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Objective: To determine the impact of smoking and quit smoking on mortality rate.

Material and Method: This prospective cohort was a three-year follow-up of Thai Diabetes Registry project that registered
9,370 diabetic patients from 10 diabetic clinics in tertiary medical centers in Bangkok and major provinces between
April 2003 and February 2006.

Results: The groups of 7,487 (80%), 1,315 (14%), and 568 (6%) patients were classified as non-smokers, ex-smokers, and
current smokers. The crude death rate of ex-smokers (Hazard Ratio (HR) 1.52 (95% CI 1.19-1.95)) and current smokers
(HR 1.55 (1.10-2.19)) were higher than death rate of non-smokers. After control for covariates, the HR comparing
ex-smokers with non-smokers was not different (1.10 (0.81-1.50)), while the HR comparing current smokers with non-smokers
remained statistical significant (1.74 (1.17-2.61)).

Conclusion: Smoking increases mortality rate in diabetic patients by about 74%. Quitting smoking decreased mortality

rate to the same rate as of diabetic non-smokers.
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Smoking was recognized as an important
health problem for more than a half century®. It is
leading to increase death®>. The World Health
Organization now recognizes tobacco use as the major
preventable cause of adult death, and about 5 million
deaths worldwide each year (8.8% of all deaths
annually) are attributed to smoking®. On a global
scale, the death toll from tobacco use is increasing’:¥.
Thailand is also suffering to burden of smoking
problem.

People with diabetes experience considerably
worse health outcomes and have a shorter life
expectancy than the general population. This is largely
attributable to a two to four times greater risk of
cardiovascular disease, which accounts for two-thirds
of deaths among people with diabetes®!V. Cigarette
smoking was shown to be a significant risk factor for
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death by coronary heart disease in type 2 diabetes!>14,
Smoking is an important modifiable risk factor for
cardiovascular disease and microvascular complications
in people with diabetes!'?. Despite being at an increased
risk of cardiovascular disease and cancer, many people
with diabetes smoke, with the rate of smoking among
people with diabetes approaching the rate in the general
population®17),

Comprehensive tobacco control strategies
have been an integral component of public health
policy in Thailand for many years. These strategies
aim to reduce overall tobacco use and exposure
especially young people. Direct and indirect cigarette
advertisements are prohibited. Sale of cigarettes to
young people is illegal. Smoking in public is prohibited
except in a smoking zone. However, despite evidence
of success in tobacco control, the authors have no
known evidence about risk of smoking and benefit of
quit smoking in Thai diabetic people.

In this article, the authors present the
findings of a longitudinal study of 9,370 Thai diabetic
patients that examined the impact of smoking and
quit smoking on mortality rate.
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Material and Method
Setting and Subjects

The methods in detail of Thailand Diabetic
Registry have been described previously™®. In brief,
the authors registered diabetic patients in diabetic
clinics of eleven tertiary care hospitals across
Thailand. The authors examined smoking status
based on information recorded during registry periods
(April 2003 and December 2003). The authors also
included demographic data, pertinent parts of
physical examinations, laboratory examinations
performed over the 12 months prior to recruitment,
medications (including insulin, oral hypoglycemic
agents, antihypertensive agents, lipid lowering agents
and aspirin), and diabetic complications verified by
physician’s reports. The patients were the diabetics
being treated in these clinics and they gave informed
consent before participating in the registry. The
present study was approved by the Ethics Committees
at each hospital.

The authors categorized smoking status as
1) current smokers - those who were still smoking on
the day of examination or who had quit for less than
one year, 2) ex-smokers - those who had stopped
smoking for at least one year, and, 3) non-smokers -
those who had never smoked.

