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Background: Weight loss and increased physical exercise re-
duce the risk for diabetes in people with impaired glucose toler-
ance. Randomized trial evidence on the effect of these interven-
tions on people without impaired glucose tolerance is lacking.

Objective: To examine the influence of a comprehensive inter-
vention program on the risk for developing diabetes in men with-
out impaired glucose tolerance and in a post hoc subgroup anal-
ysis by baseline cigarette smoking status.

Design: Randomized, controlled trial.

Setting; 22 clinical centers for the Multiple Risk Factor Interven-
tion Trial (MREFIT).

Participants: 12 866 men age 35 to 57 years at risk for cardio-
vascular disease were randomly assigned to either a special inter-
vention or usual care group and followed for 6 to 7 years; this
report focuses on 11 827 men without diabetes or impaired glu-
cose tolerance at entry for whom follow-up glucose measurements
were available.

Measurements: Cardiovascular disease risk factors, fasting
blood glucose levels, and diabetes medication history were as-
sessed before randomization and annually.

Intervention: Men in the special intervention group were coun-
seled to change diet (reduce saturated fat, cholesterol, and calorie
intake), to stop smoking, and to increase physical activity. Blood

pressure was treated more intensively in the special intervention
group than in the usual care group.

Results: 11.5% of the special intervention group and 10.8% of
the usual care group developed diabetes over 6 years of follow-up
(hazard ratio, 1.08 [95% CI, 0.96 to 1.20]). The special interven-
tion—usual care hazard ratio for diabetes was 1.26 (Cl, 1.10 to
1.45) among smokers (63%) and 0.82 (Cl, 0.68 to 0.98) among
nonsmokers (37%). These estimates differed significantly (P =
0.0003). Weight gain after smoking cessation and the use of
antihypertensive drugs may have counterbalanced the beneficial
effect of the lifestyle intervention for the special intervention
group smokers, while the lifestyle intervention was beneficial
among nonsmokers.

Limitations: Principal findings are based on a post hoc sub-
group analysis.

Conclusions: In nonsmokers, an intervention program that in-
cluded nutrition counseling to produce reductions in weight, se-
rum cholesterol, and (along with antihypertensive medication)
blood pressure reduced the risk for diabetes.
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pidemiologic studies have identified several potentially

modifiable risk factors for type 2 diabetes mellitus, in-
cluding obesity, a diet in which a high proportion of calo-
ries comes from fat, and low levels of physical activity (1-
7). Authorities have advocated that trials should test
promising hypotheses about the primary prevention of
type 2 diabetes (1). Randomized intervention studies have
demonstrated that, among those who already have im-
paired glucose tolerance, interventions that promote
weight loss and increased exercise can reduce the risk for
incident diabetes (8—10). However, interventions should
occur before at-risk individuals develop impaired glucose
tolerance. A 2-year randomized trial of diet, exercise, or
both in individuals with a parental history of diabetes
showed a statistically imprecise lower risk for developing
diabetes in the intervention group (11). To test such a
hypothesis in groups who do not necessarily have a paren-
tal history of diabetes would be expensive.

Strategies proposed for the primary prevention of type
2 diabetes include weight reduction, reduced dietary fat
intake, and increased exercise (2, 4, 7). These interventions
are similar to those developed for preventing coronary

heart disease; therefore, examination of type 2 diabetes in-
cidence rates in coronary heart disease prevention trials can
provide preliminary evidence on the potential of such in-
terventions to reduce type 2 diabetes risk.

The Multiple Risk Factor Intervention Trial (MRFIT)
enrolled 12 866 middle-aged men at high risk for coronary
heart disease and delivered either special intervention or
usual care over 6 to 7 years. The researchers obtained fast-
ing glucose values yearly, and participants self-reported
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Context

Weight loss and exercise decrease the development of dia-
betes in people with impaired glucose tolerance, but the
effectiveness of these interventions in people with normal
glucose tolerance is unknown.

Contribution

Using data from a large randomized, controlled trial of
cardiovascular disease prevention in men, the investigators
show that participants with normal glucose tolerance at
baseline developed diabetes at similar rates whether they
received the lifestyle intervention or usual care. However,
the intervention was associated with lower risk of diabetes
among nonsmokers.

Implications

While diet and exercise may reduce the development of
diabetes in nonsmokers with normal glucose metabolism
at baseline, this benefit was not apparent among smokers.

—The Editors

their use of insulin or oral hypoglycemic agents. The glu-
cose values and reports of diabetes medication use enable
estimation of diabetes incidence during the trial. Previous
reports from MRFIT have described risk factors for the
development of diabetes in the usual care group (12) and
the risk for death associated with incident diabetes in the
combined special intervention and usual care groups (13).
In this paper, we compare the incidence of diabetes in the
intervention and control groups of the MRFIT, report on
an unexpected subgroup finding related to baseline ciga-
rette smoking status, and explore reasons for the different
results among smokers and nonsmokers.

