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ORIGINAL INVESTIGATION

Moderately Intense Physical Activities and High
Levels of Cardiorespiratory Fitness Reduce

the Risk of Non-Insulin-Dependent Diabetes
Mellitus in Middle-aged Men

John Lynch, PhD; Susan P. Helmrich, PhD; Timo A. Lakka, MD; George A. Kaplan, PhD;
Richard D. Cohen, MA; Riitta Salonen, MD; Jukka T. Salonen, MD

Background: Physical activity has been advocated as
an important factor in the primary prevention of non—
insulin-dependent diabetes mellitus (NIDDM), but in-
formation concerning the specific intensities and dura-
tions that are protective has been unavailable.

Objective: To examine prospectively the association
between self-reported levels of the intensity and dura-
tion of physical activities, and cardiorespiratory fitness
(assessed by respiratory gas exchange) and incident cases
of NIDDM (assessed by the oral glucose tolerance test)
in a population-based sample of 897 middle-aged Finn-
ish men.

Resulis: After adjustment for age, baseline glucose
values, body mass index, serum triglyceride levels, pa-
rental history of diabetes, and alcohol consumption, mod-
erately intense physical activities (=5.5 metabolic units)
that were undertaken for at least a 40-minute duration
per week were associated with a reduced risk of NIDDM
(odds ratio [OR], 0.44; 95% confidence interval [CI], 0.22-

0.88). Activities with less than an intensity of 5.5 meta-
bolic units, regardless of their duration, were not pro-
tective. Cardiorespiratory fitness levels greater than
31.0 mL of oxygen per kilogram per minute were pro-
tective against NIDDM (OR, 0.26; 95% CI, 0.08-0.82).
A subgroup of men at high risk of NIDDM, because they
were overweight and were hypertensive and had a posi-
tive parental history of NIDDM, who engaged in mod-
erately intense physical activities above the 40-min/wk
duration reduced their risk of NIDDM by 64% compared
with men who did not participate in such activities.

Conclusions: After adjustment for age, baseline glu-
cose levels, and known risk factors, physical activities with
an intensity of 5.5 metabolic units or greater and a du-
ration of 40 minutes or greater per week protected against
the development of NIDDM. These protective effects were
even more pronounced in a subgroup of men who were
at high risk for the development of the disease.

(Arch Intern Med. 1996;156:1307-1314)
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HYSICAL ACTIVITY has been

advocated as an important

factor in the primary preven-

tion of non-insulin-depen-

dent diabetes mellitus
(NIDDM).! This recommendation de-
rives from the convergence of several lines
of research evidence. Ecologic studies have
shown that societies that are more physi-
cally active have a lower prevalence of
NIDDM,? and laboratory and interven-
tion studies have shown that physical ac-
tivity increases insulin sensitivity, in-
duces weight loss, and improves glucose
tolerance,>* while higher levels of physi-
cal activity have been cross-sectionally as-
sociated with a decreased prevalence of
NIDDM and a reduced insulin resis-
tance.>8 Recently, a number of prospec-
tive epidemiologic studies have shown that
higher levels of physical activity were
associated with a decreased risk of
NIDDM.*! Even though these prospec-
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tive studies were only able to examine the
total-energy expenditure from leisure-
time physical activity or the frequency of
“vigorous” physical activity with a self-
reported outcome of NIDDM, they have
provided the most direct evidence of a pro-
tective effect of physical activity on the risk
of NIDDM.

