Sleep and Breathing (2019) 23:1027-1031
https://doi.org/10.1007/s11325-019-01815-5

SLEEP BREATHING PHYSIOLOGY AND DISORDERS « ORIGINAL ARTICLE m
. e . . Check for
The association of coffee consumption and oxygen desaturation updates

index during sleep among Japanese male workers

Asuka Takabayashi' - Koutatsu Maruyama?@® - Yasuhiko Tanno? - Susumu Sakurai* - Eri Eguchi® - Hiroo Wada® -
Ryutaro Shirahama® - Isao Saito” - Takeshi Tanigawa®

Received: 1 November 2018 /Revised: 27 January 2019 / Accepted: 19 February 2019 /Published online: 26 February 2019
© Springer Nature Switzerland AG 2019

Abstract

Background and objective Coffee is a major caffeine-containing food source that can be used for treatment of apnea in prema-
turity. However, few studies have examined the association between coffee consumption and sleep-disordered breathing (SDB).
We investigated whether coffee consumption is associated with the oxygen desaturation index (ODI) as a marker of SDB among
middle-aged Japanese male workers.

Methods The subjects were 1126 male local government workers aged 22—59 who participated in SDB screening in 2011-2012.
Daily coffee consumption was assessed by a self-administered questionnaire. We measured 3% oxygen desaturation (3%ODI)
during a night’s sleep using a pulse oximeter. A general linear model was used to calculate the multivariate-adjusted means of
3%O0DI per quartile of coffee consumption. We further analyzed the data after stratifying by overweight and current smoking status.
Results A inverse association between coffee consumption and 3%ODI was found. The multivariate-adjusted mean of 3%ODI
for the lowest and highest coffee consumption groups were 11.9 times/h and 10.6 times/h (p for trend = 0.06), respectively; 14.6
and 11.5 times/h (p for trend = 0.01) in overweight participants; and 12.7 and 11.0 times/h (p for trend = 0.06) in non-smokers. No
associations were found in non-overweight and smoking workers.

Conclusions Our results suggest that higher coffee consumption was associated with lower 3% ODI as a marker of SDB in
overweight and non-smoking workers.
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1 in 5 adults have at least mild OSA, a major category of sleep-
disordered breathing (SDB), and 1 in 15 adults have OSA of
moderate or worse severity [7]. However, a cross-sectional
study among Americans and Japanese [8] showed that the
prevalence of SDB was lower among Japanese than
Americans. Most of this racial/ethnic difference was explained
by a difference in body mass index (BMI). Since SDB might
be developing into health problem for Asian populations due to
increasing prevalence of overweight/obesity in recent decades
[9], research contributing to prevention of SDB is needed.

Coffee is a major food source involving caffeine and
chlorogenic acid, both of which associated with higher coffee
intake may contribute to preventing diabetes and cardiovascu-
lar diseases [10—12]. Caffeine has several pharmacological
effects on other pathophysiologies, e.g., as a stimulant in re-
ducing tiredness [13], acting as a stimulating chemoreceptor
in the medulla, and aiding respiration [14]. Based on these
pharmacological effects, caffeine therapy has been established
as a treatment of apnea in prematurity [15]. However, few
studies have focused on investigating associations between
coffee consumption and SDB.

We therefore examined whether coffee consumption is as-
sociated with the oxygen desaturation index as a marker for
SDB among middle-aged Japanese male workers.

Methods
Subjects

We conducted this study following a cross-sectional design.
The preliminary subjects were 1193 local government person-
nel aged 22—-59 who participated in SDB screening from 2011
to 2012. After excluding women (n = 35) and participants who
did not provide information on alcohol consumption (n =2) or
sleep duration (n =30), a total of 1126 men were enrolled in
the present study. Physicians and trained staff explained the
protocol in detail to each subject and obtained written in-
formed consent. The ethical committees at Juntendo
University approved this study (approval number 15-070).

Assessment of coffee consumption

Daily coffee consumption was assessed using a self-
administered questionnaire. Participants were asked to state
their average coffee consumption per day via an open-ended
questionnaire phrased as follows: “What is your average
amount of habitual coffee consumption (per day)?” This ques-
tion was developed based on an almost identical question for
coffee consumption (volume: ml) in the other questionnaire.
The validity of the almost identical question for 14 and 20
middle-aged men and women was reasonable. A Spearman
rank correlation coefficient of 0.42 between this question and
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the 7-day dietary records of coffee consumption indicates a
reasonable correspondence.