METHODS
Procedures

Detailed descriptions of the MRFIT have been pub-
lished (14-17). Briefly, between 1973 and 1976, the
MRFIT investigators screened 361 662 men for eligibility
at 22 U.S. clinical centers. Of this group, 12 866 men age
35 to 57 years were randomly assigned: 6428 men to the
special intervention group and 6438 men to the usual care
group.

Screening occurred at 3 visits. At the first screening
visit, investigators assessed the risk for coronary heart dis-
ease by using measurements of serum cholesterol level, di-
astolic blood pressure, and self-reported cigarette smoking
(14). Men who were in the upper 15% (changed to 10%
after one third of the screening was completed) of risk were
invited to attend a second screening visit. Because of the
eligibility criteria used in the MRFIT, the usual relation-

ships among these risk factors were modified. For example,
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nonsmokers had to have higher blood pressure and lipid
levels on average than smokers to be eligible for the trial.

At the second screening visit, a blood sample was
taken after an overnight fast. A central laboratory at the
Institute of Medical Sciences in San Francisco, California,
analyzed the blood samples by using a protocol previously
described (18) and measured serum glucose in the fasting
sample and in a sample taken 1 hour after a 75-g oral
glucose load.

The MRFIT also measured height and weight (after
the patient had disrobed). Individuals with body weight
150% or more of desirable weight were excluded from the
trial (defined as 0.9 of the average for men of the same
height in the 1960-1962 National Health Examination
Survey [19]). We used body mass index (BMI) as the mea-
sure of relative weight in our report.

Men without evidence of cardiovascular or other life-
threatening diseases were invited to attend a third screen-
ing visit. At this visit, eligible men who consented to the
trial were randomly assigned.

All participants had annual examinations for at least 6
years. A fasting blood sample was taken at each annual
examination, from which serum glucose concentration and
plasma lipid levels were measured. In addition, at the sixth
annual visit, a blood sample taken 1 hour after a 75-g oral
glucose load was obtained. At each annual examination,
participants were asked whether a physician had told them
that they had diabetes at any time in the previous 12
months. Each participant was also asked whether he was
using insulin or oral hypoglycemic agents.

In the MRFIT, 24-hour dietary recalls were obtained
at baseline and during follow-up (20, 21). We cited data
from baseline and year 6 in our report.

Intervention

Details of the intervention program of the MRFIT
have been reported (16, 22). Briefly, the special interven-
tion group received nutritional counseling that was aimed
at reducing saturated fat and dietary cholesterol consump-
tion and increasing polyunsaturated fat intake. Smokers
participated in a behavioral intervention program aimed at
cessation. In men at or more than 115% of desirable
weight, reductions in caloric intake and increases in mod-
erate physical activity were recommended. Elevated blood
pressure was treated pharmacologically according to a
stepped-care protocol that started with 50 mg of chlorthal-
idone or hydrochlorothiazide if weight reduction and mod-
erate salt restriction did not achieve the desired blood pres-
sure goals.

Definition of Diabetes

The definition of incident diabetes followed the Amer-
ican Diabetes Association (ADA) guidelines (23). With
this definition, a participant was considered to have devel-
oped diabetes if at any annual visit the fasting glucose level
was 7 mmol/L or greater (=126 mg/dL) or the participant
reported taking insulin or oral hypoglycemic agents. Use of
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Figure. Description of study exclusions.
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a single fasting glucose determination to designate diabetic
participants is consistent with the ADA criteria for epide-
miologic studies.

Exclusions

The MRFIT attempted at baseline to exclude men
with identified diabetes from the trial. The trial excluded
individuals who were using hypoglycemic drugs, as well as
those who were not being treated but who exhibited clin-
ical symptoms of hyperglycemia (15). Despite these exclu-
sion criteria, the trial included 42 men who reported (with-
out confirmation) taking insulin, 414 men with a baseline
fasting glucose level of 7 mmol/L or greater (=126 mg/
dL), and 52 men with a glucose level of 16.65 mmol/L or
greater (=300 mg/dL) 1 hour after a 75-g oral glucose
load. We excluded these 508 men and an additional 531
men (291 in the usual care group and 240 in the special
intervention group) with fewer than 2 fasting glucose val-
ues throughout the trial from our analyses, leaving 11 827
men (5893 in the usual care group and 5934 in the special
intervention group) who, by our criteria, were at risk for
developing diabetes over the next 6 years (Figure).

