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ABSTRACT

Objective: We examined the serum uric acid (UA) levels among
patients with sleep-related breathing disorders (SRBD) and the
relationship between UA levels and obstructive sleep apnea
(OSA) severity, nocturnal hypoxemia (NH) and obesity hypoven-
tilation syndrome (OHS).

Material and Method: Subjects with body mass index (BMI) 230
kg/m? who, according to polysomnography results, have SRBD
were included. Demographics, anthropometric measurements
and serum UA were recorded. The apnea-hypopnea index (AHI)
and oxygen desaturation index (ODI) were recorded. The OSA
severity was graded as mild (AHI 5-14 events/hour), moderate
(AHI 15-29 events/hour) or severe (AHI >30 events/hour). NH was
considered when sleep time spent with SpO,<90% was >30%.
PaCO,>45 mmHg was considered OHS.

Results: The study included 159 patients with SRBD (79 female,
80 males, age: 50.0£10.5 years, BMI: 40.1+5.7 kg/m?. Seven-
ty-six had OHS and 83 had pure OSA. NH was detected in 25.8%
of patients. UA levels were higher in subjects with NH (6.22+1.37
mg/dl, 5.67+1.51 mg/dl, p=0.008). UA levels were similar in pa-
tients with OHS and pure OSA (5.91+1.25 mg/dl, 5.72+1.68 mg/
dl, p=0.1). UA levels increased as OSA severity increased (mild:
5.03+1.41 mg/dl, moderate: 5.46+1.55 mg/dl, severe: 6.19+1.8
mg/dl, p=0.039). UA levels were higher in males with OSA
(6.86+1.64 mg/dl, 4.84+1.10 mg/dl, p<0.001). UA levels were
correlated with neck circumference (r=0.366, p<0.001), waist/
hip ratio (r=0.358, p<0.001), OSA severity (r=0.224, p=0.005),
AHI (r=0.250, p=0.001), ODI (=291, p<0.001) and sleep time
with SpO,<90% (r=0.228, p=0.004). Male gender, waist/hip ratio
and NH were factors independently related with UA levels (ret-
rospectively; p<0.001, p=0.03, p=0.03).

Conclusion: In obese subjects with SRBD, serum UA levels were
associated with male gender, NH and OSA severity.

Keywords: Nocturnal hypoxemia, obesity, obesity hypoventila-
tion syndrome, obstructive sleep apnea, uric acid

OzZET

Amag: Bu calismada obez ve uyku ile iligkili solunum bozukluklari
(UiSB) olan olgularda serum drik asit (UA) diizeyinin obstruktif
uyku apne (OUA) siddeti, nokturnal hipoksemi (NH) ve obezite
hipoventilasyon sendromu (OHS) ile iliskisi arastinldi.

Gereg¢ ve Yontem: Uyku laboratuarina basvuran viicut kitle in-
deksi (VKI) >30 kg/m? olan polisomnografiile uisB saptanan tim
olgular calismaya alindi. Demografik ézellikler, antropometrik 6l-
climler ve serum UA diizeyleri kaydedildi. Apne-hipopne indeksi
(AHI) ve ODI (oksijen desaturasyon indeksi) hesaplandi. AHI 5-14
olay/sa hafif, 15-29 olay/sa orta ve 230 olay/sa agir siddette OUA
olarak degerlendirildi. Nokturnal SpO,<%%0 olan sure >%30 ise
NH kabul edildi. PaCO,>45 mmHg ise OHS tanisi koyuldu.

