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LUNG FUNCTION

Association of Circulating Adhesion
Molecules With Lung Function*

The CARDIA Study

Bharat Thyagarajan, PhD; Lewis |. Smith, MD; R. Graham Barr, MD;
Myron D. Gross, PhD; Akshay Sood, MD, FCCP; Ravi Kalhan, MD, FCCP;
and David R. Jacobs, [r, PhD

Background: Systemic inflammation has been associated with reduced lung function. Adhesion
molecules, such as intercellular adhesion molecule (ICAM)-1 and P-selectin, figure importantly in
initiating the inflammatory response. We studied the association between ICAM-1 and P-selectin
concentrations and lung function in the Coronary Artery Risk Development in Young Adults
study.
Methods: Spirometry testing was conducted at years 5, 10, and 20. ICAM-1 and P-selectin were
assayed at year 15.
Results: Complete data were obtained from 2,455 participants. We first predicted year-20 lung
function from year-15 ICAM-1 concentration data. After controlling for race, gender, height, age,
physical activity, smoking status, alcohol intake, BMI, and asthma status, all taken at year 15, the
year-20 FVC was 164 mL higher (p < 0.0001) and FEV, was 115 mL higher (p = 0.0003) in the
lowest ICAM-1 concentration quartile than the highest ICAM-1 quartile, whereas the FEV,/FVC
ratio showed no association (p = 0.25). We then predicted the year-15 ICAM-1 concentration
from year-5 lung function and change in lung function (year 10 — year 5). The year-15 ICAM-1
concentration was about 13 ng/mL higher in the lowest vs highest quartile of either the year-5
FVC (p = 0.01) or year-5 FEV, (p = 0.005). Year-15 ICAM-1 concentration was unrelated to
year-5 FEV/FVC ratio. Greater loss in FVC and FEV, (year 10 — year 5) also was associated with
higher year-15 ICAM-1 concentrations. Associations between P-selectin and lung function
followed a similar but weaker pattern to that observed for ICAM-1.
Conclusions: These data suggest a bidirectional association between circulating adhesion mole-
cules, such as ICAM-1 and P-selectin, and pattern of lung function change in adults.

(CHEST 2009; 135:1481-1487)

Abbreviations: BMI = body mass index; CARDIA = Coronary Artery Risk Development in Young Adults; ICAM =
intercellular adhesion molecule

Increased levels of systemic inflammatory markers
have been associated with decreased FVC and
FEV, in longitudinal studies'-> and with COPD in
cross-sectional studies.*> The pulmonary endothe-
lium is an integral part of the alveolar capillary unit.
Noxious agents that initiate an inflammatory re-
sponse in endothelial cells may damage not only the
endothelium, but also the entire alveolus.® Intercel-
lular adhesion molecule (ICAM)-1 is expressed on
the surface of pulmonary vascular endothelial cells
and in type II pneumocytes.” Soluble P-selectin,
another adhesion molecule, is derived at least partly
from proteolytic cleavage of the membrane-bound
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form of P-selectin and reflects endothelial cell acti-
vation.® P-selectin on the surface of activated
platelets reportedly® plays an important role in the
pathogenesis of lung inflammation by recruiting
neutrophils to the lung. Circulating adhesion mole-
cules, such as P-selectin and ICAM-1, play a key role
in the recruitment of neutrophils to activated endo-
thelial cells and initiation of the inflammatory re-
sponse.68:10.11 Further substantiating an important
role of ICAM-1 in the lung inflammatory response,
knockout mice with no ICAM-1 activity do not
develop an inflammatory response in the lung after
radiation injury.'?
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Consistent with the idea that circulating adhesion
molecules are involved in the inflammatory re-
sponse, P-selectin and ICAM-1 have been associ-
ated!3-15 with an increased risk of cardiovascular
diseases, such as myocardial infarction and stroke.
Data supporting an association between P-selectin
and ICAM-1 and lung disease are more limited, but
the levels of circulating ICAM-1 are increased
among patients with emphysema and chronic bron-
chitis, diseases in which inflammation is thought to
play an important role.' In addition, increased
ICAM-1 concentration is associated with decreased
lung function,'” and cross-sectional data from the
Framingham cohort study'® have revealed higher
P-selectin levels with decreased FEV| in participants
with an average age of 60 years. However, these
observations have not been entirely consistent, as
another study'® found no association of serum
ICAM-1 levels with stable asthma or COPD.

