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Background: The role of weight training in the pri-
mary prevention of type 2 diabetes mellitus (T2DM) is
largely unknown.

Methods: To examine the association of weight train-
ing with risk of T2DM in US men and to assess the in-
fluence of combining weight training and aerobic exer-
cise, we performed a prospective cohort study of 32 002
men from the Health Professionals Follow-up Study ob-
served from 1990 to 2008. Weekly time spent on weight
training and aerobic exercise (including brisk walking,
jogging, running, bicycling, swimming, tennis, squash,
and calisthenics/rowing) was obtained from question-
naires at baseline and biennially during follow-up.

Results: During 508 332 person-years of follow-up (18
years), we documented 2278 new cases of T2DM. In mul-
tivariable-adjusted models, we observed a dose-response

relationship between an increasing amount of time spent
on weight training or aerobic exercise and lower risk of
T2DM (P� .001 for trend). Engaging in weight training
or aerobic exercise for at least 150 minutes per week was
independently associated with a lower risk of T2DM of 34%
(95% CI, 7%-54%) and 52% (95% CI, 45%-58%), respec-
tively. Men who engaged in aerobic exercise and weight
training for at least 150 minutes per week had the great-
est reduction in T2DM risk (59%; 95% CI, 39%-73%).

Conclusions: Weight training was associated with a sig-
nificantly lower risk of T2DM, independent of aerobic
exercise. Combined weight training and aerobic exer-
cise conferred a greater benefit.
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R EGULAR PHYSICAL ACTIVITY

(PA) is a cornerstone in the
prevention and manage-
ment of type 2 diabetes
mellitus (T2DM). Achiev-

ing a daily amount of moderate or vigor-
ous PA of at least 30 minutes per day is
associated with a substantial reduction in
the risk of T2DM.1-4 This is broadly con-
sistent with the current recommenda-
tions regarding PA in adults.5 More re-
cently, evidence from randomized

controlled trials6 has shown that resis-
tance training can improve glycemic con-
trol in patients with T2DM, even in the ab-
sence of aerobic training. This has led to
the recommendation for resistance train-
ing 3 times per week in individuals with
T2DM.7,8 However, whereas the evidence
that regular aerobic exercise can prevent
T2DM is compelling, to our knowledge,
nostudieshaveexamined the roleofweight

training in the primary prevention of
T2DM.

In this study, we examined the asso-
ciation of weight training with the risk of
T2DM in men observed biennially for 18
years in the Health Professionals Fol-
low-up Study (HPFS). In particular, we ex-
amined whether the influence of weight
training is independent of aerobic exer-
cise and assessed the combined influence
of weight training and aerobic exercise on
T2DM risk.

METHODS

STUDY POPULATION

The HPFS is an ongoing prospective cohort
study of 51 529 male health professionals aged
40 to 75 years at baseline in 1986. Every 2 years,
the cohort participants are sent a question-
naire about diseases and personal and life-
style characteristics, such as height, weight,
smoking status, dietary intake (food fre-
quency questionnaire), and PA. Ninety-four
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percent of the cohort has completed at least 1 follow-up ques-
tionnaire. For this analysis, we excluded men who reported a
history of diabetes, cancer, myocardial infarction, angina, coro-
nary artery bypass graft, other heart conditions, stroke, or pul-
monary embolism on the baseline questionnaire (1986), in 1988,
and in 1990, leaving a study population of 32 002 participants
with information on exposures and covariates. This study was
approved by the Harvard School of Public Health institutional
review board.

ASSESSMENT OF WEIGHT TRAINING,
OTHER PA, AND TELEVISION VIEWING

From 1990 and onward, participants reported their average
weekly amount of weight training, other PA, and television view-
ing biennially. Other PAs included walking, jogging, running,
bicycling, swimming, tennis, squash, calisthenics/rowing, and
heavy outdoor work. There were 13 response categories rang-
ing from none to greater than 40 hours per week for weight
training and other PAs. Participants were also asked about the
daily number of flights of stairs climbed and usual walking pace.
Of these other PAs, brisk walking, jogging, running, bicy-
cling, swimming, tennis, squash, and calisthenics/rowing were
considered aerobic exercises of at least moderate intensity (�3
metabolic equivalent tasks). We used these activities because
they are often performed repetitively and produce dynamic con-
tractions of large muscle groups for an extended period.5 We
calculated the total time spent on aerobic exercise of at least
moderate intensity (�3 metabolic equivalent tasks) and grouped
participants into 4 categories: 0, 1 to 59, 60 to 149, and at least
150 minutes per week. We grouped participants in the same
categories for weight training. We also constructed a variable
representing unstructured PA of at least moderate intensity con-
sisting of metabolic equivalent task–hours per week of heavy
outdoor work and stair climbing, as previously described.9,10

