
Correlates of Age Onset of Type 2
Diabetes Among Relatively Young Black
andWhite Adults in a Community
The Bogalusa Heart Study

QUOC MANH NGUYEN, MD, MPH

JI-HUA XU, MD

WEI CHEN, MD, PHD

SATHANUR R. SRINIVASAN, PHD

GERALD S. BERENSON, MD

OBJECTIVEdThe risk factors for middle-age onset of type 2 diabetes are well known. How-
ever, information is scant regarding the age onset of type 2 diabetes and its correlates in com-
munity-based black and white relatively young adults.

RESEARCH DESIGN AND METHODSdThis prospective cohort study consisted of
normoglycemic (n = 2,459) and type 2 diabetic (n = 144) adults aged 18–50 years who were
followed for an average of 16 years.

RESULTSdThe incidence rate of the onset of type 2 diabetes was 1.6, 4.3, 3.9, and 3.4 per
1,000 person-years for age-groups 18–29, 30–39, and 40–50 and total sample, respectively.
Incidences of diabetes increased with age by race and sex groups (P for trend#0.01); higher in
black females versus white females and blacks versus whites in total sample (P , 0.05). In a
multivariable Cox model, baseline parental diabetes (hazard ratio [HR] 5.24) and plasma insulin
were significantly associated with diabetes incidence at the youngest age (18–29 years); black
race, BMI, and glucose at age 30–39 years; female sex, parental diabetes (HR 2.44), BMI, ratio of
triglycerides and HDL cholesterol (TG/HDL-C ratio), and glucose at age 40–50 years; and black
race, parental diabetes (HR 2.44), BMI, TG/HDL-C ratio, and glucose in whole cohort. Further,
patients with diabetes, regardless of age onset, displayed a significantly higher prevalence of
maternal history of diabetes at baseline (P , 0.01).

CONCLUSIONSdIn relatively young adults, predictability of baseline cardiometabolic risk
factors along with race, sex, and parental history of diabetes for the onset of type 2 diabetes varied
by age-group. These findings have implications for early prevention and intervention in relatively
young adults.
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Earlier national survey data portend
that the prevalence and incidence of
diabetes are rising in the United

States (1,2). Impaired glucose homeostasis
has become one of the most common
causes of death in the U.S. (2). The pro-
gressive global epidemic of obesity has
resulted in obesity being a major causal
factor detected in prediabetes and type 2
diabetes (1).

A number of studies have indicated
that hyperinsulinemia/insulin resistance

is associated with cardiometabolic risk
factors including obesity, dyslipidemia,
and hypertension, a constellation of disor-
der characteristics of the metabolic syn-
drome commonly found in diabetes (3–8).
Further, the impaired glucose homeostasis
among offspring of young-age onset, ma-
ternal type 2 patients with diabetes has
been attributed to perinatal exposures
and related increase in diabetes risk (9).
The optimal strategy for preventing the
onset of type 2 diabetes postulates the

knowledge of its modifiable cardiometa-
bolic risk factors (8). However, most stud-
ies have been performed on the prevalence
of type 2 diabetes (3,4,6,9) with single,
baseline measurements at middle and
older age (1,5,7,9–11). Information is
lacking on the correlates among relatively
young adults in a community on the age-
onset of type 2 diabetes. The present anal-
ysis examines the occurrence of diabetes at
increasing ages as part of the Bogalusa
Heart Study, a biracial (black and white),
community-based investigation of the
evolution of cardiovascular disease risk
beginning in childhood (12).

RESEARCH DESIGN AND
METHODS

Study population
The Bogalusa Heart Study is being con-
ducted in a biracial (65% white and 35%
black) community of Bogalusa, LA. A panel
design, based on repeated (at;3–4 years)
cross-sectional surveys of school-aged
children and adults who participated in
earlier surveys as children, resulted in
the formation of a prospective longitudi-
nal cohort with serial observations from
child- to adulthood. This study includes
subjects (N = 2,603; young tomiddle-aged
adults; 34% black and 57% females) who
participated in their baseline and follow-
up examinations during 1979–2011 and
had fasting blood samples on both exami-
nations. At the baseline examination, indi-
viduals with a history of diabetes or who
had a fasting glucose level $126 mg/dL
(7 mmol/L) were excluded. These sub-
jects were 4–44 years of age (mean 6
SD, 17.1 6 7.0) at baseline and 18–50 at
follow-up (33.2 6 9.3). The study sub-
jects were followed on average for 16 years
(mean6 SD, 16.26 7.5). With respect to
age, race, sex, overall adiposity (BMI), and
lipid, glucose, and insulin profile, the
baseline characteristics of the study co-
hort, which represented 26%of the overall
original ascertained baseline population,
were similar to the characteristics of the
subjects who did not participate in the
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follow-up survey as young adults (data not
shown).