Bulgular: Calismaya 159 UISB olan olgu (79 kadin, 80 erkek, yas:
50,0+10,5 yil, VKi: 40,1+5,7 kg/m?) dahil edildi. Olgularin 76'sin-
da OHS ve 83'Un de saf OUA tanisi mevcuttu. NH %25,8'inde
(n=41) saptandi. NH olanlarda UA diizeyi anlamli olarak yuk-
sekti (6,22+1,37 mg/dl, 5,67+1,51 mg/dl, p=0,008). OHS ol-
gularinda UA diizeyi saf OUA olgulari ile benzerdi (591+1,25
mg/dl, 5,72+1,68 mg/dl, p=0,1). OUA siddeti arttik¢a UA du-
zeyi artmaktaydi (hafif: 5,03+1,41 mg/dl, orta: 5,46+1,55 mg/
dl, agir: 6,19+1,8 mg/dl, p=0,039). Erkek OUA olgularinda UA
dizeyleri daha ylksekti (6,86+1,64 mg/dl, 4,84+1,10 mg/dl,
p<0,001). UA diizeyi boyun cevresi (r=0,366, p<0,001), bel/kal-
ca orani (r=0,358, p<0,001), OUA siddeti (r=0,224, p=0,005), AHI
(r=0,250, p=0,001), ODi (r=291, p<0,001), nokturnal SpO,<%%0
gegen sure (r=0,228, p=0,004) ile korelasyon gdstermekteydi. Er-
kek cinsiyet, NH ve bel/kalca orani UA diizeyi ile bagimsiz ilikili
faktorler olarak bulundu (sirasiyla; p<0,001, p=0,03, p=0,03).

Sonug: UiSB olan obez olgularda, yiiksek serum UA diizeyleri
erkek cinsiyet, NH ve OUA siddeti ile iliskili bulunmustur.
Anahtar Kelimeler: Nokturnal hipoksemi, obezite, obezite hi-
poventilasyon sendromu, obstruktif uyku apne, Urik asit
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INTRODUCTION

Sleep-related breathing disorders (SRBD) are a group
of diseases that may include nocturnal hypoxemia (NH)
such as obstructive sleep apnea (OSA) and obesity hy-
poventilation syndrome (OHS) (1). NH may lead to hyper-
uricemia by causing tissue hypoxia (1-3). Higher levels of
serum uric acid have been shown to be associated with
increased risk of hypertension, diabetes mellitus, periph-
eral artery disease and cardiovascular disease through
systemic inflammation (4-7). It is known that SRBD are
associated with obesity, systemic inflammation, hyper-
tension and increased risk of cardiovascular diseases (1,
8-12). There are several previous studies that investigate
the relationship between serum uric acid and OSA (13-
25). However, studies evaluating the relationship be-
tween severity of OSA, NH and hyperuricemia are limited
(14, 15, 19). Also, there is no study in the literature inves-
tigating the relationship between serum uric acid levels
and OHS. Therefore, in this study we investigated the se-
rum uric acid levels among patients with SRBD, as well as
the relationship between uric acid levels and severity of
OSA, NH and OHS.

MATERIAL AND METHOD

This study evaluated adult subjects with a body mass index
(BMI) >30kg/m? who were admitted to the sleep laborato-
ry. Patients who were diagnosed as SRBD with polysom-
nography were included in the study. The exclusion criteria
were presence of obstructive [Forced expiratory volume
1. second (FEV,)/Forced vital capacity (FVC) ratio <70%)]
or restrictive pulmonary diseases except obesity (FVC
<80%), left heart failure, renal failure, gout disease, total
sleep time less than four hours and drug usage affecting
sleep architecture or uric acid levels (thiazids, loop diuret-
ics, allopurinol or aspirin). Demographics, anthropometric
measurements (neck circumference, waist/hip ratio), and
comorbidities were recorded. Khosla and Lowe's formula
(weightlkgl/heightm?]) was used to calculate the BMI.
Neck circumference was measured at the level of the cri-
cothyroid membrane. Waist circumference was measured
from the midpoint of the last rib to the top of the iliac crest.
Hip circumference was measured at the widest portion of
the buttocks. Polysomnography, spirometry and arterial
blood gas analysis (ABG) in the daytime were performed
on all patients. Spirometry (ZAN 74N, Sydney, Australia)
was performed according to approved standards (26).
ABG analysis (Radiometer ABL 5, Copenhagen, Denmark)
was performed after 15 minutes of rest in room air.