We investigated the association be-
tween the intensity and duration of leisure-
time physical activities, and directly as-
sessed cardiorespiratory fitness and
incident cases of NIDDM that were deter-
mined from an oral glucose tolerance test
in a population-based sample of middle-
aged, eastern Finnish men. Considerable
information on known risk factors for




SUBJECTS AND METHODS

Subjects were participants in the Kuopio (Finland) Ische-
mic Heart Discase Risk Factor Study, which was designed
to investigate previously uncstablished risk factors for is-
chemic heart disease, carotid atherosclerosis, and other re-
lated outcomes in a population-hased sample of castern
Finnish men.'? Of the 3433 cligible men aged 42, 48, 54,
or 60 years who resided in Kuopio or its surrounding ru-
ral communities, 198 were not included hecause of death,
serious diseasc, or migration away from the area; 2682 men
(82.9%) agreed to participate in the study. Baseline exami-
nations were conducted between March 1984 and Decem-
ber 1989. No marked sociodemographic differences were
found between participants and nonparticipants.'?

A 4-ycar follow-up examination was conducted be-
tween March 1991 and December 1993 on those men who
had undergone ultrasonographic examination of the ca-
rotid arteries at baseline. Follow-up examinations were con-
ducted during the same month as the baseline and at the
same time of day. The median follow-up was 4.2 years
(range, 3.8-5.2 years). Of the 1229 participants who were
eligible for the follow-up examinations, 52 had died, were
suffering severe illness, or had migrated away from the area.
Of the remainder, 139 could not be contacted or refused
to participate. Of the 1038 men who participated in the fol-
low-up examinations, complete information on physical ac-
tivity, blood glucose levels, and all other risk factors was
available for 897 participants. Participants who reported a
history of NIDDM that was controlled by oral medication
(n=4) or whose baseline fasting blood glucose level was 6.7
mmol/L or greater (120 mg/dL) (n=13) were excluded from
the analysis. Additional missing data on cardiorespiratory
fitness levels limited those analyses to 751 men.

ASSESSMENT OF NIDDM STATUS

At the 4-year follow-up examination, an oral glucose tol-
erance test was performed with a 75-g oral load after at least
12 hours of overnight fasting. Samples were drawn from
whole blood, preceding and at 2 hours after the glucose load.

Blood glucose samples were determined daily after pre-
cipitation with trichloroacctic acid (Granutest 100, Mcerck,
Darmstadt, Germany). Subjects were considered 1o have
NIDDM if they had cither a fasting blood glucose level of
6.7 mmol/L. or greater (120 mg/dL) or a 2-hour oral glu-
cose tolerance test score of 10.0 mmol/L or greater (180
mg/dL), or a history of taking medication for treatment of
diabetes.

ASSESSMENT OF PHYSICAL ACTIVITY

Physical activity was asscssed at baseline from a 12-
month leisure-time history. The measure was modified from
the Minnesota Leisure Time Physical Activity Question-
naire 1o represent the 15 most common leisure-time
physical activities of middle-aged Finnish men (eg, walking,
jogging, skiing, bicycling, swimming, gardening, fishing,
hobbies) and by inclusion of a self-report of the intensity
of physical activity.'>!® For each of the 15 physical activity
types on the questionnaire, subjects could either respond
that they did not engage in the activity or that they would
enter the frequency per month during the preceding year,
the average duration per occasion, and the intensity of the
particular activity. Subjects were asked to estimate the in-
tensity with which they engaged in the activities by rating
their usual participation on a scale from 0 to 3. These classes
onthe scale corresponded to the following effects that were
related 1o the intensities of a particular activity: 0, “no breath-
lessness, no sweating™; 1, “breathlessness, no sweating”; 2,
“breathlessness, some sweating”; and 3, “breathlessness, a
lot of sweating.”

Specific metabolic units (METs) were assigned for each
type of activity according to the reported intensity level.
The MET is the ratio of the metabolic rate during exercise
to the metabolic rate at rest, and it is an indication of the
relative intensity of an activity; 1 MET is approximately equal
to an energy expenditure of 4.2 kj/kg of body weight per
hour. For example, a subject who reported walking that
involved “breathlessness, some sweating” was assigned an
intensity score of 6.0 METs, while a subject who reported
walking with “no breathlessness, no sweating” was as-
signed an intensity score of 3.0 METs. These MET values

NIDDM enabled an examination of the independent as-
sociation among physical activity, cardiorespiratory fit-
ness, and NIDDM. In addition, this extensive risk factor
information allowed stratified analyses to be conducted
in groups that were considered to be at high and low risks
of NIDDM to examine the potential of physical activity
for reducing the risk of NIDDM in these groups.

