CHEST

Sleep-Disordered Breathing and
Caffeine Consumption

Original Research

SLEEP DISORDERS

Results of a Community-Based Study

R. Nisha Aurora, MD; Ciprian Crainiceanu, PhD; Brian Caffo, PhD;
and Naresh M. Punjabi, MD, PhD, FCCP

Background: Sleepiness is one of the most burdensome symptoms of sleep-disordered breathing
(SDB). While caffeine is frequently used to avert sleepiness, the association between SDB and
caffeine use has not been thoroughly explored. The current study examined whether SDB is
associated with caffeine consumption and if factors such as sex, age, and daytime sleepiness
explain or modify the association.

Methods: Data from the Sleep Heart Health Study, a community-based study on the consequences
of SDB, were used to characterize the association between SDB and caffeine intake. SDB was
assessed with full-montage polysomnography. Caffeine use was quantified as the number of cans
of soda or the cups of coffee or tea consumed daily. The Epworth Sleepiness Scale was used to
assess daytime sleepiness. Multivariable negative binomial regression models were used to char-
acterize the independent association between SDB and caffeine use.

Results: Caffeinated soda, but not tea or coffee, intake was independently associated with
SDB severity. Compared with participants without SDB, the relative ratios for caffeinated
soda consumption in women with mild, moderate, and severe SDB were 1.20 (CI, 1.03-1.41),
1.46 (CI, 1.14-1.87), and 1.73 (CI, 1.23-2.42), respectively. For men, an association was only noted
with severe SDB and caffeinated soda use. Age did not modify the SDB-caffeine association, and
sleepiness could not explain the observed associations.

Conclusions: SDB is independently associated with caffeinated soda use in the general commu-
nity. Identifying excessive caffeine used in SDB has potential significance given the cardiovascu-
lar effects of caffeine and untreated SDB. CHEST 2012; 142(3):631-638

Abbreviations: AHI = apnea-hypopnea index; ESS = Epworth Sleepiness Scale; SDB = sleep-disordered breathing;
SHHS = Sleep Heart Health Study

Sleep—disordered breathing (SDB) is a prevalent
disorder associated with a multitude of symptoms
as well as clinical sequelae including neurocognitive
dysfunction,! hypertension,2? cardiovascular disease,*
and mortality.? Excessive sleepiness in SDB is the
most prominent and troublesome symptom for many
patients, often leading them to seek medical attention.
Unfortunately, SDB frequently goes unrecognized by
patients and physicians,®” and overt symptoms are
commonly attributed to some other cause. Thus,
many patients remain undiagnosed and may insti-
tute countermeasures to circumvent the sleepiness
and fatigue associated with SDB. Of the many coun-
termeasures employed, the use of caffeinated drinks
such as coffee, tea, or sodas is perhaps the most
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pervasive given the well-known alerting effects of
caffeine.s9

Research on caffeine use in those affected with SDB
is extremely limited.!*!3 In fact, there are no studies
that have directly addressed the impact of SDB on
caffeine intake. The few studies that have examined
caffeine use in SDB have not assessed whether there
is a dose-response association between the severity
of SDB and the amount of caffeine consumed or
whether the propensity for using caffeinated bever-
ages is attributed to excessive sleepiness. Further-
more, it is not known whether factors such as age
or sex modify the association between SDB and caf-
feine intake. Given the high prevalence of SDB in
the general community, the present study sought to
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(1) determine whether the severity of SDB was
associated with caffeine consumption in the form
of coffee, tea, or soda, independent of confounding
factors such as age, sex, race, education level, sleep
duration, and smoking status; (2) assess whether
factors such as sex and age modify the association
between SDB and caffeine consumption; and (3) define
whether self-reported sleepiness can account for the
greater propensity to consume caffeinated drinks.
It was hypothesized that, independent of potential
confounders, SDB would be associated with caffeine
consumption in a dose-dependent manner. Moreover,
it was hypothesized that sex and age would modify
the association between SDB and caffeine consump-
tion and that self-reported sleepiness would explain
the underlying association.