www.annals.org

Statistical Analysis

We used time-to-event methods appropriate for interval-
censored data to compare incidence of diabetes in the spe-
cial intervention and usual care groups (24). We estimated
the cumulative percentage of patients developing diabetes,
assuming that participants at risk who did not attend an
annual visit did not meet our criteria for diabetes. We used
proportional hazards regression models to study the influ-
ence of baseline predictors on hazard ratio estimates and to
investigate treatment by subgroup interactions. We also
used these models to study the influence of risk factor
changes on the incidence of diabetes and on special inter-
vention—usual care hazard ratios. We checked the propor-
tional hazards assumption by including a covariate corre-
sponding to the interaction of failure time and special
intervention or usual care. In these models, we updated
risk factor levels (for example, BMI, use of antihypertensive
drugs, and smoking status) annually and considered them
to be time-dependent covariates. With this approach, we
considered the latest values of risk factors (those immedi-
ately preceding diabetes) and baseline levels as predictors.
We also used longitudinal regression models for binary
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Table 1. Incidence of Type 2 Diabetes after 6 Years of Follow-up by Baseline Cigarette Smoking Status and Treatment Group*

Group Special Intervention Group
Patients, n Events, n (%)
Overall 5934 666 (11.5)
Smokers 3762 453 (12.4)
Nonsmokers 2172 213 (10.0)

Usual Care Group Hazard Ratio (95% ClI)

Patients, n Events, n (%)

5893 616 (10.8) 1.08 (0.96-1.20)
3748 364 (10.1) 1.26 (1.10-1.45)
2145 252 (12.0) 0.82 (0.68-0.98)

*P = 0.0003 for smoking—treatment interaction. Cumulative incidence at 6 years.

data (25). With these models, participants could be classi-
fied as diabetic on several annual visits or at 1 annual visit
and not the next.

We used analysis of variance with covariates corre-
sponding to baseline level of the factor being considered to
compare risk factor levels at 6 years for special intervention
and usual care men, both overall and according to baseline
cigarette smoking status. With these models, we also inves-
tigated the interaction between treatment and smoking sta-
tus. Both time-to-event analyses and analyses of variance
are stratified by clinical center. We performed all analyses
by using SAS, version 9.1 (SAS Institute, Inc., Cary, North
Carolina).

Role of the Funding Source

The National Heart, Lung, and Blood Institute sup-
ported this work. A member of the funding source sits on
the MRFIT Editorial Committee. Apart from providing
editorial advice, this member had no role in the reporting

of the data.

REesuLTS
Diabetes Incidence by Treatment Group and Cigarette
Smoking Status at Baseline

As previously reported (16), the special intervention
and usual care groups were similar at baseline. Average
fasting and 1-hour glucose measurements at baseline were
5.4 mmol/L (97.5 mg/dL) and 9.14 mmol/L (164.6 mg/
dL), respectively, and 41% of patients had a fasting glucose
level between 5.55 mmol/L (100 mg/dL) and 6.94
mmol/L (125 mg/dL) at entry. Ninety percent of partici-
pants had 5 or 6 fasting glucose level measurements during
follow-up (91% in the special intervention group and 89%
in the usual care group), and an additional 4% in each
group had 4 glucose measurements.

Table 1 summarizes the 6-year incidence of diabetes
by treatment group. A total of 666 men in the special
intervention group and 616 men in the usual care group
met the criteria for diabetes during follow-up (hazard ratio,
1.08 [95% CI, 0.96 to 1.20]; P = 0.20 for log-rank statis-
tic).

Among participants who did not smoke cigarettes at
entry, the incidence of diabetes was 18% lower in the spe-
cial intervention group than in the usual care group
(10.0% vs. 12.0%; P = 0.03 for log-rank test). In contrast,
among participants who smoked cigarettes at entry, diabe-
tes incidence was higher among special intervention than
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usual care participants (12.4% vs. 10.1%; P = 0.001).
Hazard ratio (special intervention—usual care) estimates for
nonsmokers (hazard ratio, 0.82 [CI, 0.68 to 0.98]) and
smokers (hazard ratio, 1.26 [CI, 1.10 to 1.45]) signifi-
cantly differed (P = 0.0003). No evidence suggested that
the proportional hazards assumption did not hold for the
overall group or the smoking subgroups.

A statistically robust treatment by baseline smoking
status interaction was also present with use of a more strin-
gent definition of diabetes that required 2 consecutive fast-
ing glucose level measurements of 7.77 mmol/L or greater
(=140 mg/dL) or use of medication for diabetes (P <
0.0001 for interaction) (12). With this definition, the haz-
ard ratios (special intervention—usual care) for nonsmokers
and smokers were 0.50 (CI, 0.35 to 0.71) and 1.37 (CI,
1.07 to 1.76), respectively. Interactions were found for the
percentage of participants using drugs for diabetes by year
6 (P = 0.005), for fasting glucose levels at year 6 (P <
0.0001), and for 1-hour glucose levels at year 6 (P =
0.014).

We performed an analysis that included an additional
288 participants who had 1 follow-up glucose level mea-
surement but not 2 or more follow-up glucose level mea-
surements. For these 12 115 participants (we excluded
only 243 participants—118 in the special intervention
group and 125 in the usual care group—with no follow-up
measurements), the interaction between treatment group
and baseline smoking status was essentially unchanged
(P = 0.0003). For this same cohort of participants, we
used a longitudinal regression model to estimate the rela-
tive odds of diabetes at each annual visit. This model used
all follow-up data available and considered changes in dia-
betes status over follow-up. Averaged over follow-up, the
relative odds of diabetes (special intervention—usual care)
was 1.56 (CI, 1.14 to 2.14) for smokers and 0.67 (CI, 0.52
to 0.87) for nonsmokers (P < 0.0001 for interaction).

