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OBJECTIVEdTo examine the association between self-reported physical activity (PA) and
diabetes-related quantitative traits.

RESEARCH DESIGN AND METHODSdThe observational cohort was 1,152 Mexican
American adults with dual-energy X-ray absorptiometry, oral and intravenous glucose tolerance
tests, and self-reported dietary and PA questionnaires. PA was categorized into three mutually
exclusive groups according to the U.S. Department of Health and Human Services PA guidelines
for Americans: low (vigorous,75 min/week and moderate,150 min/week), moderate (vigor-
ous $75 min/week or moderate $150 min/week), and high (vigorous $75 min/week and
moderate $150 min/week). Trends in PA groups were tested for association with metabolic
traits in a cross-sectional analysis.

RESULTSdThe participants’mean age was 35 years (range, 18–66 years), mean BMI was 29.6
kg/m2, and 73% were female. Among them, 501 (43%), 448 (39%), and 203 (18%) were clas-
sified as having low, moderate, and high PA, respectively. After adjustment for age, a higher PA
was significantly associated with lower 2-h glucose, fasting insulin, and 2-h insulin and greater
b-cell function (P = 0.001, 0.0003, 0.0001, and 0.004, respectively). The association did not
differ significantly by sex. Results were similar after further adjustment for age, sex, BMI, or
percent body fat.

CONCLUSIONSdAn increasing level of PA is associated with a better glucose and insulin
profile and enhanced b-cell function that is not explained by differences in BMI or percent body
fat. Our results suggest that PA can be beneficial to b-cell function and glucose regulation in-
dependent of obesity.
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C linical trials have demonstrated that
lifestyle interventions that include
physical activity (PA) can reduce the

risk of type 2 diabetes in high-risk indi-
viduals (1,2). PAmay directly improve in-
sulin sensitivity by enhancing glucose
uptake in muscle and the liver (3–5) and
may also help restore whole-body glucose
disposal, especially nonoxidative glucose
disposal (6). Moreover, exercise training
has been shown to indirectly augment

insulin sensitivity by reducing total body
fat as well as visceral fat (7–9).

Intensive exercise training has been
shown to improve insulin sensitivity (3–
6,9) and b-cell function (10,11). However,
the relationship between less intensive ex-
ercise training and b-cell function is con-
troversial. Some studies have shown that
short-term, moderate aerobic exercise
may improve b-cell function in overweight
adults (11,12), whereas others reported no

significant change in b-cell function after
moderate exercise (13). Little is known
about the relationship between PA and
b-cell function under free-living condi-
tions without the addition of a specific ex-
ercise intervention. In this report, we
examine this relationship using data
from the BetaGene study, a family-based
observational study of obesity, insulin re-
sistance, and b-cell function in Mexican
Americans.

RESEARCH DESIGN AND
METHODS

Study participants
BetaGene participants areMexican-American
adults (both parents and three or more
grandparents are Mexican or of Mexican
descent) who are 1) women who had ges-
tational diabetes mellitus (GDM) within
the previous 5 years, 2) siblings or cousins
of those with a history of GDM, or 3)
women with normal glucose levels during
pregnancy in the past 5 years. Women
documented with and without previous
GDMwere identified from the Los Angeles
County/University of Southern California
Medical Center, Kaiser Permanente South-
ern California’s delivery population, and
obstetrical/gynecological clinics at local
Southern California hospitals. Women
without previous GDM were frequency-
matched to GDM cases by age, BMI, and
parity. Details regarding recruitment have
been previously described (14). All proto-
cols for BetaGene were approved by the
institutional review boards of participat-
ing institutions, and all participants pro-
vided written informed consent before
participation.