The follow-up, cross-sectional exam-
ination date at which diabetes was iden-
tified was used as the date of diagnosis;
otherwise, follow-up was censored at the
last follow-up. According to the American
Diabetes Association criteria (13), follow-
up adult subjects were classified as non-
diabetic (n = 2,459) if they had a fasting
glucose level ,126 mg/dL (7.0 mmol/L)
and diabetic (n = 144) if the fasting glu-
cose level was$126mg/dL (7mmol/L) or
if they were on medication for diabetes.
Informed consent was obtained from all
participants, and the study was approved
by the institutional review board of the
Tulane University Health Sciences Center.

General examination
Standardized protocols were used by
trained examiners across all surveys
(14). Participants were instructed to fast
for 12 h before the venipuncture, and
compliance was ascertained by an inter-
view on the day of examination. Informa-
tion on personal health history (e.g.,
hypertension, dyslipidemia, or diabetes
and medical treatment for these condi-
tions) was obtained by questionnaires.
Anthropometric and blood pressure
measurements were made in replicate
and mean values were used. BMI (kg/m2,
weight in kilograms divided by the square
of height in meters) was used as a measure
of overall adiposity. Right upper arm length
and circumference were used to select the
cuff size for blood pressure measurements
with mercury sphygmomanometers. Two
randomly assigned trained nurses or ob-
servers measured blood pressure (three
replicates each) on the right arm while
subjects were in a relaxed, sitting position.
Systolic and diastolic blood pressures
were recorded at the first and fourth (chil-
dren) or fifth (adults) Korotkoff, respec-
tively. Mean arterial pressure (MAP),
calculated as diastolic blood pressure
plus one-third pulse pressure, was used
in the analysis. Participants were charac-
terized as having a parental history of type
2 diabetes if one or both natural parents
reported having the disease at baseline.

Laboratory analyses
Cholesterol and triglyceride (TG) levels
were initially measured using chemical
procedures on a Technicon Autoanalyzer
II (Technicon Instrument) according to
the laboratory manual of the Lipid Re-
search Clinics Program. Later, these var-
iables were determined by enzymatic

procedures on an Abbott VP instrument
(Abbott Laboratories) between 1987 and
1996 and on a Hitachi 902 Automatic
Analyzer (Roche Diagnostics) afterward.
Both chemical and enzymatic procedures
met the performance requirements of the
Lipid Standardization Program of the
Centers for Disease Control and Preven-
tion (CDC), which routinely monitors the
precision and accuracy of total choles-
terol, TGs, and HDL cholesterol (HDL-C)
measurements since the beginning of this
study. Serum lipoprotein cholesterols
were analyzed by using a combination of
heparin-calcium precipitation and agar-
agarose gel electrophoresis procedures
(15).The intraclass correlation coeffi-
cients between the blind duplicate (10%
random sample) values ranged from 0.86
to 0.98 for HDL-C, 0.86 to 0.98 for LDL
cholesterol (LDL-C), and 0.88 to 0.99 for
TGs (12,14).

From 1976 to 1991, plasma glucose
was measured initially by a glucose oxi-
dase method using a Beckman glucose
analyzer (Beckman Instruments). Since
then, it has been measured enzymatically
as part of a multichemistry (SMA20) pro-
file. Plasma-immunoreactive insulin levels
were measured by a commercial radioim-
munoassay kit (Phadebas; Pharmacia Di-
agnostics). The intraclass correlation
coefficients between blind duplicate val-
ues ranged from 0.94 to 0.98 for insulin
and 0.86 to 0.98 for glucose. In addition,
an index of insulin resistance was calcu-
lated according to the homeostasis model
assessment formula HOMA-IR = (insulin
[mU/mL] 3 glucose [mmol/L]/22.5).

