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In recent decades, NIDDM has emerg e d
as a major public health problem in the
U.S. (1), and although all subgroups of

the U.S. population have been affected to
some extent, evidence suggests that racial
and ethnic minorities have been more
a ffected by these secular trends than non-
Hispanic whites (2–7). Curre n t l y, for exam-
ple, the age-adjusted prevalence of NIDDM
among African-Americans is 5 0 – 7 0 %

higher than it is for non-Hispanic whites
(3), which is quite diff e rent from the nearly
equal prevalence values re p o rted in the
1960s (4). The factors responsible for these
d i v e rging racial/ethnic trends in NIDDM
risk have not been identified, but
black/white diff e rences in obesity (8), espe-
cially among women, and in physical activ-
ity (9) are believed to play a key ro l e
( 2 , 4 , 7 ) .

The contribution of excess body
weight and of body fat distribution to
NIDDM risk in African-Americans has
been well documented (2,3,6,7). Few stud-
ies, however, have directly examined the
i n fluence of physical inactivity on NIDDM
risk in African-Americans. Beyond its ben-
e ficial effects on weight control, re g u l a r
physical activity may lower NIDDM risk
t h rough enhancing insulin sensitivity and
glucose metabolism (10); there f o re, more
studies focused on populations at incre a s e d
risk for NIDDM, such as African-Ameri-
cans, are needed.

Table 1 summarizes published studies
(11–34) on the relationship between phys-
ical activity and NIDDM risk. Using both
n o n p rospective and prospective study
designs, the studies focused on various
racial/ethnic populations and used diverse
a p p roaches to measuring both physical
activity and NIDDM status. Variations in
findings by sex and age are apparent, but
overall, the studies suggest that re g u l a r
work or leisure-time physical activity pro-
tects against increased risk for NIDDM.

We encountered only two studies that
p rovided data on the relationship between
physical activity and NIDDM risk in
African-Americans. The first (21), a cro s s -
sectional study of interethnic diff e rences in
lifestyle correlates of NIDDM among Mexi-
can-Americans, Puerto Ricans, and Cubans
in the Hispanic Health and Nutrition Exam-
ination Survey (HANES), and among non-
Hispanic whites and blacks in the Second
National Health and Nutrition Examina-
tion Survey (NHANES II), re p o rted an
inverse association involving work-re l a t e d
physical activity only for Mexican-Ameri-
cans. Leisure-time activity was not related to
risk in any group (21). The second study
(30) investigated diabetes incidence over
16 years (1971–1987) among part i c i p a n t s
in the National Health and Nutrition Exam-
ination Survey (NHANES I) Epidemiologic
Follow-up Study. Low baseline physical
activity was significantly associated with
i n c reased risk for NIDDM for the sample as
a whole (30). Subgroup analyses revealed a
s i g n i ficant association for white women and
t rends in the expected direction for the
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Physical Activity and NIDDM in 
A f r i c a n - A m e r i c a n s
The Pitt County Study

O R I G I N A L  A R T I C L E

O B J E C T I V E — Studies directly examining the association between physical activity and
NIDDM in African-Americans are rare. Consequently, the strength of this association in this
ethnic minority group remains unclear. The current study broadly characterizes the types of
physical activity engaged in by a community sample of working-class African-Americans and
then quantifies the association between physical activity and NIDDM risk in this population.

RESEARCH DESIGN AND METHODS — During the 1993 reexamination of part i c i-
pants in the Pitt County Study in North Carolina, data on NIDDM history, current use of
insulin or oral hypoglycemic drugs, and 12-h overnight fasting blood glucose (FBG) were
obtained from 598 women and 318 men, ages 30–55 years. The presence of NIDDM was deter-
mined by current insulin or medication use and FBG 140 mg/dl. Study participants were
assigned to one of four categories of physical activity: strenuous, moderate, low, or inactive.

R E S U LT S — The weighted prevalence of NIDDM in the sample was 7.1%. After adjustment
was made for age, sex, education, BMI, and waist-to-hip ratio, NIDDM risk for moderately
active subjects was one-third that for the physically inactive subjects (odds ratio [OR], 0.35;
95% CI, 0.12–0.98). The ORs for low (OR, 0.51; 95% CI, 0.20–1.29) and strenuous (OR, 0.65;
95% CI, 0.26–1.63) activity also tended to be lower. A summary OR that contrasted any activ-
ity versus no activity was 0.51 (95% CI, 0.23–1.13).

C O N C L U S I O N S— Moderate physical activity was strongly associated with reduced risk for
NIDDM in this sample. While replication of these findings is needed, public health interv e n-
tions designed to increase moderate (leisure-time) physical activity in black adults should be
s t rongly encouraged.
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Table 1—Non-prospective and prospective studies of physical activity (PA) and diabetes

First author Year Sample Exposure Outcome Findings

Non-prospective 
studies
Lindgarde (11) 1981 107 normoglycemic men, 4 categories of work IGT prevalence Prevalence higher for 

age 48 years, Malmö, and leisure-time PA inactive subjects during
Sweden leisure time

Taylor (12) 1983 538 Polynesian men and 4 categories of Diabetes prevalence Prevalence marginally 
women, age 20 years work PA higher with sedentary/

light/moderate versus
heavy PA levels

Taylor (13) 1984 1,235 Fiji Melanesian and 4 categories of Diabetes prevalence Prevalence higher with 
Indian men, age 20 years work PA sedentary/light/moderate

versus heavy PA levels
King (14) 1984 5,519 Melanesians and Indians 2 categories of work Diabetes prevalence Prevalence higher for active 

in Fiji and Micronesians in and leisure-time PA versus inactive subjects
Kiribati, age 20 years