Testing procedures and assays
Research data were collected in two sep-
arate visits to the General Clinical Re-
search Center at the University of
Southern California. The first visit con-
sisted of a physical examination, dietary
and PA questionnaires, a 2-h, 75-g oral
glucose tolerance test (OGTT), and fast-
ing blood for lipid measurements (15).
Participants with fasting glucose ,7.0
mmol/L were invited for a second visit,

c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

From the 1Division of Biostatistics, Department of PreventiveMedicine, Keck School ofMedicine, University of
Southern California, Los Angeles, California; the 2Department of Research and Evaluation, Kaiser Perma-
nente Southern California, Pasadena, California; and the 3Division of Diabetes and Endocrinology, De-
partment of Medicine, Keck School of Medicine, University of Southern California, Los Angeles, California.

Corresponding author: Anny H. Xiang, anny.h.xiang@kp.org.
Received 25 July 2012 and accepted 18 September 2012.
DOI: 10.2337/dc12-1485
This article contains Supplementary Data online at http://care.diabetesjournals.org/lookup/suppl/doi:10

.2337/dc12-1485/-/DC1.
© 2013 by the American Diabetes Association. Readers may use this article as long as the work is properly

cited, the use is educational and not for profit, and thework is not altered. See http://creativecommons.org/
licenses/by-nc-nd/3.0/ for details.

638 DIABETES CARE, VOLUME 36, MARCH 2013 care.diabetesjournals.org

E p i d e m i o l o g y / H e a l t h S e r v i c e s R e s e a r c h
O R I G I N A L A R T I C L E

mailto:anny.h.xiang@kp.org
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc12-1485/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc12-1485/-/DC1
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/


which consisted of a dual-energy X-ray ab-
sorptiometry scan for body composition
and an insulin-modified intravenous glu-
cose tolerance test (ivGTT) formeasurement
of insulin sensitivity and b-cell function
(16). Plasma glucose was measured on an
autoanalyzer using the glucose oxidase
method (YSI model 2300; Yellow Springs
Instruments, Yellow Springs, OH). Insulin
was measured by a two-site immunoenzy-
mometric assay (TOSOH Biosciences, San
Francisco, CA) that has ,0.1% cross-
reactivity with proinsulin and intermediate
split products.

PA and dietary assessment
Trained bilingual (English/Spanish) inter-
viewers administered both PA and dietary
questionnaires. The amount and intensity
of PA was assessed by questionnaires
developed in the Hawaii-Los Angeles
Multiethnic Cohort Study (17,18). This
questionnaire is comprised of a list of
structured questions describing various
types of activity (sitting, strenuous sports,
vigorous work, and moderate activities
including sports and work) during the

past year. Responses were then used to
estimate the total minutes of moderate
and vigorous activity per week. The ques-
tionnaire was validated against doubly la-
beled water and showed a correlation
coefficient of 0.3 between hours of total
activity and total energy expenditure (un-
published data). The U.S. Department of
Health and Human Services (DHHS) rec-
ommends at least 75 min/week of vigor-
ous or 150 min/week of moderate activity
for Americans (19). Individuals were cat-
egorized into three mutually exclusive
groups according to how their reported
PA matched these DHHS guidelines:
low, ,75 min/week of vigorous and
,150 min/week of moderate activity;
moderate, either$75 min/week of vigor-
ous or $150 min/week of moderate ac-
tivity; high, reported both$75 min/week
of vigorous and $150 min/week of
moderate activity (20). Dietary intake
was assessed using the 126-item
semiquantitative Harvard food-frequency
questionnaire (21). The food-frequency
questionnaire consisted of a list of foods
with a standardized serving size and a

selection of nine frequency categories
ranging from never or less than one serv-
ing per month to more than six servings
per day, during the past year. An open-
ended free text section was used to cap-
ture food items that did not appear on the
standard list and included information on
usual serving size and number of servings
consumed per week for incorporation in
the dietary intake calculation for each
subject. Total caloric and nutrient intakes
were calculated by the Harvard Channing
Laboratory.

