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Effects of Smoking on the Incidence of Non-lnsulin-dependent Diabetes
Mellitus

Replication and Extension in a Japanese Cohort of Male Employees

Norrto Kawakami,1 Naoyoshi Takatsuka,1 Hiroyuki Shimizu,1 and Hiroshi Ishibashi2

The effects of smoking on the 8-year (1984-1992) incidence of non-insulin-dependent diabetes mellitus
(NIDDM) were investigated in a cohort of 2,312 male employees of an electrical company in Japan. The
incidence rate was 2.2/1,000 person-years. After controlling for other known risk factors for NIDDM, a
proportional hazards regression analysis indicated that those who were currently smoking 16-25 cigarettes
per day had a 3.27 times higher risk of developing NIDDM during the follow-up period than never smokers (p <
0.05); the hazard ratio was similar (3.21) for those who were currently smoking >26 cigarettes per day. Among
ever smokers, proportional hazards regression analysis also indicated that younger age at starting smoking
was associated with an increased risk of NIDDM (p for trend = 0.09). These findings suggest that number of
cigarettes smoked per day is important in the relation between smoking and NIDDM incidence, although the
risks did not increase above a given amount of smoking. Starting smoking at a younger age also might be
independently associated with an increased risk of NIDDM. Am J Epidemiol 1997;145:103-9.
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Three prospective epidemiologic studies have sug-
gested that smoking is a risk factor for non-insulin-
dependent diabetes mellitus (NIDDM) (1-3). Feskens
and Kromhout (1) reported a 3.3 times higher risk of
NIDDM among Dutch men who smoked 20 or more
cigarettes per day than among never smokers; and in
US health professionals (male and female), Rimm et
al. (2, 3) found a 1.4-1.9 times higher risk among
those who smoked 25 or more cigarettes per day.
These studies controlled for other risk factors for
NIDDM. The findings are consistent with those from
laboratory studies which have suggested that smoking
causes increased insulin resistance in peripheral tis-
sues (4, 5) and increased levels of glycosylated hemo-
globin (6). However, other epidemiologic studies have
failed to show effects of smoking on the incidence of
diabetes (7, 8), although this might be attributable to
the fact that these studies did not take into account the
exact number of cigarettes smoked per day.

Received for publication September 5, 1995, and In final form
September 16, 1996.

Abbreviations: Cl, confidence interval; NIDDM, non-insulin-
dependent diabetes mellitus.

1 Department of Public Health, Gifu University School of Medi-
cine, Gifu, Japan.

2 Department of Internal Medicine, Hitachi General Hospital,
Ibaraki, Japan.

Reprint requests to Dr. Norrto Kawakami, Department of Public
Hearth, Gifu University School of Medicine, 40 Tsukasa-machi, Gifu,
Gifu 500, Japan.

To our knowledge, no replication study has been
conducted in countries outside of the United States and
Europe where people have different baseline rates of
NIDDM, different dietary habits, and different genetic
backgrounds. Moreover, the effects of factors other
than amount of smoking on NTDDM, such as smoking
cessation and age at starting smoking, are still not
clear. Previous studies reported that risks of NIDDM
were higher in past smokers than in never smokers (2,
3) and that the risk did not decrease much with dura-
tion of smoking cessation (3); this might be attribut-
able to physiologic changes caused by smoking ces-
sation, such as increases in body weight and blood
pressure (9). Effects of age at starting smoking on
NTDDM incidence do not seem to have been addressed
in previous studies.

We analyzed data from an 8-year follow-up of a
Japanese cohort of male employees in order to repli-
cate previous findings regarding the effects of smok-
ing on NIDDM. We further attempted to ascertain the
effects of age at starting smoking and smoking cessa-
tion, as well as number of cigarettes smoked per day,
on the incidence of NTDDM.

MATERIALS AND METHODS

Samples

In 1984, a baseline survey of 3,862 employees of a
large electrical company in Japan was conducted using
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a mailed questionnaire on smoking habits and other
covariates. A total of 3,551 employees (92 percent)
returned questionnaires. The small number of female
respondents (n = 485) limited analysis to the 3,066
male respondents. Forty-six male respondents (1.5
percent) were excluded because they had a medical
history of diabetes mellitus before the baseline survey.
Also excluded were 343 men with missing responses
on the questionnaire or no information on height or
weight. Thus, a total of 2,677 male respondents were
followed for the succeeding 8 years. These men were
surveyed in 1992 using a questionnaire to assess their
smoking habits and family history of diabetes mellitus.
Data from the 2,312 (86 percent) respondents who
completed the 1992 survey were analyzed.