Annuzzi (15) 1985 65 IGT subjects and 125 2 categories of work IGT status Leisure-time PA levels lower
non-IGT subjects, ages and leisure-time PA among IGT subjects
40–59 years, Italy

Cederholm (16) 1985 797 nondiabetic men and 2 categories of work Blood glucose levels Blood glucose levels after
women, ages 47–54 years, and leisure-time PA 2 h after 75-g glucose load higher for
Uppsala, Sweden glucose load subjects with low leisure-

time PA levels
Chen (17) 1986 8,305 men and women, 2 categories of PA Diabetes prevalence Prevalence higher for 

NHANES I, U.S. inactive subjects (older
adults only)

Frisch (18) 1986 5,398 alumnae of 10 colleges/ Ex-athlete (yes/no) Diabetes prevalence Prevalence lower in 
universities, ages 21–80 ex-athletes
years, U.S.

Jarrett (19) 1986 6,672 male civil servants, 3 categories of leisure- Blood glucose levels No association
ages 40–64 years, Whitehall time PA 2 h after 50-g
Study, U.K. glucose load

Dowse (20) 1991 5,080 Mauritians, ages 25–74 2 categories of work IGT and NIDDM Prevalence higher for 
years and leisure-time PA prevalence inactive subjects (except

Chinese females)
Harris (21) 1991 6,581 Mexican-Americans, Work and leisure- Prevalence of IGT, NIDDM prevalence 

Puerto Ricans, and Cubans; time PA diagnosed and decreased with increased 
Hispanic HANES; undiagnosed work PA levels (Mexican-
15,364 whites and blacks, NIDDM American men only)
ages 20–74 years, U.S.

Ramaiya (22) 1991 1,147 Hindu Indian migrants, 2 categories of PA Prevalence of IGT Prevalence lower for 
age 15 years, Tanzania and NIDDM higher PA levels

Rajala (23) 1995 345 men and 435 women, PA (yes/no) Prevalence of Prevalence of undiagnosed
age 55 years, Oulu, Finland diagnosed and diabetes higher for inactive

undiagnosed diabetes subjects
Regensteiner (24) 1995 219 IGT Hispanic and non- Total MET hours per Insulin area (marker Lower values of insulin 

Hispanic whites, ages 31–76 week; work and of insulin action) areas associated with 
years, San Luis Valley, CO nonwork PA and fasting insulin higher PA levels; no 

association with fasting
insulin levels

Schulz (25) 1995 101 Mixtec Indians, age 20 Total MET hours per Prevalence of IGT No association
years, Oaxaca, Mexico week; leisure-time and diabetes

and work PA
Sowers (26) 1995 1,965 men and women, ages Total MET hours per Fasting insulin, 2-h PA associated with higher

35–64 years, Mexico City week insulin, and insulin fasting insulin, 2-h insulin,
sensitivity and insulin sensitivity

(women only)

Continued on page 557
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smaller samples of white men, black men,
and black women (30). In sum, while most
studies suggest that regular physical activity
is associated with reduced risk for NIDDM
in a variety of populations, the strength of
this association in African-Americans is not
c l e a r. We attempt to help clarify this issue in
the current re p o rt .

RESEARCH DESIGN AND
M E T H O D S

Study population
Data for this study were collected during
the 5-year (1988–1993) follow-up exami-
nation of participants in the Pitt County
Study (35), a prospective investigation of
social, behavioral, and anthropometric pre-
dictors of hypertension in African-Ameri-
cans aged 25–50 years in 1988. Housing
units for the baseline survey were identifie d
t h rough an area probability sample, with
p robabilities pro p o rtional to the expected
number of black households in a given
a rea. Of the 2,225 race and age-eligible
individuals identified, 1,784 (80%) agre e d

to be interviewed. More details on the base-
line survey methodology are available else-
w h e re (36,37).

Respondents were eligible for the 1993
follow-up study if their mean, untre a t e d
diastolic blood pre s s u re (dBP) at baseline
was 95 mmHg. Of the 1,407 individuals
(900 women and 507 men) who met this
criterion, 780 (87%) women and 415
(82%) men were reexamined in 1993. Of
these 1,195 individuals, 613 (79%) women
and 323 (78%) men consented to having
their blood drawn after 12-h overn i g h t
fasting. Of the 936 individuals who under-
went venisection, 9 women were excluded
f rom the analysis sample because they
re p o rted being pregnant, and 11 individu-
als (6 women, 5 men) were excluded
because of missing values on one or more
key study variables. These exclusions
resulted in an analysis sample of 916 par-
ticipants: 598 women and 318 men.

Study protocol
A standardized protocol was used by
trained interviewers to assess demographic,

socioeconomic, behavioral, and health char-
acteristics of the study population (36).
Physical measurements included height (in
inches), weight (in pounds), waist and hip
c i rc u m f e rences (in inches), and three con-
secutive measurements of sitting blood
p re s s u re (in millimeters of merc u ry) taken
with a merc u ry sphygmomanometer 10–15
min into the interv i e w. Study part i c i p a n t s
who gave written informed consent for an
e a r l y - m o rning blood sampling were sched-
uled for a separate follow-up home visit by
trained phlebotomists. Blood samples were
obtained in the respondents’ homes, except
for 15 samples obtained in the Clinical Lab-
o r a t o ry at East Carolina University School of
Medicine under the supervision of one of
our coauthors (P. G . K . ) .

