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Abstract
Background— This study describes cigarette smoking’s effect on development of physical
disability following initial musculoskeletal-related hospitalization.

Methods— We followed 15,140 US Army personnel hospitalized for common musculoskeletal
disorders between 1989–1996 for up to 8 years (1997) to assess risk for long-term physical disability.

Results— Trends between increased smoking level and long-term disability were identified for
persons with knee injuries, rotator cuff injuries, and intervertebral disc displacement. In proportional
hazards models, disability was significantly associated with heavy smoking among all subjects
(relative hazard (RH) = 1.21). Both heavy smokers (RH = 1.49) and light to moderate smokers (RH
= 1.44) were at greater risk for disability following meniscal injuries. Excess fraction due to smoking
among subjects with meniscal injuries who currently smoke was 38%.

Conclusions— Findings suggest an association between smoking and development of disability
following meniscal injury. Given the high excess fraction of disability associated with smoking, other
studies are needed to confirm this association.
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INTRODUCTION
Since the initial surgeon general’s report in 1964 [USDHHS, 1964], smoking has been
recognized as one of the most important public health issues of our time and the most important
preventable cause of death and disease in the United States [USDHHS, 1989; McGinnis and
Foege, 1993]. While smoking is well recognized as a contributor to a wide variety of illnesses,
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its role in the incidence of injuries is rarely considered [Amoroso et al., 1998]. A recent meta-
analysis suggests that smoking is related to an increased incidence of fatal injuries [Leistikow
et al., 1998], thereby corroborating the evidence linking cigarette smoking with both acute
injuries [Sacks and Nelson, 1994; Kwiatkowski et al., 1996] and musculoskeletal disorders
[Reynolds et al., 1994, 1999; Dettori et al., 1996]. However, the role of smoking in the
development of physical disability following a musculoskeletal injury or disorder has been
virtually unrecognized despite longstanding laboratory studies [Mosely et al., 1978; Siana et
al., 1989] and recent clinical reviews [Towler, 2000; Krueger and Rohrich, 2001]
demonstrating mechanisms and clinical evidence that smoking impairs wound healing.

Musculoskeletal disorders represent a tremendous burden to society, comprising the largest
proportion of reported work-related injuries and illnesses [BLS, 1997], resulting in an estimated
315 million physician visits annually, and costing approximately $150 billion in direct and
indirect costs in 1992 [Yelin and Callahan, 1995]. Musculoskeletal disorders also result in
various levels of disability, ranging from limitations in activities of daily living [Deyo and
Diehl, 1988; Williams et al., 1998] to an inability to return to work [MacKenzie et al., 1987;
Volinn et al., 1991; Lancourt and Kettelhut, 1992; Hazard et al., 1996; MacKenzie et al.,
1998], with significant ramifications for family members and coworkers alike. Several studies
have examined the relationship of smoking and the development of work-related disability for
a variety of conditions [Leigh, 1985; Mäkelä et al., 1993; Hubert and Fries, 1994; Eriksen et
al., 1998; Rothenbacher et al., 1998; Feuerstein et al., 1999], but little is known regarding its
impact following the occurrence of a musculoskeletal condition. Recognizing work-related
disability to be a multifactoral development [Cats-Baril and Frymoyer, 1991; Feuerstein and
Thebarge, 1991; Bongers et al., 1993; Katz et al., 1997], it is neither appropriate nor possible
to identify a single factor as the source of such a complex process as the development of
disability. The detailed investigation of all possible risk factors that contribute to the
development of disability, particularly those that are amenable to intervention, is essential.
Unfortunately, most studies on disability have not examined smoking, in part because of the
difficulty and expense in following individuals over time.