Incidence of diabetes mellitus

Incidence of NTDDM during the follow-up period
was assessed by 1-year interval based on an annual
screening program for diabetes. During the follow-up
period, all of the subjects received a yearly medical
checkup which included a semiquantitative test for
glucose in a urine sample. Fasting plasma glucose was
measured for men who had glycosuria, and for those
with a fasting plasma glucose level £: 110 mg/dl, a
75-g oral glucose tolerance test was conducted to
diagnose possible NIDDM according to World Health
Organization criteria (10).

Smoking variables

The baseline questionnaire assessed current smok-
ing status, number of cigarettes ever smoked per day,
butt length, age at starting smoking, years of smoking,
and lifetime experience of smoking cessation. Based
on reported smoking status at baseline, the subjects
were classified into three groups: never smokers, past
smokers, and current smokers. Past smokers who had
smoked for less than 1 year or had smoked less than
one cigarette per day on average were classified as
never smokers. The current smokers were further clas-
sified into three groups: smokers of 1—15, 16—25, and
S:26 cigarettes per day. In addition to current smoking
status, we also categorized the ever smokers (current
plus past smokers) on the basis of mean number of
cigarettes ever smoked per day (1-15, 16-25, and
^ 2 6 cigarettes per day). An additional indicator of
amount of smoking was prepared: The "weighted"
number of cigarettes smoked per day was calculated
by multiplying the number of cigarettes smoked per
day by [1 — butt length], with butt length defined as
half the length of a cigarette, one third of a cigarette,
or none. Age at starting smoking was classified into
three groups: ^18 years, 19-20 years, and s21 years.

The subjects were asked to recall how many times in
their lives they had ceased smoking for 3 days or
longer, except for current smoking cessation at base-
line. We dichotomized smoking cessation experience
into none versus one or more times. Years of smoking
were assessed by asking the ever smokers to total their
lifetime number of years of smoking. Years of smok-
ing were then categorized into three groups: 1-10,
11-20, and >21 years.

Other covariates

Other covariates considered included age, educa-
tion, occupation, shift work, obesity, leisure-time
physical activity, alcohol drinking, and family history
of diabetes. All variables except family history were
assessed at the baseline survey. Age at baseline was
classified into three groups: 18-34 years (n = 881),
35-44 years (n = 906), and 45-53 years (n = 525).
Years of education were also categorized into three
groups: 5-9 years, 10-12 years, and ^13 years (39
percent, 47 percent, and 14 percent of respondents,
respectively). Occupation was categorized into three
groups: white-collar workers (managers, technicians,
and clerical workers); mechanics/repair workers; and
machine operators/transportation workers (30 percent,
12 percent, and 58 percent, respectively). The respon-
dents were classified into daytime and rotating shift
workers on the basis of type of work shift (54 percent
and 46 percent, respectively).

Frequency of physical activity during leisure time
was assessed using a single question, and respondents
were dichotomized into physically active (active
sometimes or often) and inactive (little or no activity).
Obesity was measured by body mass index (weight
(kg)/height (m)2) from the physical examination data
obtained at baseline, and values were dichotomized
into <25 and >25. The mean height, weight, and body
mass index of the study subjects were 166.9 cm (stan-
dard deviation 6.1), 61.6 kg (standard deviation 8.0),
and 22.1 (standard deviation 2.5), respectively. These
values were very close to those for male samples aged
20 years or more in the 1991 Japan National Nutrition
Survey (165.2 cm, 62.7 kg, and 23, respectively) (11).

Men were asked whether they regularly drank any
alcoholic beverages. Drinkers were asked to recall the
mean amounts of alcoholic beverages they had usually
consumed per week during the past year; the amount
of ethanol consumed per week was then estimated by
multiplying the amount of each beverage by its ethanol
concentration and adding data for all beverages to-
gether. The subjects were classified into three groups
on the basis of their weekly ethanol intake: none,
<300 ml, and >300 ml.
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Family history of diabetes mellitus in first-degree
relatives was assessed using the questionnaire at the
1992 survey.

