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Abstract
Objective—There are relatively few
published studies conducted among
people of younger ages examining short
term outcomes of cigarette smoking, and
only a small number with outcomes
important to employers. The present
study was designed to assess the short
term eVects of smoking on hospitalisation
and lost workdays.
Design—Retrospective cohort study.
Setting—Military population.
Subjects—87 991 men and women serving
on active duty in the US Army during 1987
to 1998 who took a health risk appraisal
two or more times and were followed for
an average of 2.4 years.
Main outcome measures—Rate ratios for
hospitalisations and lost workdays, and
fraction of hospitalisations and lost work-
days attributable to current smoking
(population attributable fraction).
Results—Compared with never smokers,
men and women who were current smok-
ers had higher short term rates of
hospitalisation and lost workdays for a
broad range of conditions. Population
attributable fractions (PAFs) for out-
comes not related to injury or pregnancy
were 7.5% (men) and 5.0% (women) for
hospitalisation, and 14.1% (men) and 3.0%
(women) for lost workdays. Evidence sug-
gests that current smoking may have been
under reported in this cohort, in which
case the true PAFs would be higher than
those reported.
Conclusions—In this young healthy popu-
lation, substantial fractions of hospitalisa-
tions and lost workdays were attributable
to current smoking, particularly among
men.
(Tobacco Control 2000;9:389–396)
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Cigarette smoking is a well established risk fac-
tor for a wide range of adverse health
outcomes, including obstructive airway
disease, cardiovascular disease, and cancer,1–3

and is the greatest single cause of premature
mortality and preventable morbidity in the
USA.4 The economic impact of smoking has
been estimated at $50 billion in direct medical
costs and $47.2 billion in indirect costs (in
1993 dollars).5 6 However, these estimates are

based on models that are largely driven by out-
comes associated with long latent periods, pro-
longed duration of exposure, or persons older
than 35 years. The vast majority of studies on
smoking and health have been conducted
among middle aged or older persons; since the
age at initiation for nearly all smokers is in early
adolescence, older smokers will have smoked
for long periods of time.7 The available studies
on the health eVects of smoking in younger
persons are heavily concentrated on respiratory
outcomes in children and adolescents,8–17 with
other studies focusing on adverse eVects on
physical fitness18 19 and pregnancy out-
comes,20 21 as well as the role of smoking in the
early stages of atherosclerotic heart disease.22 23

There are fewer studies on smoking and health
which have examined outcomes of particular
importance to employers, many of whom pro-
vide health insurance for predominantly young
workers. As a consequence, many employers
may be unsure of the impact of smoking among
their employees and may not appreciate the
true value of a workplace culture that attracts a
higher proportion of smoke free workers.

Lost workdays and outcomes with high cost,
such as hospitalisations, have special
significance for employers, because these
outcomes result in significant work loss, poten-
tial economic losses, and human suVering. The
modest number of studies examining smoking
and these outcomes24–39 have generally relied on
small samples and failed to adjust for
important potential confounders. For example,
one study included data from 7 796 subjects,
and did not adjust for alcohol use, obesity, and
physical activity per se, but rather for the total
number of risk factors (which included
alcohol, obesity, and activity level, but also
other factors) identified through a health risk
appraisal.22 Although it is well established that
these factors have independent and diVering
eVects on health outcomes, the investigators
assumed that all risk factors other than
smoking had the same eVect and combined all
of their eVects together. In spite of the study
limitations, the investigators were able to dem-
onstrate that current smokers were more likely
to have higher future medical claims costs than
non-smokers.

Prior studies have also generally not
included suYcient numbers of younger
persons to permit separate inferences for
subjects under the age of 35 years, or have not
presented age specific results. One study used
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data from 5780 subjects with a mean age of
51.9 years, and did not perform any
adjustment for alcohol use, obesity, and physi-
cal activity when estimating the eVect of smok-
ing on future use of medical resources.24

Current and former smokers were found to
have higher average monthly charges than
never smokers, but current smoking was actu-
ally associated with a lower rate of hospitalisa-
tion. Another smaller study based on data from
1284 men and women presented separate
results by age for men only, and found that
current smoking was significantly related to
future absenteeism costs (but not future medi-
cal claims costs) among younger and older
men.26 Among women, current smoking was
not significantly related to either type of future
costs.