One population where it is possible to examine both smoking practices and development of
disability is the US Army. Army personnel engage in a variety of physically demanding tasks,
many with the potential for injury. As a result, musculoskeletal disorders are common,
associated with the majority (51%) of diagnoses resulting in disability discharge from service
[Feuerstein et al., 1997], and are a critical concern in terms of military readiness and cost.
However, despite the burden of disabilities, few studies have examined the health outcome
associated with discharge from the service due to disability [Feuerstein et al., 1997, 1999].
Recently, the role of smoking has received greater attention in relation to the incidence of
injuries among Army personnel [Jones et al., 1993; Reynolds et al., 1994, 1999; Amoroso et
al., 1996a,b,c; Dettori et al., 1996], though none of these articles has addressed smoking in
relation to developing disability following injury. This study evaluates the role of smoking as
an independent risk factor in the development of disability. Our objectives were to determine
whether cigarette smoking is associated with the development of long-term physical disability
among persons hospitalized with a musculoskeletal disorder; to determine which diagnoses
are most strongly associated with smoking; and to suggest mechanisms of smoking’s effects
based on these findings.

METHODS
Study Design and Cohort Definition

A retrospective cohort design was used to follow US Army personnel from their initial
musculoskeletal-related hospitalization, which occurred between the years 1989 and 1996,
through the development of long-term physical disability, up through 1997. To be included in
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the study, cohort subjects must have met several criteria: (1) been on active duty at the time of
hospitalization; (2) been hospitalized for a specified musculoskeletal disorder or severe sprain/
strain during the period 1989–1996; and (3) completed an Army Health Risk Appraisal (HRA)
survey at some point during the same time period. The HRA is a self-administered
questionnaire that offers data on health practices, behaviors, and stress levels. There were
16,348 persons who met those initial criteria. Because the goal of the study was to capture
subjects at their first hospital admission for one of the diagnoses of interest, those hospitalized
for the same condition prior to 1989 (N = 1,053) or having a disability rating preceding the
initial musculoskeletal hospitalization (N = 27) were disqualified and excluded from the cohort.
An additional 148 subjects lacked information on cigarette smoking practice from the HRA
and were excluded, leaving 15,120 eligible subjects.

Eligibility required a hospitalization record with one of 40 possible principal diagnoses selected
a priori representing either “acute” injuries within International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) [USDHHS, 1988] diagnostic codes 836,
840, or 844, or “chronic” musculoskeletal conditions (710–739, 354) that represent similar
clinical presentations. These 40 diagnoses were classified into 13 functional groupings for
analysis based on similar mechanisms of injury (Table I). We included only musculoskeletal-
related diagnoses that were commonly admitted and likely to be coded accurately rather than
the entire widely discrepant group of musculoskeletal conditions. Some of the diagnoses may
not typically require hospitalization, but may have been included as a day surgery case
(considered as a hospital admission) or an in-patient admission during the earlier part of the
study period when the threshold for hospitalization of soldiers was lower.

Data Sources
Data were obtained from the Total Army Injury and Health Outcomes Database (TAIHOD),
a collection of available databases in the Army that was recently compiled for injury prevention
and health research [Amoroso et al., 1999]. This study involved linking five of the databases:
personnel, hospitalization, disability, loss from service, and HRA at the level of the individual
soldier. These databases include information on health practices (HRA), demographics
(personnel), clinical parameters (hospitalization), outcomes (disability), and follow-up time
(hospitalization, disability, and loss from service). Physical demands were obtained from Army
Regulation 611-201, which provides a summary of all enlisted jobs and a rating of physical
demand based on upper body strength requirements [Department of the Army, 1994]. Unique
identifiers (encrypted social security numbers) enabled us to link information across databases,
in effect permitting us to track the natural history of a subject’s condition from initial
hospitalization to long-term disability. The completeness of the Army’s administrative
databases (less than 3% missing data for all covariates) provided excellent follow-up with
minimal loss of cohort subjects. The study procedures were approved by institutional review
boards at Johns Hopkins University and the US Army Research Institute for Environmental
Medicine.

Health Behavior Data
Health behavior data was obtained from elements of the 75 item HRA, a derivative of the Rhode
Island Wellness Survey and the Carter Center Health Risk Appraisal and similar to the widely
used CDC Behavioral Risk Factor Surveys [Bell et al., 2000]. There are several occasions when
the HRA is administered, including when a soldier joins the military or reports to a new post,
during semi-annual physical exams, and during routine physical health exams such as an
outpatient or occupational health visit. Given this non-random administration of the HRA, a
recent assessment of the external validity of the HRA was performed by Bell et al. [2000] to
determine whether those at greater risk for adverse health problems are oversampled. Results
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revealed differences of no more than 1% among demographic characteristics of those who took
the HRA and those who did not.

