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Abstract

Background—Elevated levels of intercellular adhesion molecule-1 (ICAM-1) and vascular cell
adhesion molecule-1 (VCAM-1) may contribute to cardiovascular disease and are associated with
obstructive sleep apnea (OSA) and obesity. The relationship between OSA and obesity in
determining ICAM-1 and VCAM-1 levels, and the effect of treatment, is unclear.

Objective—Our aim was to study whether positive airway pressure (PAP) usage resulted in
changes in ICAM-1 and VCAM-1 after 2 years within 309 OSA patients from the Icelandic Sleep
Apnea Cohort, and determine how obesity affected such changes.

Subjects/Methods—The mean body mass index (BMI) was 32.4+5.1 kg/m?; subjects had
moderate-to-severe OSA (apnea-hypopnea index = 45.0+£20.2) and 79% were male. There were
177 full PAP users (=4 hours/night and =20 of last 28 nights), 44 partial (<4 hours/night or <20
nights), and 88 non-users.
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Results—ICAM-1 (p<0.001) and VCAM-1 (p=0.012) change was significantly different among
the PAP groups. The largest ICAM-1 differences were among the most obese subjects (p<0.001).
At follow-up, non-users had increased ICAM-1 compared to decreased levels in full users. All
groups had increased VCAM-1, but non-users had a significantly larger increase than full users.

Conclusion—Within moderate-to-severe OSA patients, PAP usage prevents increases in
adhesion molecules observed in non-users after two years. For ICAM-1, the largest effect is in the
most obese subjects. As OSA and obesity commonly coexist, the usage of PAP to limit increases
in adhesion molecules may decrease the rate of progression of OSA-related cardiovascular
disease.

Keywords

Sleep Apnea Syndromes; Inflammation; Cell Adhesion Molecules; Continuous Positive Airway
Pressure; Cardiovascular Disease

Introduction

Obstructive sleep apnea (OSA) is a leading public health problem; recent estimates suggest
34% of men and 17% of women have OSA, and 13% and 6%, respectively, have moderate-
to-severe disease(1). OSA is associated with cardiovascular disease risk(2). However, the
underlying biological mechanisms linking OSA and cardiovascular disease are not well
understood. The incorporation of biological markers of susceptibility, such as adhesion
molecules, into epidemiological studies will provide insight into these mechanisms(3).

Intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1
(VCAM-1) are expressed on cell surfaces and found in their soluble forms in the plasma(4).
Leukocyte adhesion to vascular endothelial cells and migration into the vessel wall is critical
in the development of atherosclerosis, and elevated levels of adhesion molecules have been
demonstrated in subjects with OSA(5-11). Positive airway pressure (PAP) therapy may
reduce ICAM-1 levels in OSA patients(5, 8, 10). One study has examined VCAM-1, finding
no PAP treatment effect(5). However, these studies had small samples, relatively short
duration, and did not directly address the role of obesity on these relationships.

Obesity is an important risk factor for OSA(12), and their shared pathways of oxidative
stress and inflammation make discerning independent roles in cardiovascular disease
difficult(3). Obesity stimulates an inflammatory state, as adipose tissue has resident
macrophages and is a rich source of pro-inflammatory cytokines(13). Previous studies have
examined the relationship between obesity and cellular adhesion molecules (CAMs)(14-25);
most observe higher ICAM-1 levels with more obesity(15, 19-23, 25) and reduced levels
after weight loss(14-18, 25, 26). Associations between obesity and VCAM-1 are
inconsistent(14, 15, 17-20, 23-25). Circulating ICAM-1, but not VCAM-1, is a consistent
predictor of cardiovascular risk in healthy populations, while VCAM-1 predicts future
cardiovascular risk within patients with pre-existing disease(27-38).

The goal of this observational study was to investigate whether PAP treatment in OSA
patients resulted in changes in ICAM-1 and VCAM-1 two years after treatment initiation,
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and how OSA severity and obesity affect such changes. We hypothesized that the degree of
change in adhesion molecules with PAP would depend on obesity, with the largest change
occurring in the most obese patients.