MATERIALS AND METHODS

Study Sample

The sample for the current study consisted of the Sleep Heart
Health Study (SHHS) cohort. Participants for the SHHS were
recruited from the following studies: Framingham Offspring
and Omni Cohort Studies, Atherosclerosis Risk in Communities
Study, Cardiovascular Health Study, Strong Heart Study, Tucson
Epidemiologic Study of Respiratory Disease, and New York City
studies on hypertension, which included the New York Hospital,
Harlem, and Work Site cohorts. Details regarding the design
and methodology for recruiting and characterizing the sample
have been previously described.'* Eligible participants were
at least 40 years of age and were not being treated for SDB with
positive pressure therapy, oral appliance, oxygen, or tracheostomy.
A total of 6,441 participants completed the baseline examination
and constitute the sample for the current analysis. Participants
were required to provide written consent, and secondary analyses
were approved by the Johns Hopkins University Institutional
Review Boards (approval, NA_00010790).

Polysomnography

In-home polysomnography was conducted by trained technicians
using a portable monitor (Compumedics P-series; Compumedics
Limited). The recording montage consisted of continuous record-
ings of the following physiologic channels: C;-A, and C,-A; EEG,
right and left electrooculogram, a single bipolar ECG, chin electro-
myogram, oxyhemoglobin saturation by pulse oximetry, chest and
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abdominal excursion by inductance plethysmography, airflow by
an oronasal thermocouple, and body position by a mercury gauge.’s
Recordings were stored in real time and shipped to a central
reading facility for review and scoring. Sleep-stage scoring was
performed according to criteria of Rechtschaffen and Kales.!s
Apneas were identified if airflow was absent or nearly absent
for at least 10 s. Apneas were further classified as obstructive if
movement on either the chest or abdominal inductance channels
was noted, or as central if no displacement was observed on both
of these channels. Hypopneas were identified when there was
at least 30% reduction in airflow or thoracoabdominal movement
below baseline values for at least 10 s. No attempt was made to
classify hypopneas as obstructive or central. The apnea-hypopnea
index (AHI) was defined as the number of apneas and hypopneas,
each associated with a 4% decrease in oxygen saturation, per hour
of sleep.

Assessment of Caffeine Consumption and Other Covariates

Each participant completed several interviewer-administered
questionnaires that included queries on age, sex, race, educa-
tional level, marital status, sleep duration, smoking history (current,
former, never), and caffeine consumption. Race was classified
as white, black, Native American, Hispanic, or other. Smoking
status was based on responses to the following questions: “Have
you ever smoked cigarettes (yes or no)?” and “If you smoked
before, do you smoke now (yes or no)?” Smoking was categorized
as never, former, and current. For current smokers, lifetime
smoking exposure was quantified in pack-years, where 1 pack-year
was equal to 20 cigarettes smoked per day for 1 year. Caffeine
consumption was assessed with the following questions: (1) “On
a typical day, how many cups of regular coffee (with caffeine) do
you drink?” (2) “How many cups of regular tea (with caffeine)
do you drink on a typical day?” and (3) “How many cans of cola
or other soda with caffeine do you drink on a typical day?”
Responses were recorded as integer values and constituted the
dependent variables for the current study. Participants also com-
pleted the Epworth Sleepiness Scale (ESS), a self-administered
survey of sleep tendency.'"15

Statistical Analysis

The dependent variables included the number of cups of caf-
feinated coffee and tea and cans of caffeinated soda, consumed
daily. Because caffeine amounts vary in coffee, tea, and sodas, a
composite measure of the total number of cups of caffeinated
beverages consumed daily was not used. The primary indepen-
dent variable was the severity of SDB as assessed by the AHI.
The following commonly used clinical categories of SDB severity
were used for classifying subjects into four groups: <5.0 events/h
(no SDB), 5.0-14.9 events/h (mild SDB), 15.0-29.9 events/h
(moderate SDB), and = 30.0 events/h (severe SDB).