The present study was designed to assess the
short term relationship between baseline self
reported smoking status and rates of
subsequent hospitalisation and associated lost
workdays, using data from a large cohort of
young healthy workers serving on active duty
in the US Army.

Methods
STUDY POPULATION

The present study used data from the Total
Army Injury and Health Outcomes Database
(TAIHOD), obtained from the US Army
Research Institute of Environmental Medicine,
Natick, Massachusetts.40 TAIHOD is a
longitudinal relational database which includes
data on active duty US Army personnel, gath-
ered from multiple military data sources. We
used data on demographic characteristics, out-
comes (hospitalisations and lost workdays),
and health habits. The demographic data con-
tained in the TAIHOD were obtained from the
Defense Manpower Data Center, Monterey,
California, the outcome data from the
Individual Patient Data System database, and
the health habit data from a file containing
person level health risk appraisal (HRA) data.
Personal identifiers—for example, encrypted
social security numbers—were used to create
initial data linkages and then removed from the
working dataset in order to protect the privacy
of the individual respondents to the HRA.

To be included in the study cohort, a subject
must have completed two or more HRAs dur-
ing the period 1987 to 1998. For subjects who
completed more than two HRAs during this
period, we considered only the first and last.
We used data from repeat HRA takers to
prevent loss to follow up after entry into the
study cohort, and to enable computation of the
number of person years of observation for each
subject (see statistical analysis below). The
HRA is not taken by all US Army personnel.
However, the primary reasons for its
administration are for health habit screening
during inprocessing to new assignments, as
part of routine periodic physical examinations,
or in conjunction with semi-annual physical
fitness testing. HRA administration is directed
by US Army policy and rarely initiated by indi-
vidual soldiers. Thus, significant self selection
bias is unlikely. To confirm that subjects in the

study cohort were generally representative of
the entire population of active duty US Army
members, we compared demographic data for
a subgroup of the study cohort (those
completing their first HRA in 1992) with 1992
data for the entire active duty US Army popu-
lation. We performed these comparisons using
data from 1992, since this was the year with the
largest number of persons entering the cohort:
nearly 30% of the study subjects entered the
cohort in this year. We did not observe any
material diVerences in the distributions of age,
sex, race, or military rank between the HRA
respondents and the entire US Army
population.

We excluded data on hospitalisations which
were coded as having zero bed days or were
missing data on the number of convalescent
days associated with the hospitalisation
(approximately 5% of all hospitalisations). The
proportion of subjects who had some hospitali-
sation data excluded was the same for current
smokers, former smokers, and never smokers
(approximately 1% for each of the three
groups), suggesting that this exclusion did not
bias our study findings.

Thus, the final study cohort included 87 991
men and women serving on active duty in the
US Army who completed two or more HRAs
between 1987 and 1998. The study design
resulted in an average follow up time of 2.4
years.

STATISTICAL ANALYSIS

If Y is the person-time rate observed for a stra-
tum in a multiway contingency table, and T is
the corresponding observed person-time, it is
conventionally assumed that the number of
cases observed for the stratum, A = YT, would
tend to vary according to a Poisson distribution
if the person-time were fixed at its observed
value. For this reason, regression analysis of
person-time rates is usually called Poisson
regression. We used Poisson regression
techniques to model the relationship between
smoking status and rates of hospitalisation and
lost workdays, while controlling for multiple
covariates. Regressions were performed using
the generalised linear modelling (GENMOD)
procedure41 in the SAS System for Microsoft
Windows.42 Follow up was computed as the
time between completion of the two HRAs.
Smoking status was coded as current smoker,
former smoker, or never smoker. (In the HRA,
subjects were asked to choose one of these
responses to describe their smoking status.)
The following covariates were used in the
statistical models: age (< 25 years, 25–31
years, > 31 years); sex; race (white, black,
other); military rank (junior enlisted, E1–E4;
senior enlisted, E5–E9; warrant oYcer,
W1–W4; commissioned oYcer, O1–O10);
number of alcoholic drinks consumed per week
(none, 1–2, 3–5, > 5); frequency of aerobic
exercise (rarely/never, 1–2 times per week, > 3
times per week), and body mass index (weight
(kg) divided by height squared (m2)) (above or
below 27.8 kg/m for men, above or below
27.3 kg/m for women). The cutpoints for the
age categories represented tertiles of years of
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age. For alcohol consumption categories, the
cutpoints for non-zero values represented
tertiles of weekly alcohol consumption among
drinkers. For each of these covariates, the
values used in the statistical models were those
from the first HRA—that is, the values as of the
beginning of follow up.

