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Abstract
Background—Racial/ethnic differences in the pediatric population in insulin dynamics have
been documented. Additionally, girls tend to be more insulin resistant than boys. Although the
mechanism driving these differences is unclear, diet may be a contributor.

Objective(s)—The objective of this study was to evaluate the contribution of reported
macronutrient intake on insulin dynamics and determine if diet composition may account for
racial/ethnic and sex differences in insulin response/action.

Methods—Participants were 250 African- (n = 84), European- (n = 105), or Hispanic-American
(n = 61) children 7–12 years, pubertal stage ≤3. An intravenous glucose tolerance test was used to
derive the insulin sensitivity index and acute insulin response to glucose (AIRg) diet by two 24 h
recalls, and body composition by dual-energy x-ray absorptiometry (DXA).

Results—Reported energy intake from fat was positively related to fasting insulin (P < 0.05) and
AIRg (P = 0.05). Reported energy from carbohydrate was inversely associated with fasting insulin
(P < 0.05), and reported energy from protein was inversely associated with AIRg (P < 0.05). The
interaction terms between ethnicity and diet, and sex and diet were not significant for any outcome
variables.

Conclusion—Dietary intake influences insulin dynamics; however, the racial/ethnic and sex
differences in insulin dynamics in this population are not accounted for by macronutrient intake.
Pubertal status is likely to play a role in the interaction between diet, race/ethnicity, sex and insulin
dynamics. Longitudinal studies are needed to determine if the contribution of diet to insulin
dynamics strengthens with reproductive maturation.
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Introduction
The dramatic rise in the prevalence of obesity among the pediatric population over the past
two decades has closely paralleled the increased incidence of type 2 diabetes (T2D) (1–4).
Furthermore, racial/ethnic differences exist such that inherent differences in the physiology
of insulin response and action in combination with an obesogenic environment may put
African-American (AA) and Hispanic-American (HA) children at greater risk for
developing T2D compared with their European-American (EA) counterparts. Sex
differences have also been noted with female children exhibiting more insulin resistance
than male children (5). Evidence from longitudinal studies has demonstrated the pathogenic
importance of low insulin sensitivity and high insulin secretion in the development of T2D
(6,7). Although racial/ethnic differences in insulin dynamics suggestive of increased risk for
T2D have been clearly demonstrated, the mechanisms that manifest these differences remain
unclear. One of the possible factors that are likely to influence these mechanisms is diet
quality. It is plausible that dietary composition adds to or exacerbates genetic or
physiological differences between racial/ethnic and sex groups in regards to insulin
dynamics.

Beginning with the work of Ancel Keys in the 1960s, many studies implicated dietary fat as
the “villain” in health outcomes. More recent studies in adults suggest that excess
carbohydrates (CHO) may intensify the insulin response and lead to more adverse metabolic
outcomes than the ingestion of a high fat diet (8–11). Nevertheless, results of studies
investigating the influence of dietary composition on insulin dynamics have not clearly
indicated that manipulation of dietary components results in improvements in glucose
metabolism (12–15). Thus, although there is theoretical support, significant evidence
implicating a specific macronutrient has not been established.

In children, fewer studies have been conducted, with varied results. For example, some
researchers have shown a positive relationship between dietary intake of CHO and fat in AA
(16–18), but not European children (19). Further, a relationship between fat intake (but not
CHO intake) and the insulin sensitivity index (SI) in EA and HA adolescents has been
observed (20), but neither dietary fat nor CHO was associated with SI in a prepubertal
subset of their cohort (21), implying the possibility of an effect of maturation status. More
recently, Davis et al. (22) showed that increased total sugar intake was associated with lower
SI among HA adolescents. Taken together, it remains unclear whether diet composition
influences insulin dynamics in early pubertal children and if diet may account for
differences in insulin response and action.

We have previously observed racial/ethnic as well as sex differences in insulin dynamics in
this population (23). The objectives of this study were to evaluate whether dietary intake is
associated with insulin dynamics across racial/ethnic and sex groups, and to determine if
racial/ethnic and sex differences in insulin dynamics in this cohort could be accounted for, at
least in part, by dietary intake.

Materials and methods
Subjects

A total of 250 children self-identified as AA (n = 84), EA (n = 105), or HA (n = 61) and
aged 7–12 years were recruited from the Birmingham, Alabama area for an on-going study
investigating racial/ethnic differences in metabolic outcomes. The children were pubertal
stage ≤3, as assessed by a pediatrician according to the criteria of Marshall and Tanner (24).
Children were excluded if they had prior major illness, including type 1 or type 2 diabetes,
or took medication or had a condition known to influence body composition, insulin
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sensitivity or insulin secretion (e.g., glucocorticoid or thyroid therapy). Before participating
in the study, the nature, purpose, and possible risks of the study were carefully explained to
the parents and children. The children and parents provided informed assent and consent,
respectively, to the protocol, which was approved by the Institutional Review Board for
human subjects at the University of Alabama at Birmingham (UAB). All measurements
were performed at the General Clinical Research Center (GCRC) and the Department of
Nutrition Sciences at UAB between 2005 and 2008.