Data analysis
Insulin response to oral glucose (Δ30-min
insulin) was computed as the 30-min
OGTT insulin concentration minus the
fasting insulin concentration. Total and
incremental (above basal) areas under
OGTT glucose and insulin curves were
calculated by trapezoid method. Insulin
sensitivity (SI), glucose effectiveness
(SG), and the incremental insulin re-
sponse to glucose (AIRg) during the first
10 min of the ivGTT were determined us-
ing the Millenium version of the Bergman
minimal model (22). The disposition in-
dex (DI), a measure of b-cell function,
was computed as the product of AIRg
and SI. It is a measure of b-cell compen-
sation for the degree of insulin resistance.

Characteristics of the study cohort
were presented by means, medians, and
interquartile ranges. Fasting insulin, post-
challenge insulin, insulin response, SI, DI,
SG, and total calories were log trans-
formed to approximate normal distribu-
tion prior to analysis. Geometric means
were presented for these variables, and
the associated standard errors were calcu-
lated by the Delta method (23). The re-
lationship between diabetes-related
metabolic measures and PA was assessed
by testing trend association between the
metabolic measures and levels of PA in
categories (low, moderate, and high) us-
ing generalized estimating equations to
account for correlations among related in-
dividuals within families. Age was in-
cluded as a covariate to adjust for
potential confounding. The impact of
sex on the associations was assessed by
including sex as a covariate and testing
for significant interaction between PA
group and sex in the model. If no signif-
icant interaction was detected, analyses
were conducted using the entire sample
with adjustment for age and sex. The im-
pact of body composition on the associa-
tion was assessed through covariate
adjustment for BMI or percent body fat

Table 1dCohort characteristics (n = 1,152)

Mean
or n

Median
or %

Interquartile
range

Age (years) 34.7 34.5 (29.1–39.8)
Percent body fat (%) 34.7 35.9 (29.0–40.6)
BMI (kg/m2) 29.6 28.8 (25.5–32.7)
Waist circumference (cm) 94.3 93.1 (84.5–102)
Hip circumference (cm) 106.4 104 (98–113)
Waist-to-hip ratio 3 100 88.6 88 (84–93)
Trunk fat (kg) 13.8 12.9 (9.7–17.1)
Female 838 72.7
OGTT
Fasting glucose (mmol/L) 5.1 5.1 (4.7–5.4)
2-h glucose (mmol/L) 7.5 7.2 (5.9–8.6)
Total glucose area (mmol/L 3 min) 939 918 (797–1,063)
Incremental glucose area (mmol/L 3 min)† 337 322 (221–444)
Fasting insulin (pmol/L)* 49 49 (29–83)
2-h insulin (pmol/L)* 392 410 (250–674)
Total insulin area (pmol/L 3 1023 min)* 50 50 (34–74)
Incremental insulin area (pmol/L 3 1023 min)*† 45 43 (29–64)
Δ Insulin at 30 min (pmol/L)* 405 375 (236–556)

ivGTT
SI (min21 per pmol/L 3 1023)* 2.61 2.71 (1.9–3.8)
AIRg (pmol/L 3 10 min)* 3421 2,956 (1,751–5,189)
DI* 8495 8,355 (4,959–13,102)
SG (min21)* 1.64 1.68 (1.30–2.12)

Caloric intake (kcal/d)* 2251 2,286 (1,752–2,867)
Minutes of moderate activity per week 221.2 44.9 (0–299.9)
Minutes of vigorous activity per week 280.5 44.9 (0–299.9)

*Log transformation was applied and geometric means are presented. †Incremental area was calculated as
total area minus the basal area.
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and/or waist-to-hip ratio. Potential con-
founding by diet was evaluated by the ad-
justment for total caloric intake. All
statistical tests were two sided. SAS ver-
sion 9.2 (SAS Institute Inc., Cary, NC)
was used for data analysis.

