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Background: Studies have indicated that the prevalence of
obstructive sleep apnea-hypopnea syndrome (OSAHS) is
similar between white and African American patients, but it is
unclear if there are differences in the severity of OSAHS. We
hypothesized that in patients with diagnosed OSAHS, African
Americans would have higher apnea-hypopnea index (AHI)
and higher mortality than white individuals.

Methods: We analyzed a prospectively collected database
of 512 patients studied between July 1996 through February
1999. Inclusion criteria included age = 18 y, AHI = 5/h, and
full-night PSG. Statistical analysis was performed to determine
the association between race and AHI while controlling for the
effect of confounders and effect modifiers, which included gen-
der, age, body mass index, and comorbidities.

Results: The database included 340 African American and
172 white patients. AHI was higher in African American pa-
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tients (median 32.7/h IQR 3.3-69.2) than white patients (22.4/h
IQR 12.8-40.6, p = 0.01). Age, sex, and BMI were found to
be effect modifiers and were included in final models. In the
final model, African American men younger than 39 years and
between 50 and 59 years were found to have a higher AHI than
white men in the same age ranges.

Conclusions: African American men younger than 39 years
and between 50 and 59 years have a higher AHI compared
to white men of the same ages after correcting for confound-
ers and effect modifiers. There was no difference in mor-
tality between African Americans and whites with OSAHS
in this cohort.
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pidemiologic studies suggest that race may influence the

prevalence and outcome of chronic illness. There is evi-
dence that the prevalence of obstructive sleep apnea’hypopnea
syndrome (OSAHS) is higher in younger (< 25 years) African
Americans than younger white individuals, with no difference in
prevalence in the middle-aged' or in the elderly (> 55 years).? In
contrast, there is evidence that the prevalence of severe OSAHS
(defined by an apnea-hypopnea index [AHI] > 30) is increased in
African American elderly.? Overall, it is unclear whether race is
a determinant of sleep apnea severity and outcome.'”* Moreover,
a racial difference may be due to increased prevalence of obe-
sity and hypertension in African Americans, both of which have
been associated with increased OSAHS severity.** The purpose
of this study was to determine whether the severity and mortal-
ity of sleep apnea were higher in African American patients with
OSAHS compared to white individuals. To study this hypoth-
esis, we compared polysomnographic variables of OSAHS in a
cohort of African American and white patients diagnosed with
OSAHS in an urban clinical sleep center and determined sur-
vival of the members of the cohort after approximately 10 years.

METHODS

The Human Investigation Committee of Wayne State Uni-
versity approved this study. Consent was waived as the study
was an analysis of a database.

BRIEF SUMMARY

Current Knowledge/Study Rationale: Previous work has shown dif-
ferences in the prevalence of obstructive sleep apnea (OSA) between
whites and African-Americans but there is less data as to whether there
is a difference in severity of OSA between the races. We aimed to com-
pare apnea-hypopnea index and mortality between white and African-
Americans diagnosed with OSA in an urban sleep center.

Study Impact: In addition to gender and age, AHI also varies by race be-
ing more predominant in African-American men. The interaction between
gender and race suggests that both neurochemical and anatomic factors
contribute to the severity of OSA.

Subjects and Data Generation

We analyzed a computerized database of patients with an
AHI > 5/h, studied in the sleep center between July 1996
through February 1999. Patients from this time period were
selected as we had self-identified racial demographics during
this period, as many of these patients were also included in
a previously reported study from our center.® We chose not
to include patients with an AHI < 5/h because we were in-
terested in the influence of race on the AHI in patients with
OSA, not the predictors of OSAHS in patients presenting to
a sleep center, which have been determined.'’” We excluded
patients who underwent a split-night polysomnography to
compare sleep architecture between the groups. Because there
were very small numbers of other racial and ethnic groups,
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only African American and white patients were included in
the analysis.

The following variables were included in the analysis: gen-
der, self-identified race, age, body-mass index (BMI), neck
circumference measured in the sleep center at the time of the
sleep study, and comorbidities. The following comorbidities
were identified as they have been associated with OSAHS: hy-
pertension,'® diabetes mellitus,' and heart disease.!” Presence
of lung disease was also included. Comorbidities were consid-
ered present if the patient provided the diagnosis as part of the
medical evaluation or if the patient was on a medication con-
sistent with one of the comorbidities. Zip codes were used to
estimate the patient’s median income using the website, http://
homeadvisor.msn.com. In March 2009, the Social Security
Death Database (Social Security Death Index search results
using http://ssdi.rootsweb.ancestry.com/cgi-bin/ssdi.cgi) was
used to determine if each patient was alive or had died since
the initial PSG.