Based on self-reported daily cigarette consumption from the HRA, smoking status was defined
as nonsmoker (i.e., one who never smoked), former smoker, and current smoker. Current
smokers were further classified as either a light to moderate smoker (<1 pack/day) or a heavy
smoker (1 + pack/day) in a manner similar to that used in the worldwide survey of smoking in
the US military [Kroutil et al., 1994]. The status reported at the first survey was used to represent
smoking as a fixed, rather than time-dependent, variable because few subjects (<10%) had
taken the HRA on more than one occasion. “How many cigarettes a day do you smoke?” was
the only question asked of current smokers. Because there was no measure of years smoked
available in the HRA, pack-years could not be used as an exposure variable.

Alcohol use was assessed in terms of typical weekly quantities consumed. Given the sensitive
nature of the Army asking its soldiers about their alcohol use, there was a concern that
respondents may underreport their alcohol consumption habits, particularly if they were under
the legal drinking age of 21 years. However, other studies have found self-reported drinking
behavior to be largely valid and reliable [O’Hare et al., 1991; Embree and Whitehead, 1993;
Thompson et al., 1993; Smith et al., 1995]. Furthermore, Bell et al. [2000] found that risky
behaviors are in fact reported, as evidenced by the large number of subjects (including minors)
who reported drinking heavily (15 drinks or more per week) and the consistency of reported
drinking levels with other studies of similar demographic groups.

Outcome
The outcome considered in this analysis was follow-up time (number of months) to disability
evaluation following initial musculoskeletal-related hospitalization. Long-term disability was
based upon determinations made by a Medical Evaluation Board that decided whether the
individual met medical retention standards, and a Physical Evaluation Board that assessed
whether the individual was fit or unfit for duty [Peck, 1999]. The following ratings were
selected to represent long-term disability status: (1) permanent disability/retirement; (2)
severance with a lump sum payment but no benefits; or (3) temporary disability. Persons can
remain on temporary disability for a maximum of five years and must be re-evaluated within
18 months, although most ultimately receive permanent disability retirements [Amoroso and
Canham, 1999].

Follow-up time was calculated from the date of the initial musculoskeletal hospitalization until
the subject experienced one of the following events: disability discharge; discharge from
service (censored) for another reason (e.g., honorable discharge); or remain on active duty
through the entire follow-up period (censored). The standardized disability evaluation process
provided a consistent outcome measure regardless of subjects’ geographic location.

Excess fraction, an alternative term to attributable risk (AR) used when causality has not been
firmly established [Greenland and Robins, 1988], was calculated to assess the association of
smoking with disability discharge specifically in smokers (the exposed group) and in the total
population. Calculations were based on the assumption of a binary exposure (current smokers
vs. nonsmokers) and their respective overall rates of disability discharge. The excess fraction
within the group of smokers was based on the equation

AR = (Ir − I0) / Ir
where Ir is the rate of disability discharge among current smokers and I0 is the rate for
nonsmokers [Kahn and Sempos, 1989]. The excess fraction in the total population due to
smoking was
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AR = (It − I0) / It
where It is the rate of disability discharge among the total study population.

Time-to-Event Analysis
Kaplan-Meier estimates of survival time for each diagnostic category were used to assess the
five year cumulative risk of disability discharge among smoking levels. A log-rank test for
trend was performed to evaluate the association between disability discharge and the four levels
of smoking exposure.

Cox proportional hazards models provided estimates of the combined effect of multiple risk
factors and the contribution of each covariate independently [Collett, 1994]. Covariates other
than smoking included factors known to be associated with disability, such as age, education,
and gender, as well as race/ethnicity, pay grade/rank, job class, frequency of reported work
stress, length of service, and type of injury or condition. Many other predictors, including
alcohol use, were initially examined but excluded from the final models based on negative
preliminary findings [Lincoln et al., 2002]. Nonsmokers were selected as the reference group,
such that a relative hazard that exceeded one indicated an increased risk of disability relative
to nonsmokers while controlling for other potential confounders. Separate models were
generated for each of the 13 diagnostic categories using a forced entry approach to determine
the effect of smoking and the variation in smoking’s influence across diagnoses. The
proportionality assumption was verified by examining log minus log plots of survival functions
[Collett, 1994]. All covariates were analyzed in categorical form using SPSS for Windows,
Release 7.5.2 (Chicago, IL).