RESULTSdA total of 1,250 participants
were recruited into the BetaGene study
with completed ivGTTs; of these, 1,152
completed OGTTs and PA questionnaires.
Characteristics of the 1,152 participants
included in this report are shown in Table
1. The mean age was 34.7 years (range,
17.9–65.6 years), mean BMI was 29.6 kg/
m2, mean percent body fat was 34.7%, and
72.3% of the cohort were female. Normal
glucose tolerance was present in 707
(61.4%), impaired glucose tolerance in
361 (31.3%), and diabetes by 2-h glucose
$11.1 mmol/L (24) in 84 (7.3%) partici-
pants, respectively. Among females, 29.3%
had a history of GDM. The median dura-
tions for vigorous and moderate activity
were both 45 min/week, considerably be-
low the DHHS recommendation of 150

min/week of moderate activity or 75 min/
week of vigorous activity for chronic dis-
ease prevention (19).

Of the study participants, 501 (43%)
were classified as low in PA, 448 (39%) as
moderate, and 203 (18%) as high. The
higher activity groups were significantly
younger (mean age = 35.3, 34.2, 34.0
years in the low, moderate, and high
groups, respectively; P = 0.012 for trend).
The distribution of females versus males
in the three PA groups was significantly
different (P , 0.001) and showed a pat-
tern that indicated lower PA among fe-
males: low = 52 vs. 22% for females vs.
males, moderate = 33 vs. 55%, and high =
16 vs. 23%, respectively.

Table 2 presents the comparison of
the age-adjusted means for the metabolic
measures among the three PA groups. Al-
though no significant association was ob-
served between PA and BMI (P = 0.28),
increasing PA was significantly associated
with decreasing percent body fat (P ,
0.0001), 2-h glucose (P = 0.001), fasting
insulin (P = 0.0003), and 2-h insulin (P =

0.0001) and increasing b-cell function
(P = 0.004). An increasing level of PA was
marginally associated with an increasing
level of AIRg (P = 0.09). The associations
between PA and diabetes-related traits ap-
peared to be similar between males and fe-
males (interaction test P . 0.28 for each
trait after including sex in themodel, details
by sex analyses) (Supplementary Tables 1
and 2) except OGTT fasting glucose (P =
0.037). Age-adjusted fasting glucose de-
creased with increasing PA in women
(mean 6 SEM for low = 5.1 6 0.04
mmol/L, moderate = 5.0 6 0.04 mmol/L,
and high = 4.96 0.06 mmol/L; P = 0.013)
but not in men (low = 5.26 0.08 mmol/L,
moderate = 5.16 0.05mmol/L, and high =
5.26 0.06mmol/L; P = 0.35). After further
adjustment for sex, the association between
PA and percent body fat was no longer sig-
nificant (P = 0.38) (Table 2). The significant
associations for 2-h glucose, fasting, and
2-h insulin and DI observed in the age-
adjusted analyses remained after further
adjustment for sex (Table 2). An increasing
level of PA was significantly associated
with a lower waist-to-hip ratio (P =
0.012) and marginally associated with de-
creasing fasting glucose (P = 0.10) and in-
creasing SI (P = 0.076) after adjustment for
age and sex.

We assessed the relative contribution
of body fat to the observed associations
between PA and diabetes-related traits by
additionally adjusting for percent body
fat, BMI, or waist-to-hip ratio. Age-, sex-,
and percent body fat–adjusted means for
OGTT fasting and 2-h glucose and insulin
are shown in Fig. 1. Analogously, ad-
justed means for SI, AIRg, and DI are
shown in Fig. 2. Associations between
PA and 2-h glucose, fasting insulin, 2-h
insulin, and DI remained significant after
further adjusting for percent body fat, and
the regression coefficients were only
slightly reduced (,15% change). By con-
trast, adjustment for body fat reduced the
association between PA and SI by 26%
and increased the association with AIRg
by 27%, although these associations re-
mained insignificant (Fig. 2). Results
were similar when models were adjusted
for BMI or waist-to-hip ratio instead of
percent body fat (data not shown). In-
cluding waist-to-hip ratio in addition to
percent body fat or BMI in the model ad-
justment did not change the conclusion
(data not shown).