Analysis of variance and x? statistics were initially used to assess
differences in demographic (eg, age, sex, race) and covariate
(eg, smoking status) data as a function of SDB severity. Coffee,
tea, and soda consumption were also cross-tabulated by SDB
severity. Given that the dependent variables represented count
data, Poisson regression models were used to investigate the
association between SDB severity and caffeine consumption.
However, model diagnostics revealed overdispersion, making the
Poisson distribution inappropriate for these data. Therefore, the
negative binomial distribution, which can accommodate the over-
dispersion of count data, was used to construct multivariable
models relating SDB severity to caffeine consumption. Inclusion
of a particular covariate in the multivariable models was based
on a priori hypotheses and findings from the bivariate analyses.
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Covariates considered included age, sex, race, educational level,
smoking status, sleep duration, and BMI. The resulting regression
coefficients represent the log of the ratio comparing a particular
category of SDB severity to the reference category (no SDB) on
the number of cups or cans consumed daily. Exponentiation of
the regression coefficients provided the relative ratios comparing
categories of SDB severity on the number of caffeinated drinks
consumed daily. Analyses were stratified by sex given the differ-
ences between men and women in SDB severity and in the amount
and type of caffeinated drink consumed. All analyses were con-
ducted with the SAS 9.2 software package (SAS Institute Inc).

RESULTS

The analysis sample with complete data consisted
of 6,352 participants and included 3,359 women
(52.9%) and 2,993 men (47.1%). The prevalence of
SDB and disease severity significantly differed between
men and women. In men, 41.9% of the sample did
not have SDB, 33.0% had mild SDB, 15.9% had mod-
erate SDB, and 9.3% had severe SDB. In women,
the distribution was as follows: 64.3% (no SDB),
24.4% (mild), 7.9% (moderate), and 3.4% (severe).
Bivariate analyses revealed that age, sex, race, BMI,
and smoking status were associated with SDB
severity (Table 1). Moreover, use of caffeinated sodas,
but not tea or coffee, was also associated with SDB
severity. Finally, cigarette smoking was associated
with caffeinated coffee and soda, but not tea, con-
sumption (Table 2).

Given the notable differences in SDB severity
between men and women, stratified analyses by sex
were used to characterize the impact of SDB severity
on caffeine use. Figure 1 displays the percentages
of women and men using one, two, three, or four or
more caffeinated sodas per day as a function of SDB
severity. Compared with the reference group without
SDB (AHI<5 events/h), the percentage of women
consuming at least one or more caffeinated sodas
per day increased as the severity of SDB increased
(P <.002 for linear trend). In contrast, only men with
severe SDB (AHI =30 events/h) had a significantly
higher percentage consuming at least one caffeinated
soda daily when compared with men without SDB or
even those with mild or moderate disease (P <.0013).
No associations between SDB severity and coffee
or tea consumption were noted in analyses stratified
by sex, thereby confirming findings based on the full
sample.

To delineate the independent association between
SDB severity and caffeinated soda consumption, neg-
ative binomial regression models were used. Three
nested models were used to assess incremental effects
of several covariates. The base model included the AHI
as a categorical variable with adjustments for age and
race. The second model added smoking to the base
model. The third model added sleep duration as the
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Table 1—Characteristics of the Study Sample by
Sleep-Disordered Breathing Severity

AHI<5.0 AHI5.0-14.9 AHI 15.0-29.9 AHI=30.0

Variable (n=3,413) (n=1,808) (n=739) (n=2392)
Age,ty 61.3(11.1) 64.8(10.6) 65.1 (10.5) 64.6 (10.7)
BMI,» kg/m?>  27.0 (4.5) 29.5 (5.3) 30.7 (5.8) 32.1(6.1)
Sex,* %
‘Women 63.3 45.4 35.7 29.3
Men 36.7 54.6 63.3 70.7
Race,» %
White 777 76.7 75.5 74.2
African 8.1 6.9 8.1 9.2
American
Native 79 11.2 12.0 12.2
American
Hispanic 4.7 3.7 3.8 3.6
Other 1.6 15 0.5 0.8
Smoking
status,* %
Never 47.7 43.4 44.5 42.4
Former 38.5 479 45.9 51.3
Current 13.9 8.7 9.6 6.4
Caffeinated
soda,* %
None 70.6 67.1 68.2 58.2
1 can/d 18.2 20.3 179 22.3
2 cans/d 6.6 72 8.3 10.0
3 cans/d 2.5 3.1 2.8 4.1
=4 cans/d 2.1 2.3 2.8 5.4
Caffeinated
coffee, %
None 37.2 39.2 38.7 35.2
1 cup/d 16.7 14.8 15.1 179
2 cups/d 17.6 18.1 17.2 16.3
3 cups/d 11.1 11.9 12.2 12.2
=4 Cups/d 174 16.0 16.8 18.4
Caffeinated
tea, %
None 74.9 74.6 74.1 75.5
1 cup/d 13.0 12.2 13.7 12.5
2 cups/d 6.6 7.2 6.1 5.9
SCups/d 2.7 2.8 2.7 3.1
=4 cups/d 2.8 3.2 34 3.0

