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Abstract race, total body fat mass or fat distribution, and total lean
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HUNTER, AND MICHAEL |. GORAN. Racial differences  versely related t&, after adjusting for body composition.
in insulin secretion and sensitivity in prepubertal children: Race remained significantly associated with b&hand
Role of physical fitness and physical activitbes Res.  AlR, even after adjusting for body composition, fat distri-
2000:8:506-515. bution, and hours/wk of activity or hours/wk of vigorous
Objective: To investigate in prepubertal children whether activity. _ o

physical fithess and/or physical activity are: 1) associated Piscussion:In summary, overall physical activity and, es-
with insulin secretion and sensitivity and 2) account for Pecially, vigorous activity were associated with insulin se-
racial differences in insulin secretion and sensitivity. cretion and sensitivity. However, neither physical activity

Research Methods and ProcedureSubjects included 34 riorVO_ZmaXe_xplaiped the ra_cial difference ir_n _in_sulin secre
African American and 34 white nondiabetic children aged 5 tion (higher in African Americans) and sensitivity (lower in

- . . African Americans). Thus, racial (African American to
to 11 years. Data were divided into two sets according to the " . . : . . .
SO . o white) differences in aspects of insulin action seem to be
availability of VO,,,.« and physical activity data. Body

I . due to factors other than body composition, fat distribution,
composition was measured by dual-energy X-ray absorpti-

i i . : cardiovascular fitness, and amount of physical activity.
ometry. Subcutaneous abdominal adipose tissue and intra-

abdominal adipose tissue were examined by computed tO'Key words: race, African American, exercise, insulin
mography. Insulin sensitivityS) and acute insulin response
(AIR) were determined by a frequently sampled intravenous

glucose tolerance test. An all-out, progressive treadmill Introduction
exercise test was used for measunfig,n., Physical ae Previous studies in adults have shown that African Ameri-
tivity data were collected by questionnaire. cans have a higher fasting insulin concentration and a lower

Results:African American children had lowes and higher  jnsuylin sensitivity than whites (1-4). These racial differences
AIR than white children, after adjusting for total body fat have also been noted in children and adolescents (5-9), al-
mass. African Americans reported higher levels of physical though not in all studies (10). Thus, the greater prevalence of
activity (hours/wk) than whites, but had a loWéD,,,, In type 2 diabetes among African Americans vs. whites may be
multiple linear regression analysis, hours/wk of activity and que to racial differences in insulin secretion and action.
hours/wk of vigorous activity, but not moderate activity,  physical activity may be a determinant of type 2 diabetes
were independently related and AIR after adjusting for  through its relationships with adiposity, insulin sensitivity,
glucose metabolism, and muscle mass and morphology
. — (11,12). In adults, physical activity is inversely associated
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ported in children (18), suggesting that the relationship detectable (8 cases), levels of testosterone ranged from 0.42
between physical activity and insulin action develops early to 1.29 nM, suggesting a minimal degree of maturation
in life. (below Stage 2) (21). The children with measurable testos-

Few studies have attempted to examine whether racialterone were two African American males, two African
differences in aspects of insulin action are associated American females, three white males, and one white female.
with differences in physical activity, particularly in chil-  Children were healthy and free from any major diseases,
dren. African American children are reported to have syndromes, or disabilities. Exclusion criteria were medica-
lowerVO,,,.«(5,19) and a lower level of physical activity tions known to affect body composition or physical activity,
(20) than white children. Therefore, the role of physical or having previously been diagnosed with syndromes af-
fitness and physical activity in racial differences in insu- fecting body composition or fat distribution (eg, Cushing’s
lin secretion and action warrants investigation. Arslanian syndrome, Downs’ syndrome, type 1 diabetes, or hypothy-
et al. (5) showed that physical fitness, determined by roidism). The study was approved by the Institutional Re-
VO, max Might account for the racial difference between view Board at the University of Alabama at Birmingham
African American children and white children in insulin  (UAB), and parents were asked to give informed consent
secretion. In their study, the racial difference in first- before testing commenced.
phase insulin secretion during a hyperglycemic clamp
was eliminated after adjusting forO,,,,,, gender, and  Protocol
insulin-like growth factor I. However, the contribution of ~ All required measurements were obtained during one over-
VO,,..xalone to the variance in insulin secretion was not night visit to the General Clinical Research Center (GCRC)
given. Additionally, data on habitual activity were not and one out-patient visit to the Department of Nutrition Sci-
available to examine activity patterns that might contrib- €nces at UAB. Children were admitted to the GCRC in the late
ute to racial differences iVO,,,. In the study by afternoon. On arrival, anthropometric measurements were ob-
Arslanian et al., insulin sensitivity did not differ with  tained. Subcutaneous abdominal adipose tissue (SAAT) and
race, and the relationship betwes®,,,,, and insulin intra-abdominal adipose tissue (IAAT) were examined by
sensitivity was not reported. Thus, questions remain re- computed tomography (CT). Dinner was served at approxi-
garding the importance of physical fitness and physical mately 5:00°m. An evening snack was allowed, and after 8:00
activity in aspects of insulin action in children and with PM, only water and energy-free, noncaffeinated beverages were
respect to racial differences in insulin action. permitted until after the morning testing. The following morn-