At the 4-year follow-up, there were 46 incident cases of
NIDDM, and 851 men remained nondiabetic. Figure 1

shows the overall pattern of NIDDM risk for various com-
binations of the intensities and durations of leisure-
time physical activity. The risk estimates were derived
from logistic regression models that contained age, base-
line glucose levels, all the risk factors, and 2 measures
of physical activity that were dichotomized for a range
of intensities and durations. The specific estimated risks

for each combination of intensity and duration de-
pended on the values that were assigned for each vari-
able in the model. These estimates were based on a sub-
ject with the following profile: age, 50 years; baseline
fasting blood glucose level, highest tertile of normal val-
ues (4.7-6.6 mmol/L [85-119 mg/dL]); median serum tri-
glyceride level, 1.2 mmol/L (106 mg/dL); median BMI,
26.8; median systolic blood pressure, 126 mm Hg; pa-
rental history of diabetes, positive for both parents; and

For editorial comment see page 1258

alcohol consumption, second quartile. While the abso-
lute values estimated for the risks will change with the
covariate levels, the relative differences in risk accord-
ing to variations in the intensity and duration of physi-
cal activity will remain approximately the same.
Thresholds were observed for both intensity and du-
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were calculated on the basis of a synthesis of available
empiric data.'™!" Details of the methods of calculation,
reliability, and validity of these measures have been
described elsewhere.'! The present analyses used intensity-
dependent measures of the total duration of physical
activity. Intensity was measured in METs, and total dura-
tion was assessed as the frequency multiplied by the aver-
age duration per sessions of leisure-time physical activity.

Two measures of physical activity were created by ex-
amining the total durations of physical activity above and
below various intensity thresholds. For instance, the du-
ration of moderate to higher-intensity physical activities was
created by summing only those durations that were asso-
ciated with any of the 15 physical activities that were con-
ducted at or above 5.5 METs. Similarly, a measure of the
duration of physical activities that was conducted at inten-
sity levels lower than this was created by summing the to-
1al durations of any of the 15 activities that were con-
ducted at less than 5.5 METs. The creation of a series of
measures in this way at various intensity thresholds en-
abled the relative effects of exposure to different dura-
tions of higher- and lower-intensity activities to be exam-
ined together.

ASSESSMENT OF CARDIORESPIRATORY FITNESS

Aspart of the baseline examinations, cardiorespiratory fit-
ness was measured directly from respiratory gas exchange
during a maximal, symptom-limited exercise tolerance test
on a bicycle ergometer. Details of the protocol have been
described earlier.'® The distribution of cardiorespiratory fit-
ness scores was divided into quartiles, with the lowest quar-
tile as the reference. The reference category corresponded
10 a cardiorespiratory fitness level of less than 25.8 mL of
oxygen per kilogram per minute, while the boundaries for
the other quartiles were 31.0 and greater than 36.0 mL of
oxygen per kilogram per minute, respectively.

ASSESSMENT OF RISK FACTORS

The baseline blood glucose level was derived from venous
blood samples that were taken after a 12-hour fast. All those