Study subjects

OSA patients were those from the Icelandic Sleep Apnea Cohort (ISAC) with completed
follow-up as of June 2011 (see Figure E1 and online supplement [pages 1-4]). We selected
subjects with a sleep study before starting PAP with a recorded apnea-hypopnea index
(AHI) and oxygen desaturation index (ODI), baseline abdominal MRI, fasting morning
blood samples at baseline and follow-up, and PAP compliance data from smartcard
download or no PAP usage. Subjects completed assessments at baseline and two years after
PAP initiation (mean+SD = 2.0+0.2 years). This study was approved by the National
Bioethics Committee, the Data Protection Authority of Iceland and the University of
Pennsylvania Institutional Review Board. Written consent was obtained from all subjects.

PAP Usage Definitions

Objective PAP compliance data (mean hours and total nights used over the last 28 days)
were available from smartcard download. Full users were defined as mean use =4 hours/
night and =20 nights of use and partial users as mean use <4 hours/night and/or <20 nights.
Full and partial users used PAP for 7.0+1.2 and 4.3+2.1 hours/night, respectively. Non-users
reported no PAP use, returned the PAP machine within one year of initiation and did not
have upper airway surgery. Sixteen non-users had a prescribed mandibular advancement
device, but inclusion of these few patients did not significantly impact results.

Blood Sampling

Blood was drawn the morning after sleep from the antecubital vein of fasting untreated
participants at baseline and follow-up. Enzyme-linked immunosorbent assay was used to
determine the serum levels of ICAM-1 and VCAM-1 (R&D Systems, Minneapolis, MN) ..
Additional details about measurements of adhesion molecules are presented in the online
supplement (page 3).

Statistical Analysis

ICAM-1 and VCAM-1 changes were calculated within subject (follow-up minus baseline).
Associations between PAP and CAM change were assessed using an analysis of covariance
(ANCOVA). If an overall difference (p<0.05) was found, pairwise comparisons between
PAP groups were performed with a Tukey-Kramer adjustment. We also assessed whether
there was evidence for a linear trend (or ‘dose effect’) across the PAP groups. To determine
whether obesity modified the relationship between PAP and CAM change, patients were
stratified by baseline BMI (<30, 30-35, =35 kg/m?) and we tested for interaction between
PAP and BMI group and assessed associations within BMI groups. A complementary
analysis was performed using baseline visceral abdominal fat (VAT) volume tertiles.
Confounders were assessed in a forward stepwise fashion (further details in online
supplement [page 7]). Final models included baseline CAM level, BMI, BMI change, and
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hypertension status and statin use (for VCAM-1 only) at baseline and follow-up. Models in
VAT tertiles were adjusted for baseline VAT, rather than BMI. Sensitivity analyses
examining the effect of additional adjustments for blood pressure and lipid values in our
models were also performed. Associations between continuous variables and CAM change
were assessed using Pearson correlations (r) or linear regression.

Propensity Score Sub-classification

Results

To further control for bias due to covariate imbalance, we used sub-classification by
propensity score (PS) quintiles to identify a subset of PAP full and non-users balanced with
respect to key covariates at baseline, i.e., age, BMI, gender, current smoking status,
participation in exercise, use of statin medication, prevalence of hypertension,
cardiovascular disease, diabetes, and obstructive lung disease, Epworth Sleepiness Scale
(ESS), OSA severity (AHI, ODI, SaO, nadir and percentage time Sa0,<90) and baseline
ICAM-1 and VCAM-1 levels. Sub-classification was performed using an established
heuristic described by Maislin & Rubin(39). Balance for included variables is shown to be
similar to that expected from randomization, therefore minimizing selection bias and
strengthening causal inferences. The importance of utilizing propensity scores and related
methodologies within observational studies has been highlighted by the National Heart Lung
and Blood Institute(40). See supplement (pages 7-8) for additional details about PS
methodology.

Participant Characteristics

Tables 1 and 2 present sample characteristics stratified by BMI and PAP groupings.

Among the BMI groups (Table 1), we observed significant differences in baseline OSA
severity, with the most obese subjects having the most severe OSA. There were also
differences in age. More obese patients had a higher prevalence of hypertension and lower
prevalence of current smokers.

