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Three hundred and seventy-seven children and
adolescents aged 5-17 yr from the biracial
(black-white) community of Bogalusa, Louisiana, were
evaluated for Tanner stage of sexual development,
plasma glucose, and insulin levels during an oral
glucose tolerance test. Children of the two races were
of similar age, weight, and height at each Tanner
stage. Overall insulin response was compared by
measuring the area under the insulin curve from the
glucose tolerance test. Blacks, especially black
females, had significantly higher insulin responses
than their white counterparts. The insulin-glucose ratio
at the initial t = 0 min baseline did not vary with race
or sex throughout the Tanner stages. However, the 30
min postglucose data revealed clear differences
between the races with blacks showing a higher
insulin-glucose ratio. Ratios increased throughout
puberty for both blacks and whites, boys and girls.
The trends of racial contrasts seemed to be discernible
even at the earliest stage of development. It is
concluded that there is a clear difference between
blacks and whites in insulin response to a glucose
load early in childhood. These findings lead to the
hypothesis that the greater prevalence of non-insulin-
dependent diabetes mellitus seen in adult blacks,
especially females, may be an expression of a
difference in insulin secretion and related insulin
resistance in early childhood. Diabetes 41:313-17,1992

Blacks suffer disproportionately from non-insulin-
dependent diabetes mellitus (NIDDM) (1).
Whether this increased prevalence is due to
exaggerated abnormalities in the release

and/or action of insulin or to changes in related hor-
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monal modulators of carbohydrate metabolism is un-
known.

The Bogalusa Heart Study previously reported that
differences in glucose tolerance can be demonstrated
between blacks and whites in childhood (2). This sug-
gests that a more detailed understanding of the factors
regulating insulin and insulin resistance in these two
groups of children may help delineate the increased
prevalence of glucose intolerance of black adults.

It is established that insulin sensitivity decreases dur-
ing puberty. Amiel et al. (3), using the euglycemic clamp
technique, reported that glucose metabolism is 25-30%
lower in pubertal children as compared to prepubertal
controls at comparable insulin levels. Bloch et al. (4)
found similar results. Others have used the hyperglyce-
mic clamp technique to show that puberty is associated
with an increased insulin response and postulated that
this may reflect a compensatory response to a reduction
in insulin sensitivity (5).

Although these studies suggest that insulin resistance
changes during puberty, they do not reveal the stage of
sexual maturation (Tanner stage) at which these
changes in glucose tolerance begin. Further, details of
whether pubertal stage modulates insulin secretion dif-
ferently between blacks and whites has not as yet been
investigated. The work in this paper was done to evaluate
the pubertal stage at which changes in insulin levels
occur and to examine whether there are sex or racial
differences. The ultimate goal is to elucidate further the
pathogenesis of decreased insulin sensitivity associated
with puberty.

RESEARCH DESIGN AND METHODS
The children (n = 377) aged 5-17 yr in this study were
selected from the biracial (65% white, 35% black) com-
munity of Bogalusa, Louisiana. A complete description of
this population and how the specific subgroups were
selected have been reported (6). As previously reported,
on the basis of the average of two prior (1973-1974 and
1976-1977) determinations of very-low-density lipopro-
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TABLE 1
Anthropometric

n (White/black)
Age (yr)
Height (m)
Weight (kg)
Glucose (mM)

t = 0
t = 30
t = 60

Insulin (pM)
t = 0
t = 30
t = 60

Insulin/glucose
t = 0
t = 30
t = 60

measurements and

1

31/12
8.6/8.3

1.27/1.30
25.2/27.6

4.9/4.5
7.4/6.4
7.2/5.5

93.3/136
251/409
373/377

19.1/27.8
32.3/72.8
50.5/53.1

(1.6/2.5)
(0.14/0.12)
(6.4/7.3)

(0.5/0.9)
(2.2/1.6)
(3.8/2.0)

(100/50)
(222/391)
(258/201)