subjects with bascline fasting blood glucose levels of 6.7
mmol/L or greater (120 mg/dL) were excluded from the
analysis. The remaining distribution was divided into ter-
tiles, with the lowest 1ertile as the reference. The body mass
index (BMJ) was calculated by dividing the subject’s weight
by his height in meters squared in kilograms . The waist-
hip ratio was computed as the ratio of the circumference
at the waist 10 the circumference at the hip. Blood pres-
sure was measured with a random-zero sphygmomanom-
cter after a supine rest of 5 minutes. Three systolic and 3
diastolic blood pressure measurements were taken with a
subject in the supine position and averaged. Average sys-
tolic blood pressure was used in this analysis. The serum
triglyceride level was based on photometric measure-
ments of enzymatic calorimetric reactions (Bochringer Mann-
heim, Mannheim, Germany). High-density lipoprotein was
separated from [resh serum samples by using precipita-
tion and ultracentrifugation.' The cholesterol contents of
lipoprotein fractions were photometrically measured from
enzymatic calorimetric reactions (Boehringer Mannheim)
on the day after the last ultracentrifugation. A parental his-
tory of diabetes was assessed from questionnaires that were
administered at baseline. Alcohol consumption was as-
sessed by instructed dietary recording for a 4-day period
and by a self-administered questionnaire for the previous
12 months.?® Four indicator variables were created to
represent quartiles of alcohol consumption. The lowest
quartile acted as the reference for those subjects who were
classified as consumers of alcohol. A separate category that
was compared with all others was created for those
subjects who reported that they abstained from alcohol
consumption.

STATISTICAL ANALYSIS

The association between the total durations of higher- and
lower- intensity leisure-time physical activities, cardiore-
spiratory fitness, potential risk factors, and NIDDM was as-
sessed by multivariate logistic regression. The analyses were
conducted by using the LOGISTIC procedure in a statis-
tical soltware package (SAS version 6.09 on a Sun Sparc
Station II).?!

ration. A significantly reduced risk of NIDDM appeared
to accrue at moderate intensitiesof 5.5 METs or greater,
and at durations of more than 40 min/wk. A total of 537
of the 897 men reported that they engaged in at least mod-
erately intense physical activity for more than
40 mir/wk. There were 17 cases of NIDDM recorded in
this group. The reduction in risk may be even more pro-
nounced at higher intensities of physical activity. There
was little evidence of a similar protective effect for physi-
cal activities that were conducted at an intensity of less
than 5.5 METs, regardless of their duration. In addition,
there was no evidence of interaction between the dura-
tions of moderately intense and nonintense activities. The
odds ratio (OR), after adjustment for age, baseline glu-
cose levels, and risk factors that compared men who par-
ticipated in leisure-time physical activities at the ob-
served thresholds of an intensity of 5.5 METs or greater
and durations longer than 40 min/wk with those who did
not, was 0.44 (95% CI, 0.22-0.88).

When the age- and baseline glucose level-adjusted
association between the duration of physical activities (<5.5
METs) and NIDDM was adjusted for the duration of physi-
cal activities of 5.5 METs or greater, the OR increased from
0.52 10 0.57 (95% CI, 0.30-1.09). Additional adjustment
for the BMI greatly attenuated the association between the
duration of nonintense physical activities and NIDDM (OR,
0.77; 95% CI, 0.38-1.53). However, in this same model,
the relationship between the age- and baseline glucose
level-adjusted association between the duration of physi-
cal activities (5.5 METs) and NIDDM was unaffected by
further adjustment for nonintense durations and the BMI
(OR, 0.46; 95% CI, 0.24-0.90). In a model that contained
age, baseline glucose levels, the durations of physical ac-
tivities (=5.5 {moderately intense] and <5.5 [nonin-
tense] METs), and all the risk factors, only the baseline
glucose level, the duration of moderately intense physi-
cal activities, the BMI, and serum triglyceride levels re-
mained statistically significant predictors of NIDDM.
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As the distribution of the physical activity vari-
ables was highly skewed, Table 1 presents the Spear-
man rank-order correlations among the total duration of
moderately intense (=5.5 METs) and nonintense (<5.5
METs) physical activities, cardiorespiratory fitness, and
the risk factors for NIDDM. There was only a modest cor-
relation of 0.11 between the duration of moderately in-
tense and nonintense physical activities. Durations of
physical activity, undertaken at 5.5 METs or greater, were
positively correlated with cardiorespiratory fitness lev-
els (r=0.32), while durations less than 5.5 METs were
unrelated. Table 2 shows the mean (SD) or median (in-
ner 95th percentile) and prevalence (percentage) for the
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Figure 1. The relationship between the intensity and duration of
leisure-time physical activity and risk of non—insulin-dependent diabetes
mellitus (NIDDM) (46 cases) in 897 Finnish men. METs indicates
metabolic units.

