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Study Objectives: Nonalcoholic fatty liver disease (NAFLD) is a dis-
order that often presents with elevated serum aminotransferase levels.
Although it has classically been linked with the metabolic syndrome,
recent studies suggest NAFLD may also be associated with obstruc-
tive sleep apnea (OSA). This study evaluates the association between
serum aminotransferase levels and factors connected with: either the
metabolic syndrome (elevated body mass index [BMI], lipid profile,
blood pressure, fasting glucose), or with OSA severity (apnea hypop-
nea index, lowest oxygen saturation level, oxygen desaturation index,
percent of time below 90% saturation [%T<90]).

Design: Retrospective case series.

Patients and Setting: 109 adult patients with OSA at a university hos-
pital general clinical research center.

Measurements and Results: Markers of hypoxia (lowest oxygen
saturation level and %T<90), correlated significantly with aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) levels
(Pearson’s r = -0.31 to -0.38, P <0.003), while apnea hypopnea index,

body mass index, blood pressure, fasting glucose, triglyceride, and
cholesterol levels did not. Hierarchical linear regression was then done
to determine the best predictors of aminotransferase levels. Markers
of metabolic syndrome were entered as one block and markers of sleep
apnea as another. Regression analyses explained 16.3% of the vari-
ance in AST and 18.9% of the variance in ALT, with %T<90 playing the
largest role.

Conclusions: In patients with obstructive sleep apnea, serum ami-
notransferase levels are better predicted by markers of oxygen de-
saturation than by factors traditionally associated with the metabolic
syndrome.

Keywords: Transaminases, fatty liver, obstructive sleep apnea, hy-
poxia, metabolic syndrome X

Citation: Norman D; Bardwell WA; Arosemena F; Nelesen R; Mills PJ;
Loredo JS; Lavine JE; Dimsdale JE. Serum aminotransferase levels
are associated with markers of hypoxia in patients with obstructive
sleep apnea. SLEEP 2008;31(1):-121-126.

INTRODUCTION

NONALCOHOLIC FATTY LIVER DISEASE (NAFLD)
REPRESENTS A SPECTRUM OF LIVER DISORDERS,
RANGING FROM ISOLATED FATTY INFILTRATION OF
the liver to steatohepatitis (fatty infiltration with accompany-
ing inflammation), to end-stage cirrhosis. Definitive diagnosis
of NAFLD requires liver biopsy; but the disease is often first sus-
pected as an asymptomatic elevation in serum aminotransferase
levels.! Although its exact pathogenesis is unknown, NAFLD has
been traditionally linked with the metabolic syndrome (“Syn-
drome X”),* which consists of obesity, dyslipidemia, insulin
resistance, and hypertension. Factors associated with the meta-
bolic syndrome, such as blood pressure, BMI, and fasting glu-
cose, cholesterol, and triglyceride levels, have been linked with
elevated serum aminotransferase levels® and ultrasonographic
evidence* of NAFLD. NAFLD is far more prevalent in obese
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individuals (57%-74%) than in the general population (10%-24-
%).> In one case series of 42 patients with nonalcoholic steato-
hepatitis (NASH), 95% were obese, 75% were hyperlipidemic,
and nearly half were hyperglycemic.® Mechanistic theories of
NAFLD pathogenesis often invoke insulin resistance and dys-
lipidemia in the setting of metabolic syndrome as key promoters
of fatty-acid deposition in the liver.> However, such theories do
not fully explain NAFLD pathogenesis, as not all patients with
NAFLD have metabolic syndrome. In fact, one case series re-
ported that 42% (of 33) patients with NAFLD were nonobese and
had normal glucose and lipid levels.’