All-night polysomnography records were scored by a
trained technician according to the American Academy
of Sleep Medicine 2013 guidelines (27). The apnea-hy-
popnea index (AHI) and oxygen desaturation index (ODI)
were recorded. OSA was diagnosed if the AHI was >5/
hour with the presence of clinical symptoms or the AHI

was >15/hour without any symptoms. The OSA severity
was graded as mild (AHI 5-14 events/hour), moderate
(AHI 15-29 events/hour) or severe (AHI >30 events/hour)
(27). Patients with PaCO,>45 mmHg were diagnosed as
OHS after ruling out other disorders that may cause al-
veolar hypoventilation. NH was considered when sleep
time spent with SpO,<90% was >30% of the total sleep
time. Serum uric acid level was measured in the blood
sample taken in the morning of the sleep study. High se-
rum uric acid level was defined as levels of serum uric
acid >6.8 mg/dL in males and >6.0 mg/dL in females (28).

The study was carried out according to the principles of
the Helsinki Declaration. Written informed consent was
obtained from all patients. The study was approved by
the Institutional Board of Istanbul University (Ethic No:
15.01.2021/68).

Statistical analysis

SPSS 21.0 software (AIMS, Istanbul, Turkey) was used for
statistical analysis. Continuous variables were presented as
mean * SD and categorial variables as percentage. Non-
parametric tests were used when the data were not nor-
mally distributed. Normal distribution of variables was cal-
culated with the Shapiro-Wilk test. A Chi-square test was
used for categorical variables. Group comparisons were
performed with Student’s t-test or Mann-Whitney's U test.
One-way Anova was used for the comparison of groups of
more than two. The relationship between the levels of uric
acid and demographics, anthropometric measurements
and polysomnographic data was analyzed with Spearman
correlation. Logistic regression analysis was performed to
determine the factors related to uric acid levels. A p value
<0.05 was considered statistically significant.

RESULTS

In this study 170 subjects with BMI >30 kg/m? were eval-
uated. Polysomnography revealed 11 subjects without
SRBD. We excluded these subjects and performed analy-
sis on 159 subjects with SRBD (79 females, 80 males, age:
50.0+10.5 years). The mean BMI was 40.1+5.7 kg/m?2 Of
subjects, 37.7% (n=60) had class Il obesity (240 kg/m?.
Most of the subjects had comorbidities (83.6%, n=133).
The most common comorbidities were hyperlipidemia
(n=94, 59.1%), hypertension (n=76, 47.8%), and diabetes
mellitus (n=62, 38.9%). Of these 159 patients, 83 (52.2%)
had pure OSA and 76 (47.8%) had OHS. Of the OHS sub-
jects, three did not have OSA and the remaining had
OSA. NH was detected in 25.8% (n=41) of 159 subjects.
Demographics, spirometric measurements, ABG analy-
sis, polysomnographic data and uric acid levels of OSA
and OHS subjects are given in Table 1. Uric acid levels
were similar among patients with OHS and pure OSA (Ta-
ble 1). When we compare the data of patients with OHS
and OSA subgroups, uric acid levels and the frequency
of NH were higher in subjects with OHS than mild-mod-


https://orcid.org/0000-0001-8846-048X

https://orcid.org/0000-0002-1414-617X

https://orcid.org/0000-0003-0023-6518

) Uric acid levels and sleep-related breathing disorders
Istanbul Tip Fakiltesi Dergisi  J Ist Faculty Med 2021;84(2):208-13

Table 1: Demographics, spirometric measurements,
arterial blood gas analysis, polysomnographic data,
and uric acid levels of OSA and OHS subjects

OSA OHS P
(n=83) (n=76) value
Age 49.4+10.7 50.6+10.3 0.5
Gender (Female/Male) 47/36 32/44 0.8
BMI (kg/m?) 38742 41.6x6.6 0.001
Neck circumference (cm) 39.9+34  42.5+4.1 <0.001
Waist/hip ratio 0.9+0.1 1+0.1 0.2
Comorbidities (%) 81.9 85.5 0.7
Daytime PaO, (mmHg) 81.8£8.1 74.2+85 <0.001
Daytime PaCO, (mmHg)  41.6+2.2  48.6+40 <0.001

FEV; (%) 10042186 95.6+18.1 0.1
FVC (%) 101.7+17.5 96.4+17.2 0.06
AHI (events/hour) 34+219 455+30.9 0.008
ODI (events/hour) 33+23.8  53+£31.7 <0.001
Mean SpO, (%) 94.4+2.2  90.6+7.2 <0.001
Lowest SpO, (%) 78.6£9.9  65.9+17.6 <0.001
Sleep time with SpO, 9.6x16.1 29.2+30.3 <0.001
<90% (%)