*\ETs indicates metabolic units: NIDDM, non—insulin-dependent diabetes mellitus; BMI, body mass index; and HDL, high-density lipoprotein.

duration of modecrately intense and nonintense physical
activities, cardiorespiratory fitness, and risk factors for
subjects with NIDDM and for nondiabetic subjects.

A total of 88 men (9.8%) reported that they en-
gaged in no physical activities of at lcast modcrate in-
tensity (25.5 METs). Of the remainder, 61% of the men
reported that they participated in 1 to 3 moderately in-
tense physical activities, while more than 90% of the men
claimed that they engaged in 10 or more activitics of lower
intensity than 5.5 METs. The median total duration of
the activities at 5.5 METs or greater was 58.3 min/wk
(range, 0-1464 min/wk), while the median duration for
activities less than 5.5 METs was 222.3 min/wk (range,
0-2346.5 min/wk).

Table 3 presents the adjusted associations for age
and the baseline fasting blood glucose levels; these as-
sociations were derived from separate logistic regres-
sion models among physical activity, cardiorespiratory
fitness, other risk factors, and NIDDM. The BM], waist-
hip ratio, serum triglyceride and high-density lipopro-
tein levels, cardiorespiratory fitness, and the total dura-
tion of both moderately intense and nonintense physical
activities were significantly associated with NIDDM.

CARDIORESPIRATORY FITNESS AND NIDDM

Compared with the lowest quartile of cardiorespiratory
fitness, the age-, baseline glucose level—, and risk factor—
adjusted ORs of incident NIDDM for the second, third,
and highest quartiles were 0.77 (95% CI, 0.32-1.85), 0.26

(95% CI, 0.08-0.82), and 0.15 (95% CI, 0.03-0.79), re-

spectively.

Figure 2 presents the estimated risks of NIDDM
for each quartile of cardiorespiratory fitness. Because of
missing information on cardiorespiratory fitness, there
were only 39 cases of NIDDM that were available for these
analyses. There were 17 cases in the lowest fitness quar-
tile, with 14, 6, and 2 cases in the second, third, and high-
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- Prevalénce of Baseline Risk Factors for Subjects With
.'NIDDM and for Normal Indivmuals in 897 mesh Men

- Table.2. Mean (SD) or Niedian (inner 95th Percentile) and:

*NIDDM indicates non-insulin-dependent diabetes mellitus; BMI, body
mass index; HDL, high-density lipoprotein; METs, metabolic units; and O,,
oxygen.

‘tConventional units were as follows: glucose Jevel, 98 (11) and 81 (8)
mg/dL for subjects with NIDDM and normal individuals, respectively;
triglyceride level, 198 (128) and 121 (72) mg/dL for subjects with NIDDM
and normal individuals, respectively; and HDL level, 46 (9) and 51 (12)
mg/dL for subjects with NIDDM and normal individuals, respectively.

tMedian (inner 95th percentile) was used when distribution was highly
skewed.