RESULTS
This cohort was generally young (mean age = 31 years), male (85%), white (63%), and educated
(>99% graduated high school). Of the 15,120 study subjects, 7,799 (52%) were nonsmokers;
2,610 (17%) were former smokers; 2,766 (18%) were light to moderate smokers; and 1,945
(13%) were heavy smokers.

The mean follow-up time was 38.4 months (SD = 26.9 months), although light to moderate
smokers (35.9 months) and heavy smokers (36.6 months) had shorter mean follow-up times
than nonsmokers (39.3 months) and former smokers (39.9 months) (mean difference = 3.2
months, P <0.001). Heavy smokers smoked an average of 24.9 cigarettes/day (SD = 7.7) and
light to moderate smokers smoked an average of 9.7 cigarettes/day (SD = 4.4).

Distribution of Covariates Among Smoking Levels
The distribution of demographic and occupational characteristics among smoking levels is
presented in Table II. Pearson chi-square tests identified significant differences (P <0.001) in
the distribution of smoking levels across each covariate.

Unadjusted associations indicated that heavy smokers were over represented among males,
whites, persons older than 34 years of age, those with more than 10 years of service, those with
lower levels of education (no college), and middle (pay grade E4–E6) and higher (pay grade
E7–E9) ranking enlisted persons. Nonsmokers were over represented among females, persons
younger than 35 years of age, persons of black, Hispanic, and Asian/Pacific Islander racial/
ethnic backgrounds, officers, those with 10 or fewer years of service, and those with college
degrees. In contrast to heavy smokers’ perceptions of work stress and job satisfaction, greater
proportions of nonsmokers reportedly “never” experienced work stress (29% vs. 23%) and
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were “totally satisfied” with their job (24% vs. 18%). Recurrent hospitalizations occurred in
19% of all subjects, but did not vary by smoking status.

Distribution of Disability Across Smoking Levels
Disability was assigned to 9.5% of the subjects, with 1.1% receiving permanent disability
(disability rating of at least 30% or having at least 20 years of service), 7.4% receiving lump
sum severance payment (disability rating of less than 30% and having less than 20 years of
services), and 1.0% receiving temporary disability (same requirements as for permanent
disability but used for a long-term condition that has not yet stabilized). Among those with a
disability discharge, in 87% the primary cause of disability was the same as that of the initial
hospitalization. A comparison of the five-year cumulative risk for disability across smoking
levels and the number of subjects for each diagnostic category is presented in Table III. For
all musculoskeletal diagnoses combined, heavy smokers had the highest cumulative risk of
disability (17.6%), followed by light to moderate smokers (15.8%), nonsmokers (12.2%), and
then former smokers (10.3%), suggesting a dose-response relationship (P <0.001).

The influence of smoking exposure for all conditions combined was further demonstrated by
significant differences in their survival functions (P <0.001) (Fig. 1). The diagnostic categories
most prominently demonstrating the trend of increasing risk of disability with increasing level
of smoking were meniscal injury (P <0.001), collateral ligament injury (P = 0.003), rotator
cuff injury (P = 0.011), chondromalacia (P = 0.031), intervertebral disc displacement (P =
0.050), and cruciate ligament injury (P = 0.080) (Table III). Meniscal injuries in particular
demonstrated a dramatic difference in risk between current smokers (including both light to
moderate and heavy) and nonsmokers (Fig. 2). Former smokers demonstrated a lower risk of
disability than did nonsmokers in all but two categories (ganglion/cyst and nonspecific back
pain).

Role of Smoking in Disability Discharge
The relative hazards (RH) and 95% confidence intervals (95% CI) for developing disability
across smoking levels for each diagnostic group are presented in Table IV. Multivariate Cox
models were adjusted for age group, gender, race/ethnicity, education, pay grade/rank, length
of service, and work stress. Occupational specialty was excluded from the models because of
collinearity with pay grade/rank and gender. Interaction terms involving age, length of service,
physical demands, alcohol use, and work stress by smoking were examined but not included
in the final models as they were not statistically significant.