The reproducibility and validity of the PA questionnaire have
been assessed in a subsample of the HPFS participants. The Pear-
son correlation between PA of vigorous intensity from diaries
for 4 weeks across different seasons and from the question-
naire was 0.58.11 For weight training, the correlation was 0.79.11

Reproducibility from 2 questionnaires was 0.52 for vigorous
PAs and 0.50 for weight training. Another study12 reported a
correlation of 0.54 between PA score obtained from a similar
questionnaire and maximum oxygen uptake.

ASSESSMENT OF T2DM AND DEATH

We ascertained T2DM that occurred between return of the ques-
tionnaire in 1990 and January 31, 2008. Men who reported a
diagnosis of T2DM in the biennial follow-up questionnaires were
sent a supplementary questionnaire to confirm the diagnosis
and obtain information on symptoms, treatment, and diagnos-
tic test results. Between 1990 and 1996, the criteria from the
National Diabetes Data Group were used to confirm self-
reported diagnosis of T2DM, and from 1998 onward we used
the American Diabetes Association criteria. Ninety-seven per-
cent of self-reported T2DM cases (57 of 59) were confirmed
by means of medical record review in a validation study in a
subgroup of HPFS participants.10 We identified deaths by search-
ing the National Death Index, from next of kin, or from postal
authorities. Death due to cardiovascular disease was classified
using the International Classification of Diseases, Eighth Revi-
sion. The National Death Index has an estimated sensitivity of
at least 98%.13

ASSESSMENT OF COVARIATES

Family history of T2DM was assessed at baseline by self-
report. Smoking status and body mass index (calculated as
weight in kilograms divided by height in meters squared) were
assessed at baseline and biannually thereafter. Dietary factors
were assessed in 1990, 1994, 1998, 2002, and 2006 using a 131-
item validated food frequency questionnaire.14 Daily intake of
total energy (calories per day), saturated fat to polyunsatu-
rated fat ratio, trans fat (percentage of total energy), alcohol
intake, coffee intake, cereal fiber (grams per day), whole grains
(grams per day), and glycemic load were considered covari-
ates in the analyses. We also calculated a dietary index com-
posed of polyunsaturated fat to saturated fat ratio, trans fat (in-
verted), cereal fiber, whole grains, and glycemic load (inverted)
by standardizing and summarizing the respective continu-
ously scaled dietary variables.15

STATISTICAL ANALYSIS

Person-time at risk was calculated from the return of the 1990
questionnaire (until January 31, 2008), death, or loss to follow-
up, whichever occurred first. Relative risks (RRs) of T2DM by
categories of weight training and aerobic exercise were esti-
mated using time-dependent Cox proportional hazards regres-
sion. To control for calendar time and age, the analyses were
stratified jointly by age (in months) at the start of follow-up
and the year of questionnaire return. We calculated cumula-
tive averages of weight training and aerobic PA from baseline
(1990) to censoring time to minimize measurement error and
to characterize long-term exposure status. In multivariable analy-
sis, we additionally adjusted for aerobic exercise, other PA, tele-
vision viewing, alcohol intake, coffee intake, smoking, ethnic-
ity, family history of diabetes, and the dietary variables total
calorie intake, saturated fat to polyunsaturated fat ratio, trans
fat, cereal fiber, whole grains, and glycemic load. Tests for trend
were performed by assigning the median value of each cat-
egory of the exposure and treating this variable as continuous.
To examine the combined association of weight training and
aerobic exercise, we constructed a joint variable of weight train-
ing (4 categories) and aerobic exercise (2 categories represent-
ing adherence to current recommendations) and associated that
with T2DM risk. A test for multiplicative interaction was per-
formed using the likelihood ratio test by comparing models with
main effects and interaction terms and models containing only
main effects. We did not see indications that the proportional
hazard assumption was violated based on the interaction test
between follow-up time and weight training.

We also examined the nature of the possible dose-response
relationship between weight training and T2DM by using re-
stricted cubic spline regression with 4 knots.16 Deviation from
linearity was tested using the likelihood ratio test by compar-
ing models with cubic spline terms and models containing only
the linear term.