Some authors have suggested that obstructive sleep apnea
(OSA) may be another contributor to NAFLD development.
OSA is a disorder that is characterized by repeated episodes
of sleep disruption due to upper airway obstruction, with as-
sociated decrements in oxyhemoglobin saturation levels. Like
NAFLD, OSA is more prevalent in, but not confined to obese
individuals.® OSA has also been linked to other features of the
metabolic syndrome, including dyslipidemia,” insulin resis-
tance,'® and hypertension.”” Sing et al.!' found OSA symptoms
were prevalent in 46% of 190 patients with aminotransferase
levels, imaging, or biopsy findings suggestive of NAFLD. The
prevalence of OSA symptoms tended to be even higher (63%)
among the subset of patients whose liver biopsies showed more
advanced disease."" A case series of 163 patients undergoing
evaluation for OSA showed that 20% had elevated liver en-
zymes; and that the presence of severe OSA (AHI>50) was a far
stronger predictor of elevated liver enzymes (odds ratio [OR]
5.9) than was elevated BMI (OR 1.13)."> The presence of se-
vere OSA was also associated with greater degrees of steatosis,
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necrosis and fibrosis on liver biopsy.'? Hypoxia from OSA has
been associated with serum markers of liver fibrosis.”* Chin
et al.'"* found that 35% of 44 obese OSA patients had abnor-
mal aminotransferase levels, and that AST levels rose at night
in OSA patients prior to therapy. Furthermore, CPAP therapy
reduced the nighttime rise in aminotransferase levels, both im-
mediately and over 1 and 6 months of CPAP therapy.'*

These studies demonstrate that, like the metabolic syndrome,
OSA is common in patients with NAFLD and may play some
role in its pathogenesis. However, the considerable overlap be-
tween the 3 disease entities (OSA, NAFLD, and the metabolic
syndrome) makes it difficult to separate the contributors from
the confounders of NAFLD pathogenesis.

We hypothesized that OSA severity, particularly nocturnal
oxygen desaturation, is associated with markers of NAFLD.
To evaluate this hypothesis, we examined components of the
metabolic syndrome (BMI, blood pressure, fasting glucose, and
lipid panels) as well as markers of OSA severity (AHI, oxygen
desaturation index, nadir oxygen saturation, percentage of time
spent with SpO2 < 90% [%T<90]) to see which factors cor-
relate best with elevated aminotransferase levels, and to build
a predictive model for aminotransferase levels in a cohort of
patients with OSA.

METHODS
Subjects and Protocol

Data were gathered from databases of previous and ongo-
ing studies examining the pathophysiology of the sympathetic
nervous system in patients with OSA. Subjects were recruit-
ed through public advertisements that called for people with
symptoms of heavy snoring, difficulty breathing during sleep,
morning headaches, and/or excessive daytime sleepiness. Ad-
ditional subjects were found through word-of-mouth referral
from prior research participants. Men and women between 25
and 65 years of age who were free from major illnesses other
than hypertension and who had a BMI between 19.5 and 50
kg/m? were evaluated. All subjects provided written informed
consent prior to study participation. The study protocol was
approved by the University of California San Diego (UCSD)
Human Research Protections Program. Subjects underwent
screening history and physical examination at the time of re-
cruitment. Anthropometric measures were obtained, and BMI
was calculated. Blood pressure readings were obtained using
a manual cuff while the patients were seated; readings were
averaged across 3 measurements. Patients were subsequently
admitted to the General Clinical Research Center, and under-
went overnight polysomnography (described below), followed
by a fasting venous blood draw the following morning for se-
rum aminotransferase levels (AST and ALT), glucose, and lipid
panel testing.

Polysomnography

Overnight polysomnography was recorded with a Grass Her-
itage polysomnogram (model PSG36-2, West Warwick, RI),
which recorded the following parameters: electrocardiogram,
central and occipital electroencephalogram, bilateral electro-oc-
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ulogram, submental and anterior tibialis electomyogram, nasal
airflow using a nasal cannula and pressure transducer, naso-oral
airflow using a thermistor, and respiratory effort using chest
and abdominal piezoelectric belts. Oxyhemoglobin saturation
(SpO,) was monitored using a pulse oximeter (Biox 3740;
Ohmeda: Louisville, Colorado). Sleep staging was scored ac-
cording to the criteria of Rechtshaffen and Kales.'s Apneas were
defined as decrements in airflow > 90% from baseline for > 10
seconds. Hypopneas were defined as decrements in airflow >
50% but < 90% from baseline for > 10 seconds. The number of
apneas and hypopneas per hour of sleep were calculated to ob-
tain the apnea-hypopnea index (AHI). Respiratory events were
derived primarily from the nasal cannula-pressure transducer.
The oxygen desaturation index (ODI) was defined as the total
numbers of episodes of oxyhemoglobin desaturation > 3% from
the immediate baseline, > 10 seconds but < 3 minutes, divided
by the total sleep time.