Disability following a meniscal injury was significantly associated with heavy smoking (RH
= 1.49, 95% CI 1.06–2.11) and light to moderate smoking (RH = 1.44, 95% CI 1.07–1.94).
When all diagnostic groups were considered together, heavy smokers had a significantly higher
risk for disability (RH = 1.21, 95% CI 1.04–1.42). The light to moderate smokers were also at
elevated risk, though risk differences did not reach statistical significance (RH = 1.11, 95% CI
0.97–1.27). When cases with meniscal injuries were removed from the group of all diagnostic
categories, the trend of heavy smokers having the greatest risk persisted, but was no longer
statistically significant (RH = 1.16, 95% CI 0.97–1.38). Elevated RH indicating an association
between smoking and long-term disability were also evident for the diagnoses of carpal tunnel
syndrome, rotator cuff injury, collateral ligament injury, and chondromalacia, though the
confidence intervals did not exclude one.

The excess fraction of disability discharge associated with smoking was calculated for cases
with a meniscal injury. Among all subjects with meniscal injuries (excluding former smokers),
the excess fraction of disability discharge due to smoking was 18% (95% CI 9–27%).
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Specifically among subjects with meniscal injuries who were also current smokers, the excess
fraction was 38%.

DISCUSSION
Results of this study indicate an association between smoking and the likelihood of developing
a long-term disability subsequent to musculoskeletal hospitalization in a young, active, and
healthy cohort of employed persons. Kaplan-Meier estimates illustrate statistically distinct
survival functions among different smoking levels and log-rank tests for trend demonstrate
linear associations between smoking level and cumulative risk for disability discharge for six
different diagnostic categories. Multivariate Cox proportional hazards models identified
smoking to be an independent predictor of disability among heavy smokers hospitalized for a
musculoskeletal diagnosis (RH = 1.21). In particular, soldiers hospitalized with a meniscal
injury who smoked were at increased risk for subsequent disability where heavy smokers
experienced nearly a 50% increased risk (RH = 1.49) and light to moderate smokers were only
slightly lower (RH = 1.44). Results from Cox models for several other diagnostic categories
suggest that smoking may affect disability following these diagnoses as well, though the effect
may be overshadowed by stronger predictors of disability such as age, education, and pay
grade.

To our knowledge, this represents the first identified association between smoking and
development of long-term disability among persons with meniscal injuries. Since this finding
persists after adjusting for various psychosocial and occupational factors, it suggests the
presence of an underlying physiological mechanism. Studies suggest the menisci may be
especially vulnerable to the effect of tobacco because of a vascular structure that only penetrates
the peripheral 10–25% of the meniscus and that “… isolated lesions in this (avascular) area
would lack the blood supply necessary for an inflammatory and reparative
response” [Arnoczky and Warren, 1982]. Given that the menisci are provided with a limited
blood supply in even the healthiest person, the biological effects of smoking (e.g., arteriolar
vasoconstriction, cellular hypoxia, demineralization of bone, delayed revascularization, and
immune suppression) [Amoroso et al., 1996b; Hoogendoorn et al., 2002] may further decrease
the supply of nutrients to the damaged tissue and result in the interruption of the healing process
and increase the risk of long-term dysfunction. Similar arguments have been espoused to
explain the associations between smoking and poor wound healing, bone metabolism, low back
pain (particularly related to a herniated disc), postoperative infection, and, in general, decreased
healing of any injured tissue with limited vascularization [Kwiatkowski et al., 1996; Kinsella
et al., 1999; Towler, 2000; Adams et al., 2001; Hoogendoorn et al., 2002].

Meniscal injuries represent perhaps the most properly coded diagnostic group of injuries in
this cohort and are more likely to undergo a standardized treatment regimen (including surgery)
than other groups, such as back conditions. The relative uniformity associated with this
condition and the fact that it was the largest single category (N = 3,653) may have contributed
to the significant association between smoking and subsequent disability, whereas associations
for other musculoskeletal diagnoses did not reach statistical significance. For many of the other
injury categories, the sample sizes may have been too small to detect a meaningful difference,
thereby resulting in elevated risks that were not statistically significant. This is quite possibly
the case for rotator cuff injury (n = 325), which exhibited a statistically significant test for trend
(P = 0.011) and an elevated RH among heavy smokers (RH = 2.99), although the 95% CI
included unity (0.95–9.38).