We performed several sensitivity analyses to assess the ro-
bustness of the results. First, we used the simple update and
the baseline information, respectively, on weight training as an
alternative to the cumulative average. Second, we performed
an analysis using a 4-year lag in exposure classification to as-
sess the possibility of reverse causality. Third, we included con-
founding variables assessed on the continuous scale in this form
in the models to address the possibility of residual confound-
ing. Fourth, we repeated the analysis with death from all causes
treated as a competing risk according to the method of Fine
and Gray.17 All the analyses were conducted using a commer-
cially available software package (SAS, version 9.2; SAS Insti-
tute, Inc).
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RESULTS

During 508 332 person-years of follow-up (18 years), we
documented 2278 new cases of T2DM. Table 1 pro-
vides the baseline characteristics of the study popula-
tion by level of weight training per week. Fourteen per-
cent of men reported weight training at baseline. Whereas
the age-adjusted percentage of men who engaged in weight
training increased with time to 29% in 2006, the aver-
age time spent weight training in these individuals seemed
stable over time (Figure 1). Men who reported weight
training at least 150 minutes per week at baseline per-
formed more aerobic exercise, viewed less television,
drank less alcohol, were less likely to smoke, and had a

healthier dietary intake profile (except for glycemic load)
compared with men reporting no weight training.

Table 2 examines the association of weight training
and aerobic exercise with the risk of T2DM. In multi-
variable-adjusted analysis including aerobic exercise, men
performing weight training 1 to 59, 60 to 149, and at least
150 minutes per week had RRs of 0.88, 0.75, and 0.66
for lower risk of T2DM (P � .001 for trend), respec-
tively, compared with men reporting no weight train-
ing. The RRs of T2DM for men performing 1 to 59, 60
to 149, and at least 150 minutes per week of aerobic ex-
ercise compared with men reporting no aerobic exer-
cise were 0.93, 0.69, and 0.48 respectively (P � .001
for trend), in multivariable-adjusted analysis. When using
the baseline information only or the simple updated in-
formation on weight training (instead of the cumula-
tively updated information), results modestly attenu-
ated (baseline: multivariable-adjusted RR = 0.67; 95% CI,
0.51-0.88; and simple updated: multivariable-adjusted
RR = 0.75; 95% CI, 0.60-0.94 for the highest categories
of weight training). Using a 4-year lag in exposure clas-
sification strengthened the association (multivariable-
adjusted RR = 0.50; 95% CI, 0.33-0.76 for the highest cat-
egory of weight training). To assess the possibility
of residual confounding, we included covariates as con-
tinuous variables where possible, but this did not mate-
rially change the results. To further address the possi-
bility that the association of weight training with risk
of T2DM was due to confounding by aerobic exercise,
we restricted the analysis to men who reported no aero-
bic exercise. This analysis showed that any weight train-
ing was associated with 48% (95% CI, 1%-72%) lower
risk compared with no weight training in multivariable-
adjusted analysis. In a secondary analysis, we also ana-
lyzed whether weight training was associated with mor-

Table 1. Age-Adjusted Baseline (1990) Characteristics of the Study Population by Level of Weight Training per Weeka

Variable

Weight Training, min/wk

0 1-59 60-149 �150

Participants, No. 26 439 2068 2078 1417
BMI, mean (SD) 25.6 (3.3) 25.1 (2.7) 24.9 (2.6) 24.9 (2.7)
Aerobic exercise, mean (SD), h/wkb 3.2 (5.1) 4.4 (5.1) 5.5 (5.4) 6.9 (14.2)
Other physical activity, mean (SD), MET-h/wkc 9.1 (22.3) 5.5 (13.5) 6.1 (14.6) 8.4 (16.8)
Television viewing, mean (SD), h/wk 10.3 (8.4) 9.4 (8.0) 9.5 (7.7) 9.6 (7.7)
Alcohol intake, mean (SD), g/d 10.2 (14.5) 10.6 (14.1) 10.8 (13.1) 9.8 (12.5)
Coffee intake, mean (SD), cups/d 1.3 (1.6) 1.1 (1.5) 1.2 (1.6) 1.1 (1.5)
P:S ratio, mean (SD) 0.6 (0.2) 0.6 (0.2) 0.6 (0.2) 0.7 (0.2)
Trans fat, mean (SD), % of total energy 1.5 (0.6) 1.4 (0.6) 1.4 (0.6) 1.3 (0.6)
Cereal fiber, mean (SD), g/d 6.3 (4.3) 7.1 (4.6) 7.1 (4.7) 7.2 (5.0)
Whole grains, mean (SD), g/d 24.6 (20.3) 28.9 (22.7) 29.2 (21.6) 31.8 (29.2)
Glycemic load, mean (SD) 125 (47) 130 (48) 129 (47) 132 (49)
Total energy intake, mean (SD), kcal/d 1928 (600) 1943 (602) 1937 (596) 1942 (598)
Dietary index z score, mean (SD)d −0.1 (2.5) 0.5 (2.6) 0.7 (2.6) 0.9 (3.0)
Current smoking, % 8 4 4 5
White race, % 96 94 97 96
Family history of diabetes, % 15 15 15 14