Sleep-study variables included: total sleep time (TST), time
in bed (TIB), sleep efficiency, percentage of the TST for dif-
ferent stages of sleep, and multiple indices of sleep disordered
breathing including the apnea index (Al), hypopnea index (HI),
apnea-hypopnea index (AHI), and the percentage of sleep time
with a saturation < 90%.

Polysomnography

Polysomnography was performed as previously described.®'?
Respiration was monitored throughout the night with thermo-
couples at the nose and mouth and thoracic strain gauges. Oxy-
hemoglobin saturation was obtained with an oximeter. Sleep
stage scoring was performed using standard criteria in use at
that time."* Apnea was defined as complete cessation of airflow
for > 10 sec and labeled as obstructive if there was effort not-
ed in the strain gauge channel and central if effort was absent.
Hypopnea was defined as a reduction in the airflow > 10 sec
associated with either an arousal or a 3% drop in the oxyhemo-
globin saturation. The AHI, apnea index (Al), and hypopnea
index (HI) were calculated using standard definitions.

Analysis/Statistical Methods

Prior to the statistical analysis, AHI, race, and other vari-
ables were checked for missing values and their suitability
(normality of the variable dataset) for multivariate analysis.
One subject had a missing value for BMI which was replaced
by the mean value for all subjects. There were no other miss-
ing values. As the AHI was not normally distributed, a natu-
ral log transformation was applied. Demographic and sleep
study variables were compared between the 2 groups using the
Mann-Whitney rank sum test for continuous variables or y* test
for nominal variables.

The goal of the statistical analysis was to determine the as-
sociation between race and AHI while controlling for effects of
confounders and effect modifiers. To achieve this goal, multi-
variate linear regression was used to assess the effect of race on
AHI, while controlling for confounding and effect modification.
In the first model, log AHI was the dependent factor and race
the independent factor. In subsequent models, a potential effect
modifier, such as BMI, was added both individually and as an
interaction term computed by multiplying race and the potential
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modifier (race*BMI). The following effect modifiers were add-
ed to the basic model: age, BMI, sex, presence of hypertension,
diabetes mellitus, heart disease, and lung disease. The interac-
tion terms were statistically significant for age (p = 0.019), sex
(p=0.011), and lung disease (p = 0.011).

Linear regression was also used to assess potential confound-
ers. The risk estimate (or geometric mean ratio, 1.32) associated
with race was compared between a model including only race
and a model including both race and the potential confounder.
Sex, age, BMI, presence of hypertension, diabetes mellitus,
heart disease, and lung disease were assessed as potential con-
founders. If the risk estimate for race differed by > 5% between
the 2 models, that covariate was considered an important con-
founder and was included in the final model.

Variables found to be both a confounder and an effect modi-
fier were treated as effect modifiers in the final model. As age
and sex were found to be effect modifiers, age and sex stratified
regression models were run with log AHI as the independent
variable and race and BMI as independent variables.

Cox regression analysis was run to identify the predictors of
the mortality for the patients with the AHI > 5. Death was con-
sidered as the outcome of interest. The period of follow-up was
calculated from the date of the patient having PSG to the date of
death for the participants with the event, while for those without
the event, the period of follow-up was calculated from the date
of the PSG to date that they were checked for the mortality data.
Sex, age, BMI, median income, presence of hypertension, heart
disease, lung disease, diabetes mellitus, log AHI, and log Al
were run as covariates.

RESULTS

During the time period, 867 patients presented for evalua-
tion. Of these, 272 were excluded for AHI < 5/h, and 123 were
excluded for split-night studies. This resulted in 472 charts for
analysis. There were 244 (52%) men and 228 (48%) women.
Among the 340 African Americans, there were 152 (45%) men
and 188 (55%) women. Among the 132 white patients, there
were 92 (70%) men and 40 (30%) women (Table 1). The prev-
alence of hypertension was higher in the African Americans
(46.2% v. 12.5%, p < 0.001), but there was no difference in
the prevalence of diabetes, heart or lung disease between the
2 groups.