It is surprising that the multivariate analyses did not identify a significant association between
smoking and disability following any of the back disorders or carpal tunnel syndrome, given
the substantial literature associating smoking with the incidence (though not necessarily the
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development of disability) of these conditions [Frymoyer et al., 1980; Svensson et al., 1983;
Kelsey et al., 1984; Owen and Damron, 1984; Biering-Sørensen and Thomsen, 1986; Saraste
and Hultman, 1987; Battié et al., 1989; Deyo and Bass, 1989; Vessey et al., 1990; Heliövarra
et al., 1991; Tsai et al., 1992; Boshuizen et al., 1993; O’Connor and Marlowe, 1993; Reynolds
et al., 1994; Finkelstein, 1995; Nathan et al., 1996; Tanaka et al., 1997]. Perhaps there are many
more causal pathways and mediating factors for back disorders that dilute the effect of smoking.
One possible explanation for the muted effect of smoking among persons with back disorders
may be that physical activity compensates for some of the harmful effects of smoking, as
suggested by Eriksen et al. [1998]. Especially in a young and fit population such as the active
duty Army, smoking’s effect may be reduced by the Army’s high level of physical activity.
The possibility that smoking contributes to the development of back disorders but not to full-
blown disability must also be considered. However, additional research is warranted before
the divergence of these results from what is suggested in previous literature can be adequately
interpreted.

Because of the substantial excess fraction of disability associated with smoking (38% among
current smokers with meniscal injuries), the introduction of smoking cessation efforts at the
time of diagnosis has great potential to prevent the development of physical disability and to
reduce the large associated direct and indirect costs of musculoskeletal-related disability
payments to veterans (lifetime costs of $485 million to newly disabled Army personnel in 1993
[AFEB, 1996] and average costs of $274,000 per permanent disability case [Amoroso and
Canham, 1999]). Secondary prevention initiatives that alleviate the tissue deoxygenation
induced by smoking, such as post-operative hyperbaric and ultrasound treatments [Upson,
1986; Cook et al., 1997], may also be helpful.

The strong association between smoking and development of disability is alarming in such a
young and active population. Aggressive campaigns that focus on smoking’s associations with
acute health outcomes, such as poor wound healing or impotence [Shabsigh et al., 1991;
Mannino et al., 1994], are likely to be better received in smoking cessation campaigns focused
on young adults and adolescents than the long-term risks of cancer and heart disease. This is
also consistent with the recent studies of antismoking campaigns that found aggressive and
hard line campaigns to be the most effective [Siegel, 1998; Farrelly et al., 2002].

It must also be remembered that we were limited in looking at only those cases severe enough
to require hospitalization. In the case of back disorders, the degree that a hospitalized patient
population represents the total population of individuals with back disorders may be quite
biased. Also, fewer subjects with back disorders received a surgical procedure (58%) than
subjects with meniscal injuries (93%). Perhaps the difference in disability risk reflects a greater
susceptibility to the effects of tobacco on wound healing following surgery and the interaction
of smoking on the physiological repair mechanisms may be responsible for the greater risk
among meniscal injury subjects.

Our results suggest that former smokers are the least likely to incur a disability discharge.
Although they were never determined to be at significantly lower risk, former smokers may
be protected because they quit smoking as part of a series of behavioral changes that contribute
to improved health and decreased likelihood of developing a disability. The difference in risk
between heavy smokers and former smokers does imply that the effects of smoking prior to
injury are not permanent and may, in fact, be reversible. Though they require verification, these
findings have considerable importance in highlighting the benefits of smoking cessation.

Among studies that investigate the effect of smoking in association with physical disability
[Leigh, 1985; Pinsky et al., 1985, 1987; Guralnik and Kaplan, 1989; Hubert and Fries, 1994;
Rothenbacher et al., 1998] smoking’s relatively small risks and modest dose-response
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relationship are largely consistent. Ours, however, is the only one to address disability
subsequent to a musculoskeletal condition, per se, while the others typically do not stratify by
underlying condition.