Because of randomization and the large number of
participants, special intervention and usual care nonsmok-
ers and special intervention and usual care smokers had
nearly identical average risk factor levels (data not shown).
However, partly because of the eligibility criteria used in
the MRFIT, smokers’ and nonsmokers’ baseline risk factor
characteristics considerably differed (Appendix Table 1,
available at www.annals.org). By trial design, nonsmokers
had to have higher blood pressure and lipid levels on aver-
age to be eligible for the trial. Weight and BMI were also

www.annals.org



significantly higher among nonsmokers than smokers.
Most elements of the diet also differed between nonsmok-
ers and smokers at baseline.

To determine whether the interaction between treat-
ment group and smoking status for diabetes could be ex-
plained by differences between smokers and nonsmokers in
the other risk factors used to select participants for the trial
(that is, to assess the possibility that smoking status may be
incorrectly identified as the effect modifier), we performed
a regression analysis with interaction terms corresponding
to treatment group and cholesterol level and treatment
group and diastolic blood pressure along with the interac-
tion term for treatment group and smoking status. This
did not materially alter the P value for the interaction be-
tween treatment group and smoking status (P = 0.0004).

We also performed analyses according to baseline fast-
ing glucose level (<5.5 mmol/L [<100 mg/dL] and =5.5
mmol/L [=100 mg/dL]). Among both smokers and non-
smokers, for both the special intervention and usual care
groups, the incidence of diabetes was 4- to 5-fold higher
for those with baseline fasting glucose levels of 5.5 mmol/L
or greater (=100 mg/dL) than in those with levels less than
5.5 mmol/L (<100 mg/dL). However, the smoking by
treatment group interaction did not vary by baseline fast-
ing glucose level (P = 0.73 for 3-way interaction). For
example, special intervention—usual care hazard ratios for
nonsmokers were 0.86 for those with baseline fasting glu-
cose levels of 5.5 mmol/L or greater (=100 mg/dL) and
0.76 for those with baseline fasting glucose levels less than
5.5 mmol/L (<100 mg/dL). Among smokers, the corre-
sponding hazard ratios were 1.23 and 1.21, respectively.
We performed similar analyses according to age (35 to 44
years and 45 to 57 years) and 1-hour glucose levels (<11.1
mmol/L [<200 mg/dL] and =11.1 mmol/L [=200 mg/
dL]), and the findings were similar (that is, the interaction
between smoking and treatment group was essentially un-
altered).

We also performed analyses according to the number
of cigarettes smoked per day reported at entry. Hazard
ratios for those reporting 1 to 19, 20 to 39, and 40 or more
cigarettes per day were 0.81, 1.29, and 1.34, respectively
(P = 0.22 for interaction between treatment group and
number of cigarettes smoked).

Type 2 Diabetes after Risk Factor Intervention ARTICLE

Influence of Risk Factor Intervention on Incidence of
Diabetes

To investigate whether any aspects of the intervention
program for the special intervention group might have in-
fluenced the differential effect of treatment on diabetes
according to smoking status, we compared risk factor levels
after 6 years in the special intervention and usual care
groups according to baseline smoking status (Appendix
Table 2, available at www.annals.org). The intervention
effect on blood pressure and plasma cholesterol level varied
according to smoking status. For both risk factors, the ef-
fect of intervention was greater among nonsmokers than
smokers. However, for both risk factors, the intervention
for special intervention participants resulted in statistically
robust lower risk levels at 6 years for both nonsmokers and
smokers. Likewise, average differences between the special
intervention and usual care groups for BMI, fat intake,
dietary cholesterol intake, and total carbohydrates intake
were greater after 6 years among nonsmokers than smok-
ers. For each of these risk factors, the trends were similar
for nonsmokers and smokers, but the intervention effect
was greater among nonsmokers than smokers. The only
risk factor that showed a potentially greater effect of the
intervention among smokers was a reduced number of al-
coholic drinks consumed per week.

Changes in BMI, use of antihypertensive drugs, and
cigarette smoking cessation were important determinants
of the development of diabetes in the special intervention
and usual care groups (Table 2). In proportional hazards
models that also included baseline covariates previously
identified as predictors of diabetes in the usual care group
(12), among both nonsmokers and smokers at entry (for
both special intervention and usual care participants), BMI
decreases were associated with a reduced risk for diabetes
and use of antihypertensive drugs was associated with an
increased risk for diabetes. Among smokers at entry (for
both special intervention and usual care participants),
smoking cessation was associated with an increased risk for
diabetes. Change in BMI only partially explained the in-
creased risk for diabetes associated with smoking cessation
(Table 2). In a model such as that shown in Table 2 but
with BMI change excluded, the hazard ratios associated
with quitting smoking were 1.38 (CI, 1.13 to 1.67) for the

