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ABSTRACT Nonalcoholic fatty liver disease (NAFLD) is independently linked to cardiometabolic
morbidity and mortality. Low-grade inflammation, oxidative stress and ectopic fat, common features of
chronic obstructive pulmonary disease (COPD), might contribute to the development of NAFLD.

We aimed to investigate the prevalence of NAFLD and to evaluate the relationship between various
types of liver damage and COPD severity, comorbidities and circulating inflammatory cytokines. Validated
noninvasive tests (FibroMax: SteatoTest, NashTest and FibroTest) were used to assess steatosis,
nonalcoholic steatohepatitis (NASH) and liver fibrosis. Patients underwent an objective assessment of
COPD comorbidities, including sleep studies. Biological parameters included a complete lipid profile and
inflammatory markers.

In COPD patients the prevalence of steatosis, NASH and fibrosis were 41.4%, 36.9% and 61.3%,
respectively. In multivariate analysis, SteatoTest and FibroTest were significantly associated with sex, body
mass index (BMI), untreated sleep apnoea and insulin resistance, and, in addition, COPD Global Initiative
for Chronic Obstructive Lung Disease stage for SteatoTest. Patients with steatosis had higher tumour
necrosis factor-α levels and those with NASH or a combination of liver damage types had raised leptin
levels after adjustment for age, sex and BMI.

We concluded that NAFLD is highly prevalent in COPD and might contribute to cardiometabolic
comorbidities.
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Introduction
Nonalcoholic fatty liver disease (NAFLD) is a worldwide pandemic with 25% prevalence [1, 2]. NAFLD is
characterised by hepatic triglyceride accumulation (>5%), known as steatosis, and the absence of significant
alcohol consumption or secondary causes, mainly viral hepatitis [3]. While some patients remain at the
stage of steatosis with or without mild inflammation [4], others progress to nonalcoholic steatohepatitis
(NASH), defined as the presence of steatosis, hepatocyte ballooning and inflammatory infiltration [4, 5].
NASH may be accompanied by liver fibrosis, which accounts for prognosis [6, 7], which can further
progress towards cirrhosis and hepatocarcinoma [8, 9]. NAFLD has a complex and two-way relationship
with metabolic syndrome. Not only is there a cross-sectional association between the metabolic syndrome
and NAFLD, but NAFLD may be a precursor of metabolic syndrome [10–12]. It has been reported that
NAFLD diagnosis almost doubles the risk of incident metabolic syndrome in the next few years [12].
NAFLD combines with metabolic comorbidities such as obesity, type 2 diabetes, hyperlipidaemia and
hypertension, leading to a two-fold increase in liver-specific and overall mortality [2]. In addition, recent
studies suggest that NAFLD may be considered as a novel independent cardiovascular risk factor [13].

Metabolic syndrome is common in chronic obstructive pulmonary disease (COPD) patients [14, 15] with
a prevalence ranging from 23% to 53%, mainly depending upon Global Initiative for Chronic Obstructive
Lung Disease (GOLD) grades [16–18] and the patient’s inflammatory status [19–21]. COPD is strongly
associated with major cardiovascular risk factors and COPD patients exhibit a two to five times higher risk
of ischaemic heart disease, cardiac arrhythmias or heart failure [22]. There is increasing evidence that
inflammatory visceral fat depots are significant contributors to systemic inflammation and COPD-related
cardiometabolic comorbidities [19, 23, 24]. Interestingly, the literature reports a higher prevalence of
all-cause liver disease in patients with COPD, but only a small number of patients with NAFLD [25].
Therefore, the specific links between NAFLD and COPD need to be confirmed and further evaluated.

NAFLD has been poorly studied in COPD patients, although there is a strong mechanistic rationale
supporting the hypothesis of increased NAFLD prevalence in COPD patients. There is still debate over the
“spill-over” theory: that oxidative stress and systemic inflammation reported in some COPD subtypes
might participate in the production of reactive oxygen species and inflammation in the liver. Patients with
COPD have increased visceral fat, a known inflammatory and lipolitic fat deposit [24, 26]. Thus, the
subsequent increase in free fatty acids accumulating in the liver might lead to NAFLD development in
COPD. Nocturnal hypoxia subsequent to COPD per se, or related to the obstructive sleep apnoea (OSA)
that is frequently associated with it, might also trigger the development of NAFLD [9, 27, 28].