Because higher PA level was typically
accompanied by higher caloric intake, we
further adjusted for caloric intake. Caloric
intake did not significantly alter the age- and

Table 2dComparison of metabolic traits across the three PA groups*

Traits
Low

(n = 501)
Moderate
(n = 448)

High
(n = 203) Px P{

Age (years) 35.3 (0.4) 34.2 (0.4) 34.0 (0.5) NA NA
Females (%) 432 (52) 275 (33) 131 (16) NA NA
BMI (kg/m2) 29.9 (0.3) 29.3 (0.3) 29.5 (0.4) 0.27 0.48
Percent body fat (%) 37.2 (0.4) 33.5 (0.5) 34.1 (0.6) ,0.0001 0.38
Waist circumference (cm) 94.1 (0.7) 93.5 (0.7) 94.2 (1.0) 0.92 0.25
Hip circumference (cm) 107.3 (0.7) 105.7 (0.7) 106.5 (0.8) 0.19 0.94
Waist-to-hip ratio 3 100 88.0 (0.3) 88.8 (0.4) 88.4 (0.5) 0.20 0.012
Trunk fat (kg) 14.5 (0.3) 13.3 (0.3) 13.7 (0.4) 0.021 0.44
Fasting glucose (mmol/L) 5.1 (0.03) 5.0 (0.03) 5.0 (0.05) 0.50 0.10
2-h glucose (mmol/L) 7.6 (0.11) 7.4 (0.11) 7.1 (0.13) 0.001 0.014
Total glucose area
(mmol/L 3 min) 938 (10) 933 (9) 913 (14) 0.15 0.089

Incremental glucose area
(mmol/L 3 min) 336 (8) 334 (8) 316 (11) 0.13 0.18

Fasting insulin (pmol/L)† 52 (2) 46 (2) 44 (2) 0.0003 0.001
2-h insulin (pmol/L)† 426 (15) 374 (16) 343 (19) 0.0001 0.008
Total insulin area
(pmol/L 3 1023 min)† 51 (1) 49 (1) 48 (2) 0.18 0.21

Incremental insulin area
(pmol/L 3 1023 min)† 44 (1) 42 (1) 42 (2) 0.32 0.36

Δ Insulin at 30 min (pmol/L)† 398 (11) 402 (13) 420 (22) 0.33 0.55
SI (min21 per pmol/L 3 1023)† 2.58 (0.07) 2.63 (0.07) 2.73 (0.11) 0.21 0.076
AIRg (pmol/L 3 10 min)† 3,337 (117) 3,459 (137) 3,695 (189) 0.09 0.26
DI† 8,216 (266) 8,553 (286) 9,621 (398) 0.004 0.009
SG (min21)† 1.63 (0.03) 1.65 (0.03) 1.70 (0.05) 0.23 0.33
Caloric intake (kcal/d)† 2,135 (38) 2,344 (45) 2,367 (54) ,0.0001 0.0004

*Data are presented as age-adjusted mean (SEM) or geometric mean (SEM) for log-transformed variables.
†Log transformation was applied for data analysis. xP value testing trend across groups adjusted for age. {P
value testing trend across groups adjusted for age and sex.
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sex-adjusted associations between PA and
any diabetes-related traits. PA was not
significantly associated with BMI (P =
0.66) or percent body fat (P = 0.54) after
further adjustment for caloric intake. Fur-
ther adjustment for caloric intake had little
impact on the age-, sex-, and percent body
fat–adjusted associations between PA and
fasting glucose, 2-h glucose, fasting insulin,
2-h insulin, AIRg, SI, and DI; the additional
adjustment resulted in,10% change in the
corresponding regression coefficients, with
adjusted P values of 0.098, 0.017, 0.0003,
0.016, 0.21, 0.16, and 0.019, respectively.

CONCLUSIONSdIn this study, we
observed that an increasing level of self-
reported PA was significantly associated
with decreasing levels of fasting, 2-h in-
sulin, and 2-h glucose and an increasing
level of b-cell function assessed as the DI.
These associations were not modified

significantly by adjustment for percent
body fat, BMI, waist-to-hip ratio, or calo-
ric intake. A marginal association was also
observed for increasing PA and better in-
sulin sensitivity. These findings suggest
that more PA, even in a free-living envi-
ronment, is beneficial to b-cell function
and glucose regulation.