Table 2. Summary of Cox Regression Models Smoking Status and Intervention Group for the Association by Change in Body Mass
Index, Use of Antihypertensive Drugs, and Smoking Cessation and the Development of Diabetes*

Variable

Hazard Ratio for Nonsmokers (95% Cl)

Hazard Ratio for Smokers (95% Cl)

Special Intervention
Group

0.75 (0.70-0.81)
4.12 (2.66-6.40)

BMI (1 kg/m? decrease)

Use of antihypertensive drugs
(1 = yes; 0 = no)

Smoking cessation (1 = yes; NA
0 = no)

Usual Care
Group Group Group

0.84 (0.78-0.90)
1.84 (1.40-2.44)

Special Intervention Usual Care

0.83 (0.79-0.88)
2.22 (1.76-2.80)

0.81 (0.77-0.86)
2.14 (1.69-2.71)

1.21 (0.99-1.47) 1.35 (1.06-1.72)

*All models include baseline covariates corresponding to age, race, family history of diabetes, diastolic blood pressure, serum cholesterol level, and cigarettes smoked per day

for smokers. BMI = body mass index; NA = not applicable.
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Table 3. Influence of Covariate Adjustment on Hazard Ratios for the Special Intervention and Usual Care Groups for the Development

of Diabetes by Baseline Smoking Status*

Variable

No covariates

Baseline covariates adjustment

Adjustment for change in BMI

Adjustment for use of antihypertensive drugs

Adjustment for smoking cessationt

Adjustment for change in BMI and use of antihypertensive drugs
Adjustment for smoking cessation and change in BMIt

Adjustment for smoking cessationt and use of antihypertensive drugs

drugs

Adjustment for smoking cessationt and change in BMI and use of antihypertensive

Hazard Ratio (95% ClI)

Nonsmokers

0.82 (0.68-0.98)
0.79 (0.66-0.95)
0.97 (0.80-1.18)
0.68 (0.56-0.82)
NA
0.83 (0.68-1.01)
NA
NA

NA

Smokers

1.26 (1.10-1.45)
1.27 (1.10-1.46)
1.34 (1.17-1.55)
1.13 (0.98-1.30)
1.14 (0.99-1.32)
1.19 (1.03-1.38)
1.25 (1.08-1.44)
1.03 (0.89-1.19)

1.13 (0.97-1.31)

All Participants

1.08 (0.96-1.20)
1.07 (0.95-1.19)
1.19 (1.06-1.33)
0.94 (0.84-1.05)
0.99 (0.89-1.11)
1.05 (0.93-1.17)
1.13 (1.01-1.27)
0.89 (0.79-0.99)

1.00 (0.89-1.13)

* BMI = body mass index; NA = not applicable.

1 Applicable only for baseline smokers; all models also include baseline covariates.

special intervention group (vs. 1.21 after adjustment for
change in BMI) and 1.64 (CI, 1.30 to 2.07) for the usual
care group (vs. 1.35 after adjustment for change in BMI).
More special intervention participants quit smoking than
usual care participants (Appendix Table 2), and BMI in-
creased from baseline for both special intervention and
usual care participants who quit smoking by 6 years (in-
crease of 0.55 kg/m” for special intervention and increase
of 1.04 kg/m” for usual care). For men who did not quit
smoking, BMI decreased by 0.22 kg/m2 for special inter-
vention participants and increased by 0.04 kg/m” for usual
care participants.

To examine the potential contribution of risk factor
differences during follow-up to the special intervention and
usual care differences in the development of diabetes, we
compared different proportional hazards models for the
time until diabetes diagnosis, with adjustment for factors
shown in Table 2, separately and overall (Table 3). Be-
cause of the greater decreases in BMI for the special inter-
vention group than the usual care group during follow-up,
adjustment for changes in BMI during follow-up tended to
increase hazard ratio estimates. Among nonsmokers, the
hazard ratio increased from 0.82 to 0.97, suggesting that
the favorable effect of the special intervention on diabetes
incidence resulted from more favorable weight changes.
Adjustment for the use of antihypertensive drugs attenu-
ated the increased risk among the special intervention
group, suggesting that the greater use of antihypertensive
drugs in this group led to some increase in the risk for
diabetes. In line with this, adjustment for antihypertensive
drug use among baseline nonsmokers resulted in the spe-
cial intervention—usual care hazard ratio shifting further
from unity; among smokers, the hazard ratio shifted closer
to 1.0. The counteracting effects of BMI and use of anti-
hypertensive drugs resulted in hazard ratios similar to those
obtained in models with no adjustment.