Therefore, the purpose of this study was to investigate in ing, blood samples were collected for the frequently sampled
prepubertal children whether physical fithess and/or physi- intravenous glucose tolerance test (FSIGT) in the fasted state.
cal activity were: 1) associated with insulin secretion and Physical activity information was collected by self-report of
sensitivity and 2) accounted for the racial differences in children’s parents or by interviewing the children and parents
insulin secretion and sensitivity previously observed in this during the inpatient visit using a structured questionnaire. Two
subject population (8,9). weeks later, the children arrived at the Department of Nutrition

Sciences at 7:08v in the fasted stat&/O,, ., Was determined
by an all-out, progressive, continuous treadmill test appropriate

Research Methods and Procedures for children (25), and body composition was measured by
dual-energy X-ray absorptiometry (DXA).

Subjects
SubjeCtS in thIS Study were 34 African Americ&n% 17 Body Composition and Anthropometry
boys,n = 17 girls) and 34 whiter( = 16 boysn = 18 girls) Body composition (total body fat mass and non-bone lean

children. Race was defined by Self-report. Children from 5 tissue mass) was measured by DXA using a Lunar DPX-L
to 11 years of age were recruited through advertisements ingensitometer (Lunar Radiation Corp., Madison, WI). We have
newspapers, radio, bulletin boards, and word of mouth in previously validated the use of DXA against carcass analysis in
the Birmingham, Alabama metropolitan area. Tanner stage a pig model that encompassed the pediatric weight range (22).
was assessed by a pediatrician (breast and pubic hair develsypjects were scanned in light clothing, while lying flat on
opment for girls; testicular enlargement for boys). Children their backs with arms at their sides. DXA scans were per-
at Tanner stage 2 or higher were excluded from our study. formed and analyzed with pediatric software version 1.5e.

To further evaluate maturation in the resultant cohort, serum  Each child was measured for height without shoes using
levels of dehydroepiandrosterone sulfate (DHEAS), estra- 5 stadiometer. Weight was measured while they wore light
diol, and testosterone were measured. All but one subjectclothing on an electronic scale.

had undetectable levels of estradigll(5.42 pM); the single

measured value was 41.8 pM (testosterone was not detectBody Fat Distribution

able in this subject, a white female). Likewise, most subjects SAAT and IAAT were measured by CT scanning with a
had undetectable levels of testosteror® @1 nM); when HiLight/Advantage Scanner (General Electric, Milwaukee,
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WI), as previously described (23). A single-slice scan (5 coated-tube RIA (both from Diagnostic Products Corp.). In
mm) of the abdomen was performed at the level of the our laboratory, these assays could detect 15.42 pM estradiol
umbilicus and analyzed for cross-sectional area of adiposeand 0.41 nM testosterone. Intra- and interassay CVs for
tissue using a density contour program (Hounsfield units for estradiol were 3.6% and 5.2%, respectively, and for testos-
adipose tissue set at190 to—30). CT data were presented terone were 2.7% and 8.6%, respectively. Insulin-like
as a cross-sectional area of tissue{cwe have shown the  growth factor-1 (IGF-1) was measured using an immuno-
test-retest reliability for IAAT to be 1.7% (24). All scans radiometric assay (Diagnostic Systems Laboratories; intra-
were analyzed by the same person. The total body radiationassay CV was 3.71%, inter-assay CV was 7.34%).

dose to each subject was approximately 0.26 rad. This total

body radiation dose is less than that received from a stan-gxercise Testing

dard chest X-ray. Exercise testing was conducted in the fasted state during
the outpatient visit, and started at 7:8Q. Subjects prac-
Insulin Sensitivity Testing ticed walking on the motorized treadmill to become familiar

