCUSSION

Little information is available at a community level in the US
general population on the longitudinal changes in risk variables
of insulin resistance syndrome measured simultaneously from
childhood to young adulthood in subjects at risk for developing
type 2 diabetes. The present community-based study shows that
offspring of parents with type 2 diabetes developed excess
generalized and truncal adiposity beginning in childhood,
higher levels of fasting insulin and glucose and HOMA-IR
index from adolescence, and adverse levels of triglycerides,
LDL cholesterol, and HDL cholesterol in adulthood. Many of
these risk variables changed adversely at a greater rate from
childhood to adulthood in offspring of diabetic parents. These
observations provide further evidence that risk factors of type 2
diabetes are found at relatively young age in those with parental
diabetes.6,10,14,17 Whether intrauterine imprinting enunciated by
the fetal-origin or thrifty phenotype hypothesis,36 besides ge-
netics,11-13 also contributed to the observed adverse changes in
the offspring is not clear.

Table 3. Longitudinal Rates of Change in Risk Variables of Insulin Resistance Syndrome in the Study Cohort by Parental History

of Diabetes: The Bogalusa Heart Study

Risk Variable

Parental Diabetes

Yes v No P ValueYes No

BMI (kg/m2/yr) 0.53 (0.49-0.57)* 0.45 (0.43-0.47) .000
Subscapular skinfold (mm/yr) 0.70 (0.60-0.80) 0.57 (0.53-0.62) .02
Insulin (�U/mL/yr)† �0.05 (�0.19-0.10) �0.10 (�0.16-�0.06) .45
HOMA-IR/yr 0.005 (�0.02-0.01) �0.03 (�0.08-0.02) .08
Glucose (mg/dL/yr)† �0.005 (�0.01-�0.001) �0.41 (�0.47-�0.35) .01
Triglycerides (mg/dL/yr)† 4.34 (2.71-5.96) 2.41 (2.11-2.71) .02
LDL cholesterol (mg/dL/yr) 2.14 (1.92-2.37) 1.82 (1.72-1.93) .02
HDL cholesterol (mg/dL/yr) �0.99 (�1.12-�0.86) �0.94 (�1.02-�0.87) .50
Systolic blood pressure (mm Hg/yr) 0.69 (0.65-0.73) 0.58 (0.50-0.67) .03
Diastolic blood pressure (mm Hg/yr) 0.53 (0.49-0.64) 0.61 (0.57-0.64) .32

*Values are univariate regression slope (GEE) (95% CI) with respect to age in years.
†Fasting subjects only

Table 4. Parental Diabetes as a Predictor of Adverse Longitudinal Changes in Risk Variables of Insulin Resistance Syndrome

in the Study Cohort: The Bogalusa Heart Study

Risk
Variables

Parental
Diabetes

Interaction of Parental Diabetes and

Age Race Gender

BMI (kg/m2) 0.17*† 0.07† — —
Insulin (�U/mL) 1.03† —§ — —
HOMA-IR 0.27‡ — — —
Glucose (mg/dL) 1.33† — — —
Systolic blood pressure (mm Hg) 3.20† — — 2.79‡
Diastolic blood pressure (mm Hg) 2.24† — — 1.99‡
Triglycerides (mg/dL) 0.02 — — —
LDL cholesterol (mg/dL) 0.09‡ — — —
HDL cholesterol (mg/dL) 0.02 — — —

*GEE regression coefficient. The model included parental diabetes as the main predictor along with age, age2, race, and gender, and their
interaction with the main effect; and BMI, glucose, insulin, and HOMA-IR as applicable.