Little information exists on the role of circulating
adhesion molecules in the decline in lung function in
apparently healthy young adults. In the present
study, we have evaluated the possibly bidirectional
associations of circulating levels of ICAM-1 and
P-selectin with lung function. We hypothesized that
higher levels of circulating ICAM-1 and P-selectin
measured at year 15 of our study predicted lower
lung function at year 20 and, in turn, were predicted
by lower lung function at year 5 and by a more rapid
loss in lung function from year 5 to year 10.
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MATERIALS AND METHODS

The detailed methods, instruments, and quality control
procedures for the Coronary Artery Risk Development in
Young Adults (CARDIA) study have been described in other
published reports.20-2t The CARDIA study is reviewed annu-
ally by the internal review boards at each participating insti-
tution, and participants sign a new informed consent form at
every examination. A description of participants” demographic
information, lifestyle habits, medical history (previously
described),? spirometry measurements, and ICAM-1 and
P-selectin measurements are provided in the online supple-
mental data.

After excluding observations from participants with missing
covariates and one observation from a pregnant woman, 2,455
persons were included in the analyses of year-20 lung function in
relation to year-15 ICAM-1 and P-selectin concentrations. Atten-
dance at year 20 was higher among white participants (77%) than
among black participants (63%; p < 0.0001). After adjustment
for race, year-5 FVC was significantly lower among participants
who were lost to follow-up after the year-5 examination than
among those who attended the year-20 examination (FVC, 4,462
vs 4,297 mL, respectively). There were no other significant
differences in lung function between participants who attended
vs those who did not attend the year-20 examination. In addition,
current smokers at the year-10 examination (72%) were less likely
to attend the year-20 examination than were never-smokers
(85%) and former smokers (83%).

Statistical Analysis

We used a statistical software linear regression program (PROC
GLM in SAS, version 9; SAS Institute; Cary, NC) to evaluate the
associations of year-15 ICAM-1 and P-selectin levels with lung
function at years 5, 10, and 20. Initially, ICAM-1 and P-selectin
concentrations at year 15 were used to estimate FVC, FEV, and
the FEV /FVC ratio at year 20. These analyses were adjusted for
race, gender, age, amount of physical activity, asthma status
(asthma diagnosed before study beginning, during the study, or
never), smoking status (never, former, or current), alcohol intake,
and body mass index (BMI) at year 15 as well as for height and
height squared measured at year 0. Physical activity and alcohol
intake were analyzed as continuous variables. In addition to
these analyses, the prediction equations of Hankinson et al??
were used to analyze the association between year-15 ICAM-1
and P-selectin levels and year-20 lung function values. Be-
cause ICAM-1 concentrations have been associated with both
smoking status?>-26 and acute exacerbations of asthma 2”25 we
also evaluated the association between year-20 lung function
as the dependent variable and concentrations of circulating
adhesion molecules stratified by smoking status (smokers vs
never-smokers) and asthma status using the models described
previously.

Subsequently, we reversed the role of dependent and indepen-
dent variables to evaluate the role of early lung function in
predicting adhesion molecule concentrations. We restricted the
analyses to lung function measured from year 5 onward to
include only adults who had attained peak lung function. This
method allowed us to use lung function (FVC, FEV,, and
FEV /FVC ratio) at year 5 and the change in FVC, FEV|, and
FEV,/FVC ratio of > 5 years (year 10 — year 5) to estimate
ICAM-1 and P-selectin concentrations at year 15 after adjust-
ment for all the previously mentioned covariates measured at
year 5 and height and height squared measured at year 0.
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Table 1—Clinical Characteristics According to Quartile Serum ICAM-1 at Year 15*

Characteristic Q1t Q24 Q3§ Q4| p Value
Age, yr 40.5(3.4) 40.3 (3.6) 40.3 (3.5) 40.4 (3.7) 0.76
White race 71.6 65.3 52.6 40.9 < 0.0001
Female gender 59.7 53.9 52.1 53.6 0.04
Education level (completed high school 12.4 16.8 22.2 30.8 < 0.0001