At baseline, PAP users had more severe OSA and sleepiness, were more likely to be
hypertensive, and had higher BMIs than non-users (Table 2). Differences among the PAP
groups at baseline were all significant at follow-up, except for differences in sleepiness,
which significantly decreased in all groups (p<0.005). As expected, larger ESS decreases
were observed in full versus non-users (p<0.0001). There was a difference in systolic BP at
follow-up among the PAP groups (p=0.020). This result appears driven by a small increase
in full users and decrease in partial users; however, there was no significant difference in 2-
year systolic BP changes among the groups.

Correlations between Obesity and CAM Levels

We assessed correlations between obesity measures and baseline ICAM-1 and VCAM-1
levels (Table E1). Significant correlations were found between ICAM-1 and BMI (rho=0.18,
p=0.002), subcutaneous abdominal fat (rho=0.18, p=0.002), total abdominal fat (rho=0.16,
p=0.004) and hip circumference (rho=0.12, p=0.030). There was no correlation between
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visceral abdominal fat and ICAM-1. We observed no significant correlations between any
obesity measure and baseline VCAM-1.

Mean CAM Change within PAP Usage Groups

Association

Mean changes in ICAM-1 and VCAM-1 are shown in Figure E2 and Table E2. Overall, we
observed a significant two-year decrease in ICAM-1 (p=0.011) for full PAP users and
increases in VCAM-1 for all PAP groups (each p<0.015). In BMI strata, a decrease in
ICAM-1 was only seen among the most obese full users (p=0.039). Significant increases in
VCAM-1 were found among the most obese full users (p=0.008), moderately obese partial
users (p=0.037), and both the most (p=0.026) and least (p=0.022) obese non-users. There
was a significant difference in ICAM-1 change among PAP groups within the most obese
subjects only (p=0.004); the decrease in full users was different from the increase in non-
users (p<0.05). No associations between CAM changes and PAP usage were observed in
other BMI groups or the overall population.

between PAP Usage Groups and CAM Changes

We examined whether changes in CAM levels differed based on PAP usage after adjusting
for potential confounders (Figure 1, Table 3). Significant differences among PAP groups
were found for changes in both ICAM-1 (p=0.001) and VCAM-1 (p=0.012). We also
observed evidence for a PAP dose response across full, partial and non-users in ICAM-1
(p<0.001) and VCAM-1 (p=0.004).

When looking between PAP groups, a difference in ICAM-1 change between full and non-
users (p<0.001) was found, with non-users showing a significant increase (p=0.019)
compared to a decrease for full users (p<0.001) (Figure 1, Table 3). VCAM-1 significantly
increased (p<0.05) in all 3 PAP usage groups. However, changes between full and non-users
were significantly different (p=0.009), with non-users showing a three-fold greater two-year
increase.

Role of Obesity in the Association between PAP Usage and CAM changes

The association between PAP usage and ICAM-1 change, but not VCAM-1 change, was
dependent upon obesity level.

When looking at obesity defined by BMI, we observed significant interaction between PAP
usage and BMI group (p<0.001) for ICAM-1, indicating the effect of PAP on ICAM-1
changes differs among BMI groups. Differences in ICAM-1 change are strongest in those
with BMI1=35 (Figure E3, Table 3). Within this group, the change in ICAM-1 was
significantly different between full and non-users (p<0.001), with non-users showing a
significant increase (p<0.001) compared to a decrease in full users (p=0.032) (Figure E3,
Table 3). We again observed a linear trend across the 3 PAP groups (p<0.0001); full users
decreased, partial users had no change, and non-users increased. No differences were found
among PAP groups within other BMI groups, indicating that differences in ICAM-1 change
among PAP usage groups in the overall sample are driven by the most obese subjects. For
VCAM-1 change, we observed no interaction or significant associations within BMI group.
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This lack of association may be due to reduced power resulting from the smaller sample size
within BMI strata (see online supplement, page 9).