Hospitalisations were grouped into broad
categories based on principal diagnosis, as
coded using the International classification of
diseases, ninth revision, clinical modification
(ICD-9-CM).43 Data were used for all
hospitalisations occurring during follow up—
that is, between the two HRAs. Lost workdays
associated with each hospitalisation were
defined as the sum of bed days and
convalescent days occurring before discharge
from the hospital. Until very recently, military
hospitals have allowed physicians to place
patients on convalescent leave, a status in
which they are allowed to leave the hospital but
are still maintained on the hospital rolls.
Patients then return to the hospital for reevalu-
ation or testing and are finally discharged when
they are deemed ready to return to duty. Con-
valescent days thus represent lost workdays in
addition to actual bed days, but may represent
only a portion of the total recovery time that an
individual may require.

Since pregnancy related hospitalisations
(ICD-9-CM codes 630–677 and V22–V28)
represented 46% of all hospitalisations for
women, and to allow creation of equivalent
diagnostic groups for men and women, we
analysed the data separately for this diagnostic
category. Similarly, since some of the hospitali-
sations related to injury may be may uniquely
related to military occupations, and since
previous studies have shown that smoking may
be an important risk factor for musculoskeletal

injury in a wide range of activities and
occupations,44–46 we also analysed data
separately for injury related hospitalisations
(ICD-9-CM codes 800–999). We excluded
diagnoses related to poisoning (ICD-9-CM
codes 909.0, 909.1, 909.5, and 960–989) from
this diagnostic category. While the “injury”
category used here encompasses more than
musculoskeletal injuries, we felt that poison-
ings were suYciently diVerent in terms of their
mechanism that they should be considered
separately.

We computed rate ratios (RRs) and
associated two sided 95% confidence intervals
(CIs), separately comparing each of the two
categories of smokers (current smokers and
former smokers) to never smokers, while
simultaneously adjusting for the covariates
above. The following arguments can be oVered
in support of a causal relationship between
smoking and the study outcomes: (1)
biological plausibility, based on the causal role
of smoking in a wide range of disease
conditions; (2) consistency of the findings in
the scientific literature24–39 44–46; (3) finding of a
dose–response relationship in many of the
studies; and (4) finding that use of health serv-
ices declines dramatically after smoking cessa-
tion (versus continued smoking).28 Based on
the assumption of causality, population
attributable fractions (PAFs) for each diagnos-
tic category were computed as A/(A + 1),
where A = prevalence of current smoking
among men or women × (RR − 1). We
performed all analyses separately for men and
women, and for each of the two study end
points (hospitalisations and lost workdays).

Table 1 Characteristics* of study subjects, active duty US Army personnel, 1987 to 1998

Characteristic

Smoking status

P Value†
Never smoker
(57.9%)

Former smoker
(15.6 %)

Current smoker
(26.5 %)

Follow up duration, years (mean) (SE) 2.4 (0.01) 2.3 (0.01) 2.3 (0.01) < 0.0001

Age, years (mean) (SE) 27.7 (0.03) 31.2 (0.07) 28.6 (0.05) < 0.0001

Sex
Male (%) (SE) 84.7 (0.16) 89.1 (0.27) 89.3 (0.20) < 0.001
Female (%) (SE) 15.3 (0.16) 10.9 (0.27) 10.7 (0.20)