Blood samples obtained during home
visits were drawn into Vacutainer tubes
and within 2 h were transported in coolers
at 4°C to the clinical laboratory mentioned
above. The blood samples were centrifuged
i m m e d i a t e l y, blood glucose was analyzed,
and frozen serum aliquots were stored at

70°C for repeated analyses, if needed.

Table 1—Continued

First author Year Sample Exposure Outcome Findings

Prospective 
studies
Manson (27) 1991 87,253 nondiabetic women, Vigorous PA (at least NIDDM incidence Incidence lower for 

ages 34–59 years, Nurses’ weekly) vigorous exercise versus
Health Study, U.S. sedentary subjects

Schranz (28) 1991 338 normal subjects, age 15 3 categories of work 2-h postchallenge PA inversely associated with 
years, Malta and leisure-time PA glucose baseline blood glucose only

Manson (29) 1992 21,271 men, ages 40–84 years, Frequency of vigorous NIDDM incidence Decreased incidence with 
Physicians’ Health Study, U.S. exercise increased frequency of

vigorous exercise
Lipton (30) 1993 9,531 whites and 1,566 blacks, 3 categories of work NIDDM incidence Inactivity associated with 

ages 25–70 years, NHANES I and leisure-time PA increased incidence 
Epidemiologic Follow-up (white women only)
Study, U.S.

Helmrich (31) 1994 5,990 men, ages 39–68 years, Total leisure-time NIDDM incidence Incidence inversely 
University of Pennsylvania energy expenditure associated with energy 
alumni, U.S. expenditure

Burchfiel (32) 1995 6,815 Japanese American men, 5-level PA index NIDDM incidence Incidence inversely 
ages 45–68 years, Honolulu associated with PA
Heart Program, Oahu, HI

Perry (33) 1995 7,735 men, ages 40–59 years, 6-category PA index NIDDM incidence Incidence inversely 
British Regional Heart Study, associated with PA
U.K.

Monterrosa (34) 1995 353 Mexican-American men Leisure-time PA NIDDM incidence Incidence inversely 
and 491 Mexican-American (at least weekly) associated with PA
women, ages 25–64 years, (men only)
San Antonio, TX

IGT, impaired glucose tolerance; MET, metabolic equivalent; PA, physical activity.



Measurement of NIDDM status
Glucose was measured by the hexokinase
method using an Abbott Spectrum Ana-
lyzer (Abbott, Diagnostic Division, Abbott
Park, IL). Individuals were considered to
have diabetes if they re p o rted a medical
h i s t o ry of diabetes and were using insulin
or hypoglycemic medications or if their
fasting blood glucose (FBG) was 1 4 0
mg/dl. Fort y - five individuals re p o rted a
medical history of NIDDM. While all of
these subjects re p o rted taking insulin or
oral hypoglycemic agents, 38 had FBG val-
ues 140 mg/dl and 7 had FBG values

140 mg/dl. Thirt y - t h ree individuals
re p o rted no medical history of diabetes but
their FBG was 140 mg/dl. All individuals
in this latter group were recontacted by
the re s e a rch team, and their NIDDM status
was confirmed by a second elevated FBG
level or by new evidence of physician-diag-
nosed NIDDM. Hence, in this sample, a
total of 78 individuals were classified as
having diabetes and 838 were classified as
being nondiabetic.

Measurement of physical activity
Study part i c i p a n t s w e re assigned to four
mutually exclusive categories of physical
activity based on their answers to four
questions (Table 2). Individuals were
assigned to the “strenuous” activity cate-
g o ry if they answered “yes” to the following
two questions (38): 1) Do you engage in
e x e rcise or work that makes you bre a t h e
h a rd and sweat, even when the weather is
not hot? 2) Do you engage in this activity
for at least 20 min, three times per week?
Individuals were classified as moderately
active if they answered “yes” to the fir s t
question but “no” to the second question.
Individuals who responded “no” to both
questions could also be classified as mod-
erately active if they regularly walked (for at
least 15 min at a time) and engaged in

home maintenance or gardening. Wa l k i n g
and home maintenance or gardening were
c o n s i d e red nonstrenuous activities. Sub-
jects re p o rting no strenuous activity and
only one nonstrenuous activity (either
walking or home maintenance/gard e n i n g )
w e re assigned to the “low” activity gro u p .
F i n a l l y, individuals who participated in
none of the above activities were consid-
e red inactive.

Covariates
Potential control variables included age
(years), sex, education (less than high
school versus other), job status (blue-collar
versus other), employment and labor forc e
p a rticipation status, BMI, the ratio of the
waist (measured at the umbilicus) to hips
( g reatest diameter of the gluteal muscles),
c i g a rette smoking (yes/no), alcohol con-
sumption (yes/no), and Current Health
S c o re (CHS), a nine-item measure (39) of
subjective well-being in which higher
s c o res indicate better health.

Data analysis
Multiple logistic re g ression was used to esti-
mate associations between physical activity
and diabetes. Age, education, BMI, and
waist-to-hip ratio were retained as covari-
ates in the final re g ression model because
each was associated in univariate analyses
with both physical activity and NIDDM.
On the other hand, employment and labor
f o rce participation, and blue-collar job sta-
tus, were not associated with NIDDM;
hence, they were not retained in the fin a l
model. The CHS, although associated with
both physical activity and NIDDM, was also
excluded from the final model because of
evidence that it mediated the re l a t i o n s h i p
between physical activity and NIDDM.