Uric acid (ng/mL) 5.7+1.7 59+1.3 0.4
Hyperuricemia (%) 325 28.9 0.7

AHI: apnea hypopnea index; BMI: body mass index; FEV1:
forced expiratory volume 1. second; FVC: forced vital capacity;
ODI: oxygen desaturation index; OHS: obesity hypoventilation
syndrome; OSA: obstructive sleep apnea; PaO,: partial arterial
oxygen pressure; PaCO,: partial arterial carbon dioxide pressure;
SpO,: arterial oxygen saturation measured by pulse oximetry

erate OSA (respectively, 5.9+1.3 mg/dl vs. 5.3£1.5 mg/d|,
p=0.018; 39.5% vs. 6.9%, p<0.001). However, uric acid lev-
els and the frequency of NH were similar in subjects with
OHS compared to severe OSA (respectively, 5.9+1.3 mg/
dlvs. 6.19+£1.8 mg/dl, p=0.38; 39.5% vs. 20.5%, p=0.06).

For all obese patients with SRBD, uric acid levels were
higher in patients with NH than without NH (6.22+1.37
mg/dl, 5.67+1.51 mg/dl, p=0.008). Differences between
obese subjects with and without NH are given in Table 2.

For subjects with pure OSA, 47% (n=39) had severe OSA,
33.7% (n=28) had moderate OSA and 19.3% (n=16) had
mild OSA. Of the OSA subjects, uric acid levels were high-
er in males than females (6.86+1.64 mg/dl vs. 4.84+1.10
mg/dl, p <0.001). Uric acid levels were not different be-
tween subjects with and without severe obesity (5.27+1.47
mg/dlvs. 5.89+1.73 mg/dl, p=0.13). Uric acid levels were
similar among subjects with and without comorbidities
(5.78+1.78 mg/dl vs. 5.45+1.18 mg/dl, p=0.499). Uric acid

Table 2: Differences between subjects with and
without nocturnal hypoxemia (NH)

Subjects Sl.JbJeCt
. without
with NH p value
(n=41) NH

(n=118)
Age 50.04+£12.62 49.98+9.71 0.9
Gender (Female/ 15/26 64/54 0.07
Male)
BMI (kg/m2) 4182721 39.51+4.93 0.02
Neck circumfer- 4326+4.20 40.44+3.62  <0.001
ence (cm)
Waist/hip ratio 0.98+0.08 0.94+0.08 0.005
Comorbidities (%) 87.8 82.2 0.5
Daytime PaO, 71.85+8.86  80.35+8.15  <0.001
(mmHg)
Daytime PaCO, 48.43+5.86  43.75£3.53  <0.001
(mmHg)
AHI (events/hour)  65.32+27.52 30.52+20.39  <0.001
ODI (events/hour)  73.90+£26.23 31.66+21.79  <0.001
Mean SpO, (%) 86.43+7.89  94.69+1.68  <0.001
Lowest SpO, (%) 56.12+17.33  78.22+9.61  <0.001
Sleep time with 58.26+19.14  5.33+6.77  <0.001
Sp0,<90% (%)
Uric acid (ng/mL) 6.22+1.37 5.67+1.51 0.008
Hyperuricemia (%) 46.34 25.42 0.018

AHl:apnea hypopnea index; BMI: body mass index; NH: nocturnal
hypoxemia; ODI: oxygen desaturation index; OHS: obesity
hypoventilation syndrome; OSA: obstructive sleep apnea;