Insulin sensitivity §) was determined with the tolbut  with the testing equipment, which included mouthpiece and
amide-modified FSIGT (25,26). The FSIGT involved intra- head gear. Thereafter, children performed an all-out, pro-
venous administration of glucose (11.4 gjrat time ¢) = gressive, continuous treadmill test appropriate for children
0 minutes followed in 20 minutes by administration of (28). Carbon dioxide, oxygen, and heart rate were recorded
tolbutamide (125 mg/R). Blood samples (2.0 mL) were continuously during the test. G@nd Q, were measured by
collected at = —20,-15,-5,-1, 2, 3,4, 5, 6, 8, 10, 14,  open circuit spirometer and analyzed using a metabolic cart
19, 22, 25, 30, 40, 50, 70, 100, 140, and 180 minutes (Model 2900; SensorMedics Corp., Yorba Linda, CA),
(relative to glucose administration). Sera were subsequentlywhich was calibrated before the testing. Heart rate was
analyzed for glucose and insulin concentrations. Calculation monitored by a Polar Vantage XL heart rate monitor
of § was done with a mathematical model that uses serum(Model 61204).
insulin and glucose values from the FSIGT (25,26) as input.  Subjects walked for 4 minutes at the initial level of 0%
Acute insulin response (AIR), based on the area abovegrade and speed of 4 km/h. Submaximal oxygen consump-
baseline insulin concentration, was calculated by trapezoi- tion and submaximal heart rate were measured while chil-
dal method during 0 to 10 minutes (27). Fasting insulin was dren were walking at the initial grade (0%). After finishing
taken as the average of baseline valu§sreflects the the first level, the speed remained constant but the grade
increase in fractional glucose disappearance per unit ofwas increased to 10% for 2 minutes, and then increased by
insulin increase, where disappearance can result from either2.5% increments at subsequent 2-minute intervals. Speed
an increase in peripheral glucose uptake or a decreasaemained constant until 20% grade was reached, at which
in hepatic glucose production. AIR reflects first-phase time it was increased by 0.83 km/h at 2-minute intervals

insulin secretion. until subjects reached exhaustion.
Three criteria were used to determine whether a success-
Assay of Glucose and Hormones ful maximal test had been performed: a leveling or plateau-

Glucose was measured in 1 sera using an Ektachem ing of oxygen consumption, defined as an increase in
DT Il system (Johnson and Johnson Clinical Diagnostics). YOzmax Of less than 2 mL of @kg of body weight/min;
In our laboratory, this analysis has a mean intra-assay co-heart rate greater than 195 beats/min; and respiratory ex-
efficient of variation (CV) of 0.61% and a mean interassay change ratio (CQproduced/Q consumed) greater than 1.0.
CV of 1.45%. Insulin was assayed with Diagnostic Products VOzmax Was defined by attainment of two of the three
Corp. (Los Angeles, CA) “Coat-A-Count” kits. According criteria. Only data from children who successfully attained
to the supplier, cross-reactivity of this assay with proinsulin VOzmaxWere used. Data from 21 children were eliminated
is approximately 40% at midcurve; C-peptide was not de- due to lack of attainment o¥/O,,, four children were
tected. In our laboratory, this assay has a sensitivity of 11.4 Unable to perform the test due to illness.
pM, a mean intra-assay CV of 5%, and a mean interassay
CV of 6%. Commercial quality control sera of low, me- Physical Activity by Questionnaire
dium, and high insulin concentration (“Lyphochek”; Bio- Information on physical activity in the subjects was col-
Rad, Anaheim, CA) were included in every assay to monitor lected by a modification of the questionnaire of Kriska et al.
variation over time. DHEAS was measured with a coated- (29), which was designed to investigate the relationship
tube radioimmunoassay (RIA) (Diagnostic Systems Labo- between physical activity and type 2 diabetes in Pima In-
ratories, Webster, TX). In our laboratory, this assay can dians. The original questionnaire was modified by deleting
detect 2.3ug/dL and has a mean intra-assay CV of 11.7% those activities that were not appropriate for our sample of
and a mean interassay CV of 7.2%. Estradiol was measuredchildren (e.g., hiking through the mountains and rodeo) and
by double-antibody RIA, and testosterone was measured byadding activities in which our group of children did partic-
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ipate (e.g., cheerleading and boxing). For each specific dataset with questionnaire data. In the dataset Wb,

activity listed in the questionnaire, month per year, times measurements, there were 19 African Americams=(9

per week, and hours or minutes per time were collected. Forboys,n = 10 girls) and 24 whitesn(= 13 boys,n = 11

statistical analysis, physical activity was expressed as hoursgirls). Data from 27 children, which included 12 African

per week. Americans ( = 4 boys,n = 8 girls) and 15 whitesn(= 11
The intensity of each physical activity on the questionnaire boys,n = 4 girls), were in both datasets.