(16.5/14.3)
(22.3/60.4)
(34.0/36.6)

laboratory values of female children

12.1/11.3
1.49/1.42
38.3/37.7

4.9/4.7
7.0/6.6
7.2/5.3

71.8/107
287/592
337/466

16.0/23.9
46.2/77.7
51.0/80.2

2

16/13
(2.2/1.8)

(0.17/0.11)
(14.6/12.1)

(0.6/0.4)
(2.7/1.1)
(1.7/1.4)

(72/122)
(344/505)
(251/309)

(12.6/22.7)
(35.2/73.9)
(40.1/46.5)

Tanner

3

by race

stage

25/13
13.3/13.0
1.56/1.53
46.2/46.1

4.8/4.7
7.5/5.9
6.4/5.7

129/129
620/523
517/509

29.4/28.4
87.2/84.9
78.0/90.5

(3.6/2.4)
(0.09/0.10)
(14.6/7.2)

(0.2/0.4)
(1.9/0.8)
(2.0/1.5)

(136/65)
(560/552)
(427/172)

(26.0/10.7)
(69.4/86.2)
(65.4/41.4)

4

21/16
15.4/14.0
1.59/1.56
49.4/49.9

4.6/4.7
6.8/6.5
5.7/4.7

144/179
545/947
488/700

28.1/44.9
88.0/125
91.2/125

(1.7/3.6)
(0.07/0.09)
(6.2/9.4)

(0.6/0.8)
(1.7/2.0)
(2.3/2.6)

(72/165)
(481/610)
(269/329)

(17.1/36.4)
(58.4/105)
(59.9/70.4)

16.3/16.4
1.61/1.60
56.7/50.3

4.9/4.7
6.6/6.0
6.3/5.6

129/154
545/700
502/509

25.3/30.0
74.9/118
84.1/108

.5

13/16
(1.1/1.9)

(0.05/0.11)
(14.2/19.5)

(0.4/0.3)
(1.7/1.6)
(3.4/2.4)

(29/126)
(322/538)
(187/732)

(5.9/26.5)
(45.9/85.7)
(49.2/106)

Values are medians with interquartile ranges in parentheses.

tein (VLDL) cholesterol and low-density lipoprotein (LDL)
cholesterol concentrations, four groups of children were
selected for a detailed study of serum lipoproteins in
1978. Group 1: both VLDL cholesterol and LDL choles-
terol were in the lowest age-, race-, and sex-specific
quintile; group 2: VLDL cholesterol was in the lowest
quartile and VLDL cholesterol was in the highest quartile;
group 3: both VLDL cholesterol and LDL cholesterol were
in the highest quintile; group 4: VLDL cholesterol was in
the highest quartile and LDL cholesterol was in the lowest
quartile.

Each child was examined to determine the Tanner
stage of pubertal development (7). In addition, weight
and height were recorded. Each fasting child had an oral
glucose tolerance test (1.75 g glucose/kg body wt with a
maximum of 75 g) with an assessment of both glucose
and insulin levels at 0, 30, and 60 min. All children were
examined within a 6- to 8-wk period. Initially, 388 chil-
dren were recruited into the study, however the results of
377 were used because of incomplete data on 11.

The analytical procedures used have been described,
as well as the methods of physical examination (6).
Plasma glucose was measured by an enzymatic method
using the Beckman Instant Glucose Analyzer (Beckman,
Palo Alto, CA). Insulin assays were conducted using a
commercially available kit (Phadebus, Pharmacia, Pis-
cataway, NJ).

Statistical analysis was carried out using SAS. Descrip-
tive statistics such as median and interquartile range
were obtained for each sex-, race-, and Tanner stage-
specific group. Because of significant nonnormality, glu-
cose at 30 and 60 min, insulin, insulin-glucose at 0, 30,
and 60 min, and area under the curve for insulin were
log-transformed and the resulting variables were not
rejected for normality. Using the log-transformed data,
race effects were evaluated for each sex-specific group.
The effect of height, weight, and obesity (represented by
wt/ht3, ponderal index) were adjusted in a covariate

analysis. Insulin was also tested for race effect after
regressing on glucose.