Race
White (%) (SE) 59.5 (0.22) 71.3 (0.39) 70.2 (0.30)
Black (%)(SE) 34.2 (0.21) 21.9 (0.35) 23.6 (0.28) < 0.001
Other (%) (SE) 6.2 (0.11) 6.8 (0.22) 6.2 (0.16)

Military rank‡
Junior enlisted (%) (SE) 40.5 (0.22) 28.6 (0.39) 43.5 (0.33)
Senior enlisted (%) (SE) 35.4 (0.21) 51.4 (0.43) 51.0 (0.33) < 0.001
Warrant oYcer (%) (SE) 2.6 (0.07) 4.4 (0.18) 2.0 (0.09)
Commissioned oYcer (%) (SE) 21.5 (0.18) 15.6 (0.31) 3.5 (0.12)

Drinks of alcohol consumed per week (mean) (SE) 2.4 (0.02) 3.6 (0.05) 5.2 (0.06) < 0.001

Frequency of aerobic exercise
Rarely/never (%) (SE) 7.0 (0.11) 6.0 (0.20) 9.8 (0.20)
1–2 times per week (%) (SE) 27.4 (0.04) 25.7 (0.37) 31.2 (0.31) < 0.001
> 3 times per week (%) (SE) 65.6 (0.21) 68.3 (0.40) 59.0 (0.32)

Overweight, men (%) (SE)§ 11.7 (0.16) 13.0 (0.31) 9.4 (0.20) < 0.001

Overweight, women (%) (SE)§ 4.8 (0.15) 7.2 (0.68) 5.6 (0.47) < 0.001

SE, standard error.
*For demographic characteristics and risk factors, values shown are as of the beginning of follow up.
†For test of association between smoking status and the characteristic.
‡Military ranks were grouped as follows: junior enlisted (E1–E4); senior enlisted (E5–E9); warrant oYcer (W1–W4); and
commissioned oYcer (O1–O10).
§For men, body mass index (BMI) > 27.8 kg/m2; for women, BMI > 27.3 kg/m2.
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Results
BASELINE CHARACTERISTICS OF STUDY SUBJECTS

Mean age at baseline for the study cohort was
28.5 years, and the average duration of follow
up was 2.4 years. We found substantial
diVerences in baseline characteristics across
the three smoking status groups (current
smoker, former smoker, never smoker) (table
1). Current smokers were slightly older than
never smokers, and had a higher proportion of
men and whites. Current smokers also had a
higher proportion of senior enlisted personnel
and a much lower proportion of commissioned
oYcers. Average alcohol consumption was
higher and frequency of aerobic exercise some-
what lower for current smokers, but there were
no consistent diVerences in prevalence of over-
weight across the smoking status groups.

SMOKING AND HOSPITALISATION

The short term eVect of smoking on risk of
hospitalisation diVered for men and women,
and also diVered across diagnostic categories
(table 2). The broadest diagnostic category—
hospitalisations not related to injury or
pregnancy—captured 88% of all hospitalisa-
tions for men and 52% of all hospitalisations
for women. Among men, current smoking was
associated with a 30% increase in risk of being
hospitalised for causes other than injury, and
among women, current smokers had a 25%
increased risk of hospitalisation for conditions
not related to injury or pregnancy. We also
observed smaller increases in risk of
hospitalisation among former smokers (20%
increase among men and 13% among women).
Assuming a causal relationship between smok-
ing and hospitalisation not related to injury or
pregnancy, 7.5% of these hospitalisations in
men and 5.0% of these hospitalisations in
women were attributable to current smoking.

We did not observe significant increases in
risk of injury related or pregnancy related hos-
pitalisation, although we had limited statistical
power to detect a relationship between
smoking and these outcomes, particularly
among women. Hospitalisations related to
injury represented 12% of all admissions for
men and only 3% for women (absolute number
of injury related admissions for women, 159).