or lower), %

Former-smoker, % 22.4 18.7 16.9 16.1 < 0.0001
Current-smoker, % 8.5 10.9 19.2 38.9 < 0.0001
Prevalent asthma at baseline, % 4.6 5.4 6.7 4.2 0.003
Cumulative year-15 incident asthma, % 7.7 7.2 6.4 12.2 0.003
BMI, kg/ln2 25.9 (4.9) 27.7 (5.5) 29.1 (5.9 31.0(7.0) < 0.0001
Physical activity score, exercise units 396 (297) 376 (276) 352 (294) 293 (250) < 0.0001
Alcohol consumption, g/d 10 4 (15.6) 3(18.0) 11 8 (35. 8) 11 9(27.1) 0.21
CRP, g/mL 6(3.1) 2 5 (5.2) 0 (4.0 2(7.5) < 0.0001
P-selectin, ng/mL 32 6(9.6) 35.2(9.9) 38 1(11. 6) 40 7(11.6) < 0.0001
FVC at year 10, mL 4,465 (999) 4,490 (1005) 4,313 (1069) 4,081 (1034) < 0.0001
FEV, at year 10, mL 3,536 (744) 3,561 (776) 3,451 (833) 3,246 (794) < 0.0001
FEV,/FVC ratio at year 10 79.6% (6.3%) 79.6% (6.3%) 80.3% (5.9%) 80.0% (6.5%) 0.22

*Values are given as the mean (SD) or %, unless otherwise indicated, and are based on 2,455 participants at the year-15 examination in the
CARDIA Study (2000 to 2001). All variables were measured at year 15, except FVC, FEV,, and FEV,/FVC, which were measured at year 10.

CRP = C-reactive protein; Q = quartile.
tICAM-1 concentration = 125.47 ng/mL (n = 613).
$ICAM-1 concentration 125.48 to 145.20 ng/mL (n = 614).
§ICAM-1 concentration 145.21 to 171.08 ng/mL (n = 614).
[ICAM-1 concentration = 171.09 ng/mL (n = 614).

RESULTS

The mean (% SD) serum ICAM-1 concentration
was 153.5 * 44.1 ng/mL, whereas the mean plasma
P-selectin concentration was 36.7 * 11.1 ng/mL. At
year 15, participants in the highest vs lowest ICAM-1
quartiles tended to be black; had lower educational
attainment; were more likely to be current smokers;
had higher BMI, lower physical activity scores, and
higher C-reactive protein and P-selectin concentra-
tions (p < 0.0001); and had received a diagnosis of
asthma more often during the study period (p =
0.003) [Table 1]. At year 10, the FVC and FEV,
values for participants in the highest ICAM-1 quar-
tiles were lower vs those in the lowest ICAM-1
quartiles (p < 0.0001) [Table 1]. Year-15 ICAM-1
and P-selectin concentrations had a correlation co-
efficient of 0.25 (p < 0.0001). At year 15, partici-
pants in the highest vs lowest P-selectin quartile also
tended to be black and men, had lower educational
attainment, were more likely to be current smok-
ers, and had higher BMI, C-reactive protein, and
ICAM-1 concentrations (data not shown).

Estimation of Year-20 Lung Function From
Year-15 Adhesion Molecules

Year-20 FVC was 164 mL higher in the lowest vs
highest quartiles of year-15 ICAM-1 (99.0% vs
94.3% predicted, respectively; p < 0.001 [for trend])
[Table 2]. FEV, followed a similar pattern, being 114
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mL higher in the lowest vs highest ICAM-1 quartile
(96.6% vs 92.5% predicted, respectively; p = 0.0003
[for trend]) [Table 2]. The FEV,/FVC ratio was not
associated with year-15 ICAM-1 levels (97.0% vs
97.55% predicted, respectively; p = 0.25 [for trend]).
There were similar but smaller differences in year-20
lung function measurements across year-15 P-selectin
quartiles (Table 2). There was no association between
year-15 ICAM-1 or P-selectin levels and change in
FVC, FEV,, or FEV,/FVC ratio over 10 years (year
20 — year 10; data not shown).

Estimation of Year-15 Adhesion Molecules From
Year-5 Lung Function and 5-Year Change in Lung
Function

Both year-5 FVC and FEV, were significant pre-
dictors of year-15 ICAM-1 concentrations. Serum
ICAM-1 concentration was 12.6 ng/mL higher in the
lowest vs highest year-5 FVC quartiles (p for trend,
0.01) and higher by 13.7 ng/mL in the lowest vs
highest year-5 FEV, quartile (p = 0.005 [for trend])
[Table 3]. The year-5 FEV,/FVC ratio did not
predict year-15 ICAM-1 concentration (p = 0.33
[for trend]) [Table 3]. Year-5 FVC, FEV,, and
FEV,/FVC ratio did not predict year-15 P-selectin
concentration (Table 3).