Health care plan were categorized to
Universal Coverage, Social Security Welfare, Civil
Service health plan, private health insurance, and
self-paid. Civil Service health plan is health plan for
government officer and their family. It will pay for all
health care cost. Social Security Welfare is the health
care plan that worker and their company pay for their
health insurance fee. Universal coverage health plan
is provided by the government for all Thai people who
had no coverage by other health care plan. It covers
almost all essential health care but not the expensive
care such as chronic kidney replacement.

At the end of February 2006, the vital statuses
09,370 diabetic patients (99.5%) were determined by
database of each participating hospitals and The
Bureau of Registration Administration, The Ministry
of Interior. The primary outcome was death from
all causes. In order to avoiding inaccuracy of death
certificates, the causes of death were defined by a panel
of two independent physicians on reviewing of medical
records. Disagreement was settled by consensus.

QOutcome events

The primary outcome was death from all
causes. Smoke-related death was defined as

J Med Assoc Thai Vol. 96 No. 3 2013

cardiovascular and cancer death. Death from
cardiovascular disease included cardiac disease,
stroke, and sudden death. Coronary artery disease
was recognized as myocardial infarction - viz., serial
electrocardiographic changes leading to development
of Q waves, characteristic increase in serum myocardial
markers with a suggestive clinical history or evidence
at autopsy of new or recent infarction - while unstable
angina pectoris was defined by a clinical history of
acute coronary syndrome without definite criteria of
myocardial infarction. Stroke was categorized into
ischemic and hemorrhagic stroke by CT or MRI
scan. Malignancy and infection were sub-categorized
according to the primary organ of malignancy or
infection.

Statistical methods

The patients were divided into three groups
according to smoking status, current smoke, ex-smoke,
and never smoke. Descriptive statistics were used.
Proportions of studied variables were compared using
the y* and Fisher’s exact tests. Differences in mean
values of studied variables were compared using the
t-test and the Mann-Whitney U test.

Cox proportional hazard models were used
to calculate hazard ratios (HR) for all cause mortality
and smoke-related mortality in relation to smoking
status. The association between smoking status and
all cause and smoke-related mortality was assess
after controlling for covariates. Covariates factors
were determined by applied multiple Cox regression
models (backward elimination). Whenever two
variables were very similar and had multi-co-linearity,
only one of them was included in the model. For the
final Cox proportional hazard model, assessment of
the model adequacy was constructed. The proportional
hazard assumption and goodness-of-fit were tested.

Statistical analyses were performed using
STATA version 8.0 (Stata Corporation, College Station
TX, US).

Results

The groups of 7,487 (80%), 1,315 (14%) and
568 (6%) patients were classified as non-smoker,
ex-smoker, and current smoker. Table 1 shows the
baseline characteristics of each group. Differences in
treatment between each group are shown in Table 2.

The current smoker and ex-smoker were male
predominant, meanwhile most of non-smoker group
were female. Ex-smoker group were older, had longer
duration of diabetes, and had more prevalence of
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hypertension, previous history of coronary artery
disease, cerebrovascular disease, and renal impairment
that were reported as important risk factors of death.
Ex-smoker group was taking more lipid lowering
agent, aspirin, and anti-hypertensive agents than
current smoker. These findings may reflect more
chronic and severe disease in ex-smoker patients. These
confounding factors in ex-smokers complicate the
interpretation of the increased risk for death in ex-
smokers compared with nonsmokers and current
smokers. The issue is complex, and confounding might
both inflate and deflate smoking and death associations.

The crude death rate of ex-smoker (25.4 per
1,000 patient-year) was the same as current smoker
(25.9 per 1,000 patient-year) and higher than non-

smoker (16.7 per 1,000 patient-year) (Table 4). After
adjusting for age and sex that were considered an
important confounders, age- and sex-adjusted HR
(model 1) for all-cause mortality of ex-smoker was
not significantly higher than the non-smoker group
(1.22 (0.91-1.62)), while age- and sex-adjusted HR
comparing current smoke with non-smoker was
significant high (1.73 (1.19-2.52)). Age, health care
plan, education, HbA 1c, previous history of coronary
artery disease, and cerebrovascular disease, metformin,
insulin and lipid lowering agent treatment were
independent risk factors for all causes of mortality.
After control all these covariates (model 2), the HR
comparing ex-smoke with non-smoker was not
difference (1.10 (0.81-1.50)), while the HR comparing