Assessment of oxygen desaturation index and sleep
duration

We measured hourly occurrences of >3% oxygen
desaturation (3%ODI) during sleep using a pulse oximeter
(Pulse Watch PMP-200Gplus, Pacific Medico, Japan) during
a night’s sleep. According to a previous study, the apparatus’
sensitivity and specificity were 80% and 95%, respectively,
for detecting an apnea-hypopnea index (AHI) of >5 by PSG
using a cutoff threshold of 3%O0ODI (5 times/h) measured by a
pulse oximeter (PULSOX-3Si) [16]. As the same threshold
was used in the other Japanese cohort study and provided
reasonable findings, highlighting the associations of 3%ODI
with chronic diseases [17], this device can be considered suit-
able for SDB assessment. Sleep duration was determined by a
sleep log, which was recorded by participants in the morning
following pulse oximetry.

Other measurements

We measured several potential confounding factors that may
be associated with SDB. We assessed subjective sleepiness
using the Epworth Sleepiness Scale (ESS), which is often used
to assess sleepiness during the day [18]. Habitual alcohol in-
take and smoking amount were also assessed by self-
administered questionnaire. Participants were asked to report
their average consumption of alcoholic beverages and ciga-
rettes per day. Body mass index (BMI) was calculated as the
measured weight (kg) in light clothing divided by the square
of measured height (m) in stocking feet.

Statistical analysis

Participants were divided into quartiles based on their daily
coffee consumption. A general linear model was used to cal-
culate the age-adjusted means of ESS, BMI, sleep-duration,
and 3%O0DI, as well as proportion of current drinkers and
smokers per quartile. We also calculated multivariate-
adjusted means of 3%ODI per quartile of coffee consumption
after adjusting for age (year), current smoking and alcohol
drinking status (yes/no), BMI (kg/m?), and sleep-duration
(hour/day). Median values for each quartile were used to an-
alyze linear trends using a multivariate regression model. We
further calculated multivariate-adjusted means of 3%ODI af-
ter stratifying by overweight (BMI < 25, > 25 kg/m?) and cur-
rent smoking status (smoker/non-smoker), which are major
risk factors of SDB. All analyses were carried out using
SPSS ver. 21 (IBM, Armonk, NY, USA). All statistical tests
were two-tailed, and a confidence threshold of p < 0.05 was
used.
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Results

Table 1 shows the characteristics of participants per quartile
of coffee consumption. Coffee consumption was inversely
associated with age-adjusted means of sleep duration and
positively associated with age-adjusted proportion of
current smokers.

Table 2 shows crude as well as age- and multivariate-
adjusted means of 3%ODI per quartile of coffee consumption.
Coffee consumption was inversely associated with crude and
age-adjusted means, an association that attenuated but remained
borderline-significant after adjusting for confounding factors.
Multivariate-adjusted mean of 3%ODI was 11.9 (times/h) for
the lowest coffee consumption group and 10.6 for the highest
coffee consumption group (p for trend = 0.06). We further an-
alyzed the association between coffee consumption and
3%O0DI after stratifying by overweight and current smoking
status (Table 3). A significant inverse association was found
in the overweight group and a borderline-significant association
in non-smoker groups, but not in the non-overweight and smok-
er groups. In the overweight group, multivariate-adjusted mean
of 3%0DI was 14.6 for the lowest group and 11.5 for the
highest group (p for trend = 0.01). In non-smokers, the respec-
tive means were 12.7 and 11.0 (p for trend = 0.06).

Discussion

In this study, we found an inverse association between coffee
consumption and 3%ODI as a marker of SDB among
Japanese male workers. This association tended to be more
evident in overweight and non-smoking workers.

A previous study examined the association between coffee
consumption and SDB in the USA [19]. According to the
Sleep Heart Health Study (SHHS), higher caffeinated soda
consumption was associated with severe SDB in females,
but coffee consumption in general was not associated with

Table 1 Characteristics according to quartiles of coffee consumption
Coffee consumption
Ql (low) Q2 Q3 Q4 (high) p fortrend
368 201 338 219
Age (year) 413 414 411 421 0.43
BMI (kg/m?) 26.4 26.1 262 26.1 0.35
Sleep duration (hour) 7.0 70 69 6.7 0.03
Current drinkers (%) 70.4 77.1 725 652 0.14
Current smokers (%) 26.1 383 453 46.0 <0.01
ESS (points) 59 54 55 53 0.06

Ql, ~190 mL; Q2, 200~360 mL; Q3, 380~500 mL; Q4, 540 mL
Age-adjusted means and proportions

Table 2 Multivariate-adjusted means of 3%ODI per quartile of coffee
consumption

Coffee consumption

Ql Q2 Q3 Q4 pfortrend
Total population
n 368 201 338 219
Crude mean 122 11.1 106 104 0.02
Age-adjusted mean 122 11.1 107 103 0.01

Multivariate-adjusted mean  11.9 11.2 108 10.6 0.06

Adjustment for age (year), current smoking and alcohol drinking status
(yes/no), and BMI and sleep duration (hour/day)

severe SDB. It can be assumed that the population in the
SHHS tended to have higher coffee consumption than the
population in the present study. Indeed, Japan has a lower
coffee supply quantity (kg/capita/year) than western countries
including Europe, the USA, and Australia [20]. As major caf-
feinated beverage sources differed between Japanese and
Americans [21, 22], one potential reason for differing results
between this study and the SHHS may be different dietary
habits. Additionally, we did not adjust for differences in con-
sumption of other types of dietary items. Thus, the findings of