FibroMax is a noninvasive test for NAFLD screening that has been validated against liver biopsies [29]
and is proposed by European guidelines [7]; the algorithm uses the association of sex, age, weight, height
and numerous serum biomarkers. FibroMax uses SteatoTest, NashTest and FibroTest for the noninvasive
evaluation of liver steatosis, NASH and liver fibrosis, respectively. The aims of our study were 1) to use
noninvasive blood tests (FibroMax) to evaluate the prevalence of steatosis, NASH and fibrosis in a well
phenotyped cohort of COPD patients; and 2) to evaluate the relationship between steatosis, NASH and
fibrosis, and COPD severity, comorbidities and circulating inflammatory cytokines.

Methods
Ethics and consent
Patients included in this study were part of two ongoing COPD cohorts attending Grenoble University
Hospital (Grenoble, France). The studies were conducted in accordance with applicable good clinical practice
requirements in Europe, French law, International Council for Harmonisation E6 recommendations and the
ethical principles of the Declaration of Helsinki. These studies were approved by an independent ethics
committee (Comité de Protection des Personnes, Grenoble IRB0006705). The possibility of later analysis of
patient blood samples, including exploration of their inflammatory status and hepatic features (this ancillary
study) was initially mentioned in the protocol and was approved and authorised. These studies have been
registered with ClinicalTrials.gov (NCT00404430 and NCT01195064).

Patients
The vast majority of patients were recruited during outpatient consultations. Inpatients referred for an
acute exacerbation of COPD (n=7, 6%) represented a small percentage of the study population.
Participation in the prospective cohort was proposed to consecutive patients, but the rate of refusal was
high, owing to complex phenotyping requiring additional blood samples, cardiovascular phenotyping and
in-lab polysomnography. Patients aged >18 years presenting with mild to severe COPD were eligible. We
excluded patients with cancer, daily alcohol consumption ⩾20 g for females and ⩾30 g for males or viral
hepatitis. All patients with a positive NashTest (stage ⩾N1, see the procedures section) were checked to
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exclude secondary hepatic fat accumulation owing to significant alcohol consumption, use of steatogenic
medication or hereditary disorders [1].

Procedures
Comorbidities were assessed based on predefined cut-offs [19] with objective clinical measurements,
laboratory analyses (see later) and a systematic sleep study.

At study enrolment, fasting serum samples were collected from all patients, frozen and stored at −80°C
until analyses were conducted.

Metabolic parameters
10 biochemical markers, including liver enzymes, lipid profile, fasting glycaemia and insulin were measured
in order to characterise metabolic comorbidities and calculate FibroMax scores: α2-macroglobulin,
apolipoprotein A1, haptoglobin, γ-glutamyltransferase (GGT), total bilirubin, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), fasting blood glucose, triglycerides and total cholesterol.
Anonymised data were sent to the calculation centre (BioPredictive, Paris, France) to obtain FibroMax scores
blinded to the severity of COPD and comorbidities. Insulin resistance was assessed using the homeostatic
model assessment for insulin resistance (HOMA-IR), calculated using the following formula: insulinaemia ×
glucose/22.5 (glucose units mmol·L−1) [30].