Statistical analysis

Age-adjusted incidence rates of NIDDM were com-
pared among groups classified according to baseline
smoking status, number (or weighted number) of cig-
arettes ever smoked per day, and age at starting smok-
ing. Cox's proportional hazards regression analysis for
discrete time (12) was conducted to determine the
difference in age-adjusted incidence and to ascertain
the unique effect of each of these smoking variables on
the incidence of NIDDM, controlling for the eight
covariates noted above (i.e., age, education, occupa-
tion, work shift, obesity, leisure-time physical activity,
alcohol drinking, and family history of diabetes). The
population attributable risk percentage for baseline
smoking habits was estimated and compared with per-
centages for obesity, leisure-time physical activity,
alcohol drinking, and family history. Proportional haz-
ards regression analyses were conducted among the
ever smokers and current smokers to discern the
unique effects of past smoking, number of cigarettes
ever smoked per day, age at starting smoking, years of
smoking, and experience of smoking cessation on the
incidence of NIDDM after controlling for the covari-
ates. The analyses were carried out using the PHREG
program of the Statistical Analysis System (13).

RESULTS

During 18,375 person-years of follow-up, 41 men
were found to develop NIDDM. No one developed
insulin-dependent diabetes mellitus during the period.
The crude incidence rate was 2.2/1,000 person-years;
the age-specific incidence rates were 1.1/1,000, 2.5/
1,000, and 3.6/1,000 person-years for the 18-34, 35-
44, and 45-53 age groups, respectively.

The age-adjusted incidence rates of NTDDM in per-
sons who smoked 16-25 or >26 cigarettes per day at
baseline were significantly higher than those in never
smokers (table 1). The age-adjusted incidence rates
were also significantly higher in those who had ever
smoked ^26 cigarettes per day or had started smoking
at age 18 or younger compared with never smokers.
The incidence rates were similar for those who had
ever smoked 16-25 cigarettes per day and those who
had ever smoked ^26 cigarettes per day. The ten-
dency was the same when the "weighted" number of
cigarettes ever smoked per day was used (the hazard
ratios were 3.1 and 3.2, respectively; bothp's < 0.05).

Cox's proportional hazards regression analysis indi-
cated that men who currently smoked 16-25 or ^26

TABLE 1. Age-adjusted Incidence of non-in*ulln-dependent
diabetes mellitus among 2,312 male Japanese employees
during an 8-year follow-up period, by baseline smoking
habits, number of cigarettes ever smoked per day, and age
at starting smoking, 1984-1992

Variable

Baseline smoking habits
Never smoker
Past smoker
Current smoker (cigarettes/day)

1-15
16-25

No. of cigarettes ever smoked
perdayt

Never smoker
Ever smoker (cigarettes/day)

1-15
16-25
^26

Age (years) at starting smoking
Never smoker
Ever smoker

£18
19-20
^21

No. of
questionnaire
respondents

583
309

419
669
332

593

571
781
377

593

292
789
648

Age-adjusted
Incidence
rate per
1,000

person-years

1.0
2.0

1.2
3.3*
3.5*

1.0

1.6
3.3
3.4*

1.0

3.9*
2.4
1.3

* p < 0.05 for difference from never smokers (Mantel-Haenszel
chi-squared test, controlling for age).

t Ever smokers (past + current) were classified on the basis of
the number of cigarettes ever smoked per day.

cigarettes per day had significantly higher risks of
NIDDM after data were controlled for the other co-
variates (table 2). The population attributable risk per-
centage for smoking habits was greater than percent-
ages for body mass index, leisure-time physical
activity, alcohol drinking, and family history. Similar
proportional hazards regression analyses indicated that
the hazard ratios were 1.33 (95 percent confidence
interval (CI) 0.40-4.39), 3.59 (95 percent CI 1.32-
9.76), and 2.68 (95 percent CI 0.88-8.05) for those
who had ever smoked 1-15, 16-25, and ^26 ciga-
rettes per day, respectively (versus never smokers).
The trend test for number of cigarettes ever smoked
per day gave a statistically significant result (p <
0.05). A similar analysis indicated that the hazard
ratios were 4.04 (95 percent CI 1.43-11.34), 2.26 (95
percent CI 0.81-6.28), and 1.42 (95 percent CI 0.37-
5'.34) for those who had started smoking at ages ^18
years, 19-20 years, and ^21 years, respectively.