Because of the small number (n= 78) of
diabetic subjects, sex-specific analyses were
not feasible. The data for men and women

w e re thus pooled, and a dummy variable
for sex (female = 1, male = 0) was included
in the final re g ression model. Parameters for
the re g ression models were estimated by the
maximum-likelihood method. Means and
p e rcentages of selected sociodemographic,
behavioral, and health characteristics were
obtained for diabetic and nondiabetic sub-
jects. Weighted analyses were perf o rmed to
account for the complex survey design and
n o n response; Gauss statistical software (40)
was used for these analyses.

R E S U LT S — Selected (unadjusted) de-
mographic, behavioral, and health corre-
lates of NIDDM status are shown in Table 3.
Of the 916 respondents, 78 (weighted per-
centage, 7.1%) met the study criteria for
NIDDM. On average, diabetic subjects were
older and had higher BMI values and waist-
to-hip ratios than nondiabetic subjects. The
p ro p o rtion of females among diabetic and
nondiabetic subjects did not differ signifi-
c a n t l y. While diabetic subjects were twice as
likely as nondiabetic subjects to be
non–high school graduates, the pro p o rt i o n s
of diabetic and nondiabetic subjects with
blue-collar jobs were comparable. Unem-
ployment as well as nonparticipation in the
labor force (i.e., unemployed, not looking
for work) were more common among dia-
betic subjects. Cigarette smoking and alco-
hol consumption did not differ between the
two groups; however, diabetic subjects
re p o rted lower mean CHSs. Diabetic sub-
jects were also nearly 50% more likely to be
h y p e rtensive than nondiabetic subjects.
F i n a l l y, diabetic subjects were less likely
than nondiabetic subjects to engage in
moderate physical activity, and they were
m o re likely to be physically inactive.

Selected (unadjusted) correlates of
physical activity are presented in Table 4.
The top row shows the number of indi-
viduals in each of the four physical activity
categories; the weighted percentages corre s-
ponding to these numbers are 11.1% (inac-
tive), 29.3% (low), 26.7% (moderate), and
32.9% (strenuous). Means for age, BMI,
and waist-to-hip ratio did not differ acro s s
physical activity categories. Females were
o v e rre p resented in the inactive category and
u n d e rre p resented in the moderate and
s t renuous categories. Non–high school
graduates, unemployed subjects, and those
not in the labor force were also overre p re-
sented among physically inactive subjects.
Membership in the strenuous activity cate-
g o ry was strongly associated with blue-col-
lar employment. Cigarette smoking did not

558 DIABETES CARE, VOLUME 21, NUMBER 4, APRIL 1998

Physical activity and NIDDM in African-Americans

Table 2—Description of physical activity categories in the Pitt County study

Physical Strenuous For at least Nonstrenuous Nonstrenuous
activity exercise 20 min, 3 times walking at least home maintenance  
categories or work? per week? 15 min at a time? or gardening?

Strenuous Yes Yes
Moderate Yes No

No Yes Yes
Low No Yes No

No No Yes
Inactive No No No
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d i ffer across activity categories, but the
s t renuously active were more likely than the
inactive to consume alcohol. Mean CHSs
w e re lowest among physically inactive indi-
viduals. Finally, while hypertension status
did not vary by activity level, diabetes was
m o re common among the physically inac-
tive compared with the moderately active.

Table 5 summarizes the covariate-
adjusted relationships between physical
activity and NIDDM in three weighted
logistic re g ression models. The physical
inactivity category was the re f e rent in all
models. Model 1 presents the unadjusted
odds ratio (OR) and 95% CI for physical
a c t i v i t y. Although strenuous, moderate, and
low levels of physical activity were all asso-
ciated with a lower risk for diabetes com-
p a red with inactivity, only the contrast for
moderate physical activity versus inactivity
(OR, 0.30, 95% CI, 0.11–0.86) was statis-
tically significant. These results changed
only slightly after adjustment in model 2
for sex and age.

Model 3 was adjusted for age, sex, edu-
cation, BMI, and waist-to-hip ratio. The sta-
tistically significant association for moderate
physical activity persisted; the OR was 0.35
(95% CI, 0.12–0.98). Non–high school
graduates were twice as likely (OR, 2.0;

95% CI, 1.02–3.83) to be classified as hav-
ing diabetes than individuals with at least a
high school education. Increasing age was
s t rongly related to increased risk for
NIDDM. For example, the OR contrasting

risk for 40-year-old versus 30-year-old sub-
jects was 2.36 (95% CI, 1.45–3.84). A non-
statistically significant excess risk was
o b s e rved for women compared with men.
Higher waist-to-hip ratios were also stro n g l y
associated with increased NIDDM risk. For
example, individuals with a waist-to-hip
ratio of 0.95 were twice as likely (OR, 2.03;
95% CI, 1.29–3.22) to be classified as hav-
ing diabetes than individuals with a waist-
to-hip ratio of 0.85. After adjusting for all
other variables in the model, BMI was not
s i g n i ficantly associated with NIDDM risk;
the OR for a diff e rence in BMI of 5 kg/m2

was 1.01 (95% CI, 0.79–1.30).
F i n a l l y, to assess whether part i c i p a t i o n

in any type of activity was associated with
reduced risk for NIDDM, the stre n u o u s ,
moderate, and low physical activity gro u p s
w e re combined into a single category
labeled “active.” After we adjusted for age,
sex, education, BMI, and waist-to-hip ratio,
the OR comparing NIDDM risk for active
versus inactive subjects was 0.51 (95% CI,
0 . 2 3 – 1 . 1 3 ) .