Statistical Analysis

Data were analyzed using SPSS version 14.0 software (SPSS
Inc., Chicago, IL). Pearson’s correlation coefficients were calcu-
lated between serum aminotransferase values and glucose, total
cholesterol, HDL, LDL, BMI, mean arterial pressure (MAP),
age, mean nocturnal SpO,, lowest SpO, level during the night,
percent of time in bed with SpO, <90% (%T<90), oxyhemoglob-
in desaturation index (ODI), and apnea hypopnea index (AHI).
Correlations were corrected for multiple comparisons using the
Bonferroni method. P <0.0036 was considered significant. Data
were then analyzed using hierarchical linear regressions aimed at
determining the extent to which variables associated with meta-
bolic syndrome and with OSA predicted serum aminotransferase
levels. Forced entry was used with key metabolic syndrome vari-
ables (glucose, total cholesterol, triglycerides, BMI, and MAP) as
the first block, and OSA associated variables (AHI and %T<90)
as the second block. To simplify our model, only one measure
of cholesterol (total cholesterol) and of nocturnal oxyhemoglobin
saturation (%T<90) were included in the hierarchical regression.
Statistical significance in the regression model was defined as P
<0.05.

RESULTS

Demographic data from the 109 subjects included in this
study are reported in Table 1. On average, subjects were middle
aged (mean + SD age: 48.5 = 9.5 y), mildly obese (BMI: 31.4
+ 5.4 kg/m?), and suffered from moderately severe OSA (AHI:
53.0 +£37.5/h). Twenty-eight of the subjects were hypertensive
(defined as mean of 3 blood pressure readings >140 mm Hg
systolic or >90 mm Hg diastolic).

Pearson’s correlation analysis (Table 2) demonstrated a sig-
nificant correlation (P <0.0036) between serum aminotransferase
levels and both lowest SpO, level (r = - 0.307 to - 0.316) and
%T<90 (r = 0.307 to 0.376) (Figure 1). No significant correla-
tions were found between aminotransferase levels and serum glu-
cose, total cholesterol, HDL, LDL, triglycerides, BMI, MAP, or
AHI (r=-0.259 to 0.223, all P>0.003). Because %T<90 showed
the strongest univariate correlations with ALT and AST, this vari-
able was selected as the measure of oxyhemoglobin saturation



Table 1—Demographics, Lab Values, and Polysomnographic
Data

Standard
Subject Characteristics n Mean Deviation
Age (years) 109 48.5 9.5
BMI (kg/m?) 109 314 5.4
Blood Pressure Variables (mmHg)
Systolic blood pressure 109 1294 15.8
Diastolic blood pressure 109 78.3 9.2
Mean arterial blood pressure 109 95.3 10.5
Sleep Variables
Apnea hypopnea index (events/hr) 109 53.0 37.5
Average SpO, (%) 105 92.7 4.5
Lowest SpO, level (%) 105 75.3 17.2
Time spent with SpO, < 90%
(minutes) 106 38.4 70.0
Percent of time in bed with
Sp0,<90% 106 9.9 17.4
Oxygen Desaturation Index
(events/hr) 105 353 30.9
Fasting Serum Levels
Glucose (mg/dL) 107 94.5 12.6
AST (IU/L) 106 26.0 10.4
ALT (IU/L) 102 39.7 19.6
Total Cholesterol (mg/dL) 104 196.1 352
Triglycerides (mg/dL) 103 155.9 117.8
HDL (mg/dL) 104 40.3 11.0
LDL (mg/dL) 102 127.8 345

Table 2—Pearson’s Correlations for Various Markers of the Met-
abolic Syndrome and OSA with Serum Aminotransferase Levels.

Pearson’s r

AST ALT
Glucose 0.093 0.158
Triglycerides 0.104 0.083
Total Cholesterol 0.092 0.040
HDL -0.020 -0.089
LDL 0.031 0.048
BMI 0.087 0.140
MAP 0.138 0.122
Age -0.160 -0.340*
Average SpO, -0.182 -0.259
Lowest SpO, Level -0.307* -0.316%*
Percent of Time in Bed with SpO, <90% 0.307* 0.376*
Oxyhemoglobin Desaturation Index 0.122 0.223
Apnea Hypopnea Index 0.104 0.153

(* Denotes Significance at P <0.0036)

for inclusion in the hierarchical linear regression analyses (see
below). We also found a significant correlation existed between
age and ALT (r = -0.340, P <0.001), but not AST (r = - 0.160,
P=0.102).