Within the category of hospitalisations not
related to injury or pregnancy, we compared
the rates of hospitalisation for specific
ICD-9-CM diagnoses across the smoking
categories. Two diagnoses relating to inpatient
treatment for alcohol dependence, codes
303.90 and 303.91 showed the largest
diVerence in risk between current smokers and
never smokers, after adjustment for the covari-
ates listed above (for code 303.90, RR 3.99,
95% CI 3.01 to 5.28; for code 303.91, RR
3.92, 95% CI 2.69 to 5.71). Other diagnoses
with large increases in risk among current
smokers were code 786.50, unspecified chest
pain (RR 1.75, 95% CI 1.14 to 2.68) and code
722.10, displacement of lumbar intervertebral
disc without myelopathy (RR 1.59, 95% CI
1.10 to 2.30).

SMOKING AND LOST WORKDAYS

Similar to our findings for hospitalisation, the
short term eVect of smoking on risk of lost
workdays diVered for men and women, and
also diVered across diagnostic categories (table
3). The broadest diagnostic category—
hospitalisations not related to injury or
pregnancy—captured 86% of all lost workdays
for men and 39% of all lost workdays for
women. For this diagnostic category, we found
that current smoking was associated with a
60% increase in risk of lost workdays among
men and a 15% increase in risk among women.
Assuming a causal relationship between smok-
ing and risk of lost workdays not related to
injury or pregnancy, 14.1% of these lost work-
days in men and 3.0% of these lost workdays in
women were attributable to current smoking.

In contrast to our findings for hospitalisa-
tion, we did observe an increase in risk of lost

Table 2 Short term eVects of smoking on hospitalisation rates among active duty US
Army personnel, 1987 to 1998

Smoking status

Rate ratio* (95% CI)

Men (27.3% current
smokers)

Women (21.1% current
smokers)

Hospitalisations not related to injury or pregnancy (14710 hospitalisations)
Current smoker 1.30 (1.24 to 1.35) 1.25 (1.14 to 1.37)
Former smoker 1.20 (1.14 to 1.26) 1.13 (1.01 to 1.26)
Never smoker (referent category) 1.00 1.00
Population attributable fraction

(PAF) for current smoking (%) 7.5 5.0

Injury related hospitalisations (1795 hospitalisations)
Current smoker 1.03 (0.91 to 1.16) 1.11 (0.73 to 1.69)
Former smoker 0.94 (0.81 to 1.09) 1.15 (0.71 to 1.85)
Never smoker (referent category) 1.00 1.00
Population attributable fraction

(PAF) for current smoking (%) 0.7 2.3

Pregnancy related hospitalisations (2708 hospitalisations)
Current smoker 1.02 (0.92 to 1.14)
Former smoker 1.17 (1.04 to 1.32)
Never smoker (referent category) 1.00
Population attributable fraction

(PAF) for current smoking (%) 0.4

* Rate ratios are adjusted for age, race, military rank, alcohol consumption, exercise frequency,
and overweight.

Table 3 Short term eVects of smoking on lost work day* rates among active duty US
Army personnel, 1987 to 1998

Smoking status

Rate ratio* (95% CI)

Men (27.3% current
smokers)

Women (21.1% current
smokers)

Lost work days not related to injury or pregnancy (83719 lost work days)
Current smoker 1.60 (1.57 to 1.63) 1.15 (1.10 to 1.19)
Former smoker 1.21 (1.19 to 1.24) 0.94 (0.90 to 0.99)
Never smoker (referent category) 1.00 1.00
Population attributable fraction

(PAF) for current smoking (%) 14.1 3.0

Injury related lost work days (12143 lost work days)
Current smoker 1.07 (1.02 to 1.12) 1.54 (1.31 to 1.81)
Former smoker 0.88 (0.83 to 0.94) 1.45 (1.19 to 1.77)
Never smoker (referent category) 1.00 1.00
Population attributable fraction

(PAF) for current smoking (%) 1.8 10.2

Pregnancy related lost work days (24434 lost work days)
Current smoker 1.08 (1.04 to 1.12)
Former smoker 1.16 (1.11 to 1.21)
Never smoker (referent category) 1.00
Population attributable fraction

(PAF) for current smoking (%) 1.6

*Lost work days because of hospitalisation or associated convalescent days.
†Rate ratios are adjusted for age, race, military rank, alcohol consumption, exercise frequency,
and overweight.
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workdays related to injury, particularly among
women. Lost workdays related to injury
captured 14% of lost workdays among men
and 2% of lost workdays among women. Male
current smokers experienced a 7% increased
risk of lost workdays and female current smok-
ers experienced a 54% increase in risk. Assum-
ing a causal relationship between smoking and
lost workdays related to injury, 1.8% of lost
workdays in men and 10.2% of lost workdays
in women were attributable to current
smoking.

