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Introduction: Few studies have reported the relationship
between smoking in middle age and long-term risk of impaired
activities of daily living (ADL).

Methods: We analyzed 2,276 men and women aged 47-59
years at the baseline survey of NIPPON DATAS0 in 1980. At the
follow-up survey in 1999, ADL was surveyed among 1890 survi-
vors. Multivariate-adjusted odds ratio (AOR) and 95% CI of
impaired ADL or of composite outcome of either death or im-
paired ADL according to baseline smoking status were calculat-
ed by multiple logistic regression analyses.

Results: In 1999, 386 participants were dead, and 75 participants
had impaired ADL. Compared with nonsmokers, AOR (95% CI)
of impaired ADL was significantly higher in current smokers at
baseline (odds ratio [OR] 2.11 [1.09—4.06]). Compared with non-
smokers, AOR of impaired ADL was higher as the number of ciga-
rettes increased (OR 2.04 [1.02—4.06] for <20 cigarettes/day and OR
2.35[0.94-5.88] for >20 cigarettes/day; p for trend = .04). AOR of
composite outcome for current smoking was 1.83 (1.37-2.41).

Discussion: Smoking in middle age would increase future risks
of impaired ADL. Smoking cessation may be important to pre-
vent future impairment of ADL as well as death.

Numerous studies have reported that smoking is one of the
major risk factors for cardiovascular diseases and cancer (Gandini

doi: 10.1093/ntr/ntq121
Advance Access published on July 30, 2010

etal., 2008; Shinton & Beevers, 1989; Ueshima et al., 2004; Wakai
et al,, 2006; Wolf, D’Agostino, Kannel, Bonita, & Belanger, 1988).
On the other hand, cardiovascular diseases, especially stroke,
were reported to be the main cause of impaired activities of daily
living (ADL) in Japan (Hayakawa et al., 2000; Kamiyama et al.,
1999). The associations between smoking and functional status
decline including impaired ADL in the elderly have been previ-
ously reported (Ho, Woo, Yuen, Sham, & Chan, 1997; Kamiyama
et al.; LaCroix, Guralnik, Berkman, Wallace, & Satterfield, 1993;
Lammi, Kivela, Nissinen, Pekkanen, & Punsar, 1989; Parker,
Thorslund, Lundberg, & Kareholt, 1996; Strandberg et al., 2008;
Stuck et al.,, 1999; Sulander, Martelin, Rahkonen, Nissinen, &
Uutela, 2005). Several follow-up study from western countries
showed that smoking is a risk factor for functional status decline
in elderly people (Ho et al.; LaCroix et al.; Lammi et al.; Parker et al.;
Strandberg et al; Stuck et al. ; Sulander et al.). In Asia, where
stroke mortality and morbidity are higher than western countries
(Ueshima, 2007; World Health Organization [WHO], 2007),
several studies reported the association between smoking and
functional status in elderly people (Ho et al.; Kamiyama et al.).
However, these studies were performed cross-sectionally or in
short term and evaluated smoking status in old age. Therefore,
the relation between smoking in middle age and long-term risk of
impaired ADL in Asian countries has not been well investigated.

In Asian countries including Japan, the prevalence of ciga-
rette smoking is higher than that in western countries, especially
in men (Martiniuk et al., 2006). In 2005, the prevalence of smok-
ing was 39.3% in Japanese men and 11.3% in Japanese women
(Health and Welfare Statistics Association, 2007). In middle-
aged Japanese men, the prevalence of smoking was higher,

© The Author 2010. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco.
All rights reserved. For permissions, please e-mail: journals.permissions@oxfordjournals.org
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approximately 50%. Because the smoking rate is high in Ja-
pan and in other Asian countries, it is important to clarify the
relationship between smoking and future risk of impaired
ADL.

The purpose of this report was to examine whether smoking
in middle age increases the risk of future impairment of ADL
and composite outcome, including death. A 19-year follow-up
study of representative Japanese samples from the National Sur-
vey on Circulatory Disorders of Japan was conducted to exam-
ine this question.

Participants and follow-up
Cohort studies of the National Survey on Circulatory Disorders
of Japan comprise the National Integrated Project for Prospec-
tive Observation of Non-communicable Disease and Its Trends
in the Aged (NTPPON DATA). The baseline survey of NTPPON
DATAB80 was performed in 1980. The detailed methods of this
study have been described (Hozawa et al., 2009; Okamura et al.,
2007; Ueshima et al., 2004 ). We analyzed the 19-year follow-up
data from NIPPON DATAS0 in this study.