- est quartiles, respectively. The risks were estimated from
amultivariate logistic regression model by using the same
profile of risk factors as described above. Men who had
higher than median cardiorespiratory fitness experi-
enced a significantly lower risk of NIDDM than those be-
low the median, with men in the highest quartile of fit-
ness having a risk of NIDDM approximately 80% lower
than those in the least-fit quartile. Men with cardiore-
spiratory fitness levels greater than 36.0 mL of oxygen
per kilogram per minute had an NIDDM risk of 0.06 (95%
Cl, 0.009-0.42), while those in the third, second, and low-
est quartiles of cardiorespiratory fitness had risks 0f 0.10
(95% ClI, 0.02-0.49), 0.25 (95% Cl, 0.07-0.85), and 0.30
(95% CI, 0.09-1.0), respectively.

PHYSICAL ACTIVITY IN A GROUP
AT HIGH RISK OF NIDDM

To examine whether moderately intense physical activ-
ity modified the relationship between levels of baseline
risk factors and NIDDM, we conducted a separate analy-
sis that stratified the sample into high- and low-risk
groups. Men were classified as being at high risk (n=71,
10 cases of NIDDM) if they were above the median BMI

Jable 3. A‘ge‘ and 'B'agéhha' Fésiahd Blood Glucose
- Level-Adjusted 8, SE; DR, 95% CJ,-and. P Value for
Bivariate Assoclauuns Between. Physacal Actiity,

*0R indicates odds ratio; Cl, confidence interval; NIDDM,
non-insulin-dependent diabetes mellitus; METs, melabolic units; and O,
oxygen. Estimates were derived from separate logistic regression models.

(=26.8) and had either parent with a history of diabetes
and were hypertensive (blood pressure, =140 [systolic]
or =90 [diastolic] mm Hg, or used medication to treat
hypertension). In each group, the effect of moderately
intense physical activities on the risk of NIDDM was es-
timated from logistic regression models that were ad-
justed for age and the level of baseline fasting blood glu-
cose. Figure 3 shows the risk of NIDDM in high- and
low-risk groups for moderately intense physical activi-
ties (5.5 METs) at a 40-min/wk duration or greater. In
the high-risk group, men who participated in physical
activities with an intensity of 5.5 METs or greater and a
40-min/wk duration or greater had an NIDDM risk 0of 0.16
(95% (I, 0.05-0.47), while men who did not engage in
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Figure 2. Risk of non—insulin-dependent diabetes mellitus (NIDDM) (39
cases) by quariiles of cardiorespiratory fitness (given in milliliters of
oxygen per kilogram per minute) for 751 Finnish men.

moderately intense physical activities or whose intense
activities were less than a 40-min/wk duration had an
NIDDM risk of 0.44 (95% Cl, 0.23-0.82). Within the low-
risk group, men who participated in moderately intense
activities of a 40-min/wk duration or greater had an NIDDM
risk 01 0.08 (95% Cl, 0.05-0.14), while those who did not
had an NIDDM risk of 0.16 (95% CI, 0.11-0.24).

Within this high-risk group, there may be a protec-
tive effect of physical activity at an even lower intensity
threshold than 5.5 METs. For instance, the risk for the
development of NIDDM in men who engaged in physi-
cal activities of 4.5 METs or greater and a 40-min/wk du-
ration or greater was 0.22 (95% CI, 0.11-0.46), while men
who engaged in physical activities at less than these lev-
els had a risk of 0.56 (95% CI, 0.29-1.09). The reduc-
tion in the risk associated with physical activities at the
lower threshold of 4.5 METs or greater and 40-min/wk
duration or greater was similar to that observed at a level
of 5.5 METs or greater.

T

Physical activities of moderate intensity (=5.5 METs) that
were undertaken for more than a 40-minute duration each
week and higher levels of cardiorespiratory fitness (=31.0
mL of oxygen per kilogram per minute) protected against
the development of NIDDM in middle-aged Finnish men.
This protective effect was evident even after controlling
for age, baseline levels of fasting blood glucose, BMI, se-
rum triglyceride levels, systolic blood pressure, paren-
tal history of diabetes, and alcohol consumption. In ad-
dition, other analyses that are not reported here showed
that the inclusion of occupational physical activity did
not alter the findings. Within the whole sample, physi-
cal activities of a lower intensity than 5.5 METs, regard-
less of their duration, did not confer a reduction in the
risk of NIDDM. Men who engaged in moderately in-
tense physical activities of more than a 40-min/wk du-
ration reduced their risk of NIDDM by 50% compared
with men who either did not participate in moderately
intense physical activities or participated only at lower
durations.