†P � .05; ‡P � .001.
§— indicates no significant interaction.
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With respect to longitudinal changes in measures of obesity
and glucose homeostasis in the current study cohort, parental
diabetes was an independent predictor of adverse changes in
adiposity, fasting insulin and glucose, and HOMA-IR index,
regardless of race or gender. Of note, the adverse association
between body fatness and parental diabetes was influenced by
age in that the body fatness increased faster with age, probably
reflecting the burden of interaction between genetic and life-
style-related factors with age. Earlier studies have shown an
independent association between the development of diabetes
and baseline obesity.5,9,10,13,19,37 Of relevance to the present
finding is an earlier study in Pima Indians showing childhood
and adolescence obesity in those with diabetic parents as a
strong predictor of subsequent diabetes.10

Earlier studies have shown that insulin resistance and the
compensatory hyperinsulinemia predate the development of
type 2 diabetes.4-9 The observed independent association be-
tween parental diabetes and adverse longitudinal changes in
basal insulin and HOMA-IR index in the offspring suggests
that these individuals may be at increased risk for developing
diabetes in the future. In addition to impaired insulin sensitiv-
ity, a defect in insulin-independent glucose utilization (glucose
effectiveness) is considered an important trait for developing
diabetes.38 In an earlier study, we found that parental diabetes
was independently associated with incremental glucose re-
sponse, but not with insulin response, during a 1-hour oral
glucose load in both black and white young offspring.17 The
current finding of adverse longitudinal profiles of basal insulin
and HOMA-IR index in conjunction with increased basal glu-
cose also suggests slow glucose removal and diabetes suscep-
tibility in the offspring of diabetic parents.

Although excess prevalence of type 2 diabetes in blacks
versus whites is well established among middle-aged older US
adults,1,39,40 the longitudinal trends of risk variables in the

offspring of diabetic parents remained the same in both races in
this study of youth. It has been suggested that black-white
differences in the established risk factors of type 2 diabetes,
especially obesity and its differential effects on diabetes risk
among blacks and whites,39-41 may account for this excess.
Long-term follow-up of the study cohort is needed to ascertain
the link between the observed adverse longitudinal trends of
risk variables in the black and white offspring of diabetic
parents and development of diabetes later in life.

The link between obesity and insulin resistance, the two
major risk factors for type 2 diabetes, is well known. However,
the question remains whether obesity proceeds or follows,
insulin resistance/hyperinsulinemia in the general population.
Conceptually, potential mechanisms have been proposed to
explain the causality either way.42,43 It is of interest that off-
spring of diabetic parents in this study developed excess gen-
eralized and truncal adiposity beginning in childhood, while
elevated levels of insulin and HOMA-IR index became appar-
ent beginning in adolescence. This is consistent with earlier
observations, including our own, showing temporal association
between the degree of baseline adiposity and incidence of
hyperinsulinemia in children, adolescents, and young adults
alike, independent of baseline insulin level44; and childhood
obesity as a powerful predictor for developing insulin resis-
tance syndrome in young adulthood.45,46 With respect to tem-
poral sequence of development of type 2 diabetes, a longitudi-
nal study in Pima Indians found that the transition from normal
glucose tolerance to impaired glucose tolerance was associated
with a marked weight gain and decreases in insulin action and
acute insulin secretory response to glucose; the progression
from impaired glucose tolerance to diabetes was associated
with further adverse changes in these risk variables and an
increase in basal endogenous glucose output.47 Further, longi-
tudinal studies in rhesus monkeys, a nonhuman primate exper-
imental model known to spontaneously develop obesity and,
later, type 2 diabetes showed that the onset of diabetes can be
prevented by prevention of obesity.48

The present study also demonstrates that parental diabetes
was independently associated with adverse longitudinal
changes in CHD risk variables such as systolic and diastolic
blood pressure, and LDL cholesterol. Although parental diabe-
tes was not an independent predictor of adverse changes in
triglycerides and HDL cholesterol in the offspring, measures of
obesity and glucose homeostasis were associated independently
with these variables. This suggests that parental diabetes may
adversely affect triglycerides and HDL cholesterol indirectly in
the offspring through its effect on measures of obesity and
glucose homeostasis. Of note, as young adults the offspring of
diabetic parents in this study already showed increased preva-
lence of multiple risk factors for both diabetes and CHD such
as generalized and visceral obesity, hyperinsulinemia/insulin
resistance, hyperglycemia, hypertension, and dyslipidemia,
characteristic features of insulin resistance syndrome. Earlier
studies have found that prediabetic individuals display an
atherogenic profile of lipoproteins and blood pressure, possibly
induced by obesity and insulin resistance/hyperinsulinemia,
which may be present long before the development of diabetes
and may contribute to the risk of macrovascular disease.20-22