In 1999, we asked 300 public health centers from all over
Japan to participate in the follow-up ADL survey and 249 of
them participated (Hozawa et al., 2009). In these areas, 2,724
men and women aged 47-59 years participated at baseline.
Among these participants, we excluded 78 participants with a
past history of coronary heart disease or stroke (n = 34) or miss-
ing information in the baseline survey (n = 44). We also
excluded 83 participants who moved before the ADL survey.
At follow-up, we surveyed 2,646 participants and information
about ADL was collected. At follow-up, 386 participants had al-
ready died. Consequently, 86.8% (n = 1,890) of 2,177 remained
survivors completed the ADL survey (Figure 1). Therefore,
1,890 participants were eligible for the analyses. Analyses were
also done in 2,276 participants including 386 participants who
were died before the ADL survey in 1999.

Detailed methods used to investigate ADL have been de-
scribed (Hozawa et al., 2009; Nakamura et al., 2009). Briefly,
participants were asked about five basic ADL-related items
(feeding, dressing, bathing, toileting, and transfer [walking
indoors]) modified from Katz, Downs, Cash, and Grotz (1970)
and whether each of these could be accomplished without help,
with partial help, or with full help. This survey was conducted
through face-to-face interviews at home (83.2%), telephone
interviews (10.5%), and other methods by physicians and pub-
lic health nurses in public health centers in 1999. “Impaired
ADL” was defined as partial or full support needed to perform
any of the five basic ADL items. The composite outcome was
defined as either all-cause death or impaired ADL. The Institu-
tional Review Board of Shiga University of Medical Science
(NO.12-18, 2000) approved the study.

Biochemical and physical examinations

Baseline blood pressure (BP) was measured by trained observers
using a standard mercury sphygmomanometer on the right arm
of seated participants after at least 5 min of rest. Hypertension
was defined as systolic/diastolic BP > 140/90 mmHg or receiving

Participants aged 47-59 at baseline in 249 areas in 1980
=2724

5| N=34  History of CVD at baseline

N=44  Lack of confounding factors

N

Study participants
N=2646

| S

Participants who were alive Participants who Participants who
and lived in the area in 1999 died before ADL moved before ADL
N=2177 survey in 1999 survey in 1999
N=386 N=83
y
Responders of ADL survey in Non-responders or incomplete
1999 responders of ADL survey
N=1890 =287

Figure 1. Flow chart of the study participants. N = numbers of partici-
pants; ADL = activities of daily living; CVD = cardiovascular diseases.

antihypertensive medication. Body mass index (BMI) was cal-
culated as weight divided by height squared (kilogram per
square meter). Public health nurses obtained data including
smoking behavior, as well as current health status and medical
history. Smoking behavior was categorized as nonsmokers (in-
cluding former smokers) and current smokers (light smokers
[20 cigarettes/day or less] and heavy smokers [more than
20 cigarettes/day]). In 1980, nonfasting blood samples were
separated by centrifugation within 60 min of collection and
stored at =70 °C. Serum albumin and total cholesterol levels
were measured using a sequential autoanalyzer (SMA12/60;
Technicon, Tarrytown, NY) by bromocresol green staining for
albumin and the Lieberman—Burchard direct method for total
cholesterol at a specific laboratory (presently named Osaka
Medical Center for Health Science and Promotion).

The relationship between smoking categories and impaired
ADL or composite outcome of either death or impaired ADL
was examined by multiple logistic regression analyses. The
multivariate-adjusted odds ratio (AOR) and 95% CI for im-
paired ADL or a composite outcome was adjusted for age,
gender, BMI (three categories: less than 18.5, 18.5-25, and
25 kg/m? and over), drinking (nondrinking and current drink-
ing), BP (less than 120/80, 120-139/80-89, 140-159/90-99,
and 160/100 mmHg and over or antihypertension medica-
tion), and serum total cholesterol and albumin levels. The
nonsmoking group was set as the reference group. All analyses
were performed by SAS 9.1 (Statistical Analysis System; SAS
Institute, Cary, NC).
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Men Women