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); MET, metabolic equivalent task; P:S ratio,
polyunsaturated fat to saturated fat ratio.

aValues are standardized to the age distribution of the study population.
bAerobic exercise consists of walking at a brisk pace, jogging, running, bicycling, swimming, tennis, squash, and calisthenics/rowing.
cOther physical activity consists of heavy outdoor work and stair climbing.
dDietary index is the sum of standardized P:S ratio, trans fat (inverted), cereal fiber, whole grains, and glycemic load (inverted).
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Figure 1. Participation in weight training over time (1990-2006). Data are the
age-adjusted percentage of men engaged in weight training and mean
minutes per week of weight training in men engaged in weight training
across study year.

ARCH INTERN MED PUBLISHED ONLINE AUGUST 6, 2012 WWW.ARCHINTERNMED.COM
E3

©2012 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ on 08/14/2012



tality from cardiovascular disease (n = 1901 deaths) and
all causes (n = 6251 deaths). The age-adjusted RRs across
categories of weight training were 0.76, 0.79, and 0.78
(P = .009 for trend) for cardiovascular disease mortality
and 0.75, 0.82, and 0.89 (P = .002 for trend) for all-
cause mortality. After multivariable adjustment includ-
ing aerobic exercise, the corresponding RRs were 0.90,
1.00, and 0.98 (P = .82 for trend) for cardiovascular dis-
ease mortality and 0.88, 1.04, and 1.11 (P = .38 for trend)
for all-cause mortality. Treating death from all causes as a
competing risk gave results similar to those of the stan-
dard Cox proportional hazards regression model in the
analysis with T2DM as outcome.

Adjusting for body mass index moderately attenu-
ated the associations of weight training (multivariable-
adjusted RR = 0.71; 95% CI, 0.49-1.00 for the highest cat-
egory) and aerobic exercise (multivariable-adjusted
RR = 0.61; 95% CI, 0.53-0.70 for the highest category)
with T2DM risk. A subsample of the participants also had
information about waist circumference in 1987 and 1996
(413 890 person-years and 1850 cases). Using this in-
formation to assess mediation by adiposity attenuated the
association of weight training and aerobic exercise to a
larger extent (weight training RR = 0.76; 95% CI, 0.51-
1.14; and aerobic exercise RR = 0.62; 95% CI, 0.53-0.73
for the highest categories), although the trend across cat-
egories was still present for both exercise types (P � .05
for trend).

Results of the multivariable-adjusted restricted cubic
spline regression showed that the risk of T2DM de-
creased linearly with increasing time spent weight train-
ing (P = .59 for the nonlinear response) (Figure 2).
For each 60 minutes of weight training per week, the risk

of T2DM decreased by 13% (95% CI, 6%-19%; P � .001).
For aerobic exercise, the relationship clearly seemed non-
linear, with the strongest association at the lower level
of aerobic exercise (P � .001 for the nonlinear re-
sponse) (eFigure; http://www.archinternmed.com).
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Figure 2. Dose-response relationship between weight training and risk
of type 2 diabetes mellitus. Dotted lines represent 95% CIs for the trend
obtained from restricted cubic spline regression (4 knots). The model
included the following covariates: age (months), aerobic exercise (0, 1-59,
60-149, or �150 minutes per week), other physical activity of at least
moderate intensity (quintiles), television viewing (quintiles), smoking (never,
past, or current with cigarette use of 1-14, 15-24, or �25 per day), alcohol
consumption (0, 1-5, 6-10, 11-15, or �15 g/d), coffee intake (0, �1, 1-3,
�3-5, �5 cups per day), race (white vs nonwhite), family history
of diabetes, intake of total energy, trans fat, polyunsaturated fat to saturated
fat ratio, cereal fiber, whole grain, and glycemic load (all dietary factors
in quintiles). The analysis was truncated to men reporting no more than 420
minutes per week. P = .59 for the nonlinear relationship.