This protective effect of moderately intense physi-
cal activities was even more pronounced in a group that

Physical Activity

{Z] Moderately intense (5.5 METs) and =40-min/wk Duration

B Moderately Intense and <40-min/wk Duration
or Noninfense Activity

0.5

0.4

0.3

0.2

Risk of NIDDM

0.1

Low-Risk Group

High-Risk Group
(n=826) (n=71)

Figure 3. Risk of non-insulin-dependent diabetes mellitus (NIDDM) in
high-risk (10 cases) and low-risk (36 cases) subgroups by the duration
(=40 min/wk) of moderately intense physical activity (=5.5 metabolic
units {METs]) in 897 Finnish men. (The high-risk group included those
men who were hypertensive and overweight and had a positive parental
history of NIDDM.)

was considered to be at a high risk of NIDDM. These men
reduced their risk of NIDDM by more than 64% if they
participated in moderately intense physical activities {or
more than 40 min/wk. In this group, we also observed a
similar reduction in the risk at intensities (=4.5 METs)
in men who were overweight, hypertensive, and had a
positive parental history of the disease. While not sta-
tistically significant under traditional criteria (P=.07), this
estimate was based on small numbers and suggests that
important protective benefits may accrue for high-risk
men at lower intensity levels.

The findings of this study are compelling for sev-
eral reasons. Our results are based on a prospective ex-
amination in an unselected population sample in which
objective criteria were used to determine incident cases
of NIDDM. It is possible that individuals in the early stages
of NIDDM might not have been excluded by using a base-
line fasting blood glucose screening or medication his-
tory, and that these men may have reduced their physi-
cal activity because of the subclinical manifestations of
the disease. The high correlation between the fasting blood
glucose level and the 2-hour oral glucose tolerance test
in this population at the follow-up examination (r=0.74)
suggests that the impact on the results would be mini-
mal. In addition, other stratified analyses that are not
shown here demonstrated the same relationships be-
tween the intensity and duration of physical activity in
men who had no symptomatic cardiovascular disease at
baseline.

Extensive risk factor information enabled the rela-
tionship among physical activity, cardiorespiratory fit-
ness, and NIDDM to be examined with adjustment {or
the extent of any underlying metabolic dysfunction at
baseline. In addition to having self-reports of the inten-
sity, duration, and frequency of physical activity fora 12-
month period, we were also able to assess the relation-
ship between cardiorespiratory fitness and NIDDM. While
levels of cardiorespiratory fitness are not determined only
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by physical activity, it is reasonable to suggest that car-
diorespiratory fitness scores reflect prior patterns of the
intensity and duration of physical activity.* In this sensc,
the suggestion of a threshold in the relationship above
and below the median levels of cardiorespiratory fitness
(=31.0 mL of oxygen per kilogram per minute), and the
risk of NIDDM, provides objective confirmation of the
protective effect of a moderately intense physical activ-
ity threshold based on self-report.#?

HIS STUDY has quantified the relationship be-

tween the intensity and the amount of physi-

cal activity necessary to gain protection

against NIDDM. Our finding that signifi-

cant reductions in the risk of NIDDM were
apparent at a moderate intensity and duration is consis-
tent with a “threshold” approach in which the benefits of
physical activity are only evident beyond a certain limit
of intensity and duration. There was no evidence in these
data for the assertion that any combination of intensity and
duration is beneficial in reducing risk, as long as the total-
energy expenditure in physical activity is high. Overall,
lower-intensity activities (<5.5 METs), regardless of their
duration, were not associated with protection from NIDDM.
However, this general observation should also be weighed
against the finding that for men who were at an increased
risk for the development of NIDDM, important reduc-
tions in disease risk were observed at intensity thresholds
of 4.5 METs or greater.