Statistical analysis
All of the statistical analyses were per-
formed with SAS version 9.2 (SAS Insti-
tute). Continuous variables were tested for
normality using a Kolmogorov-Smirnov
test. Values of TGs, ratio of TGs and
HDL-C (TG/HDL-C ratio), glucose, insu-
lin, and HOMA-IR variables used in the
analyses were log transformed. General
linear models were used to examine the
baseline cardiometabolic risk factor varia-
bles, including parental history of diabe-
tes, by status of follow-up young adult
diabetes (nondiabetes/diabetes) and age-
onset diabetes group, adjusted for age,
race, and sex. The trends of incidence of
diabetes in age onset, stratified by race and
sex, were examined using the Cochran-
Armitage trend test. Logistic regression
models, adjusted for age, race, and sex,
were used to examine whether the mater-
nal diabetes measured at the initial survey

(baseline) predicted diabetes at follow-up
by age-onset type 2 diabetes group.

Models assessing the independent re-
lations between baseline cardiometabolic
risk factor variables and young-onset type
2 diabetes by age-onset group were con-
structed using a backward elimination
multivariate Cox proportional hazards
model with the years of follow-up as the
time scale that was used to estimate the haz-
ard ratios (HRs) and 95%CIs. The baseline
independent variables initially included
in these models were age, race, sex, race
by sex interaction, parental (or maternal)
history of diabetes (yes/no), BMI, MAP,
TG/HDL-C ratio, and fasting plasma glu-
cose and insulin. Nonsignificant terms
(P. 0.05) were removed from the model
by backward stepwise procedure. Before
fitting the model, the assumptions of the
Cox proportional hazards regression
model were checked. The Schoenfeld re-
sidual goodness-of-fit test for each inde-
pendent variable included in the Cox
model was performed. Because there was
no interaction effect between baseline race
(or sex) and glucose (or insulin and
HOMA-IR) levels, the race-sex groups
were combined to increase statistical
power and to simplify the presentation.

To evaluate the discriminatory capa-
bility of the models using the area under
the ROC curve (C statistic), the multivar-
iate C statistic logistic regressions were per-
formed on the association of the selected
baseline variables (parental or maternal
history of diabetes, BMI, TG/HDL-C ratio,
glucose, and insulin) with incident diabe-
tes status at the follow-up in young adult-
hood adjusted for age, race, sex, andMAP.
ROCs (C value and its 95%CI) were tested
for equality by pairwise comparison of
each model with the rest. In addition, to
assess model discrimination, increment
in C statistic in a model with traditional
risk factor (age, race, sex, and MAP) and a
selected baseline variable compared with
traditional risk factor alonewas calculated.

RESULTSdThe characteristics of the
study cohort at baseline by onset-diabetes
status (yes/no) and age-onset group are
shown in Table 1. Comparisons were
made after adjustment for race, sex, and
age at baseline. The overall increase with
age showed an increased occurrence of
diabetes beginning with 17 cases at age
18–29 years. At baseline, the diabetes
group versus nondiabetes group showed
higher levels of BMI, TGs, insulin, and
HOMA index and greater parental history
of diabetes across all four groups; higher
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levels of glucose (except for 18–29 age-
group); lower levels of HDL-C (except for
40–50 age-group) and higher levels ofMAP
(except for 18–29 age-group) and TG/
HDL-C ratio (except for 40–50 age-group);
higher levels of LDL-C (30–39 age-group
and total sample only); and higher age
(40–50 age-group and total sample only).

Supplementary Fig. 1 illustrates the
incidence (percent) of onset of type 2 diabe-
tes by race, sex, and age-onset group over
an average of 16 years. The incidence of
onsetofdiabetes increasedwith age, regard-
less of race and sex (P for trend #0.01).
Overall, the incidences of type 2 diabetes
were 1.6% (17 of 1,044) at age 18–29
years, 7.7% (58 of 755) at age 30–39 years,
and 8.6% (69 of 806) at age 40–50 years.
Overall incidence of type 2 diabetes was
5.5% in the total sample. The incidence
was higher in black women (7.2%) than
in white women (4.7%) (P , 0.05). No
such difference was detected at age 18–
29 years (P = 0.411). In the total sample,
blacks (7.1%) were significantly more in-
cident than whites (4.8%), as expected
(P , 0.05). No significant sex difference
in the progression of type 2 diabetes was
observed (data not shown).

Among 2,603 participants in the
study cohort, there were 144 new diabe-
tes cases (events) over an average of 16
years. The sum of person-time (year) of
the population at risk was 10,949,
13,531, 17,653, and 42,133 person-years
for age-groups 18–29, 30–39, 40–50, and
total sample, respectively. The person-
year incidence rate of the onset of diabetes
was 1.6 at age 18–29 years, 4.3 at age 30–
39 years, and 3.9 at age 40–50 years per
1,000 person-years. The overall incidence
rate was 3.4 per 1,000 person-years in the
total sample (data not shown).