Hierarchical linear regression analyses (Tables 3 and 4)
demonstrated that metabolic syndrome-associated variables did
not significantly account for the variance in ALT (R>=0.062,
P = 0.31) or AST (R*=0.060, P = 0.31). On the other hand,
OSA-associated variables explained an additional 12.7% of the
variance in ALT and 20.3% of the AST (significance of overall
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Table 3—Hierarchical Linear Regression Analysis, with Markers
of the Metabolic Syndrome in the First Step, and Markers of OSA
in the second Step, Used to Predict ALT

ALT B S.E.B T-score P

value

Step 1
GLU 0.246 0.166 1.479 0.143
TRI 0.013 0.018 0.719 0.474
CHOL 0.021 0.057 0.362 0.718
BMI 0.330 0.410 0.806 0.422
MAP 0.164 0.198 0.832 0.407

Step 2
GLU 0.221 0.158 1.398 0.166
TRI 0.015 0.017 0.904 0.369
CHOL 0.026 0.053 0.491 0.625
BMI -0.235 0.428 -0.548 0.585
MAP 0.155 0.186 -0.836 0.405
%of time <90% 0.482 0.137 3.523 0.001
AHI 0.017 0.056 0.311 0.756

Step 1: 6.2% of variance, (F=1.205, df=5,91, P=0.313)
Step 2: 18.9% of variance, (F=2.965, df=7,89, P = 0.008), sig of
F change P =0.002

Table 4—Hierarchical Linear Regression Analysis, with Markers
of the Metabolic Syndrome in the First Step, and Markers of OSA
in the Second Step, Used to Predict AST

AST B S.E.B T-score P value

Step 1
GLU 0.102 0.087 1.172 0.244
TRI 0.009 0.009 0.984 0.328
CHOL 0.025 0.030 0.840 0.403
BMI 0.086 0.210 0.408 0.684
MAP 0.116 0.100 1.158 0.250

Step 2
GLU 0.084 0.084 1.003 0.318
TRI 0.011 0.009 1.258 0.211
CHOL 0.028 0.028 0.977 0.331
BMI -0.196 0.226 -0.867 0.388
MAP 0.122 0.096 1.272 0.206
%of time <90% 0.224 0.069 3.255 0.002
AHI 0.001 0.030 0.037 0.971

Step 1:6.0 % of variance, (F=1.202, df=5,94, P=0.314)
Step 2: 16.3% of variance, (F=2.559, df=7,92, P = 0.019), sig of
F change P = 0.005

model and of change in F, all P <0.02). When the variables
entered into the model were examined individually, none of
the metabolic syndrome variables were significant individual
predictors of either ALT (P =0.14 to 0.72) or AST (P =0.24 to
0.68). Of the OSA variables, only %T<90 was significant as an
independent predictor of ALT or AST (both P <0.02).

DISCUSSION

Although recent studies have suggested the existence of a
link with OSA, NAFLD has traditionally been associated with
the metabolic syndrome. Our results demonstrate that a marker
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Figure 1—Scatterplots of AST or ALT and percentage of sleep time with SpO, <90% (1a, 1b) and lowest nocturnal oxyhemoglobin saturation
(Ic, 1d). Lines represent best fit by linear regression and 95% confidence intervals.
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of nocturnal hypoxia explained a greater amount of variance in
serum aminotransferase levels than did markers of the metabolic
syndrome in patients with moderately severe OSA. At the same
time, our results showed that the apnea-hypopnea index was not
significantly associated with the variance in serum aminotrans-
ferase levels. Thus, it appears that oxyhemoglobin desaturation,
not episodic airflow limitation per se, is associated with markers
of NAFLD.

A “two-hit hypothesis” for the development of NAFLD, sug-
gested by Day and Saksena,'® postulates that insulin resistance
acts as a “first hit” to result in hepatic steatosis, and that oxida-
tive injury acts as a “second hit” to then promote hepatocyte
inflammation and cell death. Our results may be consistent this
hypothesis in two ways: repetitive hypoxia in OSA has been
proposed as a mechanism for the development of insulin resis-
tance'” (the first step) and as a cause of oxidative stress'® (the
second step). Indeed, Tatsumi and Saibara'® compared a cohort
of 83 (nonobese) patients with OSA with 41 age, sex, and BMI
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matched non-OSA controls. They found that levels of p-III-p,
a serum marker of hepatic fibrosis, were independently associ-
ated with average nocturnal oxyhemoglobin saturation (SpO,),
but not with AHI, BMI, or visceral fat. Mishra et al.!® similarly
demonstrated in a sample of 46 patients who underwent bariat-
ric surgery that mean nocturnal SpO, was a significant predictor
of pathologic grade of NAFLD activity severity, but that AHI
was not.