AHI = apnea-hypopnea index (events/h).
“P <001 for comparisons of age, sex, race, smoking status, BMI, and
caffeinated soda intake across AHT categories.

final covariate to the multivariable model. Analyses
were also conducted with inclusion of educational
level and BMI for additional adjustment. However,
given that the regression coefficients relating SDB
severity to caffeine use were materially unchanged,
educational level and BMI were not included in any
of the final models. Table 3 summarizes the results
of multivariable models for caffeinated soda, coffee,
and tea intake in women and men. As noted in the
bivariate analyses, a dose-response association was
noted between caffeinated sodas and SDB severity
in women. Specifically, after adjusting for age, race,
smoking, and habitual sleep duration, women with
mild, moderate, and severe SDB reported consuming
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Table 2—Consumption of Caffeinated Drinks
and Smoking Status in Men and Women

Current Former Never
Variable Smoker Smoker Smoker
Women
Sample size 367 1,130 1,859
Caffeinated soda, %
None 66.5 74.0 74.1
1 can/d 16.3 16.5 16.1
2 cans/d 9.3 5.8 6.3
3 cans/d 3.8 2.0 2.4
=4 cans/d 4.1 1.7 1.1
Caffeinated coffee,* %
None 21.2 36.1 46.9
1 Cup/d 12.3 16.2 17.6
2 cups/d 18.3 20.9 17.7
3 cups/d 13.9 12.0 8.9
=4 cups/d 34.3 14.8 8.9
Caffeinated tea, %
None 74.1 75.0 72.0
1 cup/d 11.4 11.3 14.6
2 cups/d 6.5 7.1 7.6
3 cups/d 4.1 3.2 3.3
=4 cups/d 3.8 3.5 25
Men
Sample size 359 1,585 1,044
Caffeinated soda,» %
None 50.4 66.0 63.4
1 can/d 29.8 21.0 21.4
2 cans/d 8.6 7.6 8.3
3 cans/d 5.0 2.8 3.3
=4 cans/d 6.1 2.5 3.5
Caffeinated coffee* %
None 159 33.4 43.3
1 cup/d 11.7 14.7 179
2 cups/d 13.3 18.4 14.2
3 cups/d 13.4 13.6 11.1
=4 cups/d 45.7 19.9 135
Caffeinated tea, %
None 80.0 77.0 74.7
1 cup/d 8.9 12.0 14.2
2 cups/d 5.6 5.7 6.4
3 cups/d 2.2 2.3 1.8
=4 cups/d 3.3 3.0 2.9

See Table 1 for expansion of abbreviation.

«P <.001 for comparisons of caffeinated soda and coffee consump-
tion across AHI categories. Values represent percentage of partici-
pants reporting drinking a specific number of cups or cans per day. No
significant association was noted between consumption of caffeinated
tea and AHI category.