Figure 1 displays the prevalence (per-
cent) of baseline maternal diabetes by
follow-up diabetes status and age-onset
group after 16 years. The prevalence of
baseline maternal diabetes at ages 18–29,
30–39, and 40–50 years and in total
sample was 6.1, 8.6, 7.5, and 7.2%, re-
spectively. The prevalence of maternal di-
abetes was greater among patients with
diabetes than those without diabetes, re-
gardless of age-group (P, 0.01). Further,
the prevalence of maternal diabetes oc-
curred 1.5-fold more frequently than
paternal diabetes among the different
age-groups (P, 0.01). No significant dif-
ference in the prevalence of baseline pa-
ternal diabetes between the two groups
was detected in all age-groups. At follow-
up,maternal diabetes consistently showed
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much greater prevalence among all age-
groups and in the total sample, whereas
paternal diabetes showed only more prev-
alence at age-group 30–39 and in the total
sample (P , 0.01) (data not shown).

Table 2 shows the results of a multi-
variable adjusted Cox proportional haz-
ards model that included race, sex, race
by sex interaction, parental history of di-
abetes, BMI, MAP, TG/HDL-C ratio, glu-
cose, and insulin at baseline. After
adjusting for age at baseline, race (black
versus white) showed significant HRs of
2.78 and 1.65 of being young-onset type
2 diabetes after 16 years for age-group
30–39 and total sample, respectively; pa-
rental history of diabetes (yes/no) dis-
played HRs of 5.24, 2.44, and 2.44 for
age-groups 18–29 and 40–50 and total
sample, respectively; BMI showed HRs

of 1.11, 1.07, and 1.08 for age-groups
30–39 and 40–50 and total sample, re-
spectively; TG/HDL-C ratio showed HRs
of 1.07 and 1.04 for age-group 40–50 and
total sample, respectively; glucose showed
HRs of 1.05 for age-groups 30–39 and
40–50 and total sample; and insulin
showed a HR of 1.05 for age-group 18–29.
Further, alternate multivariate analyses
using maternal diabetes, instead of paren-
tal diabetes, gave essentially identical results
(data not shown).

In terms of discriminative values of
different selected baseline cardiometa-
bolic variables (parental or maternal his-
tory of diabetes, BMI, TG/HDL-C ratio,
glucose, and insulin) (Table 3), the pre-
dictivemodels produced C values ranging
from 0.706 to 0.742 for onset of type 2
diabetes for these measures, which were

relatively similar to each other inmagnitude.
Compared with the traditional model in-
cluding age, race, sex, and MAP, the dia-
betic model that added the selected
baseline variable above had a significant
increment in C statistic for BMI, insulin,
glucose, parental and maternal history of
diabetes, andTG/HDL-C ratio, in that order.

CONCLUSIONSdThe current study
explores the natural history of type 2
diabetes in a biracial community–based
population of relatively young adults,
free from a selection bias, and monitored
longitudinally over a period of 16 years.
The results show that, after adjusting for
race and sex, adiposity (as depicted by
BMI), TGs, TG/HDL-C ratio, fasting
plasma glucose (except for age-group
18–29 at baseline), insulin, HOMA index,
and parental history of diabetes measured
at baseline were consistently and signifi-
cantly different between the nondiabetes
and diabetes groups across the age-onset
groups and in the total sample size. The
incidences of onset of diabetes increased
with age when stratifying by race and sex
groups (P for trend #0.01), greater in
black versus white females and blacks ver-
sus whites in the total cohort (P , 0.05).
In a multivariable Cox proportional haz-
ards model adjusted for age, baseline pa-
rental history of diabetes and fasting
plasma insulin were significantly associ-
ated with type 2 diabetes in the 16-year
follow-up of young adults in the age-
onset group 18–29; whereas race (black
versus white), BMI, and glucose were
associated with diabetes in the older
age-group with onset, 30–39 years; sex
(female versus male), parental history of
diabetes, BMI, TG/HDL-C ratio, and glu-
cose were associated with diabetes in

Figure 1dPrevalence of maternal diabetes at baseline by follow-up age-group and diabetes
status. P values were compared between the diabetes groups, adjusted for race, sex, and age at
baseline.