Pregnancy related conditions are common
causes of hospitalisation among active duty US
Army women. Lost workdays related to
pregnancy captured 59% of all lost workdays
among women. We observed a small increase
in risk of lost workdays related to pregnancy
among both current smokers (8% increased
risk) and former smokers (16% increased risk).
Assuming a causal relationship between smok-
ing and lost workdays related to pregnancy,
1.6% of these lost workdays were attributable
to current smoking.

RESULTS FOR COVARIATES

Tables 2 and 3 show results for associations
between smoking and the study outcomes,
adjusted for several covariates. However, some
readers may also be interested in the
relationships between these covariates and the
outcomes, adjusted for smoking and the other
covariates. Because of space limitations, only
results for hospitalisation not related to
pregnancy or injury are reported. Risk factor
definitions are shown in table 1. Referent
categories (RR 1.00) are as follows: for age,
< 25 years; for race, white; for military rank,
commissioned oYcer; for alcohol consump-
tion, none (non-drinkers); for aerobic exercise
frequency, > 3 times per week.

Results for men
For each covariate, the RR and associated 95%
CI are as follows: age 25–31 years, 1.04 (0.98
to 1.10); age 32–64 years, 1.46 (1.37 to 1.56);
black race, 0.89 (0.86 to 0.93); other race, 0.91
(0.84 to 0.99); junior enlisted rank, 1.24 (1.15
to 1.33); senior enlisted rank, 1.16 (1.10 to
1.23); warrant oYcer rank, 0.97 (0.86 to 1.09);
alcohol consumption of 1–2 drinks/week, 0.90
(0.86 to 0.95); alcohol consumption of 3–5
drinks/week, 0.93 (0.89 to 0.98); alcohol
consumption of > 5 drinks/week, 0.90 (0.86 to
0.95); aerobic exercise frequency of rarely/
never, 1.29 (1.21 to 1.38); aerobic exercise fre-
quency of 1–2 times/week, 1.10 (1.05 to 1.15);
and overweight, 1.27 (1.21 to 1.35).

Results for women
For each covariate, the RR and associated 95%
CI are as follows: age 25–31 years, 1.03 (0.93
to 1.14); age 32-64 years, 1.41 (1.26 to 1.58);
black race, 0.92 (0.85 to 1.00); other race, 0.93
(0.81 to 1.08); junior enlisted rank, 1.47 (1.28
to 1.68); senior enlisted rank, 1.27 (1.12 to
1.44); warrant oYcer rank, 1.17 (0.73 to 1.85);
alcohol consumption of 1–2 drinks/week, 1.03
(0.94 to 1.13); alcohol consumption of 3–5
drinks/week, 1.10 (0.98 to 1.23); alcohol

consumption of > 5 drinks/week, 0.96 (0.83 to
1.12); aerobic exercise frequency of rarely/
never, 1.27 (1.14 to 1.41); aerobic exercise fre-
quency of 1–2 times/week, 1.00 (0.92 to 1.08);
and overweight, 1.11 (0.95 to 1.31).

Discussion
In this young healthy population of active duty
US Army personnel, current cigarette smoking
accounted for substantial fractions of hospitali-
sations and lost workdays, particularly among
men. For hospitalisations not related to injury
or pregnancy, PAFs for current smoking were
7.5% among men and 5.0% among women.
For lost workdays not related to injury or preg-
nancy, the PAF for current smoking was
substantially larger among men (14.1%) and
somewhat smaller among women (3.0%). It is
remarkable that a single risk factor could
account for such a large proportion of
hospitalisations and lost workdays, particularly
over such a short period of observation. For
example, these findings indicate that, all other
factors being equal, if the entire active duty US
Army population became never smokers, the
number of lost duty days not related to injury
among men might drop by as much as 18.3%
in under 2.5 years. It is hard to imagine a
change in another single risk factor that would
have a larger short term impact on absenteeism
rates.