20%, 46%, and 73% more cans of caffeinated soda than
women with no SDB. In men, the effect of severe
SDB on caffeinated soda use also remained, despite
multivariable adjustments. Men with severe SDB con-
sumed 44% more cans of caffeinated soda than men
without SDB. Interestingly, men with mild and mod-
erate SDB showed no significant differences in caf-
feinated soda intake compared with those without
SDB. Finally, stratified analyses by age in women
and men did not reveal any significant interactions
between SDB severity and age (data not shown).
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Additional analyses were conducted using the
ESS score as the independent variable, and the number
of caffeinated cups of tea or coffee and cans of caf-
feinated sodas as the dependent variables to deter-
mine whether caffeine consumption was explained
with subjective sleep tendency. Surprisingly, no asso-
ciations were noted between the ESS scores and con-
sumption of caffeinated soda or coffee in unadjusted
or adjusted analyses. The only significant finding was
the association between caffeinated tea use and an
ESS=11 in women, independent of factors such
as age, race, smoking status, and AHI. Women with an
ESS=11 consumed 22% (relative ratio, 1.22: 95% CI,
1.02-1.46) more cups of tea than women with an
ESS <11. Finally, analyses involving inclusion of the
ESS score in multivariable models relating AHI to
caffeine intake (soda, coffee, or tea) showed no atten-
uation of regression coefficients associated with AHI,
indicating that self-reported sleep tendency did not
explain the association between SDB and caffeine
consumption.

Di1sCcUSSION

The current study provides several new findings
on the patterns of caffeine use in a large commu-
nity sample of middle-aged men and women with
and without SDB. Women with SDB consumed more
caffeinated sodas than women without SDB in a dose-
dependent manner. In men, the association between
caffeinated soda intake and SDB was only noted in
those participants with severe SDB (AHI=30 events/h).
Interestingly, an association between SDB severity
and the most common dietary sources of caffeine,
coffee and tea, was not identified. Perhaps most sur-
prising was the finding that self-reported daytime
sleepiness did not explain the observed association
between SDB severity and caffeine use. Finally, the
well-established association between cigarette smok-
ing and caffeinated coffee and soda use was confirmed.

Despite the fact that excessive sleepiness and
fatigue are common and potentially hazardous mani-
festations of SDB, there is a dearth of information
regarding the use of countermeasures in patients
with SDB. It is particularly notable that the impact
of SDB on caffeine intake, the most universally used
stimulant, has not been well investigated. The few
studies that have assessed caffeine use in SDB have
done so indirectly and often amid examining other
outcomes.'13 For example, effect modification of
BP by caffeine use in the setting of SDB has been
previously investigated. Bardwell et al'® demonstrated
that while caffeine levels were almost three times
higher in those with SDB compared with those with-
out, ambulatory BP was not associated with caffeine
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FIGURE 1. Percentage of women and men drinking one to four or more cans of caffeinated soda per day
as a function of the AHI. A, Women. B, Men. AHI = apnea-hypopnea index.

levels and effect modification was not present. Simi-
larly, Robinson et al'' demonstrated that caffeine
levels were not significantly different among patients
with SDB that received therapeutic CPAP vs those
who received subtherapeutic CPAP despite improve-
ments in BP in the therapeutic group. Finally, pre-
vious research on SDB and neurocognitive function
has shown that caffeine use is associated with less
impairment in those that use more caffeine.’>» While
these studies have important implications, they do
not directly assess the independent effects of SDB on
caffeine use. The current study fills the existing gap
by being the first to provide empirical evidence on
patterns of caffeine use in a community sample with
and without SDB and how these patterns vary as a
function of disease severity.

There are several parallel practices that may account
for the finding that only caffeinated soda use, but not
coffee or tea use, was independently correlated with
SDB severity. Coffee use is pervasive, with >50%
of the US population consuming coffee on a daily
basis. Among those who habitually consume coffee,
it has been estimated that, on average, three cups are
consumed per day.'*2! For many individuals, coffee
drinking is not only a customary part of their post-
awakening routine, but it also provides a pretext for
social and work-related interactions. The current
study echoes this national trend of extensive coffee
use with well over half of our study sample drinking
at least one cup of coffee per day. Given that coffee
is widely consumed, differences in patterns of con-
sumption specifically attributable to SDB may be
difficult to identify. In contrast, even though tea con-
sumption overall is increasing, tea intake in the
United States is still relatively uncommon compared
with other countries in Europe and Asia.?? In many
parts of the world, tea drinking, perceived as a health-
ier and more leisurely activity than coffee drinking, is
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even more pervasive than coffee use in the United
States, and sets the background for social and busi-
ness gatherings. It is most likely that the limited
number of tea drinkers in the SHHS, especially those
with moderate and severe SDB, precluded the ability
to identify an association between SDB severity and
caffeinated tea intake.