After adjustment for year-5 FVC and FEV, the
corresponding 5-year changes in FVC and FEV,
(year 10 — year 5) were significant predictors of
year-15 ICAM-1 concentrations. Serum ICAM-1
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Table 2—Associations of Year-15 ICAM-1 and P-selectin Concenirations With Year-20 Lung Function*

Year-20 Absolute Values

1
FEV,/FVC Ratio, %

Year-15 Qs FVC, mL FEV,, mL

ICAM-1 concentrations

Q1 (= 125.57 ng/mL) 4,016 3,128 78.38

Q2 (125.58-145.52 ng/mL) 3,976 3,113 78.55

Q3 (145.53-171.31 ng/mL) 3,932 3,098 79.07

Q4 (= 171.32 ng/mL) 3,852 3,014 78.76

Q1-Q4t 164 (97 to 231) 114 (58 to 172) —0.38 (— 1.13t0 0.37)

p Value for trend < 0.0001 0.0003 0.025
P-selectin concentrations

Q1 (= 29.49 ng/mL) 3,988 3,122 78.64

Q2 (29.50-35.63 ng/mL) 3,951 3,103 78.99

Q3 (36.64—42.51 ng/mL) 3,952 3,088 78.55

Q4 (= 42.52 ng/mL) 3,885 3,041 78.58

Q1-Q4,t mL 102 (38 to 166) 81 (27 to 135) 0.06 (— 0.65t0 0.77)

p Value for trend 0.02 0.07 0.55

*Tabulated values are estimates from models adjusting for race, gender, age, amount of physical activity, asthma status, smoking status, alcohol
intake, and BMI, all at year 15, and for height, height2 measured at year 0. See Table 1 for abbreviation not used in the text.

tValues in parentheses are 95% confidence intervals.

concentration was 6.6 ng/mL higher in the lowest vs
highest quartiles of 5-year change in FVC (p = 0.02
[for trend]), and it was correspondingly higher by 5.0
ng/mL in the lowest vs highest quartiles of 5-year
change in FEV, (p = 0.01 [for trend]) [Table 4].
Year-15 P-selectin concentration also was signifi-
cantly associated with 5-year change in FVC, with a
1.1 ng/mL difference between lowest vs highest
P-selectin quartiles (p = 0.01 [for trend]) [Table 4].
However, changes in both FEV, and FEV,/FVC
ratio from year 5 to year 10 were not significantly
associated with year-15 P-selectin concentration
(Table 4).

Subgroup Analysis Estimating Year-20 Lung
Function From Year-15 Adhesion Molecules Among
Smokers and Participants With Asthma

The estimated difference for lowest to highest
ICAM-1 quartile in FVC and FEV, was greater in
smokers than in nonsmokers and in participants with
asthma than in those without asthma, although the
interaction terms between smoking and asthma and
ICAM levels on lung function were not significant.
The FEV,/FVC ratio was nonsignificantly higher in
the lowest ICAM-1 quartile by 0.57% in participants
without asthma and nonsignificantly lower by 0.59%
in participants with asthma; this difference in rela-
tionship was significant (p = 0.03). P-selectin was
not associated with lung function in any subgroup
analyses. Details are shown in the online supplemen-
tal data.

DI1SCUSSION

This study shows that year-5 FVC and FEV,
5-year decline in FVC and FEV,, and year-20 FVC
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and FEV, are inversely associated with year-15
ICAM-1 concentrations, with similar but weaker
associations with P-selectin. These findings are
statistically independent of smoking, asthma sta-
tus, and BMI; nevertheless, there appears to be
stronger associations in smokers and participants
with asthma than in participants without these
inflammatory conditions.

This study demonstrates mutually predictive rela-
tionships between ICAM-1 and lung function as
follows: year-15 ICAM-1 concentrations are predic-
tive of year-20 FVC and FEV, and year-5 FVC and
FEV,, and the subsequent 5-year change is predic-
tive of year 15 ICAM-1 concentrations. These find-
ings are consistent with a bidirectional nature for the
association between systemic inflammation and lung
function.