Sleep architecture and indices of sleep disordered breathing
were compared by running a nonparametric test (Mann-Whit-
ney rank sum; see Table 2). Whites and African Americans
differed significantly in %Stage 1, %slow wave, AHI events/h,
and SpO, during REM; they did not differ in time in bed (TIB),
total sleep time (TST), sleep efficiency, %Stage 2, %REM, Al
(events/h), HI (events/h), and SpO, in NREM.

To ascertain the independent effect of race on AHI, we built
several multivariate linear regression models to assess the po-
tential confounding and effect modification of the relationship
between race and increasing AHI by age, gender, HTN, DM,
heart disease, lung disease, BMI, and income (Table 3). In
evaluating effect modification, we found that the relationship
between race and AHI severity varied by age level (interaction
p = 0.019), by gender (interaction p = 0.011), and by whether
or not the patient had lung disease (interaction p = 0.011). In
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Table 1—Patient demographics

African
White Americans p

Men, n (%) 92 (70) 244 (52) <0.001
Age, y 51 (41, 58) 47 (49, 56) 0.010
Age range, n (%)

18-39y 5 (25.6) 87 (18.9)

40-49y 7 (32.6) 111 (28.0)

50-59 y 38 (24.7) 84 (28.8)

>60y 2 (17.1) 58 (24.2) 0.101
BMI, kg/m? 33(28,42) 40(33,48) <0.05
Median income, $ 50,009 18,531 <0.001

(34, 570 65,052) (15,962, 29,240)

Hypertension, n (%) 59 (12.5) 218 (46.2) <0.001
Diabetes, n (%) 21(4.4) 79 (16.7) 0.05
Heart disease, n (%) 29 (6.1) 65 (13.7) 0.28
Lung disease, n (%) 27 (5.7) 100 (21.2) 0.001

Values for continuous variables are median (interquartile range).

Table 3—Measures of potential modifiers of the effect of
race on sleep disordered breathing

Interaction p
race*age 0.019
race*sex 0.011
race*HTN 0.053
race*DM 0.348
race*heart disease 0.184
race*lung disease 0.011
race*BMI 0.43
race*median income 0.621

further modeling, the interaction term for race and lung disease
was not significant, so this term was dropped. Thus, we retained
interaction terms for race*age and race*gender in all future
analyses. When we evaluated potential confounding (Table 4),
there was a 12.1% decrease in the main effect term for race
when BMI was included in the model. Based on these findings,
we subsequently included BMI in all further models.

Age and gender specific regression models were run with
race and BMI as the independent variable and log AHI as the
dependent variable (Table 5). In the age and gender stratified
model, being an African American male < 39 years increased
the log AHI by 1.17 or AHI by 3.21/h (p < 0.05) compared
to a white male in the same age range with the same BMI.
For the age group of 50-59 years, being an African American
male increased log AHI by 1.03 units or increased AHI by
2.79/h compared to a white male in the same age range with
the same BMI.

The mean follow-up period was 10.5 + 5.3 years. During
the follow-up period, 20 white patients died (11.6% of group;
11 men, 9 women); in the African American group, 57 (17.1%
of cohort; 34 men, 23 women) patients died. In the Cox re-
gression analysis (Table 6 and Figure 1) for the whole cohort,
only heart disease (p = 0.002), diabetes mellitus (p = 0.005),
age (p < 0.001), and male gender (p = 0.027) were identi-

Table 2—Sleep study architecture and indices of sleep
disordered breathing

White African American p
TST, min 401.5(350.0,426.0) 386.5(330.5,421.5) 0.14
TIB, min 470.0 (459.0,479.0) 469.0 (451.5,479.0) 0.75
SpO, NREM 92.0 (89.5,93.9) 91.6(87.8,934) 0.1
Sp0O, REM 89.6(81.4,93.0)  88.00(80.08,91.15) 0.01
AHI 224 (12.8,40.6) 32.7 (3.3,69.2) 0.01
Sleep efficiency, % 0. 84 (0.78,0.91) 0. 87 (0.74,0.90)  0.06
Al 3(1.2,16.8) 9 (1.6, 28.5) 0.06
HI 14 8 (7.7, 25.0) 156 (7.4,31.7) 0.54
Stage 1 % 0.19(0.12, 0.28) 0. 23 (0.14,0.38)  0.02
Stage 2 % 0.63 (0.53, 0.71) 6(0.49,0.68) 0.1
Slow wave % 0.02 (0.0, 0.07) 0. 00 (0.0,0.04) <0.05

Values are median (interquartile range).