Table 2. Weight Training, Aerobic Exercise, and Risk of Type 2 Diabetes Mellitus in Men From the Health Professionals Follow-up
Study (1990-2008)a

Variable

Activity, min/wk

P Value of Trend0 1-59 60-149 �150

Weight training
Median time, min/wk 0 17 85 193
No. of cases 1630 507 109 32
Person-y 322 984 130 190 39 936 15 221
Age adjusted 1 [Reference] 0.72 (0.65-0.80) 0.53 (0.44-0.65) 0.46 (0.32-0.65) �.001
Multivariable-adjusted model 1b 1 [Reference] 0.78 (0.71-0.87) 0.61 (0.50-0.75) 0.53 (0.37-0.76) �.001
Multivariable-adjusted model 2c 1 [Reference] 0.88 (0.79-0.98) 0.75 (0.61-0.92) 0.66 (0.46-0.93) �.001
Multivariable-adjusted model 3d 1 [Reference] 0.92 (0.82-1.02) 0.82 (0.67-1.00) 0.71 (0.49-1.00) .009

Aerobic exercisee

Median time, min/wk 0 27 97 360
No. of cases 395 589 445 849
Person-y 56 897 85 616 94 942 270 877
Age adjusted 1 [Reference] 0.93 (0.79-1.03) 0.63 (0.54-0.72) 0.39 (0.35-0.45) �.001
Multivariable-adjusted model 1b 1 [Reference] 0.92 (0.81-1.05) 0.67 (0.58-0.78) 0.46 (0.40-0.52) �.001
Multivariable-adjusted model 2c 1 [Reference] 0.93 (0.81-1.06) 0.69 (0.60-0.80) 0.48 (0.42-0.55) �.001
Multivariable-adjusted model 3d 1 [Reference] 1.00 (0.88-1.15) 0.80 (0.69-0.92) 0.61 (0.53-0.70) �.001

aData are given as relative risk (95% CI) except where indicated otherwise.
bAdjusted for age (months), smoking (never, past, or current with cigarette use of 1-14, 15-24, or �25 per day), alcohol consumption (0, 1-5, 6-10, 11-15, or

�15 g/d), coffee intake (0, �1, 1-3, �3-5, or �5 cups per day), race (white vs nonwhite), family history of diabetes, intake of total energy, trans fat,
polyunsaturated fat to saturated fat ratio, cereal fiber, whole grain, and glycemic load (all dietary factors in quintiles).

cAdditionally adjusted for aerobic exercise (or weight training if aerobic exercise was the exposure), other physical activity of at least moderate intensity
(quintiles), and television viewing (quintiles).

dAdditionally adjusted for body mass index.
eAerobic exercise consists of walking at a brisk pace, jogging, running, bicycling, swimming, tennis, squash, and calisthenics/rowing.
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We then examined the association of weight training
and aerobic exercise stratified by age (�65 vs �65 years),
body mass index (�30 vs �30), family history of T2DM
(yes vs no), and dietary index score (below vs above the
median) (Table3 and eTable). The association of weight
training with T2DM was stronger in men younger than
65 years (P � .001 for multiplicative interaction). There
was also evidence that the association was stronger in men
with no family history of T2DM (P = .04 for multiplica-
tive interaction). This was less apparent for aerobic ex-
ercise, where associations were fairly similar across these
strata (eTable).

Finally, we examined the joint association of weight
training and aerobic exercise with the risk of T2DM
(Figure 3). Men who adhered to the current recom-
mendations on aerobic exercise (�150 minutes per week)
and engaged in weight training of at least 150 minutes
per week had the greatest reduction in T2DM risk
(RR = 0.41; 95% CI, 0.27-0.61; P = .26 for multiplica-
tive interaction).