The inverse association between year-15 serum
ICAM-1 concentration and year-20 lung function is
consistent with the hypothesis that factors that in-
crease concentrations of circulating adhesion mole-
cules can induce local lung inflammation and
subsequently result in lower FVC and FEV,. The
associations between circulating adhesion molecules
and lung function have been previously found!617 in
subgroups, such as workers in occupational settings
with exposure to ceramic dust, smokers, or persons
with asthma. One other study'® has evaluated the
associations among P-selectin, ICAM-1, and lung
function in the general population, and showed a
cross-sectional association among increased ICAM-1
levels (when analyzed as a sole biomarker), increased
P-selectin levels, and reduced FEV,. In the present
study, the association between P-selectin and lung
function followed a similar, but weaker pattern than
that observed with ICAM-1. P-selectin is expressed
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Table 3—Associations Between Absolute Values of
Year-5 FVC, FEV,, and FEV,/FVC Ratio and Year-15
Levels of Circulating Adhesion Molecules*

Table 4—Association Between 5-Year Change (Year
10 — Year 5) in FVC, FEV,, and FEV,/FVC Ratio, and
Year-15 Circulating Adhesion Molecules*

Year-15 Year-15 Year-15 Year-15
ICAM-1, P-Selectin, ICAM-1, P-selectin,
Variables ng/mL ng/mL Variable ng/mL ng/mL
Year 5 FVC 5-year change in FVC
Q1 (= 3,609 mL) 160.73 36.88 Q1 (decline of at 157.48 37.9
Q2 (3,610-4,249 152.62 37.18 least 160 mL)
mL) Q2 (decline of 159 152.35 36.25
Q3 (4,250-5,089 149.84 36.46 mL to decline of
mL) 30 mL)
Q4 (= 5,090 mL) 148.09 36.26 Q3 (decline of 29 150.35 35.8
Q1-Q4,f ng/mL  12.63 (3.92t0 21.35)  0.63 (— 1.72 to 2.97) mL to increase of
p Value for trend 0.01 0.76 89 mL)
Year-5 FEV, Q4 (increase of at 150.87 36.81
Q1 (=2,979 mL) 159.98 37.69 least 90 mL)
Q2 (2,980-3,499 152.39 36.57 Q1-0Q4,1 ng/mL 6.61 (1.54-11.68) 1.09 (— 0.27-2.46)
mL) p Value for trend 0.02 0.01
Q3 (3,500-4,109 152.67 36.71 5-year change in FEV,
mL) Q1 (decline of at 157.6 37.59
Q4 (=4,110 mL) 146.26 35.81 least 220 mL.)
Q1-Q4t 13.72 (5.67 to 21.78) 1.88 (— 0.29 to 4.05) Q2 (decline of 219 150.56 36.36
p Value for trend 0.005 0.32 mL to decline of
Year-5 FEV,/FVC 110 mL)
ratio Q3 (decline of 109 150.38 36.21
Q1 (=77.9%) 150.61 36.76 mL to decline of
Q2 (78.0-81.9%) 151.58 36.52 10 mL)
Q3 (82.0-85.9%) 154.03 36.49 Q4 (increase or 152.62 36.6
Q4 (= 86.0%) 155 37 decline of =9
Q1-Q4,t ng/mL  — 4.39 (— 9.74 t0 0.96) — 0.24 (— 1.68 to 1.20) mL)
p Value for trend 0.33 0.88 Q1-Q4,f ng/mL 4.98 (0.07-9.89) 0.99 (— 0.33-2.31)

*Tabulated values are estimates from models adjusting for race,
gender, age, amount of physical activity, asthma status, smoking
status, alcohol intake, and BML all at year 15, and height, height®
measured at year-0 and 5-year change (year 10 — year 5) in lung
function (FVC, FEV,, and FEV,/FVC ratio). See Table 1 for
abbreviation not used in the text.

tValues in parentheses are 95% confidence intervals.

to a greater extent on activated platelets than on
activated endothelial cells, whereas ICAM-1 is ex-

ressed predominantly on the surface of activated
endothelial cells.?9-3! The intimate relationship be-
tween endothelial cells in the pulmonary vasculature
and alveolar epithelial cells and the increased expres-
sion of ICAM-1 by pulmonary endothelial cells during
an inflammatory response compared to expression of
P-selectin may explain the stronger association of
ICAM-1 with lung function.