Table 1. Patient characteristics at entry divided by smoking status

Non-smokers (n=7,487) Ex-smokers (n=1,315) Currentsmokers (n=568) p-value

Age 59.2+13.9
Male sex 1,571 (21.0)
Duration of DM 10.5£7.7
Height 155.848.4
Weight 62.3+12.6
BMI 25.6+4.4
SBP 142.3423.1
DBP 78.6+11.3
Education higher than BSc 1,255 (16.8)
Hx of coronary artery disease 653 (7.4)
Hx of cerebrovascular disease 305 (4.1)
Hypertension 5,572 (74.4)
FBS 153.4+56.2
HbAlc 8.2+1.9
Cr 1.1£0.8
Cholesterol 198.1+42.3
Triglyceride 147.5492.3
HDL 55.0£15.6
LDL 114.9+36.0
Serum Cr
<1.5 6,278 (83.9)
1.5t03.0 855 (11.4)
>3.0 354 (4.7)
Health care plan
Government officer 4,150 (55.4)
Self pay & insurance 2,133 (28.5)
Social welfare 423 (5.7)
Universal coverage 781 (10.4)
Type 1 diabetes 370 (4.9)

62.7+10.8 54.9+12.2 <0.01
1,136 (86.4) 489 (86.1) <0.01
11.0+7.5 8.0+6.7 <0.01
163.6£7.6 164.748.0 <0.01
67.8+11.9 68.4+13.6 <0.01
25.343.9 25.2+4.4 NS
144.8422.5 136.6+20.1 <0.01
79.4+11.7 79.3+11.5 NS
321 (24.4) 110 (19.4) <0.01
174 (13.3) 31 (5.5) <0.01
91 (6.9) 14 (2.5) <0.01
1,067 (81.1) 346 (60.9) <0.01
151.2454.1 161.0+67.2 <0.01
8.1+1.9 8.2+1.8 NS
1.4£1.3 1.240.7 <0.01
192.0+41.3 196.4+46.5 <0.01
156.7+125.2 179.6:£182.4 <0.01
50.0+13.0 48.4+13.1 <0.01
112.3+33.4 114.5+38.0 <0.01
<0.01
967 (73.5) 469 (82.6)
285 (22.7) 60 (10.6)
63 (4.8) 39 (6.9)
<0.01
826 (62.8) 280 (49.3)
327 (24.9) 167 (29.4)
65 (4.9) 52(9.2)
97 (7.4) 69 (12.2)
29 (2.2) 24 (4.2) <0.01
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Table 2. Treatment at entry divided by smoking status

Non-smokers (n=7,487) Ex-smokers (n=1,315) Currentsmokers (n=568) p-value

Insulin 2,140 (28.6)
Sulfonamide 4,924 (65.5)
Metformin 5,192 (69.4)
TZD 400 (5.3)

ACEi 2,580 (34.5)
ARB 601 (8.0)

B-Blocker 1,497 (20.0)
Alpha-blocker 217 (2.9)

Calcium channel blocker 1,662 (22.2)
Diuretic 2,144 (28.5)
Statin 3,286 (43.9)
Fibrate 941 (12.6)
Lipid lowering agent 4,054 (54.2)
ASA 2,520 (33.7)

404 (30.7) 169 (29.8) NS
863 (65.2) 364 (63.6) NS
805 (61.2) 376 (66.2) <0.01
77 (5.9) 28 (4.9) NS
547 (41.6) 169 (29.8) <0.01
131 (10.0) 29 (5.1) <0.01
253 (19.2) 66 (11.6) <0.01
76 (5.8) 14 (2.5) <0.01
299 (22.7) 84 (14.8) <0.01
356 (26.9) 119 (20.8) <0.01
640 (48.7) 212 (37.3) <0.01
194 (14.8) 91 (16.0) <0.01
777 (59.1) 281 (49.5) <0.01
566 (43.0) 205 (36.1) <0.01