The impact of exercise on glucose and
insulin metabolism has been evaluated by
several studies. Animal studies have dem-
onstrated that exercise increases glucose
uptake by stimulating GLUT4 transloca-
tion in muscle cells and increasing glu-
cose uptake by the liver (5). Additionally,
an exercise training study among type 2
diabetic patients revealed that exercise en-
hances the whole-body glucose disposal
(6). Although the association between PA
and insulin sensitivity did not make the
statistical significance based on a P value
,0.05 cut point in this cohort, there

was a trend that subjects with higher PA
levels had better insulin sensitivity (P =
0.076 after adjustment for age and sex).
This attenuated relationship was consis-
tent with the lack of association between
PA and BMI or percent body fat and could
be due to the fact that no exercise training
and interventions were applied in this co-
hort. Thus, our results are consistent with
the findings from exercise trainings and
support the concept that more PA may
contribute to lower OGTT glucose and
insulin levels and, to a lesser significant
extent, better insulin sensitivity.

The most novel finding in this study
was the significant association between
PA and b-cell function. Of note, .75%
of the participants in this cohort were
overweight or obese (25th percentile of
BMI was 25.5 kg/m2). Two previous stud-
ies evaluated short-term exercise training
and changes in b-cell function before and

Figure 1dAge-, sex-, and percent body fat–adjusted means and 95% CIs for OGTT fasting and 2-h glucose and insulin by the three PA groups: low,
moderate, and high. Geometric means were presented for fasting and 2-h insulin. P values were from the trend association between PA groups and
each of the metabolic traits.
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after training. One of the studies included
12 subjects .60 years of age (11). The
result showed that moderate exercise
training significantly improved insulin
sensitivity and b-cell function. The other
study included overweight adults and
demonstrated that both moderate and
vigorous exercise training improved insu-
lin sensitivity and b-cell function, al-
though the improvement of b-cell
function was not statistically significant
for vigorous activity (12). Although the
biological mechanisms of the impact of
PA on b-cell function have not been clar-
ified, there has been evidence that exer-
cises expanded b-cell mass by stimulating
its proliferations and preventing its
apoptosis (25,26). In these rat studies, ex-
ercises were shown to enhance the ex-
pression of insulin receptor substrate-2,
which is crucial for b-cell growth and sur-
vival. The beneficial effect of exercises on
b-cell function may also be the improve-
ment of adipose tissue biology such as
increasing adiponectin and reducing in-
flammation (27). Adiponectin has been
shown to be an important biomarker for
metabolic and cardiovascular diseases.
Recently, we showed that declining adi-
ponectin was significantly associated with
b-cell function deterioration in a longitu-
dinal study independent of weight gain
(28). The mechanism for this association
may promote b-cell function and survival
by increasing ceramidase activity, de-
creasing intracellular ceramide levels,
and increasing antiapoptotic metabolite
sphingosine-1 phosphate levels (29,30).
Taken together, the results from this re-
port and previous reports suggest that
greater amounts of daily living activity
might protect b-cell function, even in
overweight and obese individuals.

A cross-sectional study in Mexican
children suggested that the impact of PA
on b-cell function could be mediated by
body fat (31). They found that the higher
cardiorespiratory fitness, which reflects
chronic PA behavior, was significantly
correlated with b-cell function as well as
insulin resistance. However, the signifi-
cant correlations disappeared after adjust-
ment for fat mass. We did not observe a
significant association between percent
body fat or BMI and self-reported PA
groups after adjustment for age and sex.
In addition, the adjustment for percent
body fat and BMI did not significantly re-
duce the association between PA and
b-cell function. The lack of association be-
tween PA and BMI or percent body fat in
this adult cohortmay be due to the fact that