Table 4—Measures of potential confounders of the effect of
race on sleep disordered breathing, sleep disorders center

Coefficient Geometric

of B Mean % Change
Model IV R? (Race) Ratio in OR
race 0.018 0.274 1.32
race*age 0.02 0.265 1.30 1.52%
race*sex 0.057 0.366 1.45 9.84%
race*HTN 0.027 0.24 1.27 3.79%
race*DM 0.021 0.266 1.30 1.52%
race*heart disease ~ 0.021 0.277 1.32 0%
race*lung disease 0.019 0.271 1.31 0.34%
race*BMI 0.084 0.148 1.16 12.12%
race*median income  0.02 0.264 1.30 1.15%

Table 5—Univariate estimates of the risk (risk estimate) of
a one unit increase in the apnea hypopnea index in African
Americans compared to whites, stratified by age and sex

Geometric Mean

Age Sex Ratio (95% Cl)
<40 Male 3.22 (1.6, 6.49)
Female 0.61(0.07,5.47)
40-49 Male 3(0.63,2.7)
Female 1 04 (0.25,4.24)
50-59 Male 2.79 (1.24,6.27)
Female 0.99 (0.35,2.82)
> 60 Male 0.842 (0.31,2.28)
Female 1.04 (0.80,1.34)

fied as significant predictors of the mortality for patients
with AHI > 5. Baseline AHI and race were not identified as
independent predictors.

In summary, AHI was higher in African American males
younger than 39 years, and between 50-59 years of age. There
was no difference in AHI between African American and white
females. Longitudinal analysis of mortality found that race and
severity of OSA were not predictors of increased mortality in
patient with sleep apnea.

Journal of Clinical Sleep Medicine, Vol. 9, No. 4, 2013
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Table 6—Multivariate analysis of the risk (hazard ratio) of death associated with AHI, race, and other covariates

Variable Coefficient () Standard Error Wald
log AHI 0.193 0.141 1.872
Race -0.030 0.341 0.008
Sex -0.579 0.261 4.920
BMI 0.003 0.013 0.041
Age 0.040 0.011 13.135
HTN -0.265 0.280 0.893
DM -0.593 0.256 5.379
Heart disease -0.878 0.250 12.370
Lung disease -0.504 0.242 4.345
Median income 0.000 0.000 1.706

p Hazard Ratio UB LB
0.171 1.213 0.920 1.601
0.930 0.971 0.497 1.894
0.027 0.560 0.336 0.935
0.840 1.003 0.977 1.030
0.000 1.041 1.019 1.064
0.345 0.767 0.443 1.329
0.020 0.553 0.335 0.912
0.000 0.225 0.255 0.678
0.037 0.376 0.376 0.970
0.192 1.000 1.000 1.000

Figure 1—Kaplan-Meier survival curves for African American
(dashed line) and white (solid line) patients
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There was no difference in survival between the two groups.

DISCUSSION

Our study demonstrated the following novel findings: (1)
Sleep apnea severity, expressed as AHI, was higher in African
American males (age < 39 years and 50-59 years), even after
controlling for BMI. (2) Race and AHI were not identified as
independent predictors of mortality in this cohort of patients
with OSAHS.

Our study demonstrated higher AHI in African American
patients relative to white patients with OSAHS. Our study
corroborates previous epidemiologic studies addressing the
relationship between race and AHI. Data from the Cleveland
Cohort Study indicated that African Americans had a higher
AHI at younger ages but a similar AHI between the ages of
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50 and 60 years.' In a cohort of elderly patients, Ancoli-Israeli
et al. found no difference in the overall AHI between African
Americans and whites, though they did find that the AHI was
higher in African Americans with severe OSAHS (AHI > 30).2
Both of these studies were community-based cohorts includ-
ing subjects with and without OSAHS. Our study extended the
previous findings by demonstrating that the severity of OSAHS
is influenced by race, age, and gender.