was obtained from existing tables (30) and expressed as met-

abolic equivalent values (METs). One MET is equal to 0.0165 aAnalysis of Physical Activity Data

kcal/kg/min. All the activities in our questionnaire had MET When analyzed by ANOVA, age, body weight, total fat,

values above or equal to 3.0. VigOI‘OUS aCtiVity was defined as lean tissue mass, and serum DHEAS were not different

the sum of hours/wk of activities greater than or equal to a between African Americans and Whr[es’ serum IGF-1 was

MET value of 6.0. Moderate aCtiVity was defined as the sum of greater in African Americans (Tab'e lA) AIR was h|gher in

hours/wk of activities below a MET value of 6.0. African American children, bu§ did not differ (Table 1B).
Questionnaires that were incomplete or that contained after adjusting§ and AIR for total body fat mass with
ambiguous data were not used. ANCOVA, S was lower p = 0.01) and AIR was higher
(p < 0.001) among African Americans. Boys were more
Statistical Analysis active than girls, and African Americans were more active

All data were analyzed with SAS software version 6.10 than whites in our sample.

(SAS Institute Inc., Cary, NC). Statistical significance was  ultiple linear regression analysis was used to examine the
defined ag values of<<0.05. Because not all children com-  influence of physical activity, race, and body compositiorson
pleted both the treadmill test and the physical activity ques- gnd AIR. Gender did not emerge as significant in any model,
tionnaire, data were divided into two data sets on the basis of ynd therefore was removed from the analyses. Physical activity
the availability ofVO,,,,, 0r physical activity data. All statis- a5 positively related t& and negatively related to AIR
tical analyses were performed separately in the two data sets(Taple 2). These relationships were independent of race, total
Differences in demographic characteristics, body fat in- pogy fat mass, and lean tissue mass. Substitution of SAAT or
dices, insulin parameters/O,ya, and physical activity — |AAT for total body fat did not explain any additional variance
were examined by two-way ANOVA with gender by race as i g or AIR. Race remained significantly related$o(lower
the grouping variables. Analysis of covariance (ANCOVA)  in african Americans) and AIR (higher in African Americans)
also was performed to examine gender or racial differences gfier adjusting for total body fat mass, lean tissue mass, and
in § and AIR using total body fat as the covariate. Insulin  hoyrsiwk of physical activity.
parameters and body composition indices were log-trans-  yith regard to the intensity of physical activity, hours/wk
formed to attain normal distribution. Body weight, SAAT, vigorous activity was positively associated wighand
hours/wk, andVO,,, were not normally distributed after  negatively associated with AIR (Table 3). These relation-
log transformation; thus a nonparametric test (Wilcoxon ships were independent of race, total body fat mass, and
scores [rank sums]) was used to examine between-groupiean tissue mass. Replacing total body fat mass with SAAT
differences (gender and race). Multiple linear regression or |AAT in the regression models did not explain any
analysis was used to examine the relationships between thgyqgitional variance ir§ or AIR. Race independently ex-
dependent variable§ and AIR, and various independent piained a portion of the variance & and AIR after adjust-
variables. The independent variables in the regression mod—ing for total body fat mass, lean tissue mass, and hours/wk
els were race, either total body fat mass or central fat (IAAT ¢ vigorous activity. Moderate activity was not indepen-
and SAAT), lean tissue mass, and eitNeé,,,,,.or physical dently associated with any insulin variable.
activity. The selection of body fat index or indices for use as  |nclusion of IGE-1 in the models did not alter the results.
adjusting variables in the regression models was based onp || cases, IGF-1 did not make an independent contribu-
the model square of multiple correlation coefficieRe) tion (p values of 0.59 to 0.88), and race remained significant
the body fat index (or indices) resulting in a model that (samep value as original model; data not shown). Inclusion
explained the largest amount of variance in a dependenty¢ S in the models for AIR eliminated the independent
variable was selected. BecauSeis a significant determi- relationship of AIR with physical activity = 0.319 for

nant of pancreatic responsiveness (31), additional analysesoyrs/wk, ang = 0.181 for hours/wk of vigorous activity:;
were performed for the dependent variable AIR, including gata not shown).