C O N C L U S I O N S — In this study,
NIDDM risk among African-Americans
engaging in moderate physical activity was

65% lower than that of their physically
inactive counterparts. This protective eff e c t
of moderate activity was independent of
age, sex, education, BMI, and waist-to-hip
ratio, all established risk factors for NIDDM
(2,7,21). Low and strenuous physical activ-

Table 3—Selected demographic, behavioral, and health correlates of NIDDM status in the Pitt
County Study

NIDDM status

Correlates Diabetic Nondiabetic

n 78 838
Age (years) 44.5 ± 6.4† 39.0 ± 6.9
BMI 30.4 ± 6.5† 28.9 ± 6.2
Waist-to-hip ratio 0.89 ± 0.06* 0.85
Females (%) 58.7 54.7
Less than high school education (%) 56.5* 27.6
Blue-collar employment (%) 44.8 44.3
Unemployed (%) 24.3 16.9
Not in labor force (%) 24.0* 13.7
Cigarette smoking (%) 32.3 37.7
Alcohol consumption (%) 33.2 37.3
CHS 29.2 ± 7.8* 33.3 ± 8.2
Hypertension (%) 42.5* 28.6
Physical activity (%)

Strenuous 33.2 32.9
Moderate 16.5† 27.5
Low 29.8 29.3
Inactive 20.5* 10.3

Data are means ± SE or %. Values are weighted for differential selection and nonresponse. “Not in labor
force” refers to subjects who were unemployed and not looking for work. CHS consists of nine items, with
possible score range of 9–45 points. Hypertension was determined by blood pressure 140/90 mmHg or
current use of antihypertensive medication. *P 0.05, †P 0.10.

Table 4—Selected correlates of physical activity in the Pitt County Study

Physical activity level

Correlates Inactive Low Moderate Strenuous

n 100 287 245 284
Age (years) 39.8 ± 7.1 40.7 ± 7.3 39.0 ± 6.9 38.5 ± 6.5
BMI 28.7 ± 6.9 29.2 ± 6.3 28.8 ± 6.2 29.1 ± 6.0
Waist-to-hip ratio 0.85 ± 0.09 0.85 ± 0.07 0.85 ± 0.07 0.86 ± 0.08
Females (%) 67.1 64.2 51.1* 45.6*
Less than high school education (%) 44.5 27.7* 27.1* 28.4*
Blue-collar employment (%) 36.8 37.4 43.7 53.5*
Unemployed (%) 34.0 22.9† 14.8* 8.9*
Not in labor force (%) 31.6 17.6* 14.6* 5.7*
Cigarette smoking (%) 34.6 39.5 32.4 40.2
Alcohol consumption (%) 25.9 35.4 33.6 44.8*
CHS 30.6 ± 9.9 32.0 ± 8.2 35.0 ± 6.8* 33.0 ± 8.3*
Hypertension (%) 24.1 33.1 28.4 29.4
Diabetes (%) 13.1 7.2 4.4* 7.1

Data are means ± SD or %. Values are weighted for differential selection and nonresponse. “Not in labor
force” refers to subjects who were unemployed and not looking for work. CHS consists of nine items, with
possible score range of 9–45 points. Hypertension was determined by blood pressure 140/90 mmHg or
current use of antihypertensive medication *P 0.05 vs. inactive group; †P 0.10 vs. inactive group.
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ity also tended to be associated with
reduced NIDDM risk ( 49% and 3 5 % ,
respectively). An important finding was that
analyses pooling data for individuals who
regularly participated in any kind of physi-
cal activity suggested a risk reduction of

50% compared with subjects re p o rt i n g
no activity. We reiterate, however, that only
the ORs for comparisons involving moder-
ate activity versus inactivity were statistically
s i g n i ficant. Nevertheless, considered as a
whole, these study findings add to the
g rowing body of population-based evidence
(11–18,20–24,26–34) supporting the
hypothesis that regular work or leisure - t i m e
physical activity reduces risk for NIDDM.
The current study suggests that for middle-
aged African-Americans, this reduction in
risk could be appre c i a b l e .

Inconsistencies in findings across stud-
ies assessing the strength of the re l a t i o n s h i p
between physical activity and risk for
NIDDM could be due to diff e rences in
study design or in methods of measure-
ment of physical activity and diabetes, or a
combination of these factors (Table 1).
Although each of these considerations
d e s e rves attention, the manner in which
the physical activity measure is defin e d
(i.e., its ability to accurately re flect the
lifestyle of the study population) may be
especially important in studies of racial or
ethnic minorities (41–43).

The physical activity measure used in
the current study categorized individuals on
the basis of their regular participation in
s t renuous or nonstrenuous activities. In this
sample of Southern, largely working-class,
African-American adults, we expected
s t renuous physical activity to be closely
associated with occupational exertion and

n o n s t renuous activity to more stro n g l y
re flect leisure-time activity. In developing
q u e s t i o n n a i re items for the latter, we
emphasized “low-impact,” low-cost activi-
ties such as walking, home maintenance,
and gardening (Table 2).

Data in Table 4 document the expected
close relationship between participation in
s t renuous physical activity and employ-
ment, especially blue-collar employment.
Among moderately active subjects, blue-
collar employment was somewhat less
common. In contrast to the stre n u o u s l y
active subjects, those who were moderately
active participated in a variety of low to
moderately intense activities (Table 2). The
cumulative physiological benefits, includ-
ing enhanced insulin sensitivity and glu-
cose tolerance (10), derived from re g u l a r
p a rticipation in a more varied set of activi-
ties of low or moderate intensity may have
been responsible for the somewhat larg e r
reduction in NIDDM risk noted for this
g roup. This interpretation is consistent
with the conclusions and re c o m m e n d a-
tions reached by national consensus panels
(41,42) re g a rding the potential bro a d
health benefits of low or moderately intense
levels of physical activity.