PaO,: partial arterial oxygen pressure; PaCO,: partial arterial
carbon dioxide pressure; SpO,: arterial oxygen saturation
measured by pulse oximetry

levels were not different between subjects with and with-
out hypertension (5.89+2.1 mg/dl vs. 5.58+1.26 mg/d|,
p=0.41), diabetes mellitus (5.82+2.1 mg/dl vs. 5.66+1.41
mg/dl, p=0.69) and hyperlipidemia (6.02+1.92 mg/dI
vs. 5.36+1.28 mg/dl, p=0.06). Uric acid levels increased
as OSA severity increased (mild OSA:5.03+1.41 mg/dl,
moderate OSA:5.46+1.55 mg/dl, severe OSA:6.19+1.8
mg/dl, p=0.039). Age, BMI and comorbidity rates were
similar between groups. As OSA severity increased,
male gender dominance also increased. NH was found
in 13.2% (n=11) of OSA subjects. For patients with OSA,
uric acid levels were higher in subjects with NH than with-
out NH (6.69+1.51 mg/dl vs. 5.58+1.67 mg/dl, p=0.025).
Uric acid levels especially were higher in subjects with
severe OSA compared to mild-moderate OSA (6.19+1.8
vs. 5.3£1.5, p=0.013). Demographics, ABG analysis, poly-
somnographic data and uric acid levels of subjects with
different OSA severity are given in Table 3.
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Table 3: Subjects with different obstructive sleep
apnea (OSA) severity

Severe Mild-mod-
OSA  erate OSA

(n=39)  (n=ad) Value
Age 50.7+10.6  48.3+10.8 0.29
Gender (Female/Male) 17/22 30/14 0.028
BMI (kg/m?) 39+3.9 38.4+4.5 0.48
Neck circumference 41.3+3.2 38.7+3.2 0.001
(cm)
Waist/hip ratio 0.96+0.1 0.93+0.1 0.11
Comorbidities (%) 82 81.8 0.9
NH (%) 20.5 6.8 0.1
Daytime PaO, (mmHg) 80.5+6.5 82.9+9.3 0.16
Daytime PaCQO, 41.8+2.2 41.5+2.2 0.51
(mmHg)
AHI (events/hour) 53.4+16.0 16.8+6.4  <0.001
ODI (events/hour) 524+20.6 16.7+10.2 <0.001
Mean SpO, (%) 937+2.3 95020  <0.003
Lowest SpO, (%) 741£113  825+66  <0.001
Sleep time with 12.7£14.4 6.9+17.2 <0.001
Sp0,<90% (%)
Uric acid (ng/mL) 6.19+1.8 5.3+1.5 0.013

Hyperuricemia (%) 43.6 22.7 0.06

AHI: apnea hypopnea index; BMI: body mass index;

NH: nocturnal hypoxemia; ODI: oxygen desaturation index;
OHS: obesity hypoventilation syndrome; OSA: obstructive sleep
apnea; PaO,: partial arterial oxygen pressure; PaCO,: partial
arterial carbon dioxide pressure; SpO,: arterial oxygen saturation
measured by pulse oximetry

Correlations for uric acid levels

For all patients with SRBD, uric acid levels were correlat-
ed with neck circumference (r=0.366, p<0.001), waist/hip
ratio (r=0.358, p<0.001), OSA severity (r=0.224, p=0.005),
AHI (r=0.250, p=0.001), ODI (r=291, p<0.001), mean SpO,
(r=-0.198, p=0.013), lowest SpO, (r=-0.204, p=0.01) and
sleep time spent with SpO,<90% (r=0.228, p=0.004).
Male gender, waist/hip ratio and NH were factors inde-
pendently related with uric acid levels in regression anal-
ysis (retrospectively; p<0.001, p=0.03, p=0.03).

DISCUSSION

In our study population of obese patients with SRBD, we
found that serum levels of uric acid were higher in pa-
tients with NH and higher in severe OSA. Male gender,
waist/hip ratio and NH were factors independently relat-
ed with uric acid levels.

In the literature there are studies that investigated serum
levels of uric acid in patients with OSA. These studies re-

ported an association between OSA and high uric acid
levels (13-25). However, there are only a few studies eval-
uating the association between levels of uric acid and
OSA severity or NH (14, 15, 19).

To the best our knowledge, this is one of the few stud-
ies that found a correlation between uric acid levels and
NH in patients with SRBD. Similarly, Hira et al. reported
that serum uric acid values correlated significantly with
oxygen saturation percentage of total sleep time spent
below 95% (14). In our study, uric acid levels were cor-
related with nocturnal mean saturation, lowest saturation
and sleep time spent with SpO,<%90%.