FibroMax test
NAFLD screening using ultrasonography [31], together with the exclusion of competing aetiologies [3, 32]
is recommended in certain groups at high risk [33]. In this clinical study, prevalence was based on
noninvasive FibroMax. FibroMax combines three tests: FibroTest, SteatoTest and NashTest [29, 34].
FibroTest includes α2-macroglobulin, apolipoprotein A1, haptoglobin, GGT and total bilirubin values, age
and sex. It provides a quantitative estimate ranging from 0.00 to 1.00, with higher values corresponding to
greater probability of lesions. Scores correspond to a METAVIR stage [35] as follows: F0 (0.00–0.21); F0–F1
(0.22–0.27); F1 (0.28–0.31); F1–F2 (0.32–0.48); F2 (0.49–0.58); F3 (0.59–0.72); F3–F4 (0.73–0.74) and F4
(0.75–1.0) [34]. The test gives an area under the receiver operating characteristic curve (AUC) of 0.89 [29].
This value appears to be better for the diagnosis of advanced fibrosis and cirrhosis than the validated
NAFLD fibrosis score (AUC 0.76) [29]. SteatoTest combines FibroTest parameters with height and weight
plus ALT, serum fasting glucose, triglycerides and cholesterol. SteatoTest scores range from 0.00 to 1.00,
determining four steatosis stages from S0 to S4, as follows. S0 (0.00–0.37): no steatosis; S1 (0.38–0.56):
minimal steatosis, <5%; S2 (0.57–0.68): moderate steatosis, 6–32%; and S3–S4 (0.69–1.0): severe steatosis,
>32%. SteatoTest appears to be better (AUC=0.80) for the diagnosis of steatosis than conventional markers
such as GGT or ALT [29]. Finally, the NashTest score is calculated from weight, height, AST, serum fasting
glucose, triglycerides and cholesterol in addition to age, sex and FibroTest components. Thus, the NashTest
distinguishes three NASH categories: N0 (0.00–0.25) for absence of NASH; N1 (>0.25–0.50) for borderline
NASH; and N2 (>0.50–0.75) for NASH [29, 34]. The cut-off values of the NashTest for the diagnosis of
NASH appear appropriate for our cohort (AUC 0.80) [29]. FibroTest ⩾F0–F1, SteatoTest ⩾S2 and
NashTest ⩾N1 were considered positives, as previously applied by MINVILLE et al. [27]. This choice is
justified by the fact that any degree of liver fibrosis and/or inflammation is considered a significant
pathological condition, while mild steatosis has usually little impact on liver prognosis. When at least two
types of liver damage were associated, the patient was assigned to a “combination of liver diseases” group.

Inflammatory markers
Serum levels of adiponectin, leptin, resistin and tumour necrosis factor (TNF)-α were measured using
multiplex assays. Interleukin (IL)-6 was measured using immunoassay and ultrasensitive C-reactive protein
(usCRP) using an automated immunonephelometry technique.

Data analysis
Continuous data are presented as mean±SD and categorical data as frequency and percentage.

The prevalence of positive FibroMax tests is expressed as percentage. The relationship (odds ratio) between
SteatoTest or NashTest and phenotyping characteristics was analysed by logistic regression. The relationship
between FibroTest and phenotyping characteristics was analysed by linear regression. In univariate logistic
regression, when a continuous variable was not log-linear, a new variable was created from the quartiles or
the median value. Independent parameters were included in the multivariate model when significance was
⩽0.05 in the univariate model. Inflammatory markers were not included in multivariate analyses, but were
investigated as exploratory variables to gain pathophysiological insights.
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The inflammatory parameters are presented as boxplots between patients without liver disease and patients
with a positive SteatoTest, positive NashTest, positive FibroTest or combined liver diseases.

All statistical analyses were performed using SAS 9.4 software (SAS Institute, Cary, NC, USA).

Results
Patient characteristics
Of the 132 eligible COPD patients, 21 were excluded due to their daily alcohol consumption (⩾20 g for
females and ⩾30 g for males). As a result, 111 COPD patients with available serum samples were included.
Patient characteristics are given in table 1. The included patients were predominantly male (77.5%), mean
age was 63.8±8.7 years and mean body mass index (BMI) was 25.1±4.5 kg·m−2. 74.8% of patients had
GOLD grade 1–2 and 25.2% had GOLD grade III–IV COPD).

Prevalence and risk factors of liver disease in COPD
Stages of FibroTest, SteatoTest and NashTest in the entire COPD population are reported in the
supplementary table S1. The prevalence of liver disease was 41.4% of moderate to severe steatosis (stages
⩾S2), 36.9% of borderline NASH and NASH (stages ⩾N1) and 61.3% of fibrosis (stages ⩾F0–F1) and is
presented according to COPD GOLD grade in table 2. The prevalence of a combination of different types
of liver damage is reported in online supplementary table S1 and we observed that 17% of patients fulfilled
the criteria of all three studied abnormalities. Clinical characteristics and comorbidities of subjects without
liver abnormalities, or with steatosis, NASH and fibrosis individually and combined are detailed in online
supplementary table S5.