Table 2dBaseline predictors of follow-up type 2 diabetes by age-onset status: the Bogalusa Heart Study

Age-onset group

Independent variable

18–29 years 30–39 years 40–50 years Total

Diabetes vs. nondiabetes Diabetes vs. nondiabetes Diabetes vs. nondiabetes Diabetes vs. nondiabetes

HR* (95% CI) P value HR* (95% CI) P value HR* (95% CI) P value HR* (95% CI) P value

Race (black . white) d d 2.78 (1.41–5.47) ,0.01 d d 1.65 (1.03–2.63) ,0.05
Sex (female . male) d d d d 2.70 (1.20–6.06) ,0.05 d d
Parental history of
diabetes (yes/no) 5.24 (1.66–16.54) ,0.01 d d 2.44 (1.07–5.61) ,0.05 2.44 (1.47–4.05) ,0.001

BMI d d 1.11 (1.05–1.17) ,0.001 1.07 (1.00–1.15) ,0.05 1.08 (1.04–1.12) ,0.0001
TG/HDL-C ratio d d d d 1.07 (1.01–1.12) ,0.05 1.04 (1.01–1.07) ,0.01
Glucose d d 1.05 (1.01–1.10) ,0.05 1.05 (1.00–1.11) ,0.05 1.05 (1.01–1.08) ,0.01
Insulin 1.05 (1.02–1.08) ,0.001 d d d d d d

Dash, did not retain in the model. *Backward Cox proportional hazards model, adjusted for age. Model includes race, sex, race by sex interaction, parental history of
diabetes (yes/no), BMI, MAP, TG/HDL-C ratio, and glucose and insulin at baseline.
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age-group 40–50; and race (black versus
white), parental history of diabetes, BMI,
TG/HDL-C ratio, and glucose were associ-
ated with diabetes in the total sample. In
terms of discriminative values of different
selected baseline variables (parental and
maternal history of diabetes, BMI, TG/
HDL-C ratio, glucose, and insulin), the
predictive models produced C values
ranging from 0.706 to 0.742 for onset of
type 2 diabetes for these measures.

In the current study, the overall in-
cidence rate of type 2 diabetes was lower
than that found previously (1,9–11). This
difference might be explained by the
lower average age in this overall cohort
(1,9–11) and ethnic difference of our co-
hort, especially when compared with that
in the study of Pima Indians (8). Nonethe-
less, the observed incidence rate of type 2
diabetes at ages 18–29 (1,16,17), 30–39
(17), and 40–50 years (5) did not differ
from other previous findings. In the
Bogalusa sample (4), as parents of a child-
ren’s study, they were younger and blacks
were about twice more than whites.

The observed incidence rate of young-
onset type 2 diabetes increased with age
by race-sex group, as might be expected
and is consistent with previous observa-
tions (1,10). The difference of race (black.
white) in the current study cohort is also
in agreement with the earlier reports
(1,10,11,17). Further, compared with
other race-sex groups, diabetes was less
incident among white females (17). Aside
from the traditional risk factors such as
anthropometry, parental history of diabe-
tes, and certain physiologic covariates, the
differential distribution of a genetic poly-
morphism in black and white popula-
tions, the greater exposure to an adverse
environment in early life, and the reduced
availability of vitamin D in dark-skinned
populations may contribute to the higher

incidence of type 2 diabetes in blacks (11).
As a whole and as in other studies, the in-
cidence of diabetes increases among older
people and in ethnic minority populations
(1,10).

Having a parent with diabetes con-
tributed strongly to diabetes risk in our
present multivariate model, regardless of
overall age and other risk factors. This is
well known, as in previous cohort studies
(4,6–9,11,17). The current study, consis-
tent with earlier reports (9,18), demon-
strated an excess maternal transmission
of type 2 diabetes, and importantly, we
noted this association was strongest at
the young age of onset, 18–29 years. At
the young age of children, parents may be
too young to manifest type 2 diabetes. In-
deed, in the current cohort, although par-
ents were also at a younger age, the HR of
being type 2 diabetes at age 18–29 years
was twofold higher than that in other age-
groups and in total sample. Adding pater-
nal (or maternal) diabetes to the tradi-
tional model significantly improved
discrimination of type 2 diabetes by at
least 5% (area under the curve = 0.721).
The importance of parental history at an
earlier age suggests the important and
more obvious role of genetics in the trans-
mission of diabetes to offspring (19). This
was also suggested in our earlier glucose
tolerance study by parental history
(4,6,20). As in other studies (16,17), our
observations have indicated that parental
(or maternal) diabetes, but not glucose or
obesity, and fasting plasma insulin mea-
sured at the average childhood age at
baseline were the independent predictors
of young-onset type 2 diabetes at follow-
up age of 18–29 years. Further, fasting
plasma glucose, but not insulin or parental
(or maternal) diabetes, along with black
race and obesity at the baseline adoles-
cence agewere predictors of younger-onset