Epidemiologic studies have shown significant cardiovascu-
lar mortality disparities between African American and white
populations.'*'” These disparities have been found to be associ-
ated with disparities in other chronic illnesses, such as diabetes
and hypertension.'” There is also evidence that the degree of
disparity is greater in younger than older individuals.'* OSAHS
is an additional chronic illness that could contribute to mortal-
ity and, possibly, the racial disparities in cardiovascular mortal-
ity. Recent epidemiologic studies have shown that individuals
with OSAHS have increased mortality compared to individu-
als without OSAHS.'®?° These studies have generally shown
that the increased mortality was seen in individuals with severe
OSAHS, generally defined as an AHI > 30/h, with one of the
studies showing that the effect of mortality was primarily ob-
served in men under the age of 70 years.”® Thus, we were sur-
prised that race and AHI did not predict mortality, even among
younger African American men who had significantly higher
AHI. Thus, while young and middle-aged African American
men have a greater burden of disease, as measured by AHI, this
burden does not translate into increased mortality when other
demographic and comorbidities are considered.

We intended to study the influence of race on sleep apnea
severity and mortality, we are cognizant that race is primarily
a social construct. Therefore, considering racial differences in
biological processes that influence OSAHS,*?! race may rep-
resent a marker rather than a specific biologic risk factor for
increased severity of AHI.? In addition, other relevant factors,
such as socioeconomic status,'®? educational status,'s degree of
urbanization,* and access to care® are significant determinants
of morbidity and mortality and contribute to the apparent racial
disparities. For this cohort, we used median income data (based
upon home address zip codes) as a surrogate for socioeconomic
status, but did not find that socioeconomic status was a con-
founder or effect modifier in this population despite the clear
difference in median income between the two groups. However,



income may not be sufficient to detect disparities in access to
care.”® Finally, the use of race in this context could limit the
generalizability to populations with different racial demograph-
ics or evolving and/or complex social settings.

Potential Mechanisms

Group differences in the prevalence and severity of OSAHS
are generally attributed to group differences in either anatomic
factors or neurochemical control of breathing during sleep.”’
Previous work has shown that there are differences in craniofa-
cial structure, as indicated by cephalometrics' and anthropomet-
ric facial features,?® between African American and white men.
In particular, the evidence suggests that hard tissue anatomic
risk associated with shape and size of the skeletal components
of the upper airway may be relatively more important in whites,
while soft tissue structures may be more important in African
Americans.” We hypothesize that these anatomic differences
may predispose to differences in upper airway mechanics and
collapsibility between African Americans and white subjects.
However, to our knowledge, there are no published reports to
support this hypothesis.

Alternatively, the increased AHI in African Americans com-
pared to whites could suggest that African Americans have an
increased apneic threshold (are more susceptible to develop-
ing apnea) compared to white subjects; however, there is no
experimental proof of such a difference, and preliminary data
from our group does not indicate a difference in the apneic
threshold.” However, it has been shown that African American
individuals have a greater ventilatory response to hypoxia*' and
an increased peripheral response to hypercapnia compared to
white individuals* during NREM sleep, suggesting that differ-
ences in neurochemical control of breathing could contribute to
the increased AHI in African Americans.

Our study found a significant interaction between gender and
race, with the increased in AHI being found only in African
American men. The above discussion on the differences in the
pathogenesis of OSA suggests a potential explanation for this
finding. We speculate that an increased susceptibility to hypo-
capnic apnea (men)*' in combination with differences in upper
airway mechanics (African Americans) could result in a risk of
OSA that is greater than either risk factor alone. This is, how-
ever, a hypothesis awaiting experimental proof.

In addition to pathophysiologic mechanisms, there could be
cultural reasons for a difference in AHI. Specifically, reduced
access to care or cultural differences in reporting symptoms of
OSAHS could result in delayed presentation and higher AHI.
However, in the Sleep Heart Health Study, African American
women were more likely to report snoring than white women
with no difference between African American and white men.*
However, there is evidence that African Americans answer and
interpret elements of the Epworth Sleepiness Scale differently
than whites,* suggesting that cultural differences could exist in
reporting of symptoms.