TABLE 1 Characteristics of chronic obstructive pulmonary disease patients

Patients n 111
Age years 63.8±8.7
Male 77.5
BMI kg·m−² 25.1±4.5
History
Smoking
Current 33.3
Ex-smokers 65.8
Never-smokers 0.9

OSA
Untreated 34.3
Treated 9.3

Type 2 diabetes 15.3
Hypertension 47.7
Dyslipidaemia 40.5

Biological parameters
Fasting glucose mmol·L−1 5.7±2.0
Insulin µIU·mL−1 13.1±14.2
HOMA-IR 3.6±4.5
AST U·L−1 24.1±19.9
ALT U·L−1 33.9±19.8
GGT U·L−1 87.6±65.4

Pulmonary function tests
Post-bronchodilator FEV1 % 64.4±20.8
Post-bronchodilator FVC % 92.6±19.6
FEV1/FVC % 55.1±13.3

GOLD grade
I 15.3
II 59.5
III 18.9
IV 6.3

Data are presented as mean±SD or %, unless otherwise stated. BMI: body mass index; OSA: obstructive
sleep apnoea; HOMA-IR: homeostasis model assessment for insulin resistance; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; GGT: γ-glutamyltransferase; FEV1: forced expiratory
volume in 1 s; FVC: forced vital capacity; GOLD: Global Initiative for Chronic Obstructive Lung Disease.
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Steatosis
In univariate analysis, steatosis was significantly associated with male sex, high BMI, current smoking,
untreated OSA, dyslipidaemia, insulin resistance (expressed as HOMA-IR score) and post-bronchodilator
forced vital capacity (FVC) (online supplementary table S2). In multivariate analysis, male sex, high BMI,
untreated OSA, HOMA-IR and COPD severity were independent risk factors (table 3).

NASH
Age, BMI, current smoking, dyslipidaemia and post-bronchodilator FVC were linked with a positive
NashTest in univariate analysis (online supplementary table S3). In multivariate analysis, only BMI was a
risk factor for NASH (table 3).

Fibrosis
In univariate analysis, the various degrees of fibrosis severity were significantly associated with age, insulin
resistance and untreated OSA. Female, nondiabetic and nonhypertensive patients were less at risk of
developing fibrosis (online supplementary table S4). In multivariate analysis, age, male sex, untreated OSA
and insulin resistance (HOMA-IR) were risk factors for having a positive FibroTest (table 3).

Adipokines, inflammatory status and liver disease in COPD
Levels of adipokines (leptin, adiponectin and resistin) and inflammatory markers (TNF-α, IL-6 and
usCRP) in five groups (no liver disease, steatosis, NASH, fibrosis and a combination of different types of

TABLE 2 Prevalence of positive SteatoTest, NashTest and FibroTest in the chronic obstructive
pulmonary disease (COPD) population, based on Global Initiative for Chronic Obstructive Lung
Disease (GOLD) grades

COPD GOLD grades Total p-value

I II III–IV

Patients n 17 66 28 111
Positive SteatoTest 2 (11.8) 31 (47.0) 13 (46.4) 46 (41.4) 0.026
Positive NashTest 5 (29.4) 25 (37.9) 11 (39.3) 41 (36.9) 0.777
Positive FibroTest 8 (47.1) 44 (66.7) 16 (57.1) 68 (61.3) 0.293

Data are presented as n (%), unless otherwise stated. Data presented in bold type are statistically
significant.