The community-based nature of this study, with risk vari-

Table 5. Prevalence of Risk Factors Characteristic of Insulin

Resistance Syndrome in Young Adult Offspring by Parental

Diabetes: The Bogalusa Heart Study

Risk factor

Parental Diabetes

P ValueYes (n � 303) No (n � 1136)

Obesity
BMI (kg/m2) � 30 36.3* 16.3 .000
Waist � 100 cm 14.8 6.2 .000

Hyperinsulinemia†
�18 �U/mL 15.1 7.5 .000

Hyperglycemia†
�110 mg/dL 2.0 0.5 .02
110-125 mg/dL 1.3 0.4 .08
�126 mg/dL 0.7 0.1 .05

Dyslipidemia
LDL cholesterol � 160 mg/dL 11.2 7.1 .02
HDL cholesterol (males: �40
mg/dL; females: �50 mg/dL) 39.6 30.8 .004
Triglycerides � 150 mg/dL† 23.4 14.7 .000

Hypertension
� 140/90 mm Hg or Rx 11.2 6.3 .004

*Prevalence (%) at the last survey
†Fasting subjects only
Abbreviation: Rx, under antihypertensive medication.
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ables measured from childhood to adulthood, adds strength to
the current findings. However, the present study has certain
limitations. The major limitation being the lack of verification
of diabetes status of the parents, including those with undiag-
nosed condition. Others have found 78% to 81% of self-
reported information to be valid.49,50 The reliability of our
questionnaire could, in part, be estimated based on consistency
in reporting from the last 2 surveys. Concordance was identi-
fied if reported negative parental history at the last survey or
positive parental history at the previous survey agreed with the
information provided in the other survey. Accordingly, there
was 89% concordance in the reporting between the 2 surveys.
In terms of negative parental history, many parents may not
recognize that they do have diabetes or they may be still too
young to manifest the clinical disease. However, the inherent
difficulties associated with negative parental history would
most likely result in an underestimation of the strength of the
association between parental diabetes and risk variables in the
offspring during childhood, adolescence, and adulthood, espe-
cially when the differences in risk variables were smaller. It is
also conceivable that the observed gradation of adverse levels
of obesity variables in childhood versus insulin resistance pa-
rameters in adolescence versus lipid variables in young adult-
hood may be due to the fact that the most robust variable may
occur in all age groups, whereas the least robust variable may
occur in older age groups. This study also lacks serial mea-
surements of glucose tolerance and in vivo insulin action and
secretion used in clinical and etiological studies. Instead, we

used risk variables that are relatively easily measured and
applicable at a population level. Finally, although some, but not
all, family history studies have suggested an excess of maternal
transmission of type 2 diabetes,51-53 the current study lacks the
statistical power to adequately address the issue.

In summary, our study shows that offspring of parents with
type 2 diabetes developed an adverse risk profile characteristic
of insulin resistance syndrome from childhood to young adult-
hood at an increased rate. Both genetic predisposition and
environment are important in this regard. Importantly, parental
diabetes was associated with excess generalized and truncal
adiposity, a modifiable risk factor, beginning in childhood.
These results when viewed in the context of an increasing
incidence of type 2 diabetes among adolescents2,3 accompany-
ing the upward secular trend in obesity in American youth54,55

underscores the importance of control of obesity through pru-
dent diet and exercise early in life to prevent or temper the
onset of the disease, especially among high-risk ethnic/racial
groups. Of note, regular exercise as a preventive measure can
also stimulate non–insulin-mediated glucose uptake by muscle
and decrease the risk of type 2 diabetes in subjects who are at
high risk for the disease.56
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