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Rationale: Although respiratory dysfunction is common in chronic
spinal cord injury (SCI), determinants of longitudinal change in FEV1

and FVC have not been assessed.
Objectives: Determine factors that influence longitudinal lung func-
tion decline in SCI.
Methods: A total of 174 male participants (mean age of 49 and 17 yr
after injury) completed a respiratory questionnaire and underwent
spirometry over an average follow-up of 7.5 years (range, 4–14 yr).
Measurements and Main Results: In multivariate models, longitudinal
decline in FEV1 was significantly related to continued smoking,
persistent wheeze, an increase in body mass index, and respiratory
muscle strength. Aging was associated with an accelerated decline
in FEV1 (for ages ,40, 40–60, .60 yr: 227, 237, and 271 ml/yr, re-
spectively). Similar effects were observed for FVC.
Conclusions: Longitudinal change in FEV1 and FVC was not directly
relatedto levelandseverityofSCI,butwasattributable topotentially
modifiable factors in addition to age. These results suggest that
weight control, smoking cessation, trials directed at the recognition
and treatment of wheeze, and efforts to improve respiratory muscle
strength may slow lung function decline after SCI.
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Diseases of the respiratory system are an important cause of
morbidity and mortality in persons with chronic spinal cord
injury (SCI) (1–3). Although there is improvement in pulmo-
nary function over the first postinjury year, the natural history
of change in pulmonary function after this time period has not
been described. We established the VA Boston SCI Health
Study to assess determinants of respiratory health and pulmo-
nary function in chronic SCI and have reported that a lower
FEV1 and FVC at study entry was associated with an increased
risk of dying over a median of 4.5 years (3). In addition to age
and SCI level and completeness of injury, significant cross-
sectional determinants of pulmonary function were lifetime

pack-years smoked, persistent wheeze, respiratory muscle per-
formance, and years since injury (4).

Because SCI results in muscle paralysis that is determined by
the neurologic level and completeness of injury, higher neuro-
logic level and more complete injury will result in a greater
degree of respiratory muscle dysfunction and a reduction in
pulmonary function (i.e., FEV1 and FVC) (5). However, there
are not any reports describing whether persons with a higher
neurologic level and more complete injury will have a more
rapid longitudinal decline in FEV1 and FVC than persons with
less severe SCI or if other risk factors are important. In this
study, we have extensively characterized potential risk factors
for lung function decline with the goal of prospectively identi-
fying factors associated with longitudinal change in FEV1 and
FVC in a cohort of persons with chronic SCI. Some of these re-
sults have been previously reported in the form of an abstract (6).

METHODS

Between 1994 and 2001, 426 participants free from acute illness, 1 year
or more post-SCI, and without tracheostomy or requiring ventilation
were recruited. Recruitment methodology has been described pre-
viously (4). Participants with other neurologic conditions (n 5 23), lung
resection (n 5 1), and without a detectable SCI level (n 5 5) were
excluded. Follow-up started in 1998 with efforts to conduct tests every
2 years. This report includes participants with at least 4 years of follow-
up through December 2005. There were 37 participants who had their
first test as part of a feasibility study using the same methodology
(1989–1993), and these tests were included (7). Because the relation-
ship between pulmonary function and stature depends on race and sex,
nonwhite males (n 5 19) and females (n 5 8) were excluded. The cohort
included 174 white males with two to six tests performed a mean of
3.2 years apart over a mean of 7.5 years (4–14 yr). There were 577 test
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sessions and 403 intervals where change in FEV1, FVC, and FEV1/FVC
were evaluated. Approval was obtained from the institutional review
boards of VA Boston Healthcare System, Harvard Medical School, and
Brigham and Women’s Hospital, and informed consent was obtained.

Motor level and completeness of injury were assessed by exam
using American Spinal Injury Association (ASIA) guidelines (8).
Participants with incomplete motor SCI were categorized as ASIA C
(majority of key muscles below the neurologic level grade ,2 [of 5]) or
ASIA D (most muscles graded >3 [of 5]). The cohort was further grouped
into quadriplegia (cervical complete motor and ASIA C), paraplegia
(other complete motor and ASIA C), and all others (ASIA D).

A respiratory health questionnaire (ATS-DLD-78) (9) was used to
define chronic cough, chronic phlegm, any wheeze and persistent
wheeze, physician-diagnosed asthma, heart disease treated in the past
10 years, hypertension, and chronic obstructive pulmonary disease
(COPD) at each test session.