Table 3  Multivariate-adjusted means of 3%ODI per quartile of coffee
consumption after stratifying by overweight and current smoking status

Non-overweight

n 158 78 143 100
Crude mean 8.9 8.2 7.5 8.8 0.72
Age-adjusted mean 8.9 8.3 7.6 8.8 0.69
Multivariate-adjusted mean® 8.6 8.2 7.7 9.0 0.84
Overweight
n 210 123 195 119
Crude mean 147 13.0 129 11.8 0.02
Age-adjusted mean 147 13.0 129 11.6 0.1

Multivariate-adjusted mean®  14.6  13.0 13.0 11.5 0.0l
Non-smokers

n 272 124 185 118
Crude mean 128 110 11.1  11.1  0.08
Age-adjusted mean 128 108 112 11.0 0.07

Multivariate-adjusted mean® 12,7 112 112 11.0  0.06
Smokers

n 96 77 153 101
Crude mean 10.5 113 101 9.6 0.33
Age-adjusted mean 104 114 101 95 0.29

Multivariate-adjusted mean® 104 110 102 9.8 0.47

* Adjustment for age (year), current smoking and alcohol drinking status
(yes/no), and sleep duration (hour/day)

® Adjustment for age (year), current alcohol drinking status (yes/no), and
BMI and sleep duration (hour/day)
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this study may not necessarily hold for other populations, in
particular in western countries.

We found a borderline-significant association among non-
smokers. Smoking is an important confounding factor in the
correlation between coffee consumption and SDB [23]. In gen-
eral, smokers tended to be higher coffee consumers [24].
Smoking reduces activity of CYP1A2 [25], which metabolizes
caffeine; this reduction may offset additional health effects
from the caffeine. We also found the association for over-
weight individuals. Since our subjects were more overweight
than the general Japanese population (in 2014, the prevalence
of overweight individuals in males among the general Japanese
population was 28.7% [21]), the SDB sample size was too low
to reveal any association among non-overweight individuals.

The mechanism underlying the association between coffee
consumption and SDB is unclear, but one potential medicinal
mechanism of caffeine activates a chemical receptor in the
medulla oblongata [26]. In addition, caffeine blocks adenosine
receptors and inhibits phosphodiesterase activities [27, 28].
These pharmacological effects lead to increased breathing. A
clinical trial showed that tidal volume significantly increased
following caffeine ingestion in able-bodied and paraplegic
patients [29]. Other potential mechanisms suggest that caf-
feine intake can both improve muscular strength and reduce
fatigue [30, 31] and may decrease blood oxygenation in the
brain [32, 33]. These pharmacological effects may also be
associated with regulating obstructive apnea [34].

The study is subject to some limitations. First, we had to
exclude female subjects from the study and there was a higher
prevalence of overweight individuals, so the findings are dif-
ficult to generalize. Second, due to the cross-sectional study
design, we could not infer the causality behind the association
between coffee consumption and SDB. Third, we only used a
pulse oximeter, not a PSG. Although sensitivity and specific-
ity to detect SDB by pulse oximeter were acceptable [16],
pulse oximeter measurements possibly fail to identify SDB
in slim patients [35]. This ambiguity in detecting SDB may
account for the failure to show the association between
3%0DI and coffee consumption in the non-overweight pop-
ulation (Table 3). Furthermore, caffeine may cause sleep dep-
rivation due to more frequent episodes of arousal and sleep
onset latency; this deprivation could be associated with higher
arousal index and shorter sleep duration [36, 37]. This indi-
cates a pathogenesis consisting of patients with SDB being
likely to be aroused before their ODI became low enough to
reach the 3% decline of SpO,, leading to a higher arousal
index and lower 3%ODI levels. Although we also found in-
verse associations between coffee consumption and sleep du-
ration in this study, we observed a significant association be-
tween coffee consumption and 3% ODI even after adjusting
for sleep duration, in particular for overweight individuals.
Finally, we are not aware of any clinical trials or cohort studies
which support the drinking of coffee as a treatment or
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prevention of SDB among the middle-aged population. This
may indicate that our findings are not replicable and based on
chance. However, coffee is the major source of caffeine used
in the treatment of apnea in prematurity [15]. We therefore
suggest that further cohort studies and clinical trials are re-
quired to examine the association between caffeinated bever-
ages, e.g., coffee, and SDB among various populations.

In conclusion, higher coffee consumption was associated
with lower means of 3%O0ODI, which is a marker of SDB, and
this association was more evident in overweight and non-
smoking workers. Further evidence is needed to verify and
replicate our findings.
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