In a complementary analysis examining the PAP effect within baseline VAT tertiles, we
observed similar associations (Table 4). There was significant interaction between PAP
group and VAT tertile (p=0.030) on ICAM-1 change. As with BMI, the largest differences
among PAP groups were seen for the top tertile (p=0.009) and there was a trend across the 3
PAP groups (p=0.004). In this group with the most visceral fat, full users had decreased
ICAM-1 levels (p=0.049) and non-users increased (p=0.014); this difference between full
and non-users was significant (p=0.006). In contrast to results in BMI strata, we observed a
significant difference among (p=0.023) and trend across (p=0.036) the 3 PAP groups in the
lowest tertile of visceral fat. However, after correction for multiple comparisons, none of the
within group changes were statistically significant and there were no significant between
group differences. For VCAM-1 change, we did not observe a significant interaction
between PAP group and VAT tertile, again suggesting the effect of PAP was not moderated
by obesity; the only significant result within VAT tertiles was a linear trend across the 3
PAP groups (p=0.016) in patients with the most visceral fat.

Relationship between Hours and Nights of PAP Use and CAM Changes

Within full and partial users (N=221) with a BMI=35 kg/m?, each additional hour of mean
PAP use associated with an 8.9 ng/mL decrease in ICAM-1 (p=0.018) and each additional
night of use was associated with a 2.5 ng/mL decrease in ICAM-1 (p=0.036). We did not
observe significant associations with ICAM-1 in VAT tertiles, and no significant
associations with hours or nights of PAP use and VCAM-1 change were found.

Effect of Baseline OSA Severity on Association between PAP Usage and CAM Changes

We assessed the impact of OSA severity adjustment in our models. We observed no
correlations between OSA severity measures and baseline ICAM-1 or VCAM-1 levels.
Adjustment for severity of OSA did not change the association between PAP use and
ICAM-1 change described above. For VCAM-1 change, differences among PAP groups in
the overall population became non-significant after adjustments for AHI (p=0.181) and ODI
(p=0.060), but the overall trend remained similar.

Association between OSA Severity and CAM Changes among PAP Non-users

To address whether OSA severity influenced CAM increases if left untreated, we examined
associations between baseline OSA severity and ICAM-1 or VCAM-1 change among PAP
non-users (Table E3). ODI (p=0.023), SaO, nadir (p=0.021) and percent time Sa0,<90
(p=0.033) were associated with ICAM-1 change within non-users with BMI=35. More
severe baseline OSA was associated with larger increases in ICAM-1 in these subjects. We
observed no associations between baseline OSA severity and VCAM-1 change in non-users.

Effect of Blood Pressure and Lipid Adjustment

In additional sensitivity analyses, we assessed the impact of controlling for continuous
measures of blood pressure and lipid values in place of categorical outcomes. Controlling
for blood pressure instead of hypertension status had no effect on the results (data not
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shown). Additional inclusion of lipids did not impact the results for ICAM-1; differences
among the 3 groups in VCAM-1 change became borderline non-significant (p=0.059),
although there remained a significant linear trend across the three PAP groups (data not
shown).

Propensity Score Matched Sample Sub-Analysis

Of 177 full and 88 non-users in our observational sample, we identified 90 (50.8%) full and
62 (70.5%) non-users balanced within PS subclass for the included covariates (see
Methods). Table E4 compares participants included and excluded from the sample. The
resulting covariate balance is illustrated in Figure 2 (a “Love Plot”(41)). While there were
significant differences (p<0.05) in 8 of the included covariates in the observational sample,
after adjusting for PS subclass, there were no differences between full and non-users in the
reduced PS designed sample (all p>0.63).

The estimated differences between PAP groups were similar in magnitude in the propensity
score and overall observational samples, indicating that results in primary analyses were not
driven by imbalance in included covariates. Within the PS designed sample, full users had a
decrease in ICAM-1 of -14.1 ng/mL (SE=7.3, p=0.054) compared to a significant increase
in ICAM-1 of 20.1 ng/mL (SE=8.9, p=0.026) in non-users. This difference in change scores
(34.2 ng/mL, p=0.005) was identical to that seen in our observational sample. For VCAM-1,
full users in the PS sample had an increase of 71.9 ng/mL (SE=36.4, p=0.050), compared to
an increase of 174.8 ng/mL (SE=44.6, p<0.001) in non-users. This difference in VCAM-1
increases (102.9 ng/mL) was similar to that seen in the observational sample (130.6 ng/mL),
but it was no longer statistically significant in the smaller PS sample (p=0.087).