Among baseline smokers, adjustment for both smok-
ing cessation and antihypertensive drug use attenuated the
special intervention risk to 1.03 (CI, 0.89 to 1.19). Among
all participants (smokers and nonsmokers), such adjust-

3181 March 2005 | Annals of Internal Medicine | Volume 142 ¢ Number 5

ment resulted in a hazard ratio of 0.89 (CI, 0.79 to 0.99).
Additional adjustments for changes in a wide range of nu-
trient intakes (fiber, caffeine, vitamins, folic acid, and min-
erals) and factors shown in Appendix Table 2 (available at
www.annals.org) did not alter these estimates (data not
shown).

To further explore the increased risk for diabetes
among smokers in the special intervention group compared
with smokers in the usual care group, we considered
whether the increased risk for diabetes among special in-
tervention compared with usual care participants varied
according to smoking cessation at 6 years. The special in-
tervention—usual care hazard ratios for those who did not
quit smoking and those who did quit smoking were 1.23
and 1.00, respectively (2 = 0.20 for difference).

DiscussioN

Among nonsmokers at baseline in the MRFIT, the
intervention program was associated with an 18% reduc-
tion in the incidence of diabetes over a 6-year follow-up
period compared with those randomly assigned to usual
care. Among smokers at baseline, however, the special in-
tervention group had a 26% greater risk for diabetes than
the usual care group. The relative differences in diabetes
incidence between the special intervention and usual care
group are significantly different for baseline smokers and
nonsmokers (P = 0.0003). Since such an interaction was
not postulated at the time our investigation began, it
should be interpreted cautiously (26).

The risk factor selection criteria for the MRFIT, which
were based on a combination of smoking, blood pressure,
and serum cholesterol level, led to very different risk factor
profiles in smokers and nonsmokers. Nonsmokers had
higher levels of blood pressure and serum cholesterol than
smokers. Nonsmokers also had higher levels of BMI and
fasting glucose than smokers (Appendix Table 1). Com-
pared with smokers in the MRFIT, nonsmokers were more
likely to exhibit evidence of syndrome X (27) (or the met-
abolic syndrome [28]), suggesting that they were initially at
higher risk for developing diabetes compared with the

www.annals.org



smokers. In the usual care group, nonsmokers experienced
a higher incidence of diabetes than smokers (12), which
supports the presumption that the MRFIT selection crite-
ria led to an initially higher risk for diabetes in this partic-
ular group of nonsmokers. This does not suggest, however,
that nonsmokers in general are at higher risk for diabetes
than smokers; indeed, some prospective and laboratory
studies indicate that smoking may increase the risk for
diabetes (29, 30).

Since the nonsmokers in the MRFIT seem to have
been initially at higher risk for diabetes because of the
selection criteria, the data suggest that in a group at high
risk, intervention that includes nutritional counseling
aimed to produce reductions in blood pressure, weight,
and serum cholesterol level may be effective in preventing
diabetes. This is supported by the observation that weight
loss during the trial was associated with reduced diabetes
incidence in both baseline nonsmokers and smokers.
Among nonsmokers, weight loss was greater in the special
intervention group than in the usual care group, and the
difference in diabetes incidence (among nonsmokers) in
the study groups was substantial (10.0% vs. 12.0%) con-
sidering the risk for morbidity and mortality associated
with diabetes. For example, for this cohort, we recently
reported cardiovascular disease mortality over a median
post-trial follow-up of 18.5 years for those who developed
diabetes during the trial (13). We defined 4 mutually ex-
clusive groups and those with fasting glucose levels less
than 7 mmol/L (<126 mg/dL), which included the refer-
ence group. Hazard ratios were 2.07 (P < 0.001) for men
prescribed insulin or an oral hypoglycemic agent at any
time during the trial, 1.65 (P < 0.001) for those with a
fasting glucose level of 7.81 mmol/L or greater (=140 mg/
dL), and 1.19 (P = 0.03) for those with a fasting glucose
level between 7 mmol/L (126 mg/dL) and 7.7 mmol/L
(139 mg/dL).

Findings in Other Multiple Risk Factor Intervention
Trials

Several other randomized risk factor intervention trials
have been performed with primary prevention of cardio-
vascular disease as the intended outcome. Few trials have
reported their findings with respect to glucose tolerance
and diabetes. These trials did not select participants for
impaired glucose tolerance; in fact, like the MRFIT, most
trials have used clinical diabetes or elevated fasting glucose
level as exclusion criteria.

The Oslo Study Group trial (31) was similar in design
to the MRFIT. The intervention produced reductions in
several components of syndrome X, including weight and
both fasting and nonfasting triglyceride levels. In a sub-
sample, an oral glucose tolerance test was done 3 years after
the intervention started (32). Serum insulin response to the
glucose tolerance test was reduced in the intervention
group compared with the control group. In the Family
Heart Study (33), investigators randomly assigned lifestyle
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counseling to families registered with British general prac-
titioners. For middle-aged men, but not women, random
blood glucose levels were lower after the intervention
among those assigned to lifestyle counseling compared
with the control group. However, the prevalence of blood
glucose levels greater than 10 mmol/L (>180.2 mg/dL)
was not influenced by the intervention, and the proportion
with reported diabetes was actually slightly (but not statis-
tically robustly) higher in the intervention than control
group. In the study by Miettinen and colleagues (34), an
intervention targeting weight loss, decreased saturated fat
intake, decreased alcohol consumption, increased physical
activity, smoking cessation, and increased physical activity
resulted in greater weight loss in the intervention group
than in the control group. No difference in glucose toler-
ance during a 1-hour oral glucose tolerance test was seen
(34). The high level of antihypertensive drug therapy in the
intervention group may account for this, since several an-
tihypertensive agents lead to a worsening of glucose toler-
ance (35).