Protocol
Subjects completed two testing sessions. In the first session, pubertal status, body mass
index (BMI), and body composition were assessed and a dietary recall was obtained. In the
second session, a second dietary recall was obtained. Subjects were admitted to the GCRC
in the late afternoon for an overnight visit. All participants were offered the same meal and
snack foods. After 20.00 h, only water and/or non-caloric decaffeinated beverages were
permitted until after the morning testing. Upon completing the overnight fast, an insulin-
modified, frequently sampled intravenous glucose tolerance test (IVGTT) was performed.

Dietary intake
Dietary composition was determined by two 24 hour dietary recalls using the multiple pass
method with cup and bowl sizes provided to help gauge portion sizes. Recalls were always
performed in person in the presence of at least one parent, which has been validated in this
population (25,26). One recall was performed at each visit (approximately 1 week apart).
Prior to testing, parents were asked about the current health status of the child and to report
aberrations from typical dietary intake. All recalls used in this analysis were, according to
parental report, taken in the healthy state and reflected typical intake. A trained dietitian
coded and entered data into the computerized Nutrition Data System for Research (NDSR),
a dietary analysis program designed for the collection and analyses of 24 h dietary recalls.
The mean of the individual daily intakes for each macronutrient was used in subsequent
analyses.

Assessment of body composition
Children arrived at the department of Nutrition Sciences for the first testing session. Body
composition (total body fat mass and non-bone lean tissue mass) was measured by dual-
energy x-ray absorptiometry (DXA) using a GE Lunar Prodigy densitometer (GE LUNAR
Radiation Corp., Madison, WI), as described elsewhere (23).

Intravenous glucose tolerance test (IVGTT)
Following the overnight fast, a topical anesthetic was applied to the antecubital space of
both arms, and flexible intravenous catheters were placed in both arms for an IVGTT, as
described elsewhere (27). Acute insulin response to glucose (AIRg), an approximation of
first phase insulin secretion, was calculated as the incremental area under the curve for
insulin during the first 10 minutes after glucose injection using trapezoidal methodology
(28). Glucose and insulin values were entered into the MINMOD Millennium version
computer program for determination of the derived insulin sensitivity index (SI).

Assay of glucose and insulin
Glucose and insulin were measured in 10 µl sera using an Ektachem DT System (Johnson
and Johnson Clinical Diagnostics), as previously described (29).
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Socioeconomic status (SES)
Socioeconomic status (SES) was measured with the Hollingshead 4-factor index of social
class (30), which combines the educational attainment and occupational prestige for the
number of working parents in the child’s family. Scores on the questionnaire range from 8 to
66, with higher scores indicating higher theoretical social status.

Statistical analyses
Racial/ethnic and sex differences in descriptive statistics were examined using ANOVA
with Duncan’s post-hoc analysis. Additional analyses were performed on the total sample
using AN-COVA, adjusting for relevant covariates (race/ethnicity, sex, total fat mass, total
lean mass, SES, Tanner stage) to prevent potential confounding. Relevant covariates were
determined by exploratory stepwise regression with P-value for inclusion into the model set
at P < 0.10. Analyses evaluating racial/ethnic differences included sex as a covariate,
whereas analyses evaluating sex differences included race/ethnicity as a covariate.

Multiple linear regression models (n = 250) were tested for contributions of the independent
variables (total energy, energy from macronutrients) to the dependent variables (fasting
insulin, SI and AIRg). All models were adjusted for pubertal stage, sex, SES, total fat and
lean mass and race/ethnicity. Because SI is a significant determinant of AIRg, all analyses
with AIRg as the dependent variable included SI as a covariate. The first models evaluated
the effect of diet on insulin dynamic outcomes using the entire sample. In models analyzing
the total sample in which ethnicity and/or sex were significant covariates, additional models,
testing the effect of the interaction of ethnicity and sex (independently) with dietary
variables were evaluated. Statistical significance was set at P < 0.05. Total minutes engaged
in daily physical activity did not differ between boys and girls or racial/ethnic group nor was
it a contributor to any dependent variable. As such, it was not included in final analyses.

To conform to the assumptions of linear regression, all statistical models were evaluated for
residual normality and logarithmic transformations were performed when appropriate. All
data were analyzed using SAS 9.1 software.