Our results support the findings of the above studies, and
suggest that liver injury associated with OSA is more directly
associated with the severity of nocturnal hypoxemia than with
the number of episodes of airflow limitation alone. This con-
clusion is further supported by animal experiments that have
demonstrated that intermittent hypoxia increases liver triglyc-
eride content in both lean® and obese?’ mice. Interestingly,
we found that nadir SpO, levels and %T<90 better predicted
serum aminotransferase values than did mean SpO, or ODL
These findings may suggest that mild sustained desaturation,
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and frequent small drops in SpO, (for example, from 98% to
94%), while technically qualifying as “desaturation” under the
3% rule, do not contribute as much to liver injury as do the
more pronounced intermittent drops in SpO, to the 80%-90%
range throughout the night. This finding would be in keeping
with current theories that severe intermittent hypoxia contrib-
utes more to oxidative stress than does prolonged, moderate
hypoxia.?

Our study has a number of limitations. Although we per-
formed a careful history and physical examination on all of our
subjects and excluded those with medical conditions other than
OSA and hypertension, we did not specifically test them for
viral hepatitis, hemochromatosis, or Wilson disease. Thus, we
cannot exclude the possibility that occult liver diseases other
than NAFLD existed. Another potential limitation is the use
of fasting glucose levels as one of the markers of metabolic
syndrome. Various other methods to assess insulin resistance
have been used, including homeostatic model for assessment
of insulin resistance, insulin sensitivity index, and insulin to
glucose ratio. However, fasting glucose level remains one of
the key diagnostic criteria for the metabolic syndrome in defi-
nitions from the World Health Organization,” the American
Heart Association,?* and National Heart, Lung, and Blood In-
stitute.”* Another potential concern is that although we found
age to be correlated with ALT, we did not include age in our
regression formula. Our hierarchical linear regression model
was constructed a priori, based on the hypothesis that markers
of metabolic syndrome and sleep apnea would be significant
predictors of the variance in aminotransferase levels. Review
of the literature does reveal a few studies of the general popula-
tion that describe an association between age and serum levels
of aminotransferases (particularly ALT).»?¢ However, when
we repeated our analyses using a 3-step hierarchical linear re-
gression with age as the first block, our main findings did not
change. Again, %T<90 remained the only significant predictor
of the variance in AST (T-score = 3.018, P =0.003). As would
be expected, age was a significant predictor of the variance in
ALT (T-score in overall model =-3.378, P=0.001). The inclu-
sion of age did unmask a signal between fasting glucose levels
and ALT (T-score = 2.051, P = 0.043), but %T<90 remained a
stronger predictor of the variance in ALT (T-score = 3.208, P
= 0.002). One final limitation in our study is that we did not
have pathologic data available from liver biopsies, and instead
used aminotransferase levels as a surrogate marker for the pres-
ence of NAFLD. While the latter method exhibits diminished
sensitivity and specificity for NAFLD, it obviates the risks as-
sociated with liver biopsy, and has been employed previously
by a number of studies to examine potential links between OSA
and NAFLD.!>'* Furthermore, our results are consistent with
findings obtained by Mishra and colleagues' who found an as-
sociation between degree of nocturnal hypoxemia and NAFLD
histopathologic activity.

Our results do not suggest that OSA is the singular cause or
even the most important contributor to NAFLD development.
Our study focused on patients with known OSA, and there are
likely a significant proportion of NAFLD patients who do not
suffer from sleep apnea. Instead, we suspect that NAFLD rep-
resents a wide spectrum of disorders, with multifactorial etiolo-
gies, and that repetitive nocturnal hypoxia from OSA is one of a
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number of potential contributors to its pathogenesis. This study
demonstrates that in patients with OSA, serum aminotransferase
levels are more closely linked to markers of oxygen desaturation
than to factors traditionally associated with the metabolic syn-
drome. To help establish causality, future studies should examine
the effects of OSA therapy on NAFLD severity in patients who
suffer from both disorders.
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