S as an independent variable.

Analysis of VO,,,. Data
Results For the subjects included in théO,,,., analysis, there
Twenty-seven African American® (= 12 boys,n = 15 were no gender or racial differences in age, body weight,
girls) and 25 whitesr{ = 14 boys,n = 11 girls) were in the lean tissue mass, or serum DHEAS; serum IGF-1 was
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Table 2. Multiple linear regression models with
hours/wk of all physical activity

Table 3. Multiple linear regression models with
hours/wk of vigorous activity

Parameter Parameter
Independent variable estimate + SEE p Independent variable estimate + SEE p
Dependent variable= Log § Dependent variable= Log §
(R? = 0.65) (R? = 0.62)
Race* —0.26+ 0.06 0.0001 Race* —0.21+ 0.06 0.0011
Log total body fat mass —-0.50+0.11 0.0001 Log total body fat mass —0.53+0.12 0.0001
Log total lean tissue mass —0.98=+ 0.42 0.0251 Log total lean tissue mass —0.72+ 0.43 0.1012
Hours/wk 0.02+ 0.00 0.0018 Hours/wk of vigorous 0.02+ 0.01 0.0169
Dependent variable: Log AIR activity
(R? = 0.60) Dependent variable: Log AIR
Race 0.45-0.06  0.0001 (R = 0.60)
Log total body fat mass 0.22 0.11 0.0614 Race 0.42+ 0.06 0.0001
Log total lean tissue mass 0.600.42 0.1676 Log total body fat mass 0.230.11 0.0511
Hours/wk —0.01+ 0.00 0.0324 Log total lean tissue mass 0.440.41 0.2889
Hours/wk of vigorous —0.01+0.01 0.0288

* Whites = 1, African Americans= 2.

greater in girls and tended to be greater in African Ameri-
cans (Table 4A). Gender differences were foundirand
AIR, with girls having higher AIR and lower ,Shan boys
(Table 4B). In addition, African American children had
higher AIR than white children. After adjustir§ and AIR
for total body fat mass with ANCOVA, gender differences
in § and AIR were eliminated; however, significant racial
differences were apparent B and AIR. Compared with
African Americans, whites had a higher med0,,,,.,
Multiple linear regression analysis was conducted to ex-
amine the influence 0¥O,,,,, race, and body composition
on § and AIR (Table 5). Because gender differences in
insulin variables were eliminated after controlling for total

body fat mass, gender was not included in multiple regres-

activity

*Whites = 1, African Americans= 2.

Discussion

The purpose of this study was to examine whether
VO, max (@n index of physical fithess), physical activity, or
both were associated with insulin secretion and sensitivity
in prepubertal children, and whether these indices of phys-
ical activity could explain differences between African
American and white children in insulin secretion and sen-
sitivity. The present study found significant associations
between physical activity and bofiand AIR, independent
of body composition and race. More active children had a
lower insulin secretion and a greater insulin sensitivity.

sion models. Lean tissue mass was included in each regresWith respect to the intensity of physical activity, vigorous,

sion model due to its strong association Wi, Be-
cause of the constraint of our sample sime=(43), we did
not include IAAT and SAAT in the same regression model
due to insufficient statistical power. Race remained inde-
pendently related t& (lower in African Americans) and
AIR (higher in African Americans) after controlling for
total body fat mass, lean tissue mass, ¥04,,,... Replacing
total body fat mass with either SAAT or IAAT did not
explain any additional variance i§ or AIR. VO, ., Was
independently and negatively associated \§thut was not
significantly associated with AIR.

Inclusion of IGF-1 in the models did not alter the results.

In both cases, IGF-1 did not make an independent contri-

bution ( values of 0.66 and 0.83 in the models frand
AIR, respectively), and race remained significant (sgme
value as original model; data not shown).

but not moderate, activity was independently relate@to
and AIR. AIR was greater, an§ lower, in African Amer-
icans vs. whites, after adjusting for total body fat. Race
remained significantly associated with bof (lower in
African Americans) and AIR (higher in African Americans)
when data were further adjusted for either physical activity
or VO,,. Thus, potential differences in physical fithess or
physical activity are unlikely to explain observed racial
differences in insulin secretion and sensitivity.