Figure 2dAge-, sex-, and percent body fat–adjusted means and 95% CIs for insulin sensitivity
(SI), acute insulin secretion (AIRg), and b-cell compensation for insulin resistance (DI) by the
three PA groups: low, moderate, and high. Geometric means were presented for all three traits. P
values were from the trend association between PA groups and each of the metabolic traits.
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our cohort is primarily composed of
women with a history of GDM and their
family members, the majority of whom
are overweight or obese and are presum-
ably at higher than normal risk for diabetes.
No exercise training/advice was offered to
this cohort. We did not measure fitness
levels, and PA was self-reported and in-
cludedwork-related activities such asmov-
ing heavy furniture, loading trucks, and
gardening, as well as sports activities such
as aerobics. Our finding was consistent
with the results from several large studies
with long-term follow-up, which showed
that self-reported PA was associated
with a lower incidence of diabetes indepen-
dent of BMI (32).

In other previous studies, energy in-
take was shown to confound the effect of
exercise on body weight or insulin re-
sistance (33,34). However, in our analy-
sis, the associations between b-cell
function, glucose, insulin profiles, and
PA were not significantly changed by
the adjustment for caloric intake. There-
fore, our results indicated a more direct
contribution of PA in preserving b-cell
function. Moreover, our findings are con-
sistent with the results of a recent study in
rats, which demonstrated that voluntary
exercise was beneficial for sustaining
b-cell compensation without preventing
dyslipidemia or obesity (35). One possi-
ble mechanism for such an effect would
be mitigation of the adverse metabolic ef-
fects of obesity. It is also possible that
higher PA decreases lipotoxicity, thus im-
proving b-cell survival. Since pancreatic
biopsies cannot be performed, a surrogate
measure would have been the computed
axial tomography scan estimate of perito-
neal fat or an ultrasound assessment of
hepatic fat content. Detailed mechanisms
remain to be investigated.

We acknowledge some limitations of
our study. First, we used a self-reported
PA questionnaire to collect PA informa-
tion. Although the questionnaire has been
used in previous studies in Mexican
Americans (18), it is well known that
self-reported PA tends to be overreported
on questionnaires (36,37). We elected to
categorize participants into three groups
based on the U.S. DHHS recommenda-
tion for PA instead of using the minutes
of PA as a continuous variable to reduce
the impact of measurement errors. As ev-
idence of potential overreporting in this
cohort, 57% of participants reported
meeting or exceeding the DHHS PA
guideline, as compared with 36% for
Mexican Americans in a national report

of participation in aerobic activity (38).
However, we also note that our question-
naire included work-related PAs, which
might explain the higher than expected
percentage. Second, we did not measure
physical fitness, which is more objective
and a better predictor than self-reported
PA for many health outcomes, such as di-
abetes and cardiovascular diseases
(39,40). Third, the cross-sectional and
observational design of our study pre-
cludes us from examining the dynamic
impact of PA on the change in metabolic
traits.

The strength of the current study is
the unique sample, which includes a large
cohort of Mexican Americans with de-
tailed OGTT- and ivGTT-based measures
of glucose tolerance, insulin sensitivity,
and b-cell function. Unlike other studies
that mostly examined the short-term ef-
fect of exercise training/intervention on
insulin secretion and insulin resistance
with small sample sizes, we described
the association with PA in a free-living
environment to provide a more realistic
model than the impact of a specific,
short-term exercise intervention. We
showed that increasing PA is associated
with betterb-cell function in a population
without overt diabetes. This association is
separate from the impact of obesity and
energy intake. Our results suggest that an
effect on diabetes prevention by lifestyle
change (1,2) may be mediated by the im-
provement of b-cell function. Our find-
ings have implications for a real-world
approach to the delay, prevention, and/
or early treatment of type 2 diabetes.

In conclusion, our study indicates
that a greater level of PA might play a
role in improving glucose tolerance and
protecting b-cell function in Mexican
Americans who are at high risk of devel-
oping diabetes. The beneficial impact of
PA on b-cell function does not depend on
BMI, percent body fat, and energy in-
takes. Our findings have important public
health implications to prevent/slow down
the deterioration of b-cell function that
leads to type 2 diabetes.
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