Over the last 2 decades, caffeinated soda use has
become an increasing source of dietary caffeine for
many in the United States. Data collected by the
Department of Agriculture between 1994 and 1998
on a nationally representative sample showed that
while coffee remains the primary source of caffeine,
sodas had become the second leading source of daily
caffeine consumption.?! Caffeinated sodas are afford-
able, require no preparation on the part of the con-
sumer, and are extensively marketed at convenience
stores. A shift in national caffeine usage is occurring
with an increasing number opting for caffeinated
sodas and high-energy drinks over other sources of
caffeine. Although soda intake is not as ubiquitous
as coffee, it clearly is a more popular beverage than
tea. Thus, of the three types of caffeinated bever-
ages assessed in the SHHS cohort, caffeinated soda
seemed to best capture the association between caf-
feine use and SDB.

The observed differences in caffeine use noted
between men and women are not surprising given
that prior work has shown genetically and environ-
mentally driven differences between men and women
with regards to caffeine consumption quantity and
preference. Overall, men have a predilection for coffee
use, while tea use is more widespread among women.»
Given that SDB also manifests differently in men
and women, stratification by sex was implemented
to clarify the interaction between sex, SDB, and caf-
feine use. These analyses did in fact uncover a dif-
ferential pattern of caffeinated soda consumption in

CHEST /142 /3 / SEPTEMBER 2012 635


http://journal.publications.chestnet.org

Table 3—Adjusted Relative Ratios for Consumption of Caffeinated Drinks as a Function of the AHI

Outcome as Function of Sex and AHI (Events/h) Model 1= Model 2b Model 3¢
Caffeinated soda
Women
<5.0 1.00 1.00 1.00
5.0-14.9 1.18 (1.01-1.40) 1.20 (1.02-1.42) 1.20 (1.03-1.41)
15.0-29.9 1.45(1.13-1.84) 1.46 (1.15-1.86) 1.46 (1.14-1.87)
=30.0 1.66 (1.19-2.33) 1.71 (1.22-2.39) 1.73 (1.23-2.42)
Men
<5.0 1.00 1.00 1.00
5.0-14.9 1.13 (0.99-1.30) 1.14 (0.99-1.31) 1.13 (0.98-1.30)
15.0-29.9 0.99 (0.83-1.19) 1.00 (0.83-1.20) 0.99 (0.83-1.19)
=30.0 1.45 (1.18-1.77) 1.47 (1.20-1.80) 1.44 (1.17-1.77)
Caffeinated coffee
Women
<5.0 1.00 1.00 1.00
5.0-14.9 0.93 (0.84-1.02) 0.97 (0.87-1.06) 0.96 (0.87-1.06)
15.0-29.9 0.98 (0.84-1.14) 1.00 (0.86-1.16) 1.00 (0.86-1.17)
=30.0 0.85 (0.67-1.07) 0.92 (0.73-1.16) 0.93 (0.74-1.17)
Men
<5.0 1.00 1.00 1.00
5.0-14.9 0.91 (0.83-1.00) 0.93 (0.85-1.02) 0.93 (0.85-1.02)
15.0-29.9 0.88 (0.78-1.00) 0.90 (0.81-1.02) 0.91 (0.81-1.03)
=30.0 1.00 (0.86-1.15) 1.04 (0.90-1.19) 1.04 (0.90-1.20)
Caffeinated tea
Women
<5.0 1.00 1.00 1.00
5.0-14.9 1.04 (0.87-1.23) 1.03 (0.86-1.22) 1.02 (0.86-1.22)
15.0-29.9 1.13 (0.87-1.49) 1.13 (0.86-1.48) 1.10 (0.84-1.44)
=30.0 0.94 (0.63-1.41) 0.93 (0.62-1.40) 0.96 (0.64-1.44)
Men
<5.0 1.00 1.00 1.00
5.0-14.9 0.95 (0.77-1.16) 0.94 (0.76-1.15) 0.94 (0.77-1.16)
15.0-29.9 0.90 (0.70-1.17) 0.88 (0.68-1.14) 0.89 (0.69-1.16)
=30.0 0.89 (0.65-1.22) 0.87 (0.64-1.20) 0.89 (0.65-1.22)

See Table 1 for expansion of abbreviation.
“Model 1: Adjusted for age (continuous) and race.