Nonsmoker? Current smoker Nonsmoker* Current smoker
Number of participants (N) 340 681 1,161 94
Age (year) 528+35 53.1+35 532+38 53.7+3.8
BMI (kg/m?) 23.2+29 223+2.7 233134 228132
Serum albumin (g/dl) 4.4210.24 4.37+£0.26 4.37%0.24 4.371£0.22
Serum total cholesterol (mg/dl) 193.1£32.9 184.4+34.4 197.4+32.9 198.7+33.2
SBP (mmHg) 140.5+20.4 140.1 £20.2 138.2+20.5 132.3£21.3
DBP (mmHg) 86.4+12.2 84.5+124 8241113 79.3+£13.0
Prevalence of hypertension® (%) 57.1 55.8 50.3 39.4
More than 20 cigarettes/day (%) - 39.4 - 6.4
Current drinking (%) 70.3 78.0 14.6 38.3

Note. Values are number, % or mean  SD. BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure.

*Nonsmokers include former smokers.

*Hypertension was defined as SBP/DBP > 140/90 mmHg or receiving antihypertensive medication.

At the ADL survey in 1999, 31 men and 44 women had im-
paired ADL. Table 2 shows the relationship between smoking

Baseline characteristics of participants are shown in Table 1.~ categories and impaired ADL. The OR of impaired ADL in
For men, current smokers had lower total cholesterol levels ~smokers was significantly higher than that in nonsmokers after
(p < .001) and lower BMI levels (p < .001) than nonsmokers. ~multivariate adjustment (OR 2.11 [95% CI: 1.09-4.06]). The
For both men and women, smokers had a higher prevalence of ~ ORs were similar when analyzed for men and women separately
(OR 2.23 [0.91-5.42] in men and 2.25 [0.81-6.24] in women).

current drinking (p < .01) than nonsmokers.

Nonsmoker Current smoker
Men and women combined (n = 1,890)
Number of participants alive at the end of follow-up 1,314 576
Number of participants who developed impaired ADL (%) 47 (3.6%) 28 (4.9%)
Unadjusted OR (95% CI) 1 1.38 (0.85-2.22)
Age and sex AOR (95% CI) 1 1.63 (0.87-3.05)
Multivariate AOR (95% CI)* 1 2.11 (1.09-4.06)
Men (n = 778)
Number of participants alive at the end of follow-up 281 497
Number of participants who developed impaired ADL (%) 8(2.8%) 23 (4.6%)
Unadjusted OR (95% CI) 1 1.66 (0.73-3.75)
Age AOR (95% CI) | 1.60 (0.71-3.65)
Multivariate AOR (95% CI)* 1 2.23(0.91-5.42)
Women (n=1,112)
Number of participants alive at the end of follow-up 1,033 79
Number of participants who developed impaired ADL (%) 39(3.8%) 5(6.3%)
Unadjusted OR (95% CI) 1 1.72 (0.66-4.50)
Age AOR (95% CI) 1 1.66 (0.63-4.36)
Multivariate AOR (95% CI)* 1 2.25(0.81-6.24)
Men and women combined (n = 1,890) <20 cigarettes/day >20 cigarettes/day
Number of participants alive at the end of follow-up 1,314 383 193
Number of participants who developed impaired ADL (%) 47 (3.6%) 19 (5.0%) 9 (4.7%)

Unadjusted OR (95% CI)
Age and sex AOR (95% CI)
Multivariate AOR (95% CI)*

1.41 (0.82-2.43)
1.57 (0.81-3.06)
2.04 (1.02-4.06)

1.32(0.64-2.74)
1.81 (0.75-4.41)
2.35 (0.94-5.88)

Note. ADL = activities of daily living; OR = odds ratio.