Spirometry was based on ATS standards (10) modified for use in
SCI (7, 11). We have demonstrated that short expiratory efforts and
excessive back extrapolation are more common than in the able-bodied
and that the FVC and FEV1 are reproducible (11). Therefore, we
accepted excessive back extrapolation and efforts lasting less than 6
seconds if the effort appeared maximal, there was an acceptable flow–
volume loop, and at least a 0.5-second plateau at residual volume. A
10-L water seal (80%) or an 8-L portable spirometer (6%) was used
through March 2004, when a dry-rolling seal spirometer (14%) was used.
Ninety percent (521) of the test sessions had at least three acceptable
efforts with the two best values of FEV1 and FVC each within 200 ml,
9% (49) had two acceptable efforts (approximately half reproducible),
and 1% (7) performed one acceptable effort. The highest values were
used and predicted values were calculated (12). Maximum inspiratory
pressure (MIP) measured at FRC was the maximum of three values
(13). Supine stature was measured in 90% of subjects, and if the subject
declined to be measured or if there were joint contractures, self-report
was used. Additional details are provided in the online supplement.

Linear mixture models (PROC MIXED, SAS version 9.1; SAS
Institute, Cary, NC) with a first-order autoregressive covariance struc-

ture were used. Change in FEV1, FVC, and FEV1/FVC was calculated,
and the corresponding change in age, body mass index (BMI), smoking
(current, started, stopped, former, or never), and respiratory symptom
(current, started, stopped, or never) assessed. We also assessed whether
change in FEV1 and FVC and FEV1/FVC (between an initial test [t] and
the subsequent test [t 1 1]) was related to characteristics (i.e., years since
injury, MIP, pack-years, age) at test t 1 1. Quadratic terms for age and
stature were assessed (12, 14). Residual plots were examined. Results are
expressed as change in FEV1 and FVC in milliliters and change in FEV1/
FVC 3 100 over an average duration of 3.2 years between tests.

RESULTS

Baseline Model

Characteristics at study entry are presented in Table 1. Mean age was
49.3 614.1 years, participants had been injured a mean of 17.0 612.6
years, and 25% were current smokers, 41% were former smokers,
and 35% were never-smokers. We defined a baseline regression
model that included stature and age. Stature was a significant pre-
dictor of change in FVC (24.7 ml; 95% confidence interval [CI],
28.6 to 20.8; P 5 0.02) and a borderline predictor of change in FEV1

(22.6 ml; 95% CI, 25.6 to 0.3; P 5 0.08). The effect of age on FEV1

and FVC was best described by including terms for age and age
squared at test t 1 1 and for change in age, which is consistent with an
age-related acceleration in the rate of decline in FEV1 and FVC.
There was no significant effect of age (P 5 0.52), age squared (P 5

0.59), change in age (P 5 0.81), or stature (P 5 0.18) on change in
FEV1/FVC and these were not included in subsequent models.

When added to the baseline model, neurologic level and com-
pleteness of SCI (quadriplegia, paraplegia, all others) was not
a significant predictor of change in FEV1 (P 5 0.99), FVC (P 5

0.85), or FEV1/FVC (P 5 0.68). Other factors not contributing to
the baseline regression model for FEV1, FVC, or FEV1/FVC

TABLE 1. CHARACTERISTICS OF COHORT AT STUDY ENTRY

Motor Level and Severity of Injury

Quadriplegia Motor

Complete and ASIA C

Paraplegia Motor

Complete and ASIA C ASIA D Total

Characteristics (n 5 44) (n 5 83) (n 5 47) (n 5 174)

Age, yr (SD) 47.3 (13.0) 49.4 (15.2) 51.1 (13.2) 49.3 (14.1)

Stature, cm (SD) 178.8 (8.7) 176.9 (7.3) 178.7 (8.1) 177.9 (7.9)

Body mass index, kg/m2 (%)

Normal (,25) 21 (47.7) 34 (41.0) 19 (40.4) 74 (42.5)

Overweight (25 to ,30) 10 (22.7) 30 (36.1) 20 (42.6) 60 (34.5)

Obese (>30) 13 (29.6) 19 (22.9) 8 (17.0) 40 (23.0)

Years postinjury (SD) 18.8 (12.1) 18.5 (13.5) 12.7 (10.3) 17.0 (12.6)

Smoking, n (%)

Current smoker 9 (20.5) 12 (14.5) 22 (46.8) 43 (24.7)

Past smoker 22 (50.0) 34 (41.0) 15 (31.9) 71 (40.8)