Discussion

In patients with moderate-to-severe OSA, a beneficial effect of PAP on adhesion molecules
is observed in non-users over two years. For ICAM-1, full usage decreased levels, with the
largest effect occurring in the most obese subjects. For VCAM-1, increased levels over 2
years were observed for all PAP groups, but non-users had much larger increases than full
users. Although the VCAM-1 association appeared independent of obesity, larger increases
in non-users were again seen in the most obese. Results in the observational sample were
supported by a complementary analysis using propensity score methodologies. The finding
that ICAM-1 is decreased after 2 years among the most obese full users is noteworthy,
suggesting PAP may help to reduce future OSA-related cardiovascular risk, particularly in
the most obese.

Role of Obesity on CAM Levels

We observed correlations between baseline ICAM-1 and BMI, subcutaneous and total
abdominal fat, but not visceral abdominal fat. Correlations with abdominal fat become non-
significant after adjustment for BMI, similar to a previous publication from the Framingham
cohort(21). Overall, our study suggests that total fat measures are more significantly
associated with ICAM-1 levels than visceral fat alone in a moderate-to-severe OSA
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population. Despite correlation between baseline ICAM-1 and VCAM-1 (r=0.43, p<0.0001),
we found no significant correlations between any obesity measure and VCAM-1.

The correlation between ICAM-1 and obesity, but not VCAM-1 and obesity, is not
unexpected. Previous studies have explored relationships between CAMs and both
obesity(15, 16, 19, 21-25) and weight loss(14-19, 24-26). The majority of these studies (15,
19-23, 25, 26) found significantly higher ICAM-1 levels in more obese patients. Some
studies have observed higher VCAM-1 associated with more obesity(15, 25), but others
found no associations(19, 20, 23, 24), even where associations with ICAM-1 were observed
in the same study. Similarly, most studies(14-18, 25, 26) observe significant decreases in
ICAM-1 following weight loss, while two observed no change following bariatric
surgery(19, 24). Studies have found decreases(15, 17, 25), no changes(14, 19), and
increases(18, 24) in VCAM-1 levels following weight loss.

Role of Baseline OSA Severity on CAM Levels

We observed no association between OSA severity and CAM levels at baseline. However,
more severe OSA was associated with larger ICAM-1 increases within non-users with
BMI=35. Therefore, the use of PAP to limit harmful increases in ICAM-1 appears
particularly essential in the most severe OSA patients with the highest BMI levels.

As recently reviewed(33), previous studies have observed correlations between OSA
severity and pre-treatment levels of ICAM-1 and/or VCAM-1(5, 6, 8, 9, 11). The majority of
these studies, however, included patients without OSA in correlation analyses. Since OSA
patients were previously shown to have higher levels than controls, positive associations
found when combining the two groups are not surprising. It is unclear whether these studies
would find significant correlations with OSA severity in analyses restricted to cases. One
study did observe a significant association (p=0.04) between ICAM-1 levels and AHI in
OSA patients(5). However, no correlations were seen with other severity measurements,
including hypoxia severity(5). In our study, it was likely more difficult to observe
associations at baseline since all patients had moderate-to-severe OSA. Our observation of
increased ICAM-1 and VCAM-1 in PAP non-users over time is consistent with findings that
untreated OSA patients have higher levels compared to controls(5-11).

