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Introduction
The social costs of cigarette smoking,

including occupational risks, have been
widely discussed since the original sur-
geon general's report on smoking and
health." 2 A 1986 study of public employ-
ees found that cigarette smokers use 23%
more sick leave than nonsmokers.3 Stud-
ies of student nurses in 1983 and 1988
found smokers absent 77% more fre-
quently than nonsmokers4 and a signifi-
cant relationship (P < .008) between
number of cigarettes smoked and days ab-
sent.5 Smokers have been reported to use
more health benefits67 and have more oc-
cupational accidents and injuries. A 1966
study of machinists reported an injury rate
of 18% for smokers compared with 10%
for nonsmokers; 26% of injured smokers
reported multiple injuries vs 13% of in-
jured nonsmokers.8 A 1973 study involv-
ing ceramics workers9 found that 57% of
smokers sustained occupational injuries
and 20% lost time from work as a result of
injury. Among nonsmokers, only 28%
sustained injuries and 10% lost time.
These associations account for sizable
costs for employers of smokers."'"'l

Smoking rates vary with demo-
graphic variables, including age, sex, and
race.2 Smoking is also associated with use
of drugs'2 and excessive alcohol.'3"14
Since such factors may be associated with
adverse health outcomes, studies of risks
associated with smoking should control
for these potential confounding variables.

We present a prospective examina-
tion of the association between cigarette
smoking and rates of employee turnover,
absenteeism, accidents, injuries, and dis-
cipline while controlling for age, gender,
race, job category, exercise habits, and
drug abuse. It represents a secondary

analysis of data collected in a previous
study of the predictive value of preem-
ployment drug testing.15

Methods

Cohort Definition
All Boston postal service applicants

for permanent nonprofessional positions
examined between September 24, 1986,
and January 6, 1989, were potential study
subjects. Candidates for temporary and
professional positions were excluded, the
latter because of their small number
(n = 11) and different socioeconomic and
educational backgrounds.

From September 24, 1986, to January
6, 1989, 4957 applicants received precm-
ployment examinations. We excluded 56
applicants because data-entry errors made
it impossible to track their outcome vari-
ables, 60 Hispanics (of whom 24 were
hired) and 2 Native Americans (I hired)
because the numbers were too small for
statistical analysis, and 42 applicants with
a history of treatment for drug abuse and
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7 who tested positive for opiates under a
prior agreement with postal service man-
agement to fully evaluate such persons.
Thus, the study population was not en-
tirely representative of all postal service
employees hired during the study period.
Persons removed from the study were ex-
cluded without consideration of their
smoking status. Of the remaining 4797 ap-
plicants, 2 forwhom data on smoking sta-
tus were unavailable were excluded, leav-
ing 4795 potential subjects for this study;
2537 applicants hired before January 28,
1989, were included. Both mean and me-
dian duration of follow-up were 406 days,
with a range of 28 to 896 days.

Smoking Status
Smoking status was categorized as

smoker or nonsmoker using self-reported
data. Persons who had smoked three or
more cigarettes per day over the previous
month were classified as smokers. All
other subjects were classified as non-
smokers. One tenth of1% ofsubjectswere
smokers who smoked less than three cig-
arettes per day. Any misclassification bias
introduced by this classification system
would therefore be negligible and, in any
case, toward the null.

Self-reported information on smok-
ing status was used because of its conve-
nience, simplicity, economy, and reliabil-
ity. Self-reported data have been
demonstrated to have sensitivity and
specificity in excess of 90% when com-
pared with objective measurements of sa-
liva cotinine,16 serum thiocyanate,17 and
expired carbon monoxide.17,18

Confounding Factors
A number of confounding factors

might be associated with both the risk
variable (cigarette smoking) and the out-
come variables (turnover, absenteeism,
accidents, injuries, and discipline). We
therefore collected data on age, gender,
race, job classification, drug use, and ex-
ercise habits.