Never smoker 13 (29.6) 37 (44.6) 10 (21.3) 60 (34.5)

Lifetime pack-years (for ever-smokers) (SD) 26.3 (23.3) 24.0 (21.9) 35.0 (28.7) 28.2 (24.9)

Chest injuries/operations, n (%) 9 (20.5) 33 (39.8) 11 (23.4) 53 (30.5)

COPD, n (%) 5 (11.4) 7 (8.4) 5 (10.6) 17 (9.8)

Asthma, n (%) 4 (9.1) 8 (9.6) 5 (10.6) 17 (9.8)

Heart disease, n (%) 2 (4.6) 4 (4.9) 3 (6.4) 9 (5.2)

Hypertension, n (%) 7 (15.9) 27 (32.5) 9 (19.2) 43 (24.7)

Chronic cough, n (%) 8 (18.2) 13 (15.7) 13 (27.7) 34 (19.5)

Chronic phlegm, n (%) 10 (22.7) 11 (13.3) 18 (38.3) 39 (22.4)

Any wheeze, n (%) 20 (45.5) 32 (38.6) 25 (53.2) 77 (44.3)

Persistent wheeze, n (%) 6 (13.6) 11 (13.3) 12 (25.5) 29 (16.7)

MIP*, cm H2O (SD) 78.0 (27.5) 102.0 (33.1) 87.6 (32.4) 91.6 (32.9)

FEV1, L (SD) 2.6 (0.9) 3.3 (0.8) 3.2 (0.7) 3.1 (0.8)

FVC, L (SD) 3.3 (1.0) 4.2 (0.9) 4.3 (0.9) 4.0 (1.0)

FEV1/FVC, % (SD) 79.4 (10.8) 79.3 (8.4) 75.9 (8.1) 78.4 (9.1)

Percent-predicted FEV1 (SD) 64.9 (18.4) 85.1 (15.7) 80.8 (10.6) 78.8 (17.3)

Percent-predicted FVC (SD) 63.9 (16.9) 83.7 (14.4) 83.2 (12.0) 78.6 (16.8)

Definition of abbreviations: ASIA 5 American Spinal Injury Association; MIP 5 maximum inspiratory pressure.

* Thirty-nine persons are missing baseline MIP.
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were a history of chest injury or chest operation, asthma, COPD,
hypertension, and heart disease (P 5 0.36 to 0.97). Few persons
were using bronchodilators (8 subjects over 577 test sessions), and
there was no effect on change in FEV1, FVC, or FEV1/FVC.

Multivariate Models

In a model including age, stature, and change in BMI, current
smokers had a significant decline in FEV1 of 268.6 ml (P 5

0.04) (Table 2). Among current smokers there was a decline in
FEV1 of 1.3 ml/pack-year assessed at test t 1 1 (95% CI, 22.6 to
0.04; P 5 0.06). An increase in BMI was a significant predictor
of decline in FEV1 (223.8 ml/kg/m2; P , 0.001) and FEV1/FVC
(20.5; P , 0.0001) (Table 2). Because we found that the BMI of
obese and overweight participants increased on average by 0.88
kg/m2 and 0.35 kg/m2, respectively, across a test session, and
participants with a normal BMI had an average decrease in
BMI of 20.36 kg/m2, we examined change in FEV1,FVC within
BMI category. An increase in BMI among obese and overweight
participants was associated with a significant decline in FEV1

(231.1 ml/kg/m2; 95% CI, 248.0 to 214.1; and 255.4 ml/kg/m2;
95% CI, 278.6 to 232.2, respectively) and FVC (232.3 ml/kg/m2;
95% CI, 253.8 to 210.8; and 253.8 ml/kg/m2; 95% CI, 283.2 to
224.4, respectively). In obese and overweight participants, an
increase in BMI was also associated with an overall decrease
in FEV1/FVC (20.27; 95% CI, 20.52 to 20.01). In contrast, within
the normal BMI category, the relationship with change in BMI was
positive and an increase in BMI was associated with a significant
increase in both FEV1 and FVC (28.9 ml/kg/m2; 95% CI, 3.2
to 54.6; and 81.8 ml/kg/m2; 95% CI, 49.4 to 114.2, respectively).