PAP Treatment and CAM Levels in OSA

Few studies with small samples have evaluated the effect of PAP on CAM levels in OSA,
one in Europeans(10) and two in Asians(5, 8). Each had relatively non-obese OSA patients,
and none compared treated and untreated OSA patients over time. Our ICAM-1 results
support previous studies(5, 8, 10), which found PAP usage resulted in decreased ICAM-1.
However, our results indicate this change is moderated by obesity, which was not explored
in prior studies. Evidence for obesity moderating the relationship between PAP usage and
change in ICAM-1 levels was seen both in BMI groups and visceral fat tertiles. However,
BMI was significantly correlated with ICAM-1 levels, while VAT was not. Moreover,
associations between ICAM-1 changes and both hours and nights of PAP usage in full and
partial users were only seen in the BMI=35kg/m?; there were no significant relationships in
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the top tertile of VAT. These results suggest the effect of PAP will be strongest in patients
with the highest levels of total fat, not simply in those with the most visceral fat.

While we observed an association between VCAM-1 increases and PAP usage, only one
previous study examined VCAM-1, observing no association with PAP(5). Although PAP
usage did not lead to decreased VCAM-1 in our cohort, as it did with ICAM-1, we observed
a similar trend between both CAMs and the three PAP groups. Specifically, the smallest
changes (or decreases) were seen in full users, moderate or no changes in partial users, and
the largest increases in non-users. Potentially, Chin and colleagues(5) may have found no
association between PAP usage and VCAM-1 due to small sample size and/or limited
follow-up time (1-6 months). This merits further investigation.

CAM levels in Cardiovascular Disease

Both ICAM-1 and VCAM-1 are studied in cardiovascular literature because of their role in
atherosclerosis(15, 27-38). Higher levels of ICAM-1, but not VCAM-1, are a consistent
predictor of cardiovascular risk within initially healthy populations(27, 30, 31, 33-37).
However, higher VCAM-1 predicts future cardiovascular risk within patients suffering from
pre-existing disease(27-29, 32, 33, 38). One potential explanation for this may be
differences in expression: ICAM-1 is constitutively expressed by a variety of cells, while
VCAM-1 is not expressed in baseline conditions, but induced by pro-atherosclerotic
conditions(27, 28, 33).

Increased CAM levels likely increase risk for future cardiovascular events. Previous studies
typically assess CAM levels at baseline and examine differences between those who do and
do not develop cardiovascular events over several years of follow-up(30, 31, 35-37).
Therefore, we would expect the increased cellular adhesion molecules in PAP non-users to
impact long-term cardiovascular risk, while blocking these increases with PAP therapy will
reduce this increased risk. This is congruent with previous literature, which shows untreated
severe OSA increases risk of cardiovascular events over long-term follow-up in men(42)
and women(43). Previous studies describe different thresholds for identified risk levels of
ICAM-1 and VCAM-1, making direct comparisons challenging. For example, ICAM-1
thresholds for increased risk of future myocardial infarction in men range from 260 ng/
ml(35) to 625 ng/ml(30). In our study, no men exceeded the higher cut-point. We observe a
larger proportion of non-users with ICAM-1>260 compared to full users at follow-up (70%
vs. 60%, p=0.15), despite similar proportions at baseline (63% vs. 66%, p=0.62), suggesting
that PAP may protect against future MI. More research is needed to determine specific
thresholds for risk stratification within OSA populations.

Propensity Score Matched Sub-analysis

When examining differences in CAM change between full and non-users in our propensity
score matched sample with balanced covariate distributions, we observed similar
relationships as in the observational study. There was a significant difference in ICAM-1
change; full users had decreased levels compared to significant increases in non-users.
While differences in VCAM-1 change were not statistically significant, we again observed a
larger increase among non-users compared to full users. This result suggests that differences

Int J Obes (Lond). Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pak et al.

Page 10

in CAM changes between full and non-users in primary analyses were not driven by
covariate imbalance and that a causal relationship likely exists between PAP adherence and
cellular adhesion molecule changes. Overall, the observation that ICAM-1 and VCAM-1
changes are beneficially effected by PAP adherence supports the hypothesis that pathways
involving adhesion molecules may be one mechanism for the increased cardiovascular risk
in the context of OSA. In contrast to this potential pathway, similar analyses within a larger
subset of the ISAC population found no relationship between changes in fasting lipid levels
and PAP adherence (44). Thus, adhesion molecules pathways are an interesting focal point
for future research attempting to link OSA and cardiovascular risk in humans.