Several limitations of the current study
should be acknowledged. First, because
data on physical activity and NIDDM status
w e re collected with re f e rence to the indi-
v i d u a l ’s current status, we do not know
whether physical inactivity preceded or fol-
lowed the occurrence of diabetes. Slightly
m o re than half of the individuals classifie d
as having NIDDM in this study (38 of 78
subjects) re p o rted taking medication for
diabetes. If some subjects decided to
become physically inactive because of their

diabetes, the observed ORs (which indi-
cated positive benefits of physical activity)
may be overestimates of the true associa-
tions. However, because physicians pre-
sumably try to encourage their diabetic
patients to engage in physical activity,
“ reverse causation” of this type is an unlikely
a l t e rnative explanation of the study fin d-
ings. Nevertheless, only a longitudinal study
design can adequately clarify this issue.

Second, an unknown number of dia-
betic subjects were probably excluded fro m
the 1993 follow-up study, along with
h y p e rtensive subjects (dBP 95 mmHg or
medically treated hypertension). Hence,
the weighted NIDDM prevalence of 7.1%
re p o rted in this study is almost certainly an
u n d e restimate of the actual prevalence of
diabetes in the larger population of 30- to
5 5 - y e a r-old black adults in Pitt County.
M o re o v e r, because of the eligibility crite-
rion re g a rding blood pre s s u re, study fin d-
ings can be generalized to only the 1,407
individuals (78.9% of the total sample)
judged by survey criteria in 1988 to be nor-
motensive. Incidentally, this limitation
imposed by the study design raises the pos-
sibility that the protective associations
re p o rted for physical activity in this study
could be underestimates of the true associ-
ations if physical inactivity was especially
common among individuals with both
h y p e rtension and diabetes in 1988.

A third and related source of bias con-
c e rns the potential effects of selective par-
ticipation in the blood-sampling portion of
the 1993 follow-up study. Specific a l l y, the
OR associated with any one of the thre e
physical activity categories would be art i fi-
cially high (i.e., biased toward the null) if
n o n p a rticipants in the blood-sampling por-
tion were more likely than participants to
be both physically inactive and diabetic.
C o n v e r s e l y, the ORs would be art i fic i a l l y
low (i.e., biased away from the null) if non-
p a rticipants were less likely to be both inac-
tive and diabetic. To the extent that
selection bias of this kind exists in the cur-
rent study, it is probably not large, because
the associations between a number of well-
established risk factors for diabetes, such as
sex, education, and waist-to-hip ratio, are
all consistent with findings from other
studies that involve African-American pop-
ulations (7,21,30).

F i n a l l y, data on family history of dia-
betes, a risk factor of demonstrated impor-
tance for African-Americans (21), were not
collected in this study. The re p o rted ORs
would be overestimates of the association

Table 5—Relative odds of NIDDM by level of physical activity, the Pitt County Study

Predictor (contrast) Model 1 Model 2 Model 3

Physical activity
Low/inactive 0.51 (0.21–1.25) 0.43 (0.18–1.06) 0.51 (0.20–1.28)
Moderate/inactive 0.30 (0.11–0.86) 0.32 (0.11–0.89) 0.35 (0.12–0.98)
Strenuous/inactive 0.51 (0.21–1.28) 0.60 (0.25–1.46) 0.65 (0.26–1.63)

Sex (F/M) 1.17 (0.60–2.27) 1.76 (0.80–3.88)
Age (10 years) 2.94 (1.86–4.64) 2.36 (1.45–3.84)
Education (less than 1.98 (1.02, 3.82)
high school/high school 
or greater)

BMI (5 kg/m2) 1.01 (0.79–1.30)
Waist-to-hip ratio (0.10) 2.03 (1.27–3.22)

Data are ORs (95% CI). Values are weighted for differential selection probability and nonresponse. Model
1, unadjusted; Model 2, adjusted for age and sex; Model 3, adjusted for age, sex, education, BMI, and waist-
to-hip ratio.



between physical inactivity and NIDDM risk
if individuals with a family history of dia-
betes were also more likely to be physically
inactive. This limitation of the study should
be addressed in future re s e a rch; however, it
is worth noting that in at least one study
(31), physical activity was still associated
with a lower incidence of NIDDM after
adjustment was made for family history of
diabetes. More o v e r, the protective effect of
physical activity was strongest among people
with one or more established risk factors,
including a family history of diabetes.

In conclusion, findings from this study
suggest that regular physical activity (espe-
cially moderate activity) may be associated
with a 50–60% reduction in risk for NIDDM
in middle-aged African-Americans. Studies
using larger samples of African-Americans
that allow for sex-specific analyses, and
using measures of physical activity appro-
priate for the geographical setting, are
needed to replicate these findings. Longitu-
dinal studies would be especially valuable, as
would cost-effective community- based
i n t e rventions designed to increase moder-
ately intense leisure-time physical activity in
middle-aged black adults (9,43).

A c k n o w l e d g m e n t s — This re s e a rch was sup-
p o rted by National Institutes of Health Grant
H L - 3 3 2 1 1 .