Respiratory Symptoms

In a model including age, stature, change in BMI, and smoking
status, persistent wheeze (reported at test t and t 1 1) was
associated with a significant decline in FEV1 (295.4; P 5 0.02)
and FEV1/FVC (21.8%; P 5 0.02) (Table 3). In a separate
model, cessation of any wheeze was associated with a significant
improvement in FEV1 (1102; P 5 0.02) (Table 4). The effect of
wheeze on change in FVC was similar (P 5 0.09 and 0.054,
respectively) for persistent wheeze and cessation of any wheeze
(Tables 3 and 4). Cough and phlegm were not significantly
associated with change in FEV1 (P 5 0.32 and 0.80, respec-
tively) or FVC (p 5 0.65 and 0.87, respectively), but the onset of
cough (31 test sessions) and the onset of phlegm reported at t 1

1 (43 test sessions) were associated with a significant decline in
FEV1/FVC (22.0; 95% CI, 24.0 to 20.1; P 5 0.04; and 23.1;
95% CI, 24.7 to 21.5; P 5 0.0003, respectively).

Respiratory Muscle Strength

To explore the relationship between respiratory muscle strength
and lung function, we divided MIP at test t 11 into quartiles
(373 test intervals in 167 participants). Persons in the lowest
MIP quartile (,61 cm H2O) had a greater decline in FEV1

(275.0 ml/cm H2O; 95% CI, 2157.1 to 7.1; P 5 0.073) and FVC
(2137.0 ml/cm H2O; 95% CI, 2245.5 to 228.5) compared with
persons in the highest quartile (.118 cm H2O) after adjusting
for age, stature, change in BMI, and smoking status. Effects on
decline in FVC and FEV1 in the other quartiles were not
significant (P . 0.57). There was no significant difference in
FEV1/FVC by MIP quartiles (P . 0.12). Participants in the
lowest MIP quartile had the greatest average decline in MIP
(222.0 cm H2O), whereas in the second and third quartiles the
change was less (210 and 24 cm H2O, respectively). Partic-
ipants in highest MIP quartile had an average increase in MIP
of 123.5 cm H2O.

Age

To further describe the effects of aging on decline in FEV1 and
FVC in ml/year, we included indicator variables for different age
groups and adjusted for change in BMI, stature, and smoking
status in multivariate models. For the age groups ,40, 40–60,
.60 years, change in FEV1 was 227 ml/year (95% CI, 256.4 to
2.8), 237 ml/year (95% CI, 257.0 to 216.1), and 271 ml/year
(95% CI, 293.5 to 248.5), and change in FVC was 239 ml/year
(95% CI, 279.0 to 0.2), 229 ml/year (95% CI, 256.0 to 21.5),
and 273 ml/year (95% CI, 2103.0 to 242.9), respectively.

Effect Modification

Among subjects with motor complete or ASIA C quadriplegia
and paraplegia, there was a suggestion of a greater decline in FEV1

with greater duration of injury assessed at test t 1 1 (21.9 ml for
each yr of injury; 95% CI, 24.0 to 0.2), adjusting for age, stature,
change in BMI, and smoking status. The effect of years since injury
among persons with ASIA D SCI was not significant (20.4 ml for
each yr of injury; 95% CI, 23.3 to 2.4).

DISCUSSION

This study is the first of which we are aware that assesses
relationships between clinical factors and longitudinal change
in FEV1 and FVC in chronic SCI. Previous investigations of
pulmonary function in SCI have focused on cross-sectional
relationships (4, 15–22). There was an age-related acceleration

TABLE 2. MULTIVARIATE EFFECTS OF BASELINE VARIABLES, BODY MASS INDEX, AND SMOKING STATUS ON CHANGE
IN FEV1, FVC, AND FEV1/FVC

DFEV1 DFVC D(FEV1/FVC)

Covariate b* 95% Confidence Limits b* 95% Confidence Limits b* 95% Confidence Limits

Change in age 226.3 244.3, 28.3 235.2 258.4, 212.1

Age 11.1 21.1, 23.3 21.0 4.5, 37.6

Age2 20.1 20.2, 20.02 20.2 20.4, 20.1

Stature, cm 22.8 25.6, 0.1 24.8 28.7, 20.8

Change in BMI, kg/m2 223.8 236.2, 211.4 211.4 227.5, 4.8 20.5 20.7, 20.3

Smoking status†

Current (obs 5 93) 268.6 2133.3, 24.0 245.0 2133.1, 43.1 21.0 22.2, 0.2

Started (obs 5 7) 294.4 2314.1, 125.4 27.1 2293.5, 279.3 22.5 26.6, 1.6

Stopped (obs 5 15) 259.0 2213.5, 95.5 231.7 2234.2, 170.9 21.4 24.2, 1.4

Ex (obs 5 151) 222.3 280.3, 35.6 232.8 2111.7, 46.1 0.1 21.0, 1.1

Definition of abbreviations: b 5 regression coefficient; BMI 5 body mass index; DFEV15 change in FEV1 in ml (between two tests); D(FEV1/FVC) 5 D(FEV1/FVC) 3 100

(between two tests); DFVC 5 change in FVC in ml (between two tests).