In addition to a physiological mechanism, a psychosocial mechanism may contribute to
smokers’ greater risk of injury as well as disability stemming from greater risk-taking behavior
or exposure to environments less conducive to healing [Amoroso et al., 1996b]. Psychosocial
factors such as being unmarried or divorced [Volinn et al., 1991; Lehmann et al., 1993; Badley
and Ibanez, 1994; Cheadle et al., 1994], having less education [Deyo and Tsui-Wu, 1987; Deyo
and Diehl, 1988; Mäkelä et al., 1993; Badley and Ibanez, 1994; Hubert and Fries, 1994;
MacKenzie et al., 1998; Dionne et al., 2001], having a negative perception of the workplace
[Bigos et al., 1992; Lancourt and Kettelhut, 1992; Williams et al., 1998; Feuerstein et al.,
1999], and having fewer coping mechanisms [Habeck et al., 1991; Lancourt and Kettelhut,
1992; Feuerstein et al., 2001; Shaw et al., 2002] may result in a person having less motivation
or fewer personal resources that enable him or her to experience a successful recovery. In our
study, we found heavy smoking to be associated with lower levels of socioeconomic status,
more physically demanding jobs, and higher levels of job stress. Perhaps a combination of such
psychosocial factors and the direct physiological effects of tobacco contribute to the heightened
risk of disability demonstrated by heavy smokers in this study.

There are several limitations of this study, some of which involve the HRA data. As with any
source of self-reported health behaviors, reporting biases stemming from under-reporting or
recall deficiency are possible. Not having available a measure of years smoked among current
smokers from the HRA prohibited the calculation of pack-years, although Kinsella et al.
[1999] findings suggest that the acute (rather than chronic) effects of smoking have a greater
impact on healing mechanisms. Nonetheless, future studies that address the association
between smoking and disability should be based on this preferred measure of cumulative
cigarette smoking burden.

Despite the many covariates available for analysis as a result of database linkages, no measures
of rehabilitation services (e.g., physical therapy) were available in a centralized administrative
record. Another concern relates to the stability and accuracy of behavioral practices in Army
personnel over time and whether the measures are likely to be comparable at the times of taking
the HRA and initial musculoskeletal hospitalization. To address this issue, the stability of
smoking practices before and after hospitalization was assessed in a subset of 1,482 subjects
who completed more than one HRA. Excellent agreement between self-reported smoking
status at time 1 and 2 was found (kappa = 0.74, 95% CI 0.71–0.77). This provides confidence
in the reliability of the smoking status measure and supports the concept that smoking and
hospitalization are independent, thereby minimizing the risk of simultaneous equation bias
[Leigh, 1985]. However, there is some potential for misclassification of smoking exposure due
to differences in smoking practice between the time of the HRA survey and the time of the
injury, though it is largely expected to be nondifferential. The prevalence of smoking reported
in this cohort is similar to that of a worldwide survey of US military personnel [Kroutil et al.,
1994] in terms of age, gender, race/ethnicity, and pay grade. Although we attempted to exclude
subjects with a previous musculoskeletal hospitalization (which may have served to mute the
effect of smoking), there is the small possibility that some may have experienced such an event
prior to Army entry beyond our data collection, although rigorous physical standards of
recruitment reduce this likelihood. Lastly, our definition of disability is based on the initial,
rather than final assessment by the Army medical board. Therefore, a very small proportion
(1%) of “temporary disability” cases have yet to be assigned to return to duty or granted a
permanent disability, though most eventually will receive permanent disability status.
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The primary strengths of this study are the use of a wide array of pre-injury exposure data and
the ability to follow a large population-based cohort over many years. The creative linkage of
relevant data systems on exposures and outcomes are increasingly being realized as effective
and efficient tools for etiologic research [Mittleman et al., 1997; NORA Traumatic Injury
Team, 1998]. This cohort study provided insight into one of the potential risk factors for
development of disability while adjusting for many potential confounders. The determination
of disability was not affected by the antagonistic employee–employer relationship that is often
evident with civilian workers’ compensation cases. In addition, we used a standardized service-
wide protocol for determination of disability, unlike private sector disability policies.