TABLE 3 Multivariate analysis of the three tests included in FibroMax

Odds ratio (95% CI) p-value

SteatoTest
Sex (male versus female) 5.62 (1.05–30.07) 0.044
BMI 1.44 (1.20–1.74) 0.0001
Untreated OSA versus non-OSA 6.84 (1.68–27.77) 0.007
HOMA-IR 1.25 (1.02–1.55) 0.036
GOLD stage II versus I 21.80 (2.36–201.02) 0.007
GOLD stage III–IV versus I 26.77 (2.34–306.29) 0.008

NashTest
Age 1.05 (0.97–1.13) 0.230
BMI 1.40 (1.18–1.66) <0.0001
Current smoker versus ex- or never-smokers 0.49 (0.14–1.75) 0.274
Dyslipidaemia 1.72 (0.64–4.62) 0.286
Post-bronchodilator FVC % 0.99 (0.97–1.02) 0.568

FibroTest
Age 0.005 (0.001–0.009) 0.020
Sex (male versus female) 0.11 (0.02–0.20) 0.010
Untreated OSA versus non-OSA 0.08 (0.01–0.15) 0.030
HOMA-IR 0.02 (0.01–0.02) 0.0002

Data presented in bold type are statistically significant. BMI: body mass index; OSA: obstructive sleep
apnoea; HOMA-IR: homeostasis model assessment for insulin resistance; GOLD: Global Initiative for
Chronic Obstructive Lung Disease; FVC: forced vital capacity.
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liver damage) are shown in figures 1 and 2 and in online supplementary table S5. Patients with steatosis
had higher TNF-α levels than patients with no liver disease (p=0.016) after adjustment for age, sex and
BMI. COPD patients with a combination of histological liver alterations had higher leptin levels compared
to those with no liver damage (p=0.047) after adjustment for age, sex and BMI. Finally, after the same
adjustments, patients with a positive NashTest had significantly higher leptin levels than patients without
liver damage (p=0.039).

Discussion
To our knowledge, this study is the first to investigate the prevalence and severity of NAFLD using
noninvasive blood tests in a relatively large group of well-characterised COPD patients. The prevalence in
COPD patients of steatosis, NASH and fibrosis was 41%, 37% and 61%, respectively. Liver steatosis, NASH
and fibrosis were primarily linked with the metabolic comorbidities of COPD (i.e. obesity and insulin
resistance) and systemic inflammation.

There is an increase in awareness regarding the various COPD clinical subtypes [19, 36]. The concomitant
chronic diseases and systemic comorbidities of COPD represent a major challenge for risk prediction and
complicate integrated care delivery. Clusters of comorbidities, essentially cardiovascular and metabolic
disorders, have been shown to be associated with COPD [37] and linked to an increased risk of mortality
[14, 38]. Among these comorbidities, liver diseases are hugely underreported and certainly underestimated.
DIVO et al. [14] prospectively followed 1664 patients with COPD for a median of 51 months with a
systematic record of 79 comorbidities. Liver cirrhosis was reported in 2.5% of patients and associated with
two-fold higher mortality. While liver cirrhosis was attributed to alcohol and smoking, it might originate
from the progression of steatosis to cirrhosis in the context of the metabolic syndrome associated with
COPD. Using a system network analysis comparing 1969 COPD and 316 non-COPD patients it was
demonstrated that comorbidities encountered in COPD patients are interlinked [39]. This was the case for
hepatitis, liver cirrhosis and liver cancer, and again the suggested mechanism was linked to substance
abuse. As stated by the authors, such a network analysis provides information about common risk factors
or disease mechanisms that are difficult to discern when studied individually. We suggest that this cluster
of liver diseases is more likely to be attributable to components of metabolic syndrome and a general
reduction in physical activity. The limitation of the two studies by DIVO et al. [14, 39], as acknowledged by
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the authors themselves, was that the ascertainment of comorbidities was obtained by questioning the
patient and from medical records. This is a sensitive method for capturing a large number of
comorbidities, but lacks objective measures that would improve specificity [19] and allow grading of
severity. The strengths of our study were to focus on NAFLD and exclude other liver diseases with other
aetiologies and to quantify NAFLD-related alterations and the severity of liver disease using biological
markers with established cut-offs that have been validated against liver biopsies.

Among its limitations, our study did not include a control group to allow a comparison between the
prevalence rate in the general population and our COPD patients. Prevalence in the general population
has been established through a meta-analysis reporting a combination of imaging (ultrasound, computed
tomography scanning and magnetic resonance imaging/spectroscopy), liver biopsy and blood testing
(elevated liver enzymes or fatty liver index, etc.) data [2].