diabetes at follow-up age of 30–39 years
(17). In addition, environmental exposure
(21) is increasingly involved in the risk for
the development of diabetes currently be-
ing observed in the epidemic of obesity
(1,2), and all conventional cardiometabolic
risk factors beginning at an early age were
predictors of the later (40–50 years) age-
onset of diabetes. As a result, the simple
and feasible composition of elementary of-
fice measurements, knowledge of parental
diabetes, and childhood glucose and insu-
lin may predict the young onset of type 2
diabetes (3,17).

Of interest, adiposity, as depicted by
BMI, was a strong predictor of diabetes in
this study and in many earlier observations
(1,3,5,7,8,10). Indeed, in the current study,
the addition of BMI to the traditionalmodel
maximally improved the C statistic by 8%
as compared with other risk factors. As is
well known, obesity is pathologically linked
to insulin resistance/hyperinsulinemia
and related to development of dysglycemia.
This is consistent with our earlier studies in
that obesity precedes childhood-detectable
hyperinsulinemia/insulin resistance or
metabolic syndrome (22). Moreover, excess
central adiposity augments the expression
of proinflammatory adipocytokines, in-
cluding tumor necrosis factor-a, and re-
duces the expression of insulin-sensitizing
and anti-inflammatory adiponectin, which
causes an increase in insulin resistance (23).
Excess fat and related insulin resistance/
hyperinsulinemia increase TG (very low-
density lipoprotein) levels as a result of
abnormal fatty acid metabolism and
excess hepatic TG synthesis and/or low
clearance of TGs from the circulation
(24). In turn, increases in LDL-C and de-
creases in HDL-C levels ensue (24).

The current study has certain limita-
tions in that it lacks direct assessments of
postchallenge glucose, in vivo insulin
action and secretion, glycosylated hemo-
globin, and body fat mass and distribu-
tion. Instead, we used well-established
simple surrogate measures of glucose ho-
meostasis that are applicable to popula-
tion studies. Parental diabetes and fasting
status in the study were self-reported.
Previous studies, including our own,
have found;90% of the self-reported di-
abetic information to be valid (25). Al-
though diabetes cases were excluded at
participant entry, type 1 and type 2 diabe-
tes could not be distinguished in insulin
users at follow-up because of the lack of
measurements of glutamic acid decarbox-
ylase antibodies and fasting C-peptide lev-
els, which are used for clinical diagnosis of

Table 3dDiscriminatory value of selected cardiometabolic risk factor variables
in predicting onset of type 2 diabetes: the Bogalusa Heart Study

Onset of diabetes

Variables C value (95% CI)* % AUC change**

Parental history of diabetes 0.721 (0.667–0.776) +5.11a

Maternal history of diabetes 0.709 (0.655–0.763) +5.09a

BMI 0.742 (0.685–0.799) +8.15b

TG/HDL-C ratio 0.706 (0.647–0.765) +3.26a

Glucose 0.717 (0.657–0.777) +5.29a

Insulin 0.726 (0.669–0.784) +6.64b

*Area under the ROC curve (AUC), with adjustment for age, race, sex, and MAP. **Increment in C statistic
in a model with age, race, sex, MAP, and the selected risk factor, compared with age, race, sex, and MAP
(C value = 0.668). aP , 0.05. bP , 0.01.
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diabetes types. Even with CDC quality
controls, variability in the accuracy of
measured variables over time is of con-
cern. However, any potential measure-
ment errors (drifts) due to different
methodologies, if any, over time would
have resulted in the underestimation of
the observed relationships. Finally, there
was uncertainty about the precise time of
the onset of diabetes.

In summary, these findings indicate
that adverse levels of traditional cardio-
metabolic risk factors, parental (especially
maternal) diabetes, black race, adiposity,
and measures of glucose homeostatis
characterize the early natural history of
the development of type 2 diabetes. In
relatively young to middle age adults,
maternal history of type 2 diabetes is an
important predictor of diabetes onset,
especially at the younger age. The feasible
composition of elementary office and in-
sulin measurements with the knowledge
of parental history of diabetes should add
in the clinical assessment to begin early
prevention in children and adolescents to
preclude the onset of type 2 diabetes.
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