* Change over an average of 3.2 years.
† Reference is never-smokers (137 test intervals).
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in the rate of decline in FEV1 and FVC. After adjusting for
stature and age, significant determinants of longitudinal decline
in FEV1 included current smoking, an increase in BMI among
persons who were obese or overweight, and wheeze. Partic-
ipants with the lowest MIP had a greater decline in FEV1 and
FVC compared with persons with the greatest MIP.

The results of this study suggest a model of pulmonary
function loss after SCI in which neurologic completeness and
level of injury account for a reduction in the level of FEV1 and
FVC, but do not directly influence longitudinal decline. Decline
in FVC and FEV1 in persons without SCI is known to accelerate
with age, and although the effect of age cannot be directly
compared with previous studies, our results indicate that effect
is of similar magnitude as in able-bodied persons (23). Cross-
sectional studies, including our own, have described a significant
age-independent association between years of injury and lower
values of FEV1 and FVC that were greatest in persons with
higher and more neurologically complete SCI (4, 14, 15). After
SCI, lung and rib cage compliance decrease, a process that
could account for an effect of injury duration on decline in
FEV1 and FVC (24, 25). In the current study, we also describe
an effect of years postinjury on FEV1 in persons with motor
complete and ASIA C quadriplegia and paraplegia. The effect
was small and of borderline significance, probably because the
rate of change of lung and rib cage compliance is slow relative
to the average follow-up time of the cohort.

As in able-bodied persons, continued smoking was associ-
ated with a greater loss of FEV1 and FVC compared with never-
smokers, and the rate of decline was similar to that of able-
bodied individuals (26). In our previous cross-sectional analysis,
we demonstrated with each pack-year smoked a decrease in
FEV1 of similar magnitude to our current study (4).

We also found that an increase in BMI was a significant
predictor of decline in FEV1 and FVC in persons who were
obese or overweight. Overall, an increase in BMI was a signif-

icant predictor of a decline in FEV1/FVC. In our cross-sectional
study, an increase in BMI was also associated with a reduction
in FEV1/FVC (4). Several longitudinal studies in able-bodied
individuals have demonstrated an inverse relationship between
BMI or weight gain and pulmonary function (27–30). Lazarus
and colleagues (31) found that both obesity itself and the
pattern of body fat distribution had independent effects on
ventilatory function, and a central pattern of fat distribution was
associated with lower values of FEV1 and FVC after adjusting
for BMI. After SCI there is also is an increase in fat mass and
a decrease in lean tissue mass. Central fat, fat in the limbs below
the level of injury, and in some studies an increase in fat in
nonparalyzed limbs above the level of injury have been de-
scribed (32, 33). Studies assessing body fat distribution in SCI
have demonstrated an 8 to 18% increase in fat mass compared
with that in able-bodied persons (33, 34). Although a greater
BMI may result in mechanical loading of the chest wall and
reduced pulmonary function, adiposity is also associated with
greater levels of circulating markers of systemic inflammation
that have been linked to reduced pulmonary function in able-
bodied individuals (35–39). In participants with a normal BMI,
an increase in BMI was associated with a significant increase in
FEV1 and FVC. It is possible that, in these individuals, changes in
BMI are a surrogate for differences in respiratory muscle strength.

Persistent wheeze was a significant predictor of FEV1 decline,
and cessation of any wheeze was associated with a significant
increase in FEV1. In able-bodied persons, wheeze has been
associated with lower values of FEV1, both cross-sectionally
(40) and longitudinally (41), and is a risk factor for developing
asthma later in life (42). The onset of cough and phlegm was
associated with a significant decline in FEV1/FVC. An early study
by Fletcher and coworkers in able-bodied individuals found that
chronic cough and phlegm were not associated with lung function
decline (43), whereas more recent studies have reported signif-
icant associations (44, 45).