Results
Descriptive statistics (Table I)

There were no differences in age or weight between the racial/ethnic groups. EA had higher
SI (PAA < 0.01; PHA < 0.05), lower fasting insulin (P < 0.05, AA and HA) and AIRg (PAA <
0.001; PHA < 0.01), and a higher SES compared with AA and HA (P < 0.001, AA and HA).
AA were leaner (PEA < 0.05; PHA < 0.01), assessed at a higher Tanner stage (P < 0.01, EA
and HA), and had a higher AIRg (PEA < 0.001; PHA < 0.01) than EA and HA. AA were
taller (P < 0.05) and reported a higher SES (P < 0.001) than HA. HA had a greater adiposity
than both EA and AA (P < 0.05, both). HA were more likely than EA (P < 0.05) to exceed
the 85th percentile for BMI.

There were no sex differences in terms of SES, weight, height, or AIRg. However, girls
were younger (P < 0.05), but assessed at a higher Tanner stage (P < 0.05). In addition,
females had greater adiposity (P < 0.05), higher fasting insulin (P < 0.05), less lean mass (P
< 0.01) and lower SI (P < 0.05) than boys. There was no difference in the percentage of boys
and girls exceeding the 85th percentile for BMI.

There were no differences between racial/ethnic groups in total daily energy intake (Table
I). When macronutrients were compared according to percentage of total intake and
composition (Figure 1a), EA reported a greater intake of energy from carbohydrate than AA
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(P < 0.05), whereas AA reported a greater intake of energy from dietary fat than EA and HA
(P < 0.01, 0.05, respectively), and HA reported a greater intake of energy from protein than
EA and AA (p < 0.001, for both). AA consumed more calories from monounsaturated fatty
acids (MUFA) and polyunsaturated fatty acids (PUFA) than HA and consumed foods, with a
greater glycemic index than EA (P < 0.05) and HA (P < 0.01). The glycemic index of
reported foods from EA was greater than that of HA (P < 0.05).

Boys consumed more total energy per day than girls (p < 0.01), but there were no
differences in the intake of energy from any macronutrient. There were also no differences
in CHO or fat quality or in glycemic index between boys and girls (Figure 1b).

Using multiple linear regression analyses, several models were tested to determine the
independent contributions of reported total energy intake, energy from macronutrients and
diet quality to the dependent variables fasting insulin, SI and AIRg (Table II). Total energy
intake did not contribute to insulin response or action. There was an association between
intake of energy from fat and AIRg, such that a greater intake of energy from fat was related
to greater AIRg (P = 0.05). A positive relationship between energy from dietary fat and
fasting insulin also approached significance (P = 0.06), suggesting that a greater intake of
energy from fat may lead to hyperinsulinemia. Intake of energy from protein was inversely
associated with AIRg, such that a greater protein intake was related to a lower post
challenge insulin response (P = 0.02). Energy from CHO was inversely related to fasting
insulin (P = 0.04), such that a greater intake of energy from CHO was associated with lower
fasting insulin.

In terms of fat and CHO quality, the relationships between both energy from total sugar, and
energy from saturated fatty acids and fasting insulin approached significance (P = 0.10, P =
0.06, respectively), suggesting that a high intake of sugar and saturated fat may contribute to
hyperinsulinemia. There was also a positive relationship between intake of energy from
PUFA and AIRg (P = 0.02). Reported dietary fiber intake was relatively low and did not
contribute to insulin dynamics.

Neither the interaction terms between racial/ethnic group and dietary variables nor the
interaction terms between sex and dietary variables were significant for any of the dependent
variables, suggesting that the contribution of diet to racial/ethnic and sex differences in
insulin dynamics was minimal in this sample.

Discussion
Evidence implicating a specific component of the diet that is most related to increased risk
of T2D and obesity remains controversial. Racial/ethnic and sex differences in insulin
dynamics exist (29,31,32). In this study, there was a relationship between diet and insulin-
related outcomes; however, reported macronutrient intake or quality did not account for
racial/ethnic or sex differences in insulin dynamics.

Dietary intake of the children in our sample reflected national trends (33), exceeding
recommendations for simple sugars and saturated fat. In our sample, intake of simple sugar
and saturated fat tended to be associated with fasting insulin, as has been reported (33). In
contrast, in our sample, an inverse relationship between CHO and fasting insulin was
observed, unlike that which has been noted in samples of older children (34). Between-study
differences in dietary CHO quality, subject maturation status, or the ethnic composition of
the subjects may explain different results among studies. In this study, a greater intake of
energy from PUFA was associated with greater AIRg. Although PUFA intake is often
associated with beneficial health effects, an imbalance in the n-6:n-3 has been associated
with hyperinsulinemia and increased insulin secretion (35). A greater intake of energy from
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PUFA was associated with greater AIRg in this sample. Our subjects consumed on average
an n-6:n-3 of 12:1 (far exceeding the ‘optimal’ 2:1 or 4:1 recommendation), perhaps
explaining this observed relationship (data not shown) (35). Although regional and ethnic
variations in the types of foods consumed are apparent in our sample as well as national
samples, the macronutrient composition of the diet remains very similar (33). As such,
consumption of “Westernized” diets by most children in the United States may explain why
there were no interactions in the dietary and insulin dynamics models (33).