Table 3. Causes of death categorized by smoking status

Non-smokers (n=7,487) Ex-smokers (n=1,315) Current smokers (n=568) p-value

Total death 308 (4.1)
CVD death 88 (1.2)
Cancer death 61(0.8)
Infectious death 70 (0.9)
Kidney death 29 (0.4)

81 (6.2) 36 (6.3) <0.01
21 (1.6) 10 (1.76) <0.01
17 (1.3) 5(0.9) <0.01
12 (0.9) 9 (1.6) <0.01
10 (0.8) 1(0.2) <0.01

current smoke with non-smoker remained statistical
significantly (1.74 (1.17-2.61)).

The age- and sex-adjusted HR (Table 5
(model 1)) for smoke-related mortality comparing
ex-smoker with non-smokers was 1.27 (0.83-1.93),
while the HR for smoke-related mortality comparing
current smoker with non-smoker was 1.64 (0.92-2.92).
Age, HbAlc, previous history of coronary artery
disease and cerebrovascular disease, metformin and
lipid lowering agent treatment were independent risk
factors for smoke-related mortality. After control
all these covariates (model 2), the HR comparing
ex-smoker with non-smoker was not difference 0.93
(0.58-1.47). Although smoke-related mortality HR for
smoke-related mortality comparing current smoker
with non-smoker was not significant (1.76 (0.96-3.22)),
it showed the same direction with all-cause mortality.

Among ex-smokers who were divided by
duration of quit smoking in to two groups, recent quit
smoking (<10 year) and quit smoking earlier (>10 year)
groups. Both groups had the same benefit. The age- and
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sex-adjusted HR for all-causes mortality comparing
recent quit smoking and quit smoking earlier groups
with non-smokers were 1.31 (0.91-1.67) and 1.13
(0.79-1.63). After adjusted for all covariates, they
were 1.12 (0.74-1.68) and 1.07 (0.72-1.59).

For each smoking status, all-cause (Fig. 1A)
and smoke-related (Fig. 2A) unadjusted mortality
Kaplan-Meier survival estimates are illustrated for the
follow-up period, as well as age-and sex-adjusted
survival estimates (Fig. 1B, 2B).

Discussion

The authors demonstrated impact of smoking
on mortality rate in Thai diabetic patients. Smoking
increases mortality rate by about 74%. Quit smoking
decreased mortality rate to the same rate as of non-
smoker patients.

Despite being comprehensive tobacco
control in Thailand for many years, about 6% of
people with diabetes smoking. Death rate in smoking
population was 74% higher than non-smoking. That
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Table 4. Adjusted hazard ratios (and 95% CI) from multivariate Cox models for a given difference factors level for all

cause-mortality

Variables Crude HR Model 1 Model 2
Smoking

Non-smokers 1 1 1

Ex-smokers 1.52 (1.19-1.95) 1.22 (0.91-1.62) 1.10 (0.81-1.50)

Current smokers 1.52 (1.19-1.95) 1.73 (1.19-2.52) 1.74 (1.17-2.61)
Age (10 years) 1.60 (1.47-1.75) 1.55 (1.40-1.70)
Female gender 0.84 (0.66-1.06) 0.93 (0.72-1.21)

Health plan

Civil Service

Self pay & insurance

Social welfare

Universal coverage
Education

Below BSc.