RESULTS
Tables 1 and 2 present the number, age, weight, height,
glucose, and insulin values of the children studied.
Although there are more whites (229) than blacks (148),
reflecting the composition of the population, there are
significant numbers of both in all categories; the smallest
number in any sex-, race-, and Tanner stage-specific
group is 12. The ages for the two races are not statisti-
cally different at comparable Tanner stages except at
stage four for the girls. At this one point there was a
statistically significant difference in the ages between the
races (P = 0.004). The weights and heights between the
two races at comparable Tanner stages were not statis-
tically different.

Figure 1 shows the area under the curve using the 0,
30, and 60 min insulin values for the two sexes and two
races at each Tanner stage for all the children in the
study. This value is a reflection of the overall insulin
response to the standard glucose challenge. In both
sexes there are clear trends toward higher insulin values
in late puberty as compared to early puberty. Further-
more, at nearly each stage, blacks tend to have higher
values than whites. This is especially noticeable in late
puberty for black females; their area under the curve of
insulin levels is above that of their white counterparts.
This relative hyperinsulinemia is not caused by more
obesity (as measured by ponderal index, wt/ht3) because
the black females are slightly (but not significantly) lighter
than their white counterparts while being of similar
heights (Table 1).

Although inspection of these curves show differences
between blacks and whites, there was a large variability
at each point. However, analysis of variance for the entire
study group revealed that race had a significant effect on
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TABLE 2
Anthropometric measurements and laboratory values of male children by race

Tanner stage

n (White/black)
Age (yr)
Height (m)
Weight (kg)
Glucose (mM)

t = 0
t = 30
t = 60)

Insulin (pM)
t = 0
t = 30
t = 60

Insulin/glucose
t = 0
t = 30
t = 60

8.6/8.4
1.33/1.32
29.3/30.2

4.9/4.9
6.8/7.7
6.1/5.9

78.9/86.1
273/391
273/265

16.0/18.8
37.3/55.3
43.6/43.5

1

43/16
(3.2/1.4)

(0.20/0.12)
(10.7/9.6)

(0.4/0.6)
(2.4/1.3)
(3.0/1.3)

(50.2/100)
(201/355)
(230/323)

(9.8/20.7)
(26.7/44.8)
(24.1/44.3)

12.0/11.9
1.52/1.53
41.5/40.2

5.0/4.8
8.4/7.8
6.6/5.6

111/89.7
452/595
463/423

22.2/18.6
47.9/75.3
55.2/60.9

2

16/16
(2.2/1.5)

(0.12/0.07)
(11.6/14.1)

' (0.5/0.6)
(2.8/1.6)
(2.3/1.9)

(111/133)
(215/387)
(294/448)

(21.6/27.5)
(35.3/71.1)
(38.1/77.9)

13.3/13.5
1.59/1.52
44.8/40.5

5.1/4.7
7.7/7.4
6.4/6.4

108/78.9
431/523
496/431

21.3/16.2
57.2/72.8
70.3/69.6

3

18/12
(2.1/1.6)

(0.12/0.13)
(22.1/19.0)

(0.4/0.4)
(1.4/0.8)
(1.9/1.6)

(78.9/104)
(351/452)
(337/323)

(14.2/20.8)
(35.9/64.2)
(51.7/46.9)

15.2/15.2
1.69/1.69
62.7/55.0

4.9/4.7
7.2/6.9
5.8/5.7

100/122
517/627
531/545

20.9/22.5
64.7/93.6
80.5/93.1

4

19/14
(1.8/1.6)

(0.08/0.19)
(19.5/12.1)

(0.2/0.7)
(1.4/1.7)
(2.4/1.8)

(78.9/78.9)
(330/330)
(423/222)

(12.3/19.7)
(36.2/43.3)
(55.1/58.6)

16.3/16.1
1.74/1.71
72.5/63.0

5.1/4.7
7.6/7.4
6.1/6.1

122/126
596/559
613/488

24.0/27.2
73.1/85.4
105/91.4

5

27/20
(1.3/2.6)

(0.09/0.12)
(19.2/16.7)