COMMENT

In this large prospective cohort study with biannual fol-
low-up for 18 years, men who engaged in weight train-
ing had a reduced risk of T2DM. The association was in-
dependent of aerobic exercise, and even a modest amount
of time engaged in weight training seemed to be benefi-
cial. The risk reduction associated with weight training
was comparable in magnitude with that of aerobic exer-
cise, with risk reductions of approximately 35% and 50%,
respectively, in men performing at least 150 minutes per
week of either weight training or aerobic exercise. These
results support that weight training serves as an impor-
tant alternative for individuals who have difficulty ad-
hering to aerobic exercise, but the combination of weight

training with aerobic exercise conferred an even greater
benefit.

These findings are in agreement with those from a re-
cent meta-analysis6 of randomized controlled trials show-
ing that resistance training can improve glycemic con-
trol in individuals with T2DM. However, no previous
studies, to our knowledge, have examined the associa-
tion of weight training with the risk of T2DM. A variety
of cross-sectional studies18-21 have shown that weight train-
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Figure 3. Joint association of weight training and aerobic exercise with the
risk of type 2 diabetes mellitus. Data are estimates of relative risk with 95%
CIs (vertical line) from multivariable Cox proportional hazards regression
models adjusted for age (months), other physical activity of at least
moderate intensity (quintiles), television viewing (quintiles), smoking (never,
past, or current with cigarette use of 1-14, 15-24, or �25 per day), alcohol
consumption (0, 1-5, 6-10, 11-15, or �15 g/d), coffee intake (0, �1, 1-3,
�3-5, or �5 cups per day), race (white vs nonwhite), family history
of diabetes, intake of total energy, trans fat, polyunsaturated fat to saturated
fat ratio, cereal fiber, whole grain, and glycemic load (all dietary factors
in quintiles). Adherence to the recommendations on aerobic exercise is
at least 150 minutes per week.

Table 3. Weight Training and Risk of Type 2 Diabetes Mellitus in Men From the Health Professionals Follow-up Study (1990-2008)
Stratified by Age, BMI, Family History of Diabetes, and Dietary Index Scorea

Variable

Weight Training, min/wk P Value
for Trend RR per 60 min/wk

P Value
of InteractionNone 1-59 60-149 �150

Age, y
�65 (1125 cases, 289 111 person-y) 1 [Reference] 0.90 (0.77-1.04) 0.64 (0.48-0.85) 0.54 (0.33-0.86) .002 0.79 (0.69-0.89)

�.001
�65 (1153 cases, 219 221 person-y) 1 [Reference] 0.87 (0.75-1.01) 0.92 (0.69-1.22) 0.95 (0.56-1.62) .56 0.96 (0.84-1.10)

BMI
�30 (1499 cases, 455 664 person-y) 1 [Reference] 0.87 (0.76-0.99) 0.75 (0.59-0.95) 0.79 (0.53-1.18) .02 0.90 (0.82-0.98)

.50
�30 (779 cases, 52 668 person, y) 1 [Reference] 1.00 (0.83-1.21) 0.99 (0.68-1.42) 0.40 (0.18-0.90) .055 0.87 (0.76-1.00)

Family history of diabetes mellitus
Negative (1687 cases,

436 300 person-y)
1 [Reference] 0.88 (0.78-1.00) 0.69 (0.54-0.88) 0.59 (0.38-0.90) �.001 0.85 (0.78-0.94)

.04
Positive (591 cases, 72 032 person-y) 1 [Reference] 0.86 (0.70-1.07) 0.88 (0.62-1.26) 0.93 (0.49-1.75) .55 0.92 (0.80-1.06)

Dietary index score
�Median (1376 cases,

253 486 person-y)
1 [Reference] 0.91 (0.79-1.04) 0.72 (0.53-0.96) 0.71 (0.43-1.16) .01 0.89 (0.79-0.99)

.52
�Median (902 cases,

254 847 person-y)
1 [Reference] 0.86 (0.73-1.01) 0.77 (0.58-1.01) 0.62 (0.37-1.19) .01 0.86 (0.77-0.96)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); RR, relative risk.
aData are given as RR (95% CI). All the models included age (months), smoking (never, past, or current with cigarette use of 1-14, 15-24, or �25 per day), alcohol

consumption (0, 1-5, 6-10, 11-15, or �15 g/d), coffee intake (0, �1, 1-3, �3-5, �5 cups per day), race (white vs nonwhite), family history of diabetes, intake of total
energy, trans fat, polyunsaturated fat to saturated fat ratio, cereal fiber, whole grain, glycemic load (all dietary factors in quintiles), aerobic exercise, other physical activity
of at least moderate intensity (quintiles), and television viewing (quintiles).
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ing, muscle strength, or muscle mass is associated with
greater insulin sensitivity or prediabetes. In addition, 2
prospective cohort studies22,23 have reported that greater
muscle strength was associated with a lower risk of in-
cident metabolic syndrome, although association was at-
tenuated with adjustment for aerobic fitness in both stud-
ies. Finally, in a study24 from the HPFS, we reported an
inverse association between weight training and risk of
coronary heart disease independent of other PAs. Fur-
ther studies are needed to examine the associations be-
tween weight training and other outcomes, including total
and cause-specific mortality.