Among the 1,729 ever smokers at baseline, propor-
tional hazards regression analysis indicated that those
who smoked 16-25 cigarettes per day had a higher
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TABLE 2. Effect of baseline smoking habits and other variables (body mass index, leisure-time
physical activity, alcohol drinking, and family history of diabetes) on the Incidence of non-insulln-
dependent diabetes mellltus among 2,312 male Japanese employees during an 8-year follow-up period,
1984-1992f

variable

Age at baseline (years)
18-34
35-^4
45-53

Baseline smoking habits
Never smoker
Past smoker
Current smoker (cigarettes/day)

1-15
16-25

Body mass indexH
<25
^25

Leisure-time physical activity
Active
Inactive

Alcohol drinking (mi of ethanol/week)
0
<300
2300

Family history of diabetes
None
Any

Hazard
ratio

1.00
1.93
2.88*

1.00
2.25

1.13
3.27*
3.21*

1.00
2.59"

1.00
1.71

1.00
1.04
1.09

1.00
2.35

95%
confidence

Interval

0.80-4.59
1.15-7.20

0.67-7.49

0.30-4.26
1.18-9.09
1.05-9.83

1.27-5.27

0.92-3.19

0.47-2.32
0.44-2.67

1.16-4.74

Exposed
population

(%)

38.1
39.2 1
22.7 J

25.2
13.4 -V

18.1 >
28.9
14.4 )

88.6
11.4

63.1
36.9

58.4 1
19.6 J

86.7
13.3

Population
attributable

risk
(%)

A A O
44. £.

CO Off
00.09

1 AC -i \(46.1)

15.3

20.8

Q Q
o.y

15.2

• p < 0.05; **p< 0.01.
t Results of Cox proportional hazards regression analysis.
j These variables and other covariates (i.e., education, work shift, and occupation) were simultaneously

entered into the equation. Family history was assessed at the follow-up survey in 1992. Other variables were
assessed at baseline In 1984.

§ Population attributable risk percentage for smoking habits, Including past smokers. The population attrib-
utable risk percentage for current smoking only is shown in parentheses.

11 Weight (kgyheight (m)*.

risk of NIDDM than did those who smoked 1-15
cigarettes per day, which was marginally significant
after controlling for baseline smoking habits, age at
starting smoking, smoking cessation, and the other
covariates (table 3). Starting smoking at age 18 or
younger was associated with a higher risk of NIDDM;
the trend for age at starting smoking was marginally
significant. Being a past smoker at baseline was asso-
ciated with a nonsignificant but slightly lower risk of
NIDDM. Experience of smoking cessation was asso-
ciated with a higher risk of NIDDM, although it was
not significant. Proportional hazards regression anal-
ysis among the 1,420 current smokers indicated sim-
ilar hazard ratios for number of cigarettes ever smoked
per day, age at starting smoking, and experience of

smoking cessation (table 3). Those who smoked
16-25 cigarettes per day had a significantly higher
risk of NIDDM than did those who smoked 1-15
cigarettes per day. The trend for age at starting smok-
ing was marginally significant.

Comparison of men who were lost to follow-up
(n = 365) with those who were followed completely
indicated that baseline smoking status, number of cig-
arettes ever smoked per day, age at starting smoking,
body mass index, leisure-time physical activity, alco-
hol drinking, and family history of diabetes were all
associated with dropping out of the follow-up study,
although these factors were not statistically significant
after data were controlled for age (Mantel extension
chi-squared test, p > 0.10).
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TABLE 3. Effects of smoldng-relatad variables on the Incidence of non-insulln-dependsnt diabetes
mellitus among 1,729 male ever smokers and 1,420 male current smokers (at baseline) during an 8-year
follow-up period, 1984-1992*