TABLE 3. EFFECTS OF PERSISTENT WHEEZE ON CHANGE IN FEV1, FVC, AND FEV1/FVC ADJUSTED FOR BASELINE VARIABLES*,
SMOKING, AND BODY MASS INDEX

DFEV1 DFVC DFEV1/DFVC

Covariate b† 95% Confidence Limits b† 95% Confidence Limits b† 95% Confidence Limits

Change in BMI 225.2 237.6, 212.7 212.7 228.9, 3.6 20.5 20.7, 20.3

Persistent wheeze‡

Current (obs 5 40) 295.4 2176.2, 214.7 293.2 2202.7, 16.3 21.8 23.3, 20.3

Started (obs 5 26) 258.9 2170.5, 52.8 266.8 2212.7, 79.0 20.9 23.0, 1.2

Stopped (obs 5 25) 1.0 2113.0, 114.9 21.9 2151.7, 147.9 0.8 21.3, 2.9

For definition of abbreviations, see Table 2.

* Stature (cm), age at time t 1 1, age squared at time t 1 1, and change in age.
† Change over an average of 3.2 years.
‡ Reference is no report of persistent wheeze (312 test intervals).

TABLE 4. EFFECTS OF ANY WHEEZE ON CHANGE IN FEV1, FVC, AND FEV1/FVC ADJUSTED FOR BASELINE VARIABLES*, SMOKING,
AND BODY MASS INDEX

DFEV1 DFVC DFEV1/DFVC

Covariate b† 95% Confidence Limits b† 95% Confidence Limits b† 95% Confidence Limits

Change in BMI 221.5 233.8, -9.1 29.2 225.4, 6.9 20.5 20.7, -0.3

Any wheeze‡

Current (obs 5 116) 230.9 288.4, 26.6 219.8 298.4, 58.8 20.9 22.0, 0.2

Started (obs 5 38) 262.5 2155.9, 30.8 283.5 2206.5, 39.5 20.4 22.2, 1.3

Stopped (obs 5 51) 102.2 17.0, 187.3 109.9 21.9, 221.8 0.5 21.1, 2.0

For definition of abbreviations, see Table 2.

* Stature (cm), age at time t 1 1, age squared at time t 1 1, and change in age.
† Change over an average of 3.2 years.
‡ Reference is no report of any wheeze (198 test intervals).
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Persons in the lowest MIP quartile had a greater decline in
FVC and FEV1 and also had the greatest decline in MIP across
each test interval. This is consistent with an effect of respiratory
muscle performance on FVC and FEV1 and can be understood by
considering the pressure–volume characteristic of the respiratory
system (46, 47). In our cross-sectional analysis, a greater MIP was
associated with a greater FEV1 and FVC (4). Near the extremes
of the vital capacity, the pressure–volume characteristic of the
respiratory system is curvilinear. As a result, changes in MIP
produce only small changes in vital capacity (applicable to our
subjects with the greatest MIP and who are likely to have the
largest FVC and FEV1). In the midrange of the vital capacity
(applicable to our subjects with the weakest respiratory muscles
and likely to have a lower FVC and FEV1), the pressure–volume
characteristic of the respiratory system is more linear. Compared
with persons with the greater MIP, similar changes produce more
substantial changes in vital capacity due to a more linear
pressure–volume relationship, thereby accounting for the greater
decline in FVC and FEV1 seen in the subjects with the lowest
MIP.

Some limitations need to be considered. The analysis was
limited to white male subjects with SCI who live primarily in New
England. However, we are not aware of data showing that clinical
effects on FEV1 and FVC vary widely based on race, sex, or
location. We also included test sessions for which persons did not
produce three acceptable and two reproducible values for FVC
and FEV1. As described in able-bodied individuals (48, 49), there
was concern that excluding these sessions would exclude persons
with greater impairment. Although these persons tended to have
lower values of FVC and FEV1, analyses using an indicator
variable to adjust for these test sessions did not influence results.
Although some studies have found that self-reported stature may
be overestimated (50), analyses conducted adjusting for whether
stature was measured or stated also did not influence results.
Additional analyses adjusting for whether weight was measured
or stated at time t 1 1 (using an indicator variable) in the
regression did not influence results.

Although SCI results in impairment of pulmonary function,
our study demonstrates that decline in FEV1 and FVC in chronic
SCI is not directly related to SCI neurologic level and severity. As
in able-bodied persons, longitudinal decline in those with SCI is
accounted for by aging and current smoking. Factors less appre-
ciated but also described in able-bodied individuals include an
increase in BMI and wheeze. We also describe an effect of
respiratory muscle performance on longitudinal decline in FEV1

that has not been previously described. These results suggest that,
in SCI, studies to reduce longitudinal decline in FEV1 and FVC and
perhaps improve survival should focus on smoking cessation,
weight reduction, recognition and management of wheeze, and
improvements in respiratory muscle strength.
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