The 2 largest trials25,26 of resistance training in indi-
viduals with T2DM showed that the combination of aero-
bic exercise and resistance training conferred further ben-
efit for glycemic control in individuals with T2DM than
did either type of exercise alone. We observed that com-
bining aerobic exercise and weight training was associ-
ated with the largest reduction in the risk of T2DM. Al-
though we observed that the time spent engaged in weight
training provided a fairly comparable reduction in risk
compared with the time spent in aerobic exercise, it is
unclear whether the total energy expenditure plays the
same role for the 2 types of exercise. Because the anaero-
bic energy expenditure contribution during weight train-
ing can be substantial, the energy requirements for weight
training may be grossly underestimated compared with
that of aerobic exercise using metabolic equivalent task
values. Furthermore, we did not obtain specific infor-
mation about the type and intensity of weight training.
Thus, it is uncertain whether the altered daily total en-
ergy expenditure from engaging in aerobic exercise is com-
parable with that from weight training in this study.

Although many of the acute and chronic physiologic
responses induced by resistance training and aerobic ex-
ercise are similar, there are also distinct effects of each
exercise type.27 At the cellular level, engagement in aero-
bic exercise increases mitochondrial density and oxida-
tive enzyme activity, thereby facilitating improved fatty
acid oxidation, whereas resistance training increases the
glycolytic capacity and promotes type II muscle fiber abun-
dance and growth, which enhances the capacity of glu-
cose use.28 In turn, aerobic exercise leads to greater im-
provements in aerobic fitness, whereas resistance training
favors increased lean body mass and muscle strength.29,30

Beyond improving glycemic control, both exercise types
have been shown to reduce adiposity and improve blood
pressure and lipid levels.31-34

We did not observe a strong attenuation of the asso-
ciation with weight training after additional adjustment
for body mass index. This may be attributable to weight
training being able to increase lean mass and reduce fat
mass without a major change in body weight, as previ-
ously indicated in trials in individuals with T2DM.25,26

However, using waist circumference indicated that part
of the beneficial effect of weight training was mediated
by abdominal adiposity. In a previous analysis,35 weight
training was associated with a smaller increase in waist
circumference over time in men.

We found that the association of weight training with
T2DM risk was attenuated in men 65 years and older and
in men with a family history of T2DM. The attenuation

of association in these subgroups may be attributed to
power. An alternative explanation could be that the in-
tensity of weight training is decreased at older ages. How-
ever, we do not have data to test this hypothesis. The pos-
sible weakened relationship between weight training and
T2DM risk in men with a positive family history de-
serves more attention in future studies.

The strengths of this study include the large sample
size, the long follow-up, and the biannual assessment of
exposures and most confounders, including important
dietary factors. We also showed that associations were
robust to a variety of sensitivity analyses, including an
analysis using a 4-year lag in exposure classification. Limi-
tations include that the study comprised only men who
were working health professionals and mostly of white
race. The findings may, therefore, not be generalizable
to women and other ethnic or racial groups of men. Fur-
thermore, we did not explore the importance of type and
intensity of weight training as we obtained information
only on weekly nonspecific weight training. Finally, there
is a possibility of residual and unknown confounding.
Because we observed risk reduction with any weight train-
ing in individuals reporting no aerobic exercise, it is un-
likely that the association of weight training can be ex-
plained by residual confounding by aerobic exercise.

In conclusion, this prospective cohort study showed
that weight training was associated with a reduced risk
of T2DM in a dose-response manner independent of aero-
bic exercise level. The magnitude of risk reduction as-
sociated with weight training was close to that with aero-
bic exercise. These results support that weight training
is a valuable alternative for individuals who have diffi-
culty adhering to aerobic exercise, and adding weight
training to aerobic exercise seems to give further pro-
tection from T2DM. Further research should examine the
effect of duration, type, and intensity of weight training
on T2DM risk in greater detail.
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