Race was classified by the exaniner
as White, Black, or Asian. Job classifica-
tions included letter carrier, special deliv-
ery messenger, motor vehicle operator,
postal clerk, letter sorting machine clerk,
computer forwarding system clerk, mail
handler, and maintenance worker, di-
vided into two or three categories accord-
ing to endpoint. Applicants were divided
into "aerobic exercisers" (strenuous ex-

ercise for 20 minutes, three times a week),
"regular exercisers," and "nonexercis-
ers" based on self-report. A urine drug
screen was performed for marijuana, co-

caine, amphetamines, barbiturates, ben-
zodiazepines, methadone, methaqualone,
opiates, phencyclidine, and propoxy-
phene as reported elsewhere.15 In the
analysis, drug test results were classified
into four categories: negative for all drugs,
positive for marijuana only, positive for
cocaine only, and positive for other drugs
or multiple drugs.

Endpoints
Five endpoints were considered in

the analysis: absence rate, time to termi-
nation, time to first accident, time to first
injury, and time to first discipline.

Absence rates. The absence variable
was a function of sick leave (SL), leave
without pay (LWOP), andwork hours cal-
culated according to the following for-
mula:

Absence rate =

SL hours + LWOP hours

SL hours + LWOP hours + work hours

Time to termination. Individuals
whose employment with the postal ser-
vice had terminated were defined as hav-
ing turned over. Termination was subdi-
vided into two categories, voluntary
(death, resignation, or transfer to another
federal agency) and involuntary (fired).

Time to first accident. Records of
work-related accidents revealed a rela-
tively low rate of multiple accidents. Of
502 employees reporting accidents, 76 had
two accidents and 14 had three. We there-
fore analyzed time to first accident rather
than accident rates.

Time to first i jury. We found a rel-
atively low rate of multiple injuries. Of312
employees who reported occupational in-
juries, 41 had two injuries and 8 had three.
We therefore analyzed time to first injury
rather than injury rates.

Time to first report of disciplinary ac-
tion. The postal service labor agreements
provide for progressive levels of discipline
up to removal. The time to first discipline
was calculated from labor relations de-
partment records. All endpoints were fol-
lowed through March 11, 1989.

Statistics
We used the Cox proportional haz-

ards model19 from the SAS statistical
package's SUGI supplement2" with non-

smokers as the baseline group to assess

whether cigarette smokingwas associated
with turnover, accidents, injuries, or dis-
cipline. Thus, a significantly positive Cox

regression coefficient for smokers indi-
cates a significantly increased risk for that
endpoint and a negative Cox regression
coefficient indicates a decreased risk.

Because 25% of the subjects had a
0% absence rate, it was not possible to use
linear regression with absence rate as the
outcome variable. Subjects who were ab-
sent were divided into approximately
equal quartiles according to their absence
rates: 0% absence rate (n = 646), 0% to
1.52% (n = 478), 1.52% to 3.04%
(n = 468), 3.04% to 5.60% (n = 471), and
absence rate > 5.60% (n = 474). The
SAS polychotomous logistic regression
was used to determine whether smoking
was associated with an increased risk of
being in a high-absence category.

The potential confounding variables
(age, sex, race, drug use, job classifica-
tion, and exercise) were simultaneously
entered into the Cox and logistic regres-
sion models, permitting adjustment for
confounding with cigarette smoking.21 All
P values were two sided and considered
significant at a .05 level.

Results
Of the 4795 eligible applicants, 2537

were hired. There was no difference in
smoking rate between those hired (32.5%)
and not hired (33.2%; P = .62).

Table 1 presents the distribution of
covariates. Smokers were more fre-
quently older, female, nonexercisers, and
drug users and less often Asian or letter
carriers. Thus, these variables were po-
tential confounders.

Table 2 shows measures related to
the endpoints correlatedwith smoking sta-
tus. Since the distribution for absence rate
was skewed markedly to the right, both
mean and median are provided. While this
table does not include adjustments for co-
variates, inclusion ofcovariates in the Cox
proportional hazards and polychotomous
logistic regression models resulted in only
small changes. Thus, these covariates
were not major confounders in our data
set.