The findings from trials of several cardiovascular dis-
ease risk factor interventions are limited and mixed. Trials
of weight loss and aerobic exercise alone or in combination
are more consistent in demonstrating improved glucose
tolerance. In a randomized trial (36), Katzel and colleagues
allocated obese men to a weight loss program, aerobic ex-
ercise, or no intervention (36). Although the high dropout
rate limits the robustness of the findings, weight loss inter-
vention seems to improve glucose tolerance with similar
but lesser improvement from exercise. Among Swedish
middle-aged men randomly assigned to dietary advice, ex-
ercise, both dietary advice and exercise, or no intervention,
enhanced insulin sensitivity was evident in all the interven-
tion groups, congruent with the reduction in BMI pro-
duced by the intervention (37, 38). In monkeys, caloric
restriction has also been shown to improve glucose toler-
ance (39, 40). Thus, if weight loss is produced or exercise
is increased, glucose tolerance can be improved.

Trials among Participants with Impaired Glucose
Tolerance

Several small randomized trials of dietary and exercise
interventions among people with impaired glucose toler-
ance produced mixed results (41-46), while a nonrandom-
ized study suggested considerable benefit for such an inter-
vention package (47). A change in dietary patterns from
westernized to traditional forms seems to improve glucose
tolerance in glucose-intolerant Australian aborigines (48)
and native Hawaiians (49), consistent with the consider-
able bulk of evidence suggesting that traditional lifestyles
involving high levels of physical activity and diets with
low-energy density are associated with lower levels of insu-
lin resistance (50). More recently, better evidence from
Chinese (8), Finnish (9), and U.S. (10) randomized trials
suggests that lifestyle modification can substantially reduce
the risk for developing diabetes among people with im-
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paired glucose tolerance. Risk reductions were between
30% and 60%. The initial and sustained weight loss in the
Finnish and U.S. trials were greater—although not sub-
stantially greater—than those among the nonsmokers in
our study. In the Finnish (9) and U.S. (10) trials, only
10% and 7% of participants, respectively, were smokers at
baseline. Therefore, the nonsmokers in our trial are similar
to the overall study samples in these trials. The similarity of
effect of intervention in these studies with the effect among
nonsmokers in our study suggests that the benefits among
people with impaired glucose tolerance are also seen among
individuals who are not yet glucose-intolerant.

Conclusions

In a review of the primary prevention on type 2 dia-
betes mellitus (7), it was stated that intervention before the
development of impaired glucose tolerance would be opti-
mal. However, Knowler and colleagues state that “unfor-
tunately, there are no data to support this hypothesis and it
would be difficult to test because the costs of clinical trials,
in terms of size and duration, might be prohibitive” (7).
The Multiple Risk Factor Intervention Trial provides some
data on this issue. Among nonsmokers at baseline, an 18%
reduction in risk for ADA criteria defined diabetes conse-
quent from an intervention promoting dietary change and
increased exercise was seen (with greater reductions for di-
abetes defined in alternative ways). Because of the selection
criteria used for the MRFIT, these men are at a higher risk
for developing diabetes than an unselected general popula-
tion sample (16). This remains a primary prevention situ-
ation, however, since the risk for developing diabetes
among these men is still considerably lower than that
among a group of already glucose-intolerant men. It is
probably justified to generalize the findings from this
group of men to the broader population and to consider
the findings from the MRFIT as demonstrating that pri-
mary prevention activities may lead to an important reduc-
tion in diabetes risk among nonsmokers and, given the
considerable importance of diabetes as a cause of morbid-
ity, mortality, and health service expenditure, an important
beneficial population effect.