*Adjusted for age, gender, body mass index, drinking, blood pressure, serum total cholesterol and albumin levels.
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Nonsmoker Current smoker
Men and women combined (n = 2,276)
Number of participants 1,501 775
Number of composite outcomes 234 (15.6%) 227(29.3%)
Unadjusted OR (95% CI) 1 2.28 (1.85-2.80)
Age and sex AOR (95% CI) 1 1.69 (1.29-2.22)
Multivariate AOR (95% CI)* 1 1.83 (1.37-2.41)
Men (n =1,021)
Number of participants 340 681
Number of composite outcomes 67 (19.7%) 207 (30.4%)
Unadjusted OR (95% CI) 1 1.78 (1.30-2.43)
Age AOR (95% CI) 1 1.75(1.28-2.41)
Multivariate AOR (95% CI)* 1 1.84 (1.32-2.55)
Women (n = 1,255)
Number of participants 1,161 94
Number of composite outcomes 167 (14.4%) 20 (21.3%)
Unadjusted OR (95% CI) 1 1.60 (0.95-2.68)
Age AOR (95% CI) 1 1.55(0.91-2.62)
Multivariate AOR (95% CI)* 1 1.82 (1.05-3.16)
Men and women combined (n = 2,276) <20 cigarettes/day >20 cigarettes/day
Number of participants 1,501 499 276
Number of composite outcomes 234 (15.6%) 135 (27.1%) 92 (33.3%)
Unadjusted OR (95% CI) 1 2.03 (1.60-2.58) 2.78 (2.10-3.70)
Age and sex AOR (95% CI) 1 1.51 (1.13-2.02) 2.18 (1.54-3.10)
Multivariate AOR (95% CI)* 1 1.64 (1.21-2.21) 2.34 (1.64-3.33)

Note. ADL = activities of daily living; OR = odds ratio.

*Adjusted for age, gender, body mass index, drinking, blood pressure, serum total cholesterol, and albumin levels.

Compared with nonsmokers, the AOR of impaired ADL was
higher with higher number of cigarettes (light smokers, OR 2.04
[1.02—-4.06], and heavy smokers, OR 2.35 [0.94-5.88]; p for
trend = .04).

Table 3 shows the relationship between smoking and compos-
ite outcome of impaired ADL or all-cause death. The multivariate
AOR of composite outcome in current smokers was significantly
higher than that in nonsmokers (OR 1.83 [1.37-2.41]). Results
were similar in both men and women (OR 1.84 [1.32-2.55] in
men and 1.82 [1.05-3.16] in women). Compared with nonsmok-
ers, the AOR of composite outcome was higher with higher num-
ber of cigarettes (light smokers, OR 1.64 [1.21-2.21], and heavy
smokers, OR 2.34 [1.64-3.33]; p for trend < .001).

In this long-term follow-up study of a representative sample of
the Japanese population, it was demonstrated that the risk of
future impaired ADL was twice higher in smokers than that in
nonsmokers in middle age. This trend was similar for composite
outcome including all-cause death.

Several follow-up studies reported that smoking was related
to future functional status decline (Ho et al., 1997; LaCroix
et al., 1993; Lammi et al., 1989; Parker et al., 1996; Strandberg

et al., 2008; Stuck et al., 1999; Sulander et al,, 2005 ). However,
most studies were from western countries and in short follow-
up period. A recent study from Finland demonstrated the rela-
tionship between smoking habit in midlife and physical
functional status in old age in a 26-year follow-up study (Strand-
berg et al.). These results from western countries are consistent
with our results in Japan where the disease structure is different
(Ueshima, 2007; WHO, 2007). In Asian countries, several stud-
ies reported a significant association between smoking in elderly
and future functional status decline (Ho et al.; Kamiyama et al.,
1999). Compared with these previous studies, our study cov-
ered a larger number of participants, had a longer follow-up
period, and evaluated smoking status in younger age. Therefore,
to our knowledge, this study is the first one to report the asso-
ciation between smoking in middle age and long-term risk of
future impaired ADL in an Asian population.

A few studies have investigated the prevalence of impaired
ADL in Asian countries. A survey by the Ministry of Health,
Labour and Welfare of Japan reported that the prevalence of im-
paired ADL was 3.4% among elderly Japanese aged 65-74 years
(The Research Group for Impaired Activity Daily Living and
Quality of Life in the Elderly, 1997). Other studies in Japan and
Singapore reported that the prevalence of impaired ADL among
elderly was 6.4% and 6.6% (Konno et al., 2004; Ng, Niti, Chiam, &
Kua, 2006); the prevalence was similar to that in our study
(4.0%), which is relatively lower than that in western countries.
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Our analysis on impaired ADL as the endpoint did not con-
sider participants who were dead before ADL survey. Some of
them might be impaired their ADL before death. Therefore, we
analyzed the relation between smoking status and composite
outcome (death or impaired ADL). In this analysis, we found
that both results on the risk of impaired ADL and of composite
outcome (death or impaired ADL) were similar. Nonsmokers
would be able to live longer and to spend healthier life without
impaired ADL than smokers.