The association between diet composition and insulin outcomes may become apparent with
age or maturation. Dietary fat (20) was associated with SI in adolescents, but not younger
children. Similar to our results, Lindquist (17) found no association with any macronutrient
and composition and SI in young children. Dietary sugar (22) was associated with SI among
overweight subjects who were on average Tanner stage 2. Puberty is a critical period
characterized by insulin resistance and significant changes in body composition and
metabolism (29). Pubertal status could play a role in the interaction between diet and insulin
dynamics. To minimize the influence of puberty on insulin-related outcomes, recruitment for
our study was limited to individuals between ages 7–12 and ≤pubertal stage 3, which is the
time at which the hypothalamic-pituitarygonadal axis matures (36).

Puberty is also a sensitive period for fat accumulation and fat accumulation may be
influenced by both diet and insulin dynamics. HA in our sample had the greatest adiposity.
The contribution of diet to insulin response and action has been observed in older obese HA
adolescents (22) and in AA adolescents, but not EA adolescents (17,20,21). We have
previously demonstrated that AA girls (who had greater AIRg), gained more weight over the
pubertal transition than their EA counterparts (37). It has been hypothesized that over time
greater insulin secretion may promote greater fat accumulation, which leads to the
development of an even greater degree of insulin resistance (38). We propose that the unique
metabolic characteristics that may lead to the pathogenesis of type 2 diabetes are likely to be
established during the pubertal transition. Although racial/ethnic differences in insulin
dynamics are inherent and are influenced at least in part by a genetic component, it is
possible that the obesogenic and insulinogenic diet consumed by the pediatric population
adds to this pathogenesis (39). Although the mechanism by which puberty initiates unique
metabolic activity has yet to be elucidated, unhealthy dietary habits, especially during this
critical period may have an additive effect over time. Moreover, the additive effect may
exhibit a differential impact according to race/ethnicity and sex, and an inter-individual
threshold that may differ between racial/ethnic groups. For example, just as other
contributors (e.g., intra-abdominal adipose tissue) to adverse metabolic outcomes (e.g.,
insulin sensitivity) that track over time (40–42) may have differential impact among
individuals of various racial/ethnic groups, so too may dietary intake. Thus, the multi-
factorial perfect storm that occurs over the pubertal transition exacerbates the inherent
racial/ethnic differences in insulin dynamics. Although there were few racial/ethnic
differences in reported dietary intake, the contribution of diet may have a differential impact
on individuals of various racial/ethnic backgrounds with maturation.

In this study, protein intake was associated with lower acute insulin response to glucose.
This observation may appear counterintuitive in that protein is a potent insulin secretogogue
on an acute basis (43). However, it is possible that relatively higher chronic protein intake
may attenuate the insulin response to glucose. Further, subjects who ate relatively more
protein presumable ate relatively less fat and carbohydrate, which may have resulted in an
attenuated insulin response to glucose.

Strengths of this study included robust measures of insulin dynamics and body composition.
A limitation was its cross-sectional nature preventing the establishment of a cause and effect
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relationship; longitudinal data will be required to determine if diet influences insulin
dynamics over time. In addition, the sample was relatively small and included only healthy,
primarily normal-weight (<85th percentile) subjects limiting the generalizablity of the
findings. Further, though the sample size was sufficient to detect relationships using the
entire sample, when stratified by ethnicity the sample size was limited, thereby possibly
restricting the ability to detect ethnic-specific relationships.

In summary, diet likely plays a role in insulin dynamics, though the effect may be additive
or interactive with obesity, maturity, and ethnicity. Although diet did not account for racial/
ethnic and sex differences in insulin dynamics in our early pubertal children, it is possible
that, with maturation and fat deposition, the contribution of diet to insulin dynamics may
change in an ethnic-specific manner. These changes may play a role in the increased burden
of type 2 diabetes noted among AA and HA relative to EA. Longitudinal studies are needed
to determine if diet, via insulin sensitivity or secretion, contributes to disparities in T2D and
if the contribution of diet to insulin dynamics strengthens with reproductive maturity.
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Figure 1.
Figure 1a. Dietary intake as reported by two 24 h recalls. EA = European Americans (light
gray); AA = African Americans (dark gray); HA = Hispanic Americans
(white). a–cSuperscripts indicate significant differences in reported intake between racial/
ethnic groups (P < 0.05).
Figure 1b. Dietary intake as reported by two 24 h recalls. Boys (light gray); girls (dark gray).
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