(0.5/0.4)
(1.9/1.3)
(0.9/1.6)

(115/64.6)
(473/596)
(366/373)

(18.9/14.2)
(52.2/97.6)
(61.8/52.1)

Values are medians with interquartile ranges in parentheses.

the values (P = 0.0004). Even after adjusting for other
parameters that could affect insulin levels (weight, height,
age, ponderal index, and Tanner stage) analysis of
variance shows that there is a very significant race effect
on area under the insulin curve for both boys (P = 0.01)
and girls (P= 0.003). Hence, after allowing for any
differences in body size, age, and sexual development of
the participants, black children were found to have
higher insulin levels for the same glucose load as their
white counterparts. In general, this trend is noticeable at
each stage of puberty.

The ratio of insulin to glucose at the 0, 30, and 60 min
data points were compared (Tables 1 and 2). Results for
this ratio at each Tanner stage at time 0 min for both boys
and girls and blacks and whites are comparable and low

0 7

H
II

40-

35-

30-

25-

20-

15-

10-

MALES FEMALES

2 3 4 5 1 2

TANNER STAGE

3 4 5

FIG. 1. Postglucose Insulin response of children by race, sex, and
Tanner stage. Each child received a glucose tolerance test with
measurement of Insulin values at 0,30, and 60 min. Each child's value
was used to determine the area under the curve for those insulin
values plotted against time. The median values for these areas are
plotted against the Tanner stage.

and unaffected by pubertal stage. On the other hand, this
ratio at 30 and 60 min shows a clear rise through puberty.
For boys this increase appears to form a gradual step-
wise increase as puberty progresses. However, in girls it
tends to increase rapidly in the middle of sexual devel-
opment. These increases in insulin-glucose ratio during
puberty are not caused by a progressive decrease in
glucose values. Although there is a slight trend toward
lower serum glucose values at 30 min as puberty
progresses (Tables 1 and 2), the magnitude of this fall is
insufficient to cause the near doubling of the insulin-
glucose ratio seen as puberty goes from stage 1 to 5.
Instead, the increased insulin to glucose ratio is a reflec-
tion of the higher peripheral insulin levels seen as puberty
advances.

At each Tanner stage blacks of both sexes tend to
have higher insulin-glucose ratios at 30 and 60 min than
whites. Analysis of variance for the entire population
showed that race had a significant effect on the mean of
insulin-glucose values for both boys (P= 0.0001) and
girls (P= 0.0001). Furthermore, even after adjusting for
height, weight, ponderal index, age, and Tanner stage,
there was a statistically significant racial difference for
boys (P= 0.0001) and girls (P= 0.0001). Racial differ-
ences were still seen after the insulin levels were ad-
justed for the glucose values, with blacks having higher
values. At 60 min the difference between the races was
no longer significant for males but was still significant for
females.

When the children were stratified by lipoprotein classi-
fication similar results were found; blacks had higher
insulin-glucose ratios. However, the smaller number of
individuals in each cell precluded rigorous statistical
verification for each lipid group.

DISCUSSION
This paper reports a detailed study of insulin and glucose
values during a glucose tolerance test in black and white
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children categorized by sexual development. Others
have conducted similar studies looking at children (8),
black children (9) or a comparative study of the two
sexes (10), but this is the largest report comparing the
two races and sexes at each Tanner stage. It shows a
definite difference between the two races that is present
in both sexes. An understanding of the genesis of this
difference may delineate why adult blacks have a higher
prevalence of diabetes and more hypertension than
whites.

Although the children in this study were not randomly
selected, the results are likely to be applicable to the
general population. All children were free living and
healthy. They were selected for intense observation be-
cause of their serum VLDL cholesterol and LDL choles-
terol values. They were all at the upper or lower 20-25th
percentile of the distribution of the total population of
children. Because race-sex and age-specific cutoff
points were used in the sample selection, the race-sex
composition of the sample was similar to that of the
population of Bogalusa. Race-sex differences in fasting
levels of lipoproteins, insulin, and glucose levels were
similar to that of the entire population of children. Further-
more, when the comparison was conducted within each
lipoprotein subgroup, the trend was unchanged. Blacks
had higher insulin levels and insulin-glucose ratios at
both the 30 and 60 min time points. Thus, because of
these facts and the finding that the lipoprotein profile did
not influence the racial difference, these data are appli-
cable to the general population.