We did not perform liver biopsy, the gold standard for confirming NAFLD diagnosis and providing
prognostic information. However, it is an invasive and costly procedure, prone to minor side-effects such as
pain, or more severe complications, including a risk of death of 0.03% [29]. Moreover, intra- and
interobserver variabilities exist [40]. Thus, several advantages of these noninvasive tests should be stressed:
compared to biopsy, they are cheaper, repeatable and lead to less interobserver variability, severe adverse
events, refusal and bias [29].

Noninvasive diagnosis and quantification of NAFLD rely mainly on biomarkers or imaging techniques [7].
Both strategies have limitations and lack sensitivity or specificity. As liver biopsies were not appropriate in
our clinical research setting, we decided to use FibroMax, which represents one of the best compromises
for noninvasive assessment of NAFLD, having been validated against liver biopsies [29] and which is now
proposed by European guidelines to screen noninvasively for NAFLD [7]. In future studies of COPD, the
combination of biomarkers/scores and transient elastography with liver ultrasonography (not performed in
the current study) might confer additional diagnostic accuracy. Indeed, liver ultrasound is a first-line
imaging technique used to identify hepatic steatosis in patients with NAFLD [3, 31, 32] and which plays a
major role in the early diagnosis of hepatocellular carcinoma in at-risk populations. The strong prevalence
of steatosis, NASH and fibrosis observed in our study needs to be replicated in different COPD cohorts
and using different diagnostic tools. In addition, this prevalence needs to be compared with that of the
general population (with age- and smoking-matched controls) using the same noninvasive tests.

Many factors such as insulin resistance, low-grade inflammation, oxidative stress and lipotoxicity are
involved in the onset and progression of NAFLD. It appears that COPD and NAFLD share common
intermediary mechanisms. Our analyses showed an independent role of BMI and insulin resistance in the
development of NAFLD in COPD patients. Hepatic steatosis develops in the context of increased
triglyceride flux into the liver from visceral adipose tissue [41]. Furthermore, fat inflammation, which has
been demonstrated in COPD [42], drives the development of NAFLD. Excessive and inflamed visceral fat is
associated with circulating cytokines including leptin and TNF-α [43, 44]. We found higher leptin levels in
COPD patients with NASH or with a combination of liver lesions compared to COPD patients without
liver damage. A continuous dynamic cross-talk between adipokines with a positive or negative impact on
NAFLD resulting in an overall beneficial or detrimental effect has been described [45]. TNF-α might play
an initial role in the occurrence of steatosis, while leptin is known to exert a pro-steatotic and-pro fibrotic
action [45, 46]. TNF-α levels were significantly higher in our COPD patients with steatosis compared to
those with no liver injury. TNF-α plays a crucial role in human and animal NAFLD [47]. Rosiglitazone has
been shown to lower adipose tissue inflammation with a reduction in plasma leptin and TNF-α levels and
less severe NAFLD [48]. The role of chronic intermittent hypoxia (CIH) in the development of NAFLD
(for review see [9]) is clearly established both in rodent models and in sleep apnoea patients. In mice, CIH
increases the expression of key lipogenic, inflammatory and fibrotic transcription factors [49]. In line with
this, in our COPD cohort which underwent systematic sleep studies, untreated OSA was significantly
associated with steatosis and fibrosis. Finally, low physical activity is a major determinant of NAFLD [50]
and might play a key role in COPD. However, we did not objectively measure physical activity in our study
and further studies are required to in order to provide evidence for this highly probable link.

Conclusion and perspectives
Owing to its deleterious consequences and independent impact on mortality [2], NAFLD should be
included among COPD comorbidities. Insulin resistance, systemic inflammation and CIH seem to play a
role in the development of NAFLD in COPD patients. Biomarkers of liver damage may allow specific
COPD endotypes to be detected, leading to personalised treatments [36]. As physical activity is the
first-line treatment of NAFLD [50–52], pulmonary rehabilitation could be expected to have a positive
effect on NAFLD in COPD patients. In the obese inflamed COPD phenotype, lifestyle intervention with
cautious weight loss might also improve NAFLD.
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