Based on the multiple regression analysis, physical ac-
tivity was independently related § and AIR in prepuber-
tal children after controlling for race, total (or central) body
fat, and lean tissue mass. This finding is consistent with
previous results suggesting that physical activity is posi-
tively associated with insulin sensitivity and negatively
associated with insulin concentration and secretion in adults
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children (32). Previous results indicate that insulin concentra-
tion is negatively associated wittiO,,,., in children (18),
suggesting that greater physical fitness is related to greater

Table 5. Multiple linear regression models for insulin
parameters with/O,,,,.«

Parameter insulin sensitivity in children. However, in the present study,
Independent variable estimate = SEE p VO,.ax Was not independently associated with AIR in the
regression analysis, and was negatively associated Syith
Dependent variable= Log § after controlling for race, total (or central) body fat, and lean
(R* = 0.69) tissue mass. Thus, our data suggest W@, is either
Race* —0.40+ 0.09 0.0001 unrelated to insulin parameters, or that gre&@y, . is as-
Log total body fat mass —0.56+ 0.16 0.0009 sociated with lower insulin sensitivity. Several explanations

can be suggested for the absence of the expected associations

Log total lean tissue mass —1.36* 0.65 0.0427 s )
betweenVO,,,.« and insulin parameters. First, because our

VOzmax 0'4dSi 0'23. ble: 0.0395 protocol involved eliminating subjects who did not meet at
Depen e;g variable: Log AIR least two of the three criteria for reachiN@,, .« (Potentially
(R" = 0.62) subjects with lower fitness levels), the mean fitness of the
Race 0.43+ 0.08 0.0001 remaining childrenr{ = 43) may not have reflected that of the
Log total body fat mass 0.22 0.13 0.1144 general population and may have had a limited range of
Log total lean tissue mass 1.220.88 0.1719 VO,ax Values. Second, the likelihood theO,,,, reflects
VO, —0.02+ 0.19 0.9293 factors other than physical fithess would add variance to the

association betweeviO,,,,., and insulin parameters, limiting
the ability to detect the expected positive relationship between
physical fithess and insulin sensitivity. Finally, genetic differ-
ences iNVO,,,,.x (33,34) may confound relationships between
VO, @nd insulin parameters. However, it is also possible
and adolescents (13-17). Thus, the beneficial influence of thatVO,,,.«iS not associated with insulin sensitivity and first-
physical activity on insulin secretion and action, and phase insulin secretion in young children.

thereby on reduction of disease risk, seems to be operative In the present study, as observed previously (8,9), racial
early in life. Inclusion ofS in the model for AIR eliminated  differences in§ and AIR were detected. AIR was higher,
the independent relationship of AIR with physical activity and S lower, in African American children than in white
(p = 0.319 for hours/wk, angp = 0.181 for hours/wk of children after controlling for total body fat mass. These
vigorous activity; data not shown). These results suggest theresults were consistent in both data sets. Moreover, these
influence of physical activity on AIR is indirect, and is ethnic differences remained significant after further control-

* Whites = 1, African Americans= 2.

mediated through improvement 8. ling for lean tissue mass and either physical activity or
With regard to the intensity of physical activity, vigorous VO, .. These results indicate that African American chil-
activity was independently related $pand AIR after control- dren had a higher postchallenge insulin secretion and were