Differences in insulin levels between the races are not
caused by differences in the course of sexual develop-
ment. The fact that the ages, heights, and weights of the
black and white children are comparable at each Tanner
stage suggests that sexual development proceeds along
similar lines.

In this analysis insulin response to the glucose toler-
ance test rose through puberty. This is consistent with a
response to an increase in insulin resistance seen during
puberty using insulin clamp techniques (3-5). In this
study, insulin levels adjusted for glucose values are
higher in both black boys and girls at the 30 min time
point and at the 60 min point for black females, suggest-
ing that blacks may be more insulin resistant than whites
even during childhood.

The cause of the pubertal increase in insulin resistance
is not clear. Some nave suggested that growth hormone
may mediate this effect (11). There is certainly a relation-
ship between insulin, insulin resistance and growth hor-
mone, and/or insulinlike growth factor (IGF) levels during
puberty (3,4,12,13). On the other hand, several steroid
hormones rise dramatically during puberty and others
have suggested that changes in this class of hormones
may be pivotal (4,14). Although it is tempting to propose
relationships with gonadal steroid hormones for the
changes in pubertal insulin resistance, note that Billiar et
al. (15) found that neither the chronic administration of
androgens nor estrogens is associated with abnormali-
ties in glucose tolerance in rhesus monkeys. Another
possible steroid candidate is dehydroepiandrosterone
(DHEA), an adrenal steroid that increases during pu-

berty. This hormone has been shown to improve glucose
metabolism in rodent diabetic models (16,17). One of us
(F.S.) has evidence that DHEA is an antagonist of glu-
cocorticoid action (18). Whether relative changes of this
hormone mediate changes in pubertal insulin sensitivity
is not known.

The coexistence of obesity, hypertension, hyperlipi-
demia, and insulin resistance in adults is common and
suggests a shared pathogenesis (19). The higher prev-
alence and expression of diabetes in adult blacks over
whites may have multiple etiologies: obesity, for example,
may be more prevalent in black adults. Fat distribution
may be different. The results in this study suggest an
additional explanation. Even at an early age, blacks
compared to whites show a relatively higher insulin level
adjusted for the glucose value. This suggests that even
the nondiabetic black population may have more insulin
resistance than whites. Whether increased insulin secre-
tion in blacks during adolescence preceeds obesity and
related morbid conditions later in life is not known. In an
earlier publication we speculated that since black chil-
dren had lower fasting and postglucose glucose values,
the possibility exists that black children, especially black
girls, may have increased insulin response due to in-
crease secretion related to some other unknown mech-
anism (2). Clearly all the factors influencing insulin levels
and insulin resistance are yet to be elucidated.

Other observations of the Bogalusa Heart Study have
shown significant correlations between insulin and glu-
cose levels with central obesity, blood pressure levels
and serum lipoproteins. A careful delineation of the
factors controlling insulin resistance in very young chil-
dren might lead to insight into the mechanisms of adult
non-insulin-dependent diabetes mellitus.

ACKNOWLEDGMENTS
This research is supported by Grant HL-38844 from the
National Heart, Lung and Blood Institute of the U.S.
Public Health Service.

The Bogalusa Heart Study represents the collaborative
effort of many people. We especially thank the Bogalusa
staff, Bettye Seal, and the children of Bogalusa, without
whom this study would not be possible. This manuscript
was prepared by Ellen Gwillim Brown.