Because we did not study a smoking
cessation intervention, our results can only
indicate the potential benefits from “substitut-
ing” never smokers in place of the current
smokers in the active duty population. This
situation only occurs when current smokers
leave active duty and an equal number of never
smokers are recruited to replace them. Given
that a complete substitution of never smokers
for all current smokers is unlikely, it is reason-
able to ask what the study findings may imply
regarding smoking cessation eVorts—that is,
the eVect of changing current smokers to
former smokers. Our observational data were
not adequate to address this question, because
the former smokers in our cohort may have
decided to quit based on adverse changes in
their health status. However, Wagner and
colleagues28 conducted a randomised control
trial of smoking cessation and found that by
the fourth year after quitting, demand for
health care was significantly lower among quit-
ters than among those who continued to
smoke. Wagner and colleagues did not include
data from never smokers, so it is not known
whether demand for health care decreased to
the level of never smokers. One may therefore
hypothesise that eVective smoking cessation
eVorts in the US Army population would
require several years to produce the benefits
suggested in the present study, and that the
benefits might not be as large as those from
“substituting” never smokers in place of
current smokers.

Even among the modest number of studies
examining the eVects of smoking on health
care utilization and/or worker absenteeism,
there have been some inconsistencies in the
findings. Thus, our results agree with those of
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some prior studies and disagree with others.
Several studies have reported that current
smokers have higher hospitalisation rates28 30 35

and bed day rates26 29 35 36 than never smokers.
Terry and colleagues21 found, however, that
among subjects under age 65, current smokers
actually had lower hospitalisation rates than
never smokers. In an analysis of bed day rates,
Marsden and colleagues31 did not find that
current smokers had higher rates compared
with never smokers. Yen and associates23 found
that absenteeism costs were higher among
male smokers but not among female smokers.

Our findings are very diVerent from those of
Helyer and colleagues,47 who estimated that
only 1.5% of bed days among active duty US
military personnel (all service branches
combined) were attributable to current
smoking. In this earlier study, only bed days
were considered, whereas the present study
also considers convalescent days associated
with a hospitalisation. Moreover, Helyer and
colleagues only included certain diagnoses in
their analyses, whereas we included all
diagnoses (considered within broad catego-
ries). The fact that the earlier study included
only bed days is not likely to entirely account
for the diVerence in findings, since in the
present study nearly two of every three lost
workdays were contributed by bed days. The
diVerence in findings is likely caused by the
restricted set of diagnoses considered in the
earlier study, and to the fact that Helyer and
colleagues47 did not actually compare bed day
rates in smokers and non-smokers, but rather
estimated the eVect of smoking using a model
that was designed to make inferences to
persons aged 35 years and older.

Because smoking status at entry into the
study cohort is used as the exposure measure in
the present study, our results estimate the eVect
of smoking at one point in time on future hospi-
talisation and lost workdays, with no restriction
on whether subjects quit smoking later. The
study inferences are primarily of interest to
employers (and other payers of health related
costs) at the time of hiring, since the study is
designed to assess the expected future increase
in risk of hospitalisations and lost workdays
among current smokers compared with never
smokers. Thus, we have designed the study from
the employer perspective—that is, acknowledg-
ing that some persons who smoke at the time of
hiring will later quit.