"Model 2: Adjusted for covariates of model 1 and smoking status (never, former, current).

‘Model 3: Adjusted for covariates of model 2 and habitual sleep duration.

men and women with SDB, a finding that was not
expected. The observation that even mild to mod-
erate SDB may lead to an increase in caffeinated
soda consumption in women supports the notion that
clinical manifestations of SDB are distinct in women
when compared with men2+26 and that women may
institute countermeasures at a lower level of SDB
severity.

The finding that caffeine consumption in SDB
could not be attributed to self-reported sleepiness
could be due to multiple reasons. First, it is cer-
tainly possible that subjects with SDB may have self-
treated their sleepiness with increasing caffeine
intake, thus masking the association between SDB
severity and caffeine consumption. Second, a high
ESS score indicates increased tendency for daytime
sleepiness but does not necessarily denote a greater
likelihood of implementing countermeasures to avert
sleepiness. Thus, inferences regarding the association
between caffeine use and daytime sleepiness are
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likely to be inexact. Moreover, if a person consumes
a caffeinated beverage to help mitigate daytime sleepi-
ness, it is generally due to their immediate circum-
stances. The ESS, however, asks about the likelihood
of falling asleep over the recent past. Third, as previ-
ously discussed, social behaviors and not just subjec-
tive sleepiness frequently drive caffeine use, making
it difficult to ascertain the true impact of SDB on
caffeine consumption. Additional research is clearly
needed on the impact of SDB on caffeine consump-
tion to ascertain whether caffeinated drinks are being
specifically consumed to mitigate symptoms of day-
time sleepiness.

The current investigation has a number of strengths
and limitations that warrant discussion. The large
sample size allows for control of confounding fac-
tors, thereby making independent associations more
apparent. Moreover, the study sample included the
full range of SDB severity, subjective sleepiness, and
caffeinated beverage usage. Utilizing a community
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sample rather than a clinic sample also makes the find-
ings more germane for the general community. Lim-
itations included a lack of precision in measuring
caffeine intake which was based on the number of
cups or cans consumed. Although the size of soda cans
are for the most part standardized, there is consid-
erable variability in sizes of coffee and tea cups as
well as the caffeine content of an individual cup. The
estimated caffeine content can range from 40 to
175 mg in a cup of coffee (8 0z), 30 to 80 mg in a cup
of tea (8 0z), and 35 to 70 mg in a can of soda (12 0z).°
Availability of exact caffeine amounts in consumed
beverages would have permitted more rigorous assess-
ment of how SDB impacts caffeine consumption.
Finally, it is important to recognize that the observed
increase in caffeinated soda consumption in SDB
may, in fact, not be due to the caffeine content. An
alternative explanation is that an increase in body
weight due to poor health habits, including consuming
large amounts of caffeinated sodas, may have led to
SDB. Given the cross-sectional design of the study,
conclusions regarding directionality of cause-and-
effect are not possible. However, sensitivity analyses
that include BMI as a covariate showed no significant
differences in the inferences regarding the associ-
ation between SDB and caffeinated soda intake.

The implications of the current work are broad
in scope. Given that untreated SDB?" and caffeine
intake?*? have been linked with hypertension, the
absence of prior literature assessing caffeine use in
SDB is surprising. While the current study delves
into this largely unexplored topic and offers novel
findings, equally importantly, it underscores the com-
plexity of delineating caffeine use and highlights areas
of future research. Examining whether caffeine use
augments vascular risk associated with untreated
SDB is of clinical value. Future studies relating SDB
to cardiovascular outcomes should include a detailed
assessment of caffeine intake as it may confound or
modify the association of interest. Lastly, ascertaining
whether the SDB treatment results in a decrease in
caffeine use and alters SDB-related clinical conse-
quences should be a topic of further study.
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