We have reported that in addition to moderately in-
tense physical activities and the level of baseline fasting
blood glucose, only BMI and serum triglyceride levels re-
mained statistically significant predictors of NIDDM in
multivariate models. Our results do not support the con-
tention that the waist-hip ratio is an independent pre-
dictor of NIDDM.*2¢ However, the waist-hip ratio is only
an approximate measure of intra-abdominal adiposity.
Previous research has also identified a parental history
of diabetes as a risk factor for NIDDM. We found el-
evated but not statistically significant ORs for a positive
parental history of diabetes. In addition, in models that
contained age, baseline glucose levels, physical activity,
and all risk factors, we found a protective but not statis-
tically significant effect of alcohol for men who were in
the highest quartile of consumption compared with that
{or men who abstained from alcohol consumption (OR,
0.50; 95% CI, 0.19-1.33).

Physical activity might reduce the incidence of
NIDDM directly through increased insulin sensitivity or
indirectly through decreased total-body fat and/or its dis-
tribution.?” In our data, the lack of confounding be-
tween moderately intense physical activity, BMI, waist~
hip ratio, or any other risk factor and NIDDM provided
some evidence for the direct impact of moderately in-
tense physical activity on the development of NIDDM.
The initial bivariate analyses presented in Table 2 showed
that longer durations (=2 h/wk) of lower-intensity ac-
tivities (<5.5 METs) were associated with a reduced risk
of NIDDM; however, when this association was ad-
justed for the duration of higher-intensity physical ac-
tivities, the relationship was attenuated. Furthermore, ad-

ditional adjustment for the BMI greatly reduced the
association between lower-intensity physical activities and
NIDDM risk, but it did not appear to confound the re-
lationship hetween higher-intensity physical activities and
development of NIDDM. It is possible that any relation-
ship between lower-intensity physical activities and the
risk of NIDDM is largely mediated by changes in the BMI,
but that higher-intensity physical activitics have a more
direct metabolic impact on the risk for the development
of the disease.

The results reported here provide the strongest evi-
dence to date that moderately intense physical activities
of more than a 40-min/wk duration provide significant
protection against the development of NIDDM. These in-
tensity and duration thresholds correspond to the ob-
served minimum levels of physical activity necessary to
confer protection, but these data also show that partici-
pation in physical activities with a greater than 5.5-
METs intensity may be even more beneficial in reduc-
ing the risk of NIDDM. However, it may be difficult to
estimate the protective effect of higher-intensity physi-
cal activities because relatively few individuals in unse-
lected populations actually engage in physical activities
of more than 8 METs. Our data provide direct, quanti-
tative confirmation of previous prospective studies that
have suggested that vigorous physical activities, con-
ducted more than once per week, reduced the risk of
NIDDM and that these benefits may be even more pro-
nounced in those subjects who are at highest risk for the
development of the disease.*!!

The following types of activity would conform to the
intensity threshold observed in these data: very brisk walk-
ing (>5 mph) or brisk walking on soft surfaces (eg, grass
or sand); slow swimiming; and light effort in bicycling,
aerobic dance, or ball games (eg, tennis and basketball)
or on commercially available exercise equipment (eg,
treadmills, skiing, or rowing machines).?

‘While vigorous physical activity has often been rec-
ommended for the population in general, the beneficial
effects of moderately intense physical activities appear
to be even more important in those subgroups of the popu-
lationt who are at an elevated risk of NIDDM, because of
being overweight and having an elevated blood pres-
sure and a positive parental history of NIDDM. Our re-
sults suggest that the adoption of moderately intense lev-
els of physical activity represents a major focus in the
primary prevention of NIDDM.
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