The association between smoking and musculoskeletal-related disability raises important
clinical and public health questions. Should meniscal injuries in smokers be given the same
treatment as nonsmokers? How much disability, lost quality of life, and expense could be
avoided if smoking cessation were introduced following injury? Despite these unanswered
questions, clinicians should be aware of the potential detriment smoking may have on efforts
to rehabilitate young and active patients, a population previously thought to be largely
unaffected by smoking. Given the high excess fraction among subjects with meniscal injuries
who were also current smokers, other studies are needed to confirm this association.
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FIGURE 1.
Time to disability following hospitalization for all musculoskeletal diagnostic categories by
cigarette smoking level, US Army,1989–1997.
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FIGURE 2.
Time to disability following hospitalization for meniscal injury by cigarette smoking level, US
Army,1989–1997.
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TABLE I
Diagnostic Categories of Musculoskeletal Disorders and Sprain/Strains, US Army, 1989–1997

Diagnostic category ICD-9-CM codea

Synovitis and tenosynovitis 727.0 Synovitis and tenosynovitis (includes .0, .00, .01, .02, .03, .04, .05, .06, .09)
Carpal and cubital tunnel syndromes 354.0 Carpal tunnel syndrome

354.2 Lesion of ulnar nerve (Cubital tunnel syndrome)
Rotator cuff injury 726.1 Rotator cuff syndrome of shoulder and allied disorders (includes .1, .10, .11, .12, .19)

840.3 Infraspinatus (muscle) (tendon)
840.4 Rotator cuff (capsule)
840.5 Subscapularis (muscle)
840.6 Supraspinatus (muscle) (tendon)

Ganglion and cyst of synovium,
tendon, and bursa

727.4 Ganglion and cyst of synovium, tendon, and bursa (includes .4, .40, .41, .42, .43, .49)

Bunion and deformities of toe 727.1 Bunion
735.0 Hallux valgus (acquired)

Malunion and nonunion of fracture 733.8 Malunion and nonunion of fracture (includes .8, .81, .82)
Meniscal injury 717.0 Old bucket handle tear of medial meniscus

717.1 Derangement of anterior horn of medial meniscus
717.2 Derangement of posterior horn of medial meniscus
717.3 Other and unspecified derangement of medial meniscus
717.4 Derangement of lateral meniscus (includes .4, .40, .41, .42, .43, .49)
717.5 Derangement of meniscus, not elsewhere classified
836.0 Tear of medial cartilage or meniscus of knee, current
836.1 Tear of lateral cartilage or meniscus of knee, current
836.2 Other tear of cartilage or meniscus of knee, current

Cruciate ligament injury 717.83 Old disruption of anterior cruciate ligament
717.84 Old disruption of posterior cruciate ligament
844.2 Sprain/strain of cruciate ligament of knee

Collateral ligament injury 717.81 Old disruption of lateral collateral ligament
717.82 Old disruption of medial collateral ligament
844.0 Sprain/strain of lateral collateral ligament
844.1 Sprain/strain of medial collateral ligament

Chondromalacia 717.7 Chondromalacia of patella
Non-specific back pain 724.2 Lumbago

724.5 Backache, unspecified
Displacement of intervertebral disc 722.0 Displacement of cervical intervertebral disc without myelopathy

722.1 Displacement of thoracic or lumbar intervertebral disc without myelopathy (includes .1, .10, .11)
722.2 Displacement of intervertebral disc, site unspecified, without myelopathy

Degeneration and other disc disorders 722.4 Degeneration of cervical intervertebral disc
722.5 Degeneration of thoracic or lumbar intervertebral disc (includes .51, .52)
722.6 Degeneration of intervertebral disc, site unspecified
722.7 Intervertebral disc disorder with myelopathy (includes .70, .71, .72, .73)
722.8 Postlaminectomy syndrome (includes .80, .81, .83)
722.9 Other and unspecified disc disorder (includes .90, .91, .92, .93)

a
International Classification of Diseases, Ninth Revision, Clinical Modification.
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