R e f e re n c e s
1 . C a rter JS, Pugh JA, Monterrosa A: Non-

insulin-dependent diabetes in minorities in
the United States. Ann Intern Med
125:221–232, 1996

2 . National Diabetes Data Group: Diabetes in
A m e r i c a ,2nd ed. Bethesda, MD, National
Institutes of Health, National Institute of
Diabetes and Digestive and Kidney Dis-
eases, 1995 (NIH publ. no. 95-1468)

3 . H a rris MI: Non-insulin-dependent diabetes
mellitus in black and white Americans.
D i a b e t e sMetab Rev6:71–90, 1990

4 . Rosenman JM: Diabetes in black Ameri-
cans. In Diabetes in A m e r i c a .H a rris MI,
Hamman RF, Eds. Bethesda, MD, National
Institutes of Health, National Institute of
A rthritis, Diabetes and Digestive and Kid-
ney Diseases, 1985 (NIH publ. no. 85-
1 4 6 8 )

5 . S t e rn MP, Knapp JA, Hazuda HP, Haff n e r
SM, Patterson JK, Mitchell BD: Genetic and
e n v i ronmental determinants of type II dia-
betes in Mexican Americans. Diabetes Care
14 (Suppl. 3):649–654, 1991

6 . Cowie CC, Harris MI, Siverman RE, John-
son EW, Rust KF: Effect of multiple risk fac-
tors on diff e rences between blacks and

whites in the prevalence of non-insulin-
dependent diabetes mellitus in the United
States. Am J Epidemiol137:719–732, 1993

7 . Cooper RC, Rotimi CN, Kaufman JS,
Owoaje EE, Fraser H, Forrester T, Wilks R,
Riste LK, Cruickshank JK: Prevalence of
NIDDM among populations of the African
diaspora. D i a b e t e sC a re 20:343–348, 1997

8 . Kuczmarski RJ, Flegal KM, Campbell SM,
Johnson CL: Increasing prevalence of over-
weight among US adults. J A M A
272:205–211, 1994

9 . C respo CJ, Keteyian SJ, Heath GW, Sempos
C T: Leisure-time physical activity among
US adults. A rch Intern Med1 5 6 : 9 3 – 9 8 ,
1 9 9 6

1 0 . Devlin JT: Effects of exercise on insulin sen-
sitivity in humans. Diabetes Care1 5 : 1 6 9 0 –
1693, 1992

1 1 . L i n d g a rde F, Saltin B: Daily physical activ-
i t y, work capacity and glucose tolerance in
lean and obese normoglycaemic middle-
aged men. D i a b e t o l o g i a20:134–138, 1981

1 2 . Taylor RJ, Bennett PH, LeGonidec G,
Lacoste J, Combe D, Joff res M, Uili R,
Charpin M, Zimmet PZ: The prevalence of
diabetes mellitus in a traditional-living
Polynesian population: the Wallis Island
S u rv e y. Diabetes Care6:334–340, 1983

1 3 . Taylor R, Ram P, Zimmet P, Raper LR,
R i n g rose H: Physical activity and pre v a-
lence of diabetes in Melanesian and Indian
men in Fiji. D i a b e t o l o g i a27:578–582, 1984

1 4 . King H, Zimmet P, Raper LR, Balkau B: Risk
factors for diabetes in three Pacific popula-
tions. Am J Epidemiol119:396–409, 1984

1 5 . Annuzzi G, Va c c a ro O, Caprio S, Di Bonito
P, Caso P, Riccardi G, Rivellese A: Associa-
tion between low habitual physical activity
and impaired glucose tolerance. Clin Phys -
i o l5:63–70, 1985

1 6 . C e d e rholm J, Wibell L: Glucose tolerance
and physical activity in a health survey of
middle-aged subjects. Acta Med Scand
217:373–378, 1985

1 7 . Chen MK, Lowenstein FW: Epidemiology
of factors related to self-re p o rted diabetes
among adults. Am J Prev Med2 : 1 4 – 1 9 ,
1 9 8 6

1 8 . Frisch RE, Wyshak G, Albright TE, Albright
NL, Schiff I: Lower prevalence of diabetes
in female former college athletes compare d
with nonathletes. Diabetes 3 5 : 1 1 0 1 – 1 1 0 5 ,
1 9 8 6

1 9 . J a rrett RJ, Shipley MJ, Hunt R: Physical
a c t i v i t y, glucose tolerance, and diabetes
mellitus: the Whitehall Study. Diabet Med
3:549–551, 1986

2 0 . Dowse GK, Zimmet PZ, Gareeboo H,
G e o rge K, Alberti MM, Tuomilehto J, Finch
C F, Chiston P, Tulsidas H: Abdominal obe-
sity and physical inactivity as risk factors for
NIDDM and impaired glucose tolerance in
Indian, Creole, and Chinese Mauritians.
Diabetes Care14:271–282, 1991

2 1 . H a rris M: Epidemiological correlates of

NIDDM in Hispanics, whites, and blacks in
the U.S. population. Diabetes Care
14:639–648, 1991

2 2 . Ramaiya KL, Swai ABM, McLarty DG,
A l b e rti KGMM: Impaired glucose tolerance
and diabetes mellitus in Hindu immigrants
in Dar es Salaam. Diabet Med8 : 7 3 8 – 7 4 4 ,
1 9 9 1

2 3 . Rajala U, Keinanen-Kiukaanniemi S, Uusi-
maki A, Reijula K, Kivela SL: Prevalence of
diabetes mellitus and impaired glucose tol-
erance in a middle-aged Finnish popula-
tion. S c a n dJ Prim Health Care1 3 : 2 2 2 – 2 2 8 ,
1 9 9 5