VariaWet

Smoking habits at baseline
Current smoker
Past smoker

Years of smoking
1-10
11-20
£21

No. of cigarettes ever smoked per day§
1-15
16-25
£26

Age (years) at starting smokingH
£21
19-20
<;18

Experience of quitting smoking
None
One or more times

Hazard
ratio

1.00
0.84

1.00
£00
1.90

1.00
2.30
1.98

1.00
1.45
2.31

1.00
1.63

Ever smokers

95%
confidence

interval

0.32-2.19

0.52-7.62
0.40-8.90

0.91-5.83
0.68-5.74

0.47-4.49
0.72-7.42

0.74-3.60

Currant smokers

Hazard
ratio

— *

1.00
2.51
3.07

1.00
2.90
2.68

1.00
1.55
2.50

1.00
1.65

95%
confidence

Interval

0.66-9.49
0.49-18.90

0.97-8.70
0.79-9.11

0.43-5.62
0.66-9.46

0.74-3.67

* Results of Cox proportional hazards regression analysis.
t All variables were entered simultaneously into the equation, controlling for age, education, work shift,

occupation, body mass Index, alcohol drinking, leisure-time physical activity, and family history of diabetes. Family
history was assessed at the follow-up survey in 1992. Other variables were assessed at baseline In 1984.

t Not applicable.
§ Significance of hazard ratios for those who had ever smoked 16-25 cigarettes per day: p = 0.07 and p = 0.06

in ever smokers and current smokers, respectively. For other hazard ratios, p > 0.10.
1) Significance of trend for age at starting smoking: p = 0.09 and p = 0.10 in ever smokers and current smokers,

respectively.

DISCUSSION

These results from a Japanese cohort of male em-
ployees are consistent with previous findings of higher
risks for NIDDM in heavy smokers (1-3). The hazard
ratio for NIDDM incidence in those who smoked
16-25 cigarettes per day at baseline was 3.27 in com-
parison with never smokers. This is higher than the
risk ratio reported in the US studies (2, 3) but very
close to that seen in the Dutch men (1). The population
attributable risk percentage for current smoking was
greater than the percentages for obesity, leisure-time
physical activity, alcohol drinking, and family history
of diabetes. We suggest that smoking is a major risk
factor for NIDDM.

The prevalence of NIDDM in 1984 was the same as
that seen in a male population aged 20-59 years (1.5
percent) from a community-based study in Japan (14).
The incidence rate during the follow-up period was
slightly lower than that (3-7/1,000 person-years) for
all males in this community study (14). This might be
attributable to a younger sample in our study. Com-
parison of several indicators (i.e., mean height, weight,

and body mass index) with a Japanese national sample
(11) suggests that our sample was not greatly deviant
from the overall Japanese male population. Since we
did not conduct the 75-g oral glucose tolerance test for
all subjects, some incident cases of NIDDM could
have been misclassified as noncases.

The 8-year follow-up rate was relatively high. The
association of the smoking variables and other possi-
ble risk factors (obesity, leisure-time activity, alcohol
drinking, family history) with dropping out of the
study was not statistically significant after we con-
trolled for age. Thus, these results are unlikely to have
been biased by loss to follow-up.

The effects of the smoking variables might have
been underestimated in our study. A possible problem
in case-finding in a previous study (1) was pointed out
by other researchers—namely, that smokers are more
likely to visit a physician for reasons other than dia-
betes, which could result in a greater chance of finding
their diabetes (2). Because all cases were found by
periodic screening in our study, such possible bias in
case-finding is unlikely.
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Leisure-time physical activity was assessed using a
single question and thus might have been defined too
simply. However, the hazard ratio for physically inac-
tive persons was very close to that from a previous
study (15) after other covariates were controlled. Thus,
the item seems to have been adequate for controlling
the confounding effect of leisure-time physical activity
on the relation between smoking and NIDDM.

Number of cigarettes smoked per day was associ-
ated with an increased risk of NIDDM after other
possible risk factors were controlled. Smoking has
been known to stimulate release of the counterregula-
tory hormones (16) and consequently cause temporal
elevation in blood glucose levels (17). Higher levels of
glycosylated hemoglobin have been reported in smok-
ers than in nonsmokers (6). Recent laboratory studies
have suggested that smoking causes insulin resistance
in peripheral tissues, while insulin secretion seems to
be unimpaired or somewhat overstimulated (4, 5). It
has also been reported that insulin resistance among
smokers is normal in the abstinence phase of smoking,
suggesting that the effects are only acute and are
reversible (6, 18, 19). Acute but repeated increases in
insulin resistance and blood glucose due to habitual
smoking might increase smokers' vulnerability to
other triggers for diabetic changes, such as beta cell
damage, resulting in a higher probability of NIDDM.