Reasons for the increased risk for diabetes associated
with the intervention among baseline smokers are unclear.
Adjustment for antihypertensive drug use attenuated the
increased risk in the special intervention group among
smokers, leaving a residual effect that was not statisticaly
robustly different from null. Thus, the increased antihyper-
tensive drug use consequent on the MRFIT intervention
may have mitigated against the beneficial effects of other
components of the intervention program. Quitting smok-
ing is followed by weight gain (or less weight loss), which is
a powerful predictor of diabetes incidence. However, BMI
change only explained part of the increased risk for diabe-
tes associated with smoking cessation in both the special
intervention and usual care groups, and adjustment for
BMI change, which was small in both the special interven-
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tion and usual care groups, had little effect on the special
intervention—usual care hazard ratio for diabetes among
smokers. The greater effect of cessation than BMI change
on risk for diabetes could result from our inability to adjust
for both BMI changes and changes in central fat distribu-
tion. Studies have shown that waist circumference and
waist-to-hip ratio (neither was measured in the MRFIT)
are more important predictors of diabetes than BMI (51,
52). The risk factor profile of smokers randomly assigned
in the MRFIT places them at an increased risk for diabetes
compared with the general population and therefore,
among this high-risk group, increases in both weight and
waist-to-hip ratio are likely to have led to a relative wors-
ening of glucose tolerance and the development of diabe-
tes. Our results do not mitigate against the importance of
smoking cessation; rather, they illustrate the necessity to
attempt to instigate weight control activities after smoking
cessation.
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Appendix Table 1. Risk Factor Levels at Baseline according to
Baseline Smoking Status for Multiple Risk Factor Intervention

Trial Participants*

Baseline Risk Factor

mm Hg

mm Hg
Pulse, beats/min
Antihypertensive
treatment, %

Total cholesterol level,
mmol/L (mg/dL)
HDL cholesterol level,
mmol/L (mg/dL)

Leukocyte count,
x 10° cells/L
Weight, Ib
BMI, kg/m?
Fasting glucose level,
mmol/L (mg/dL)
Total fat, % kcal
Saturated
Polyunsaturated
Dietary cholesterol,
mg/1000 kcal
Protein, % kcal

Drinks per wk, n

Systolic blood pressure,

Diastolic blood pressure,

Thiocyanate level, mEq/L

Total carbohydrates, % kcal

Nonsmokers

138.6
935

75.9
24.5

6.4 (247.6)
1.1(43.7)

65.3
6.1

191.3
28.2
5.5 (99.1)

37.3
133
6.5
159.3

16.5
40.9
10.5

Smokers

133.0

88.9

77.7
16.0

6.1 (235.9)

1.0 (41.4)

167.7
7.8

187.5
273
5.4 (96.5)

38.2
14.0
6.1
166.8

15.9
38.9
13.7

P Value
<0.0001

<0.0001

<0.0001
<0.0001

<0.0001

<0.0001

<0.0001
<0.0001

<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.0001

0.0006

<0.0001
<0.0001
<0.0001

* BMI = body mass index; HDL = high-density lipoprotein.

Appendix Table 2. Risk Factor Levels after 6 Years of Follow-up according to Baseline Smoking Status and Treatment Group for
Multiple Risk Factor Intervention Trial Participants

Risk Factor Status at
Year 6

mm Hg
Diastolic blood
pressure, mm Hg
Pulse, beats/min
Antihypertensive
treatment, %
Total cholesterol level,
mmol/L (mg/dL)
HDL cholesterol level,
mmol/L (mg/dL)
Quit smoking, %
Thiocyanate level,
mEqg/L

cells/L
Weight, /b
BMI, kg/m?
Total fat, % kcal
Saturated
Polyunsaturated
Dietary cholesterol,
mg/1000 kcal
Protein, % kcal

keal
Drinks per wk, n

level, %

Systolic blood pressure,

Leukocyte count, x 70°

Total carbohydrates, %

Physical activity > peer

Nonsmokers Smokers
Special Usual Care P Value Special Usual Care P Value
Intervention Group Intervention Group
Group Group
121.7 128.4 <0.0001 121.0 125.4 <0.0001
81.2 85.2 <0.0001 80.0 82.7 <0.0001
69.0 70.0 <0.0001 72.2 73.6 <0.0001
67.9 55.6 <0.001 51.5 40.9 <0.0001
6.1(233.9) 6.3 (241.5) <0.0001 5.8 (224.6) 5.9 (228.1) <0.0001
1.1 (42.6) 1.1(43.1) 0.24 1.1(41.3) 1.1(41.3) >0.2
- - - 49.1 29.0 <0.0001
60.1 62.4 0.017 126.9 143.1 <0.0001
6.1 6.2 0.12 7.2 7.5 <0.0001
186.7 1911 <0.0001 189.0 189.3 0.0041
27.5 28.1 <0.001 27.5 27.6 0.0046
32.3 36.7 <0.0001 34.6 38.2 <0.0001
9.3 12.8 <0.0001 10.8 13.6 <0.0001
85 6.7 <0.0001 8.0 6.6 <0.0001
115.1 160.8 <0.0001 136.9 173.2 <0.0001
17.2 16.9 0.091 17.0 16.3 <0.0001
46.9 42.6 <0.0001 42.7 40.0 <0.0001
7.9 8.2 0.16 10.6 11.9 <0.0001
42.0 39.2 0.075 323 29.2 0.0067

P Value
for
Interaction

<0.0001

<0.0001

0.91
0.26

<0.0001

0.26

<0.0001

0.037

<0.0001

<0.0001
0.020
0.0002
0.013
0.017

0.046
<0.0001

0.054
0.70

* BMI = body mass index; HDL = high-density lipoprotein.
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