2 4 . Regensteiner JG, Shetterly SM, Mayer EJ,
Eckel RH, Haskell WL, Baxter J, Hamman
RF: Relationship between habitual physical
activity and insulin area among individuals
with impaired glucose tolerance: the San
Luis Valley Diabetes Study. Diabetes Care
18:490–497, 1995

2 5 . Schulz LO, Weidensee RC: Glucose toler-
ance and physical activity in a Mexican
indigenous population. Diabetes Care
18:1274–1276, 1995

2 6 . Sowers M, Gonzalez Villalpando C, Stern
M P, Fox C, Mitchell BD: Relationships
between physical activity, insulin levels and
lipids in non-diabetic low income re s i d e n t s
of Mexico City: the Mexico City Diabetes
S t u d y. Arch Med Res 26:133–140, 1995

2 7 . Manson JE, Rimm EB, Stampfer MJ,
Colditz GA, Willett WC, Krolewski AS,
Rosner B, Hennekens CH, Speizer FE:
Physical activity and incidence of non-
insulin-dependent diabetes mellitus in
women. L a n c e t338:774–778, 1991

2 8 . Schranz A, Tuomilehto J, Marti B, Jarrett J,
Grabauskas V, Vassallo A: Low physical
activity and worsening of glucose toler-
ance: results from a 2-year follow-up of a
population sample in Malta. Diabetes Res
Clin Pract11:127–136, 1991

2 9 . Manson JE, Nathan DM, Krolewski AS,
Stampfer MJ, Willett WC, Hennekens CH:
A prospective study of exercise and inci-
dence of diabetes among US male physi-
cians. J A M A268:63–67, 1992

3 0 . Lipton RB, Liao Y, Cao G, Cooper RS,
McGee D: Determinants of incident non-
insulin-dependent diabetes mellitus among
blacks and whites in a national sample: the
NHANES I Epidemiologic Follow-up
S t u d y. Am J Epidemiol138:826–839, 1993

3 1 . Helmrich SP, Ragland DR, Paff e n b a rger RS
Jr: Prevention of non-insulin-dependent
diabetes mellitus with physical activity. M e d
Sci Sports Exerc 26:824–830, 1994

3 2 . B u rc h fiel CM, Sharp DS, Curb JD,
Rodriguez BL, Hwang LJ, Marcus EB, Ya n o
K: Physical activity and incidence of dia-
betes: the Honolulu Heart Program. Am J
E p i d e m i o l141:360–368, 1995

3 3 . P e rry IJ, Wannamethee SG, Walker MK,
Thomson AG, Whincup PH, Shaper AG:
P rospective study of risk factors for devel-

DIABETES CARE, VOLUME 21, NUMBER 4, APRIL 1998 561

James and Associates



opment of non-insulin dependent diabetes
in middle aged British men. BMJ 3 1 0 : 5 6 0 –
564, 1995

3 4 . M o n t e rrosa AE, Haffner SM, Stern MP,
Hazuda HP: Sex diff e rences in lifestyle fac-
tors predictive of diabetes in Mexican-Amer-
icans. Diabetes Care18:448–456, 1995

3 5 . C u rtis AB, James SA, Strogatz DS, Raghu-
nathan TE, Harlow S: Alcohol consump-
tion and changes in blood pre s s u re among
African Americans: the Pitt County Study.
Am JE p i d e m i o l146:727–733, 1997

3 6 . S t rogatz DS, James SA, Haines PS, Elmer PJ,
Gerber AM, Browning SR, Ammerman AS,
Keenan NL: Alcohol consumption and
blood pre s s u re in black adults: the Pitt
County Study. Am J Epidemiol1 3 3 : 4 4 2 –
450, 1991

3 7 . C roft JB, Strogatz DS, James SA, Keenan

NL, Ammerman AS, Malarcher AM, Haines
PS: Socioeconomic and behavioral corre-
lates of body mass index in black adults:
the Pitt County Study. Am J Public Health
82:821–826, 1992

3 8 . Haskell WL, Taylor HA, Wood PD, Schro t t
H, Heiss G: Strenuous physical activity,
t readmill exercise test perf o rmance and
plasma high-density lipoprotein choles-
t e rol: the Lipid Research Clinics Pro g r a m
P revalence Study. C i rc u l a t i o n62 (Suppl.
IV):53–61, 1980

3 9 . Wa re JE Jr, Davies-Av e ry A, Donald CA:
Conceptualization and measurement of
health for adults in the Health Insurance
S t u d y. In General Health Perc e p t i o n s .Vol. 5.
Santa Monica, CA, The Rand Corporation,
1 9 7 8

4 0 . The Gauss System Version 3.1. Maple Va l l e y,

WA, Aptech Systems, 1992
4 1 . National Institutes of Health: Physical activ-

ity and cardiovascular health. NIH Consen -
sus Statement13:1–33, December 18–20,
1 9 9 5

4 2 . Pate RR, Pratt M, Blair S, Haskell WL, Mac-
era CA, Bouchard C, Buchner D, Ettinger
W, Heath GW, King AC, Kriska A, Leon AS,
M a rcus BH, Morris J, Paff e n b a rger RS Jr,
Patrick K, Pollock ML, Rippe JM, Sallis J,
Wi l m o re JH: Physical activity and public
health: a recommendation from the Centers
for Disease Control and Prevention and the
American College of Sports Medicine.
J A M A273:402–407, 1995

4 3 . James SA: Primordial prevention of card i o-
vascular disease in African Americans: a
psychosocial perspective. P rev Med. In
p re s s

562 DIABETES CARE, VOLUME 21, NUMBER 4, APRIL 1998

Physical activity and NIDDM in African-Americans