Table 3 presents the results of the
Cox proportional hazards models with in-
clusion of covariates. Cigarette smokers
show increased risks of accidents, inju-
ries, and discipline but no increased risk of
termination.

A polychotomous logistic regression
model was used to predict absence cate-

gory with the covariates included. This
analysis produced a beta for smokers of
0.264 with a P value of .0007. Interpreta-
tion of an odds ratio for absence is not
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intuitive, as absence is divided into five
leave-use categories. Mean absence rates
provide a more easily interpreted estimate
of the magnitude of the effect: 5.43% for
smokers and 4.06% for nonsmokers.

Diwussion
To our knowledge, this study pres-

ents the first prospective estimates of as-
sociations between cigarette smoking and
adverse employment outcomes after ad-
justment for the potentially confounding
covariates ofage, sex, race, exercise, drug
abuse, and job category. We found signif-
icant positive associations between ciga-
rette smoking and absenteeism, industrial
accidents, occupational injuries, and dis-
ciplinary action. Smokers had a 34% in-
crease in mean absenteeism that remained
significant after adjustment for covariates.
Smokers had increased covariate-
adjusted relative risks for industrial acci-
dents (29%), occupational injuries (40%),
and discipline (55%). We found no signif-
icant difference in turnover, voluntary or
involuntary. Thus, our study confirms the
previously reported elevated rates of ab-
senteeism, accidents, and injuries for
smokers.3-9

The mean age of our study popula-
tionwas 30.2years. In our cohort ofnewly
hired younger workers, any increase in
absence from smoking-related illness is
most likely due to acute, short-term ill-
nesses such as respiratory infections. The
more serious adverse health outcomes
caused by cigarette smoking, cardiovas-
cular and chronic pulmonary disease and
cancers, probablywould not develop until
workers are several decades older. The
increase in smoking-associated absentee-
ism in our cohort, therefore, probably un-
derestimates the true magnitude of this ef-
fect for workers who smoke throughout
their working lives. A similar analysis
might be made for use of health insurance
benefits, a factor thatwe did not assess but
that has been reported to be increased in
smokers.6.7

In this study, we were unable to con-
trol for the possible confounding effect of
alcoholism. Smoking is reported to be as-
sociated with alcoholism.13,14 Alcoholics
are also known to have poor employment
outcomes.22 We did not conduct any lab-
oratory tests for alcohol abuse, as the
methodologies available lack adequate
sensitivity and specificity. We also did not
use self-reports, as surveys of alcohol use
have consistently demonstrated underre-
porting, even in settings where there
would be no adverse consequences for

positive reports.23 The validity of self-
reported data would be highly question-
able in the preemployment examination
setting.

Since we did not control for the ef-
fects of alcohol abuse, it is possible that
some ofthe associations demonstrated are
attributable to alcoholism rather than
smoking. The degree of any confounding
by alcoholism would be a function of the
coincidence of alcohol and tobacco abuse
in our study population. It might, there-
fore, affect the degree to which the results

of this research can be generalized to pop-
ulations with different alcohol- and tobac-
co-abuse patterns.

Our study cannot distinguish adverse
employment outcomes associated with
cigarette smoking caused by the physio-
logical effects of smoking from those
caused by smoking behavior (e.g., de-
creased attention to driving) or by other
social or personality characteristics asso-
ciated with smoking. The postal service
smoking policy in effect during the first 28
months of the study permitted either un-
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ing in the work force, a health-related ef-
fect such as absenteeism might be ex-
pected to decrease. It is less clearwhether
there would be similar improvements in
effects such as accidents, injuries, and dis-
cipline, as these may be linked to social
and behavioral characteristics that might
persist after cessation of, or a decrease in,
smoking. A comparison of smokers, for-
mer smokers, and persons who have
never smoked might begin to answer such
questions. We hope, however, that the
present study will contribute to the body
of knowledge needed to evaluate some of

the complex ethical, legal, economic, and
social issues related to smoking in the
workplace. E
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