This study also showed that lower year-5 FVC and
FEV, and greater loss of lung function between
years 5 and 10 were predictive of higher year-15
serum ICAM-1 concentrations. This study is the first
to show that lower lung function at baseline (year-5
examination) and increased loss of lung function over
the subsequent 5 years are predictive of increased
concentrations of circulating adhesion molecules.
This finding supports the existence of a positive
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p Value for trend 0.01 0.18
5-year change in

FEV,/FVC ratio

Q1 (decline of at 153.44 36.49
least 4%)

Q2 (decline of 3.9% 150.88 36.2
to decline of
2.0%)

Q3 (decline of 1.9% 151.41 36.92
to decline of
0.1%)

Q4 (no change or 155.43 37.16
any increase)

Q1-Q4,t ng/mL — 1.98 (= 7.04-3.08) — 0.67 (— 2.03-0.69)

p Value for trend 0.26 0.50

*Tabulated values are estimates from models adjusting for race,
gender, age, amount of physical activity, asthma status, smoking
status, alcohol intake, and BML, all at year 15, and height, height®
measured at year 0 and lung function at year 5 (FVC, FEV,, and
FEV,/FVC ratio). See Table 1 for abbreviation not used in the text.

tValues in parentheses are 95% confidence intervals.

feedback loop between circulating (systemic) adhe-
sion molecule concentrations and lung function (Fig
1). Ongoing lung injury and inflammation (reflected
by a decline in FVC and FEV)) may result in
increased secretion of proinflammatory cytokines.>?
These cytokines and the associated recruitment of
activated T and B lymphocytes to the site of injury
increase local and systemic expression of adhesion
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EXPOSURE TO ENVIRONMENTAL
FACTORS (e.g.) CIGARETTE SMOKE

/\,

SYSTEMIC ACTIVATION OF
PRO-INFLAMMATORY
CELLS, CYTOKINES & ADHESION
MOLECULES

PULMONARY ACTIVATION OF
PRO-INFLAMMATORY
CELLS, CYTOKINES & ADHESION
MOLECULES

|

DECLINE IN
PULMONARY FUNCTION

>

FI1GURE 1. Environmental factors increase expression of adhesion
molecules and induce both systemic inflammation and local
airway inflammation. Local airway inflammation results in lung
tissue injury and lower FEV, and FVC. Local lung injury results
in the secretion of proinflammatory cytokines and results in the
recruitment of proinflammatory cells and cytokines to the site of
airway inflammation, resulting in increased concentrations of
circulating adhesion molecules.

molecules, which may provide a biological basis for
the increased concentrations of circulating adhesion
molecules following decrease in FVC and FEV,.

Numerous studies!?1523-26 have shown serum lev-
els of ICAM-1 and P-selectin to be higher among
smokers than among nonsmokers and levels of cir-
culating adhesion molecules to be associated with
decreased FEV, in smokers than in never-smokers.
In addition, both ICAM-1 and P-selectin play an
important role in lung inflammation and may con-
tribute to the pathogenesis of asthma.?”-2% Our esti-
mates tend to agree in that the association between
lung function and circulating adhesion molecules
was stronger among smokers than among never-
smokers and in participants with asthma than in
those without asthma. However, this tendency did
not achieve statistical significance (see the online
supplemental data).

We further noted that both FVC and FEV, were
significantly reduced at year 20 across ICAM-1
quartiles without any significant change in the FEV,/
FVC ratio, which is most consistent with a restrictive
pattern of lung function abnormality. The cause of
this possible restriction is not known. Possible expla-
nations include reduced compliance of the lungs and
chest wall and inflammation-related neuromuscular
weakness. Additionally, the FEV,/FVC ratio may
sometimes be normal in those with airway obstruc-
tion as a result of an increase in the expiratory
reserve volume at which airway closure occurs (air-
trapping).

The study design was limited by the available
measurements, which did not coincide temporally
for lung function (years 5, 10, and 20) and endothe-
lial markers (year 15). The lack of simultaneous
measurements of circulating adhesion molecule and

1486

lung function in this study complicates interpreta-
tion; that is, the direction of the associations cannot
be determined conclusively. Nearly 31% of the
participants were lost to follow-up of > 20 years,
with this loss being greater in black participants and
among current smokers. Although this observational
study has a bias in retaining never-smokers and
former smokers with higher FVC, the analyses in-
cluded large numbers of participants in the groups
that had lower retention. Even though we have
adjusted for all known confounders when evaluating
the association between circulating adhesion mole-
cules and lung function, residual confounding due to
unknown factors remains a potential bias in all
observational studies. On the other hand, the present
study has several strengths, including the large num-
ber of generally healthy participants, the inclusion of
black and white participants and men and women,
follow-up soon after peak lung function was
achieved, high-quality spirometry data collection,
and excellent retention of the original cohort.

CONCLUSIONS

The findings from this study support the idea that
circulating ICAM-1 and P-selectin may contribute to
or be affected by lung function in adults. Future
longitudinal studies that measure concentrations of
circulating adhesion molecules during young adult-
hood would help us to better understand the tem-
poral association between adhesion molecules and
lung function.
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