A possible mechanism for the relationship between smok-
ing and impaired ADL could be the occurrence of stroke
(Hayakawa et al., 2000; Kamiyama et al., 1999) and chronic ob-
structive pulmonary disease (COPD; Garrod, Bestall, Paul,
Wedzicha, & Jones, 2000; Lundback et al., 2003). Certainly,
previous studies reported that smoking is a strong risk factor
for stroke (Shinton & Beevers, 1989; Ueshima et al., 2004; Wolf
etal.,, 1988) and COPD. Another mechanism by which smoking
impairs ADL could be osteoporosis and occurrence of bone
fracture (Katz et al., 1970). Osteoporosis was a major cause of
bone fracture in older adults, and smoking was reported to be an
important risk factor for osteoporosis (Wong, Christie, & Wark,
2007). The bone fracture in elderly due to smoking might be one
mechanism for impaired ADL. We have previously reported
that in our 1994 survey of NIPPON DATA80, 54% of impaired
ADL was due to stroke in men and 22% in women. Also, 30% of
impaired ADL was due to lower limb fracture in women (Hay-
akawa et al.). In the present study, 38.7% and 15.9% of male and
female survivors with impaired ADL had self-reported history of
stroke after baseline survey (data not shown). Stroke events
caused by smoking would more strongly contribute to impaired
ADL in Asian populations than in western populations.

This study has several limitations. First, we did not assess
the baseline ADL conditions in 1980. However, it is unlikely
that individuals with impaired ADL participated in the baseline
survey because participants had to attend the local public health
centers on foot without any assistance. Moreover, we did not
consider the results of ADL survey in 1994 because the number
of participants who had ADL data both in 1994 and in 1999 was
not enough to analyze. Second, the category of nonsmokers in-
cludes former smokers because of the small sample size of the
study. Therefore, the risk of impaired ADL among smokers may
be underestimated. Third, we assessed ADL only in 1999. Some of
participants who died before 1999 may have developed impaired
ADL. Therefore, this analysis would have a potential impact of
selection bias due to missing information of participants who
died until ADL survey in 1999. Fourth, ADL assessment was
conducted by face-to-face interviews for most of participants;
however, other methods were used in 17% of participants.

In conclusion, our results suggest that smoking in middle
age substantially increases the future risk of impaired ADL as
well as composite outcome including death. Not only to prevent
cardiovascular disease and cancer but also to prevent future dis-
ability, the importance of smoking cessation should be empha-
sized to smokers. i
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(2) BERABLZIZBIT 2 MiFy-glutamyltransferase & LEIET
BLOMERFELT Y 27 & OBEE : NIPPON DATA90

HEmHE BE ¥ (REERRKEESEFBEAREEZHA HEHR
FEARE =W "2 HEERAFHSEFBEBEARBEFRM 28)
WESEE BE B (ULBRFRFEREFRMERLORELZHBE HE)
MEBAE L HFF WEEBXFHSEFREERMHERM HBR)
HeEmAH%E BiE ER (BEERAPLHSEFREARGEFZHM HEHH)
WniEE REFRET (LSHREASETHEE RSB Tt Bley-R)
HEHAHE MR £ @EEERKFLESESFHREARFEFSRM FRHIHE)
WESEE B HH WHERKFHSEFHREAREGEFRM #E)
WESEE B TH (BESBRRXFPEFBHEEZARBELEE )
WESRE TR RE (RBXFRERBEEHARERLER #R)
MELHEE B EA ERRIENRFHELES -  THEZEHRE HHR)
BESEE ML B (ABMBIBEARETHSE -REERET FIR)
HaoAE LB LF WEERAKEEEBERTHEYY— HEER)

8/ MiEy-glutamyltransferase (GGT) & LIMER Y R 7 L DML L7-FHEMRZ
NETRENTEE, LHLARL, 7YV 7 AEAICBWTGETH LIBK & M2
FLICEFBCEELTWANE I DIEALL TRV, blbUIBEERABLZOLEH
WL TMEGGTHE & =P T., LIRFRET & OBEZRE LT,

FiE EEAHE L BALESOMIRICEET 2RABEX (FH30—95m) THE
BIRE A & MR BEE D72\ 7,488 A (FBH3,0890) ZR&RIZ LTz, Cox® KN
F—FEFAERANT, EHRNGOTHK I L ORENYF — FLZHE L,

R OREHMPICLBIREE T 1656 (BHE836) | AT T 135641 (FBiteesl)
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