Limitations and Strengths

While our sample represents the gender distribution of Icelandic OSA patients, there was a
relative lack of females, limiting generalizability. Although the Icelandic population is of
European descent, future studies involving other ethnicities will be important for increasing
generalizability. The ISAC cohort lacks patients with mild OSA. Thus, we cannot exclude
the possibility of an effect of OSA severity on biomarker levels from mild -to-moderate
disease, as has been observed for prothrombotic biomarkers(45).

We did not conduct follow-up sleep studies in the full cohort. However, changes in OSA
severity over a two-year period are small, and are associated with weight changes(46, 47).
Thus, controlling for baseline BMI and BMI change in analyses limits potential bias
introduced by unmeasured changes in OSA severity. This bias was also addressed in the
propensity score subsample. One potential limitation of propensity score methodologies is
the inability to control for unobserved variables, which are theoretically controlled for in the
context of a randomized trial. Thus, we cannot exclude the possibility that results were
affected by currently unknown or unmeasured confounders. To address this limitation, we
included as many relevant variables as possible as unmeasured variables are controlled for to
the extent that they are correlated with variables included in the model.

We do not view the lack of non-OSA obese controls as a major limitation. Rather, we had a
substantial proportion of OSA patients not using PAP, providing a “control” population for

our primary analyses. A proportion of non-users were prescribed a mandibular advancement
device (n=16); removing these subjects did not change our results (data not shown).

This study has several strengths. The relatively large sample size makes this the largest
study to date on PAP treatment and CAM levels in OSA. ISAC includes patients with
relevant OSA comorbidities, making it more representative of “real-world” patient
populations and limiting potential biases resulting from studying only otherwise “healthy”
patients. The availability of objective PAP adherence data is more accurate than self-report.
In-depth phenotyping allowed us to assess a wide variety of potential confounders. Finally,
to minimize bias in non-randomized PAP group comparisons, we employed propensity score
methodologies to evaluate the relationship between PAP adherence and CAM change.
Results from this complementary analysis were compatible with results from the overall
study.

Int J Obes (Lond). Author manuscript; available in PMC 2015 September 01.
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Our results indicate that in a moderate-to-severe OSA population, adequate PAP usage
limits significant increases in both ICAM-1 and VCAM-1 levels observed in PAP non-users
after two years. For ICAM-1, the benefit of PAP depends on obesity, with the largest effect
seen in the most obese patients. As obesity and OSA often coexist, limiting these increases
with PAP usage may help to decrease the rate of progression of OSA-related cardiovascular
disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Predicted Least Square Mean change from baseline in entire population
The predicted least squares mean change in ICAM-1 and VCAM-1 levels for each PAP

usage group are presented in the overall population, along with the associated 95%
confidence intervals. Results are adjusted for baseline ICAM-1 or VCAM-1 levels, BMI,
change in BMI, hypertension at baseline and follow-up, and statin use at baseline and
follow-up (for VCAM-1 change only). Estimates with 95% confidence intervals not crossing
0 represent significant changes: *p<0.05. Abbreviations: LS: least squares; ICAM-1:
Intracellular Adhesion Molecule 1; VCAM-1: Vascular Adhesion Molecule 1; BMI: body
mass index; PAP: positive airway pressure
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Figure 2. ‘Love Plot’ illustrating the covariate balance created in the propensity score matched
sample
The test statistics (t-statistics for continuous variables and signed square root of the chi-

square statistics for categorical variables) comparing covariates between full and non PAP
users are shown both in the original sample and after PS matching and quintile adjustment.
While there were significant differences in covariates between full and non-users in the
original sample, after PS matching all statistics are close to zero, indicating balance between
full and non-users for all relevant covariates. Abbreviations: ICAM-1: Intracellular
Adhesion Molecule 1; VCAM-1: Vascular Adhesion Molecule 1; ESS: Epworth Sleepiness
Scale; ODI: Oxygen Desaturation Index; AHI: Apnea-Hypopnea Index; BMI: body mass
index; CVD: cardiovascular disease.
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