REFERENCES
1. Harris Ml, Hadden WC, Knowler WC, Bennett PH: Prevalence of

diabetes and impaired glucose tolerance and plasma glucose
levels in U.S. population ages 20-74 yr. Diabetes 36:523-34,1987

2. Radhakrishnamurthy B, Srinivasan SR, Webber LS, Dalferes ER,
Berenson GS: Relationship of carbohydrate intolerance to serum
lipoprotein profiles in childhood: the Bogalusa Heart Study. Metab-
olism 34:850-60, 1985

3. Amiel SA, Sherwin RS, Simonson DC, Lauritano AA, Tamborlane
WV: Impaired insulin action in puberty. N Engl J Med 315:215-19,
1986

4. Bloch CA, demons P, Sperling MA: Puberty decreases insulin
sensitivity. J Pediatr 110:481-87, 1987

5. Caprio S, Plewe G, Diamond MP, Simonson DC, Boulware SD,
Sherwin RS, Tamborlane WV: Increased insulin secretion in puberty:
A compensatory response to reductions in insulin sensitivity. J
Pediatr 114:963-67, 1989

6. Berenson GS, Webber LS, Srinivasan SR, Voors AW, Harsha DW,
Dalferes ER: Biochemical and anthropometric determinants of se-
rum B and pre-B-lipoproteins in children. Arteriosclerosis 2:325-34,
1982

316 DIABETES, VOL. 41, MARCH 1992



F. SVEC AND ASSOCIATES

7. Tanner JM: Growth at Adolescence. 2nd ed., Oxford, Blackwell,
1962

8. Rosenbloom AL, Wheeler L, Bianchi R, Chin FT, Tiwary CM, Grgic A:
Age-adjusted analysis of insulin responses during normal and
abnormal glucose tolerance tests in children and adolescents.
Diabetes 24:820-28, 1975

9. Joffe Bl, Goldberg RB, Seftel HC, Distiller LA: Insulin, glucose and
triglyceride relationships in obese African subjects. Am J Clin Nutr
28:616-20, 1975

10. Orchard TJ, Becker DJ, Kuller LH, Wagener DK, LaPorte RE, Drash
AL: Age and sex variations in glucose tolerance and insulin re-
sponses: Parallels with cardiovascular risk. J Chronic Dis 35:123-
32, 1982

11. Hindmarsh P, DiSilvio L, Pringle PJ, Kurtz AB, Brook CGD: Changes
in serum insulin concentration during puberty and their relationship
to growth hormone. Clin Endocronol 28:381-88, 1988

12. Smith CP, Dunger DB, Williams AJK, Taylor AM, Perry LA, Gale
EAM, Preece MA, Savage MO: Relationship between insulin, insu-
lin-like growth factor I and dehydroepiandrosterone sulfate concen-
trations during childhood, puberty and adult life. J Clin Endocronol
& Metab 68:932-37, 1989

13. Smith CP, Archibald HR, Thomas JM, Tarn AC, Williams AJK, Gale
EAM, Savage MO: Basal and stimulated insulin levels rise with
advancing puberty. Clin Endocrinol 28:7-14, 1988

14. DeRidder CM, Bruning, PF, Zonderland ML, Thijssen JHH, Bonfrer
JMG, Blankenstein MA, Huisveld IA, Erich WBM: Body fat mass,
body fat distribution and plasma hormones in early puberty in
females. J Clin Endocronol Metab 70:888-93, 1990

15. Billiar RB, Richardson D, Schwartz R, Posner B, Little B: Effects of
chronically elevated androgen or estrogen on the glucose tolerance
test and insulin response in female rhesus monkeys. Am J Obstet
Gyneco/157:1297-302, 1987

16. Cleary MP, Zapel T, Sartin JL: Effects of short-term dehydroepi-
androsterone treatment on serum and pancreatic insulin in Zucker
rats. J Nutr 118:382-87, 1988

17. Coleman DL: Therapeutic effects of dehydroepiandrosterone
(DHEA) and its metabolites in obese-hyperphagic mutant mice.
Prog Clin Biol Res 265:161-75, 1988

18. Svec F: Antiglucocorticoid activity of dehydroepiandrosterone. Clin
Res38:28A, 1990

19. Kaplan NM: The deadly quartet. Arch Intern Med 149:1514-20,
1989

DIABETES, VOL. 41, MARCH 1992 . 317