Epidemiologic studies have found an increased prevalence
of OSA with increasing age.>*** Ware and colleagues found that
age was a significant predictor of AHI in a clinical sample.* In
this study, we found that the racial differences in AHI were most
apparent in certain age groups, similar to other investigators
who also found an increased AHI in younger African Ameri-

Race and Severity of SDB

cans.! The reasons for age being an influence on AHI in only
certain age ranges are unclear. Several studies of the influence
of age on upper airway mechanics and control of breathing do
not show an aging effect***? and of those that do, the decrement
in function is present in an older age group, not younger.**!

Limitations

We included comorbid conditions in the analysis because of
known associations between several medical conditions and
OSA, including heart disease'? and hypertension.'®"" While we
did find associations for several of the comorbidities to AHI,
the final regression models did not include any of these factors.
There are several potential explanations. First, comorbidities
other than hypertension were self-identified by the patients, and
it is conceivable that patients did not disclose all relevant as-
sociated diagnoses. Second, the comorbidities could have been
present but undiagnosed at the time of presentation to the sleep
center. Third, the comorbidities analyzed could be either inde-
pendent of or secondary to the OSA and therefore not predictive
of OSA severity. For instance, comorbidities could be coexis-
tent because of the common factor of obesity. Finally, it should
be noted that we found that comorbidities such as heart disease
and diabetes to be associated with a decreased risk of mortality;
generally these comorbidities are associated with an increased
risk of death. However, we note that those associations are gen-
erally from epidemiologic studies and ours is a clinical study.
We speculate that the patients with these comorbidities were
being actively treated, thus causing a potential protective effect.

Referral bias could result in our clinic population not being
representative of patients with OSA. We note that in our clinic
population the ratio of men to women is nearly 1:1, in contrast
to the usual 3-5:1 reported in other clinic based population stud-
ies.>*43 Our patients are also extremely obese (mean BMI > 35
kg/m?), which also contrasts to previous clinic-based popula-
tion studies. However, both of these demographic characteris-
tics are consistent with the urban community our sleep center
serves and previous studies from our center.®*

We were unable to analyze the effect of neck circumference
in this population because we only had this measurement in a
subset of patients with disproportionate data collection between
the gender and racial groups. Several previous studies have
shown the importance of neck circumference in the prediction
of sleep apnea,**® and some have suggested that it is a bet-
ter predictor of OSA severity than BMI. It is conceivable that
substitution of neck circumference into our regression analyses
could have changed the results. However, in a recent study from
our center, we found that both neck circumference and BMI
are independent predictors of AHI in a patient population very
similar to that in this study.*

O’Connor and colleagues found that men were more likely
to have supine dominant OSA.** Therefore, it is possible that
the increased AHI in our study were secondary to the African
American men spending more time in the supine position than
white men. We do not have body position data for our patients
so cannot disprove this hypothesis. However, we do not know
of study that has shown that members of different races or cul-
tures spend different amounts of time supine.

We limited our sample to patients with full-night sleep stud-
ies and those with an AHI > 5/hour. We included only full-night
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studies so that we could compare sleep architecture between
the two groups and so that all REM periods would be included
in the analysis of sleep disordered breathing indices (important
for patients with more mild REM-associated events). In theory,
exclusion of patients with split-night studies removed patients
with more severe OSAHS, thus minimizing differences be-
tween the two groups. However, split-night studies in our cen-
ter can be performed for a wide range of AHI, thus minimizing
this limitation. We excluded patients with AHI < 5/h, to bet-
ter compare AHI in patients with sleep disordered breathing,
not all patients presenting to a sleep center. However, limiting
the population in this way could have introduced selection bias
and favored the results showing a difference in AHI between
the two races. In theory, the methodological design of a cross-
sectional or longitudinal would be better suited to eliminate se-
lection bias. In addition, that AHI was analyzed as a continuous
variable, excluding patients with AHI < 5/h, could have con-
tributed to the lack of significance in AHI predicting mortality.
Finally, while the calculated power of the mortality data was
0.8, it should be noted that the sample size was determined not
by a power calculation, as this was a convenience sample of
patients with self-described race and sufficient follow-up.

In summary, we have extended previous findings by showing
that African American men have a higher AHI than white men in
certain age ranges, with no differences between African Ameri-
can and white women. The interaction between gender and race
suggests that increased severity of sleep disordered breathing
may require both an increased susceptibility to hypocapnic ap-
nea (men) and a smaller upper airway (African Americans).
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