ling for race, total (or central) body fat, and lean tissue mass. more insulin-resistant. Our findings are consistent with pre-
However, moderate activity was not associated with any insu- vious findings in adults and adolescents, indicating that
lin variable. This may imply that the observed relationship African Americans have higher insulin secretion and lower
between hours/wk (total) physical activity and insulin secretion § than whites (1,2,6,35,36). Combining our results with
and sensitivity in prepubertal children (Table 2), may be due to previous findings, it seems that the racial differences in
hours/wk vigorous activity. However, a recent study indicated insulin secretion and sensitivity may have their origin in
that both moderate and vigorous activity may increase insulin childhood and are unlikely to be explained by a difference
sensitivity in adults (17). The disagreement between the two in physical fitness or physical activity.
studies may be due to the age of the subjects (prepubertal In contrast, results from a previous study have suggested
children vs. adults) or to differences in the questionnaire used.that racial differences in physical fithess explain differences
The intensity of physical activity may be more important for in insulin secretion in children (5). In this earlier study, the
children than for adults in modifying insulin action, but this racial difference in first-phase insulin secretion measured by
hypothesis should be tested with a more thorough question-the hyperglycemic clamp was eliminated after adjusting for
naire or by a more rigorous means of assessing physicalVO,,.., IGF-1, and gender. The association between
activity. Because physical activity may play a role in reducing VO,,,,.x and § was not reported, an® did not differ
disease risk (13-17), the importance of intensity should be between African American and white children. In the
clarified through future studies. present study, racial differences 8 and AIR were de-
VO,,axiS frequently used as an index of physical fitness, but tected, but inclusion 0¥O,,,,..in the regression models did
is not necessarily indicative of habitual physical activity in not eliminate the independent influence of race. Further
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inclusion of IGF-1 in the models likewise did not alter the to theVO,,,.,test, because children who successfully com-
results (race was still strongly related $pand AIR). The pleted the test may have been more physically fit and
reason for the difference between studies is not clear. It favorably inclined toward the test. In addition, data on
seems reasonable to conclude that the association betweehematocrit or hemoglobin were not available; these factors
VO, max @Nd insulin secretion and sensitivity in prepubertal could influenceVO,,,., and perhaps contribute to the ob-
children, as well as the potential contribution\é®,,,,,, to served difference between racial groups. Prospective and/or
racial differences in insulin parameters, needs further study.intervention studies are required to determine if changes in
Our study found African American children were more physical activity are reflected in changes in insulin secretion
active than white children. This result was in contrast to a and/or sensitivity in prepubertal children of different races.
recent epidemiological study (20) that found lower levels of ~ To our knowledge, this is the first study to investigate the
activity in African American children than in white chil- ~ role of both physical fitness and physical activity in determin-
dren. However, both studies indicated that girls were less iNd insulin secretion and sensitivity, after adjusting for body fat
active than boys. Disagreement between studies with re-Or fat distribution in African American and white prepubertal
spect to the influence of race may be due to sample sizechildren. In addition, this is also the first study to examine
(n = 52 vs.n = 4063), populations studied, or methodol- Whether physical fitness or physical activity alone can explain
ogy. Children in our study were younger to 12 years  the racial differences in insulin secretion and sensitivity in
old) than children in the earlier study (8 to 16 years), and the Prepubertal children. The results revealed significant relation-
instrument for assessing activity differed; whereas our ques-Ships between physical activity and insulin secretion and sen-
tionnaire required subjects to comment on their participa- Sitivity that were independent of body fat and fat distribution.

tion in specific activities, that of the earlier study (20) asked Moreover, neither physical fitness nor physical activity, as
subjects to estimate the times per week they exercised@ssessed with our questionnaire, explained the racial difference

enough to “sweat or breathe hard.”

Because fat distribution influences insulin sensitivity in
adults (37), we investigated the possibility that adjusting for
central body fat (IAAT and SAAT) affected the relationship
of race withS and AIR. This was accomplished by substi-
tuting IAAT and SAAT for total fat mass in the multiple
linear regression models. The racial differencesSirand
AIR remained significant when total body fat was replaced
with either IAAT or SAAT. This finding indicates that a
difference in fat distribution does not contribute to racial
differences in insulin secretion and sensitivity.

Limitations of the current study include its small sample

in insulin secretion and sensitivity. Investigating the determi-
nants of racial differences in insulin metabolism should be an
important consideration in future studies.
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and general reporting accuracy of the questionnaire, the

absence on the questionnaire of activities below three
METS, and incompleteVO,,,,., and questionnaire data.

However, these factors are assumed to have a limited impact
on the conclusions reached. Because the questionnaire we
used was based on physical activity performed over the past

year, the responses are likely to have reflected typical ac-
tivity of the subjects. And, because our results indicated that
vigorous activity, rather than moderate activity, was inde-
pendently related to insulin secretion and sensitivity, it is
unlikely that we would have detected a relationship between
low intensity activities and insulin parameters, had we
added low intensity activities to the questionnaire. How-
ever, the present findings should be replicated with a more
extensive questionnaire to fully test the hypothesis that
racial differences ir§ and AIR are not related to physical
activity. Because a complete questionnaire ¥, test
results were not available on all children, bias may have
been introduced by using data only from children for whom
results were available. This is particularly true with respect
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