BSc. or Higher
Serum creatinine

<lL.5

1.5-3.0

>3.0

Previous history of coronary artery disease
Previous history of cerebrovascular disease
Using lipid lowering agent (statin and/or fibrate)
Insulin

Metfomin

Hbalc (1%)

1
1.07 (0.83-1.39)
1.04 (0.58-1.85)
1.96 (1.48-2.58)

1
0.65 (0.45-0.94)

1
1.82 (1.40-2.37)
6.85 (4.86-9.66)

1.97 (1.52-2.56)
1.78 (1.24-2.54)
0.56 (0.45-0.69)
1.49 (1.18-1.87)
0.59 (0.47-0.74)
1.06 (1.01-1.12)

Table 5. Adjusted hazard ratios (and 95% CI) from multivariate Cox models for a given difference factors level for smoke-

related mortality

Variables Crude HR Model 1 Model 2
Smoking

Non-smokers 1 1 1

Ex-smokers 1.48 (1.03-2.10) 1.27 (0.83-1.93) 0.93 (0.58-1.47)

Current smokers 1.34 (0.79-2.27) 1.64 (0.92-2.92) 1.76 (0.96-3.22)
Age (10 years) 1.66 (1.46-1.89) 1.59 (1.38-1.82)
Female gender 0.95 (0.67-1.34) 1.02 (0.70-1.49)
Serum creatinine

<1.5 1

1.5-3.0 1.72 (1.19-2.48)

>3.0 2.43 (1.36-4.36)

Previous history of coronary artery disease
Previous history of cerebrovascular disease
Using lipid lowering agent (statin and/or fibrate)
Metfomin

Hbalc (1%)

2.05 (1.37-3.06)
2.13 (1.30-3.49)
0.56 (0.41-0.76)
0.56 (0.41-0.76)
1.12 (1.04-1.20)
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A. Unadjusted
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1.00

0.98|
0.96|

%

0.94]

0.92|
0 2 3
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Fig.1  Kaplan-Meier all cause survival estimates for

smoking status.
A. Unadjusted
B. Adjusted for age (60 year old) and sex

was about the same risk as non-diabetes population®.
Risk of death from smoking is higher than benefit
from lipid lowering agent.

About 14% of our diabetes population was
ex-smoker. The mortality rate of ex-smoker was as
high as the mortality rate of current smoker were 1.52
(1.19-1.95) and 1.55 (1.10-2.19) times higher than
non-smoker. However, ex-smoker patients were in
high-risk population such as elder, longer duration of
diabetes, with high prevalence of hypertension and
diabetic complication. Our findings are reflecting that
higher motivation in quit smoking in elder and diabetes
patients with complication. Crude death rate may be
confounded by these important risk factors. After
adjustment for all covariates, death rate of ex-smoker
was lower than current smoker and equal to non-
smokers. In general, population, ex-smokers are at
lower risk for total mortality compared with continuing
smokers®2*2D. The authors showed the same benefit in
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Current smokers
Fig.2  Kaplan-Meier smoke-related survival estimates

for smoking status.
A. Unadjusted
B. Adjusted for age (60 year old) and sex

our diabetes population. The time required for the risk
for total mortality among quitters to reach the level of
never smokers differs among studies, ranging from
6 to 10 years in one study® to 10 or more years in
other studies®*?¥, All-cause mortality risks were higher
for recent quitters (1-9 years) than for those who quit
earlier (=10 years), compared with subjects who have
never smoked®. However, we cannot demonstrate
the same time response effect of quit smoking.

In order to reduce mortality related to
smoking, smoking cessation program must be
introduced to all smoking patients. Intensive smoking
cessation program including a strong physician
message, group sessions by using behavior modification,
nicotine gum and maintenance program with stressed
coping skills, was a higher rate of quit smoking®".
Intensive smoking cessation program also decreases
all cause-mortality. Thus, we may need to develop our
intensive program for Thai diabetes patients.
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Conclusion

The authors demonstrated current diabetic
smoker had a higher mortality rate than diabetic non-
smokers by 74%. Diabetic patients who quit smoking
had a mortality rate the same as non-smokers.
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