Apneas during sleep cause a decrease in arterial oxy-
gen saturation and tissue hypoxia. For this reason, it is
expected that uric acid levels should increase in patients
with OSA, especially severe OSA. In line with this, uric
acid levels were correlated with AHI and ODI in our study.
In contrast, there was no correlation between uric acid
and AHI in the study of Hira (14). The exact biological
mechanism underlying an association between the sleep
variables and high serum uric acid is not clear. The hy-
pothesized mechanism is that during hypoxia, the pro-
duction of adenosine triphosphate (ATP) from adenosine
diphosphate (ADP) is impaired, leading to a net degra-
dation of ATP to ADP and adenosine monophosphate.
This cascade leads to the release of intermediates of pu-
rine nucleotide (adenosine, inosine, hypoxanthine and
xanthine). Uric acid is biosynthesized from these purine
catabolic products and is the end product of ATP degra-
dation. It increases in body fluids in the case of increased
anaerobic metabolism induced by cellular hypoxia (1-3).
In a cross-over study of 10 men exposed to six hours of
intermittent hypoxia for four days, it was shown that there
is an increase in uric acid production during the four days
of intermittent hypoxia. It was suggested that this eleva-
tion in uric acid reflects the production of reactive oxygen
species through the xanthine oxidase pathway (29). This
study shows that reactive oxygen species overproduction
modulates increased acute hypoxic ventilatory response.
These mechanisms may be responsible for increased
acute hypoxic ventilatory response in patients with OSA.
So, the correlation between OSA and uric acid might
have been mainly due to NH and intermittent hypoxemia.

Since uric acid is a marker of tissue hypoxia, it should in-
crease in patients with OHS. However, there is no other
study that investigated uric acid levels in patients with OHS.
Our study is the first one and we found that uric acid levels
were not different in subjects with and without OHS. Ad-
ditionally, uric acid levels were not correlated with PaCO,
in our study. On the other hand, uric acid levels were not
higher in patients with OHS compared to patients with pure
severe OSA. This result may be because of similar frequency
of patients with NH in both groups of pure severe OSA and
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OHS. Since there is no study to compare our results, this
issue needs to be investigated in further studies.

Sunnetcioglu et al. reported that elevated levels of serum
uric acid were associated with OSA severity (15). Similarly,
in our study, serum uric acid levels were elevated in obese
subjects with NH and severe OSA. Sunnetcioglu et al. did
not investigate the relationship between serum uric acid
levels and OHS and all of their patients were not obese.

Seetho et al. reported that OSA was associated with se-
rum urate in severe obesity (13). According to the study
of Seetho, there is evidence of an association between
OSA and uric acid in severely obese females. Curiously,
we found that male gender was an independently related
factor for hyperuricemia in obese subjects with SRBD. In
another study, Plywaczewski et al. showed that hyperuri-
cemia is frequent in males with OSA (25).

Plywaczewski et al. reported that elevated uric acid levels
are related to extreme obesity. But we found that uric acid
levels were not different between subjects with and without
malign obesity. Even though neck circumference and waist/
hip ratio were found to be related to uric acid levels, there
was not a correlation between BMI and levels of uric acid.

It has been shown that hyperuricemia is associated with
hypertension, diabetes mellitus, peripheral artery disease
and cardiovascular disease (4-7). These comorbidities are
frequent in patients with SRBD. Hyperuricemia associat-
ed with the sleep variables may also be affected by the
increased risk of cardiovascular disease seen in SRBD.
However, elevated uric acid levels were not related to a
higher prevalence of hyperlipidemia, diabetes mellitus
and hypertension in our study.

This study has several strengths, including high quality,
standardized data collection. This study is the first study
investigating the relationship between serum uric acid
levels and OHS. Nevertheless, there are limitations. It
would be better including a healthy non-OSA control
group or a non-obese group. The sample size of our
study was relatively small. With a larger sample size, there
might be a difference between patients with or without
OHS in the case of uric acid levels.

In summary, this study shows a positive association between
uric acid levels and male gender, OSA severity, and NH in
patients with SRBD. Uric acid, as a marker of tissue hypoxia,
may be useful in defining higher risk groups in obese pa-
tients with SRBD. Further prospective studies investigating
uric acid levels in subjects with OHS are needed.
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