Our study indicated that the increase in NIDDM risk
related to number of cigarettes per day was modest
when the number of cigarettes smoked per day was
greater than 25. The same tendency was observed
when the "weighted" number of cigarettes per day
which considered butt length was applied. This pattern
was also observed in a previous study (3). We suggest
that smoking a certain number of cigarettes per day is
sufficient for developing NIDDM and there is no
further increase in risk beyond that amount Similar
"saturated" effects of number of cigarettes smoked per
day were reported from studies of smoking and serum
lipoprotein disturbances (20), which have been sug-
gested to occur secondary to insulin resistance (21-
23). While smokers had higher levels of serum total
cholesterol and very low density lipoprotein choles-
terol and lower levels of high density lipoprotein cho-
lesterol than nonsmokers, these levels were quite sim-
ilar between moderate and heavy smokers (20).
Similar patterns were also observed in the relation
between number of cigarettes smoked per day and
plasma fibrinogen levels (19). Thus, effects of smok-
ing on insulin resistance might be saturated when the
amount smoked passes a certain point.

We found a higher risk of NIDDM for those who
started smoking at age 18 years or younger; the trend
was marginally significant. Smoking-related changes

in triglyceride, low density lipoprotein cholesterol, and
high density lipoprotein cholesterol levels have been
reported to be greater in adolescents than in adults
(24). Thus, it is speculated that smoking might cause
more insulin resistance in younger people than in
adults. The increased risk of NIDDM among those
who started smoking at a younger age might also be
attributable to increased effects of smoking on other
physiologic factors, such as body fat distribution, in
younger people. Starting smoking at a younger age
might be associated with greater dependence and
heavy smoking patterns. Prevention of smoking in
early life might be an important aspect of prevention
of NIDDM, as well as of cardiovascular disease (24).

Being a past smoker at baseline was associated with
a nonsignificant but slightly lower risk of NIDDM
after other smoking variables were controlled. This is
consistent with a trend of decreasing NIDDM risk with
years since quitting smoking (3). Because we did not
consider years since quitting smoking among the past
smokers or consider smoking behaviors during the
follow-up period, the effects of smoking cessation on
NIDDM might be less clear. On the other hand, an
experience of smoking cessation during the lifetime
was associated with a slightly higher risk of NIDDM,
although it was not significant. This finding is partly
attributable to the fact that the subjects with cardio-
vascular risk factors were instructed by company phy-
sicians to stop smoking, and these risk factors are also
associated with an increased risk of NIDDM (1, 25).
Future research is needed to further clarify the relation
between smoking cessation and incidence of NIDDM.

REFERENCES

1. Feskens EJ, Rromhout D. Cardiovascular risk factors and the
25-year incidence of diabetes mellitus in middle-aged men:
The Zutphen Study. Am J Epidemiol 1989;130:1101-8.

2. Rimm EB, Manson JE, Stampfer MJ, et al. Cigarette smoking
and the risk of diabetes in women. Am J Public Health
1993;83:211-14.

3. Rimm EB, Chan J, Stampfer MJ, et al. Prospective study of
cigarette smoking, alcohol use, and the risk of diabetes in men.
BMJ 1995;310:555-9.

4. Attvall S, Fowelin J, Lager I, et al. Smoking induces insulin
resistance—a potential link with the insulin resistance syn-
drome. J Intern Med 1993 ;233:327-32.

5. Facchini FS, Hollenbeck CB, Jeppesen J, et al. Insulin resis-
tance and cigarette smoking. Lancet 1992;339:1128-30.

6. Nilsson PM, Lind L, Pollare T, et al. Increased level of
hemoglobin Ale, but not impaired insulin sensitivity, found in
hypertensive and normotensive smokers. Metabolism 1995;
44:557-61.

7. Medalie JH, Papier CM, Goldbourt U, et al. Major factors in
the development of diabetes mellitus in 10,000 men. Arch
Intern Med 1975;135:811-17.

8. Wilson PW, Anderson KM, Kannel WB. Epidemiology of
diabetes mellitus in the elderly: The Framingham Study. Am J
Med 1986;80(suppl 5A):3-9.

Am J Epidemiol Vol. 145, No. 2, 1997