Whenever studies are conducted in active
duty military populations, concern inevitably
arises regarding the generalisability of the find-
ings to civilian populations. However, this con-
cern is rarely substantiated by data.
Nonetheless, since fertility patterns, risk
factors for adverse pregnancy outcomes, and
injury patterns may diVer between military and
civilian populations, we have focused on our
findings for hospitalisations not related to
injury or pregnancy. Within this category, the
specific ICD-9-CM diagnoses showing the
largest adjusted diVerences in risk between
current smokers and never smokers were
related to alcohol dependence, chest pain, and
lumbar intervertebral disc displacement. Asso-

ciations between cigarette smoking and each of
these conditions have been described in the
civilian literature, suggesting that our main
results are not unique to the military setting. In
addition, far from being homogeneous with
respect to demographic or occupational
characteristics, the active duty US Army popu-
lation is a diverse one with respect to ethnicity,
race, and sex, and with occupational classifica-
tions ranging from cooks and bus drivers to
engineers and attorneys. There are actually few
occupational classifications which are unique
to the US Army—that is, classifications having
no civilian equivalent.

There are a few potential sources of bias in
the present study that should be noted. First,
the exposure data are self reported and unveri-
fied. Variables regarding health behaviours
such as cigarette smoking and alcohol
consumption may be particularly susceptible
to under reporting because of the recent
emphasis on health promotion throughout the
Department of Defense. Additionally, we only
measured lost workdays associated with hospi-
talisation, since we did not have data on lost
workdays associated with illnesses not
requiring hospitalisation. It is likely that the
number of lost workdays not associated with
hospitalisation would be far larger than the
number observed in the present study.
Currently, outpatient visits in the Army Medi-
cal Service are approximately 170 times more
frequent than hospitalisations on an annual
basis.48 If a similar association existed between
smoking and ambulatory visits and associated
lost work time, then the true eVect of smoking
would be substantially greater than the findings
of the present study suggest.

There is evidence suggesting that current
smoking was under reported in this cohort.
While we estimated the prevalence of current
smoking was 27.3% among men and 21.1%
among women, estimates of current smoking
prevalence from the 1992 worldwide survey of
substance abuse and health behaviours among
military personnel (hereafter referred to as
WWS) were 38.2% and 29.8% among active
duty US Army men and women, respectively.49

The WWS is conducted by a civilian research
organisation under contract to the Department
of Defense. Unlike the HRA, the WWS uses
anonymous interviews in an eVort to maximise
response to sensitive questions, including items
on illicit drug use. The definition of current
smoking is slightly more restrictive in the
WWS, since it requires not only smoking in the
last 30 days, but also a lifetime total of at least
100 cigarettes smoked. Approximately 74% of
the subjects in the present study entered the
cohort during 1991 to 1993, with the largest
number entering in 1992. The remaining 23%
entered during 1994 to 1996. Analogous
results from the 1995 WWS were 35.1% and
27.5% for men and women, respectively.50

Using a weighted average of the 1992 and 1995
WWS results leads to current smoking
prevalence estimates of 37.5% for men and
29.2% for women—again, substantially higher
than we observed. If study subjects did under-
report current smoking, this would cause us to
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underestimate the PAFs in tables 2 and 3.
Additionally, under reporting of current smok-
ing would also aVect RR estimates, biasing
estimates for current smoking toward null
findings. As noted above, other health related
behaviours may also have been inaccurately
reported because of social expectations regard-
ing behaviour. The eVect of such misclassifica-
tion on the observed RR for current smoking
would be to increase the RR in some cases, and
to decrease it in others.

The data presented here suggest that current
smoking accounts for substantial fractions of
hospitalisations and lost workdays among
young healthy employees, particularly among
men. The fact that smoking had smaller eVects
among women is particularly interesting and
begs further investigation. It is possible that
ascertainment of smoking status is less
accurate among women because of a tendency
to quit during pregnancy and lactation. Explo-
ration of these and other potential explanations
of the sex diVerences seen in the present study
were beyond the scope of this preliminary
investigation. While further work is needed to
describe the relationship between smoking and
the risk of specific diagnoses within each of the
broad categories used in the present
study—particularly injuries and musculoskel-
etal conditions—these findings support
current initiatives within the Department of
Defense to decrease the prevalence of current
smoking. Reductions in the prevalence of cur-
rent smoking may result in substantial
decreases in health related costs, lost
productivity, and human suVering associated
with hospitalisations and lost workdays.
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