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Promouvoir une recherche clinique de 
pointe tout en renforçant la qualité des 
soins et des différentes activités d’ensei-
gnement et de formation, tel est le but 
des instituts universitaires qui se mettent 
en place au sein du CHU de Toulouse. 
Parmi les six projets d’instituts proposés 
par le CHU de Toulouse, CARDIOMET est 
le premier à voir le jour. Entièrement 
dédié aux pathologies cardiovasculaires 
et métaboliques, il est animé par les 
Professeurs Pierre Gourdy (Endocrinologie, 
Diabète et Maladies Métaboliques) 
et Jérôme Roncalli (Cardiologie et 
Pathologies Vasculaires). 
La création de l’institut CARDIOMET 
découle en grande partie des conclu-
sions de la visite d’évaluation effectuée 
en 2013 au CHU par l’AERES1, soulignant 
la qualité de la recherche clinique autour 

Recherche clinique, soins et enseignement 
Répondant à un enjeu majeur de santé publique, l’institut CARDIOMET-Toulouse a pour  
principale mission de promouvoir une démarche d’excellence en termes de recherche clinique 
et de parcours de soins dans le champ des maladies cardiovasculaires et métaboliques.

De nombreuses innovations sont en cours de développement au sein de l’institut Cardiomet.

Les instituts au CHU :  
la recherche au service 
des patients 
Le Développement de l’excel-
lence est une des priorités du 
projet d’établissement du CHU 
de Toulouse « Stratégie horizon 
2018 ». Cela passe par l’intensi-
fication de la recherche, afin de 
placer à parts égales cette acti-
vité avec la mission de soin et 
d’enseignement, permettant de 
répondre pleinement à la voca-
tion universitaire du CHU. Cet 
objectif majeur du plan straté-
gique conduit à mieux structurer 
la recherche du CHU en regrou-
pant les équipes en Instituts pour 
dynamiser, mieux organiser et 
fédérer les forces de recherche 
dans le but de faire bénéficier 
rapidement lesaux patients des 
dernières innovations.

de ces thématiques porteuses et suggé-
rant l’intérêt de constituer une structure 
spécialisée facilitant la coordination de 
ces activités.
 « Notre CHU se doit de faire face au véri-
table fléau que représentent les affections 
métaboliques et cardiovasculaires dans 
notre société, explique le Pr. Gourdy, une 
évolution principalement liée à l’augmen-
tation épidémique des cas d’obésité et 
de diabète, fréquemment associés aux 
facteurs de risque traditionnels (hyper-
tension, tabagisme, dyslipidémie…), 
mais également aux maladies métabo-
liques du foie, souvent méconnues bien 
qu’exposant à des complications sévères 
(cirrhose et même cancer du foie). »
Sont largement incriminés : le mode de 
vie (sédentarité, alimentation inadaptée…) 
qui interfère avec l’environnement (stress, 

pollution…) et des facteurs de 
prédisposition génétique et 
épigénétique qui conduisent à 
cette situation préoccupante.
Et le Pr. Gourdy précise : « Des 
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【Non-alcoholic fatty liver disease; NAFLD】

• NAFLD is the hepatic outcome of metabolic abnormalities such as 
obesity, type 2 diabetes mellitus (T2DM), and dyslipidemia. 

• NAFLD encompasses a continuum of the liver disease progressing 
from steatosis to non-alcoholic steatohepatitis (NASH), fibrosis, and 
finally to cirrhosis.  

• The worldwide prevalence of NAFLD is estimated to be about 25 % 
of the general population. ESC Heart Fail 2021; 8: 789-798

JACC 2019; 73: 948-963
Gastroenterology 2020; 158: 1851-1864

JACC 2019; 73: 948-963



【NAFLD is the risk of death】

Sci Rep 2019; 9: 11124



【NAFLD and cardiovascular diseases (CVD)】

• Both NAFLD and CVD are manifestations of end-organ damage from metabolic syndrome. 

• There is growing evidence that NAFLD is associated with an increased incidence of CVD. 

Clin Res Cardiol 2021; 110: 921-937

【Pathophysiological mechanisms linking NAFLD and CVD】



【Summary of studies evaluated the association between NAFLD and ASCVD risk】

Arterioscler Thromb Vasc Biol 2022; 42: e168-e185
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【Impact of NAFLD on heart diseases; Myocardial abnormalities】

• NAFLD patients showed significant cardiac dysfunction compared with non-NAFLD patients. 

Hepatology 2015; 62: 773-783
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【Impact of NAFLD on heart diseases; Myocardial abnormalities】

• Meta-analysis study also showed the adverse structural alterations and cardiac dysfunction in 
patients with NAFLD. 

Endocrine 2019; 66: 467-476

Diastolic dysfunction

LV hypertrophy
LA dilatation



【NAFLD and heart failure with preserved ejection fraction (HFpEF)】

Adapted from ESC Heart Fail 2021; 8: 789-798
COPD



【Impact of drugs for CVD on NAFLD: SGLT2 inhibitors】

• Two randomized controlled trials demonstrated the effects of the SGLT2 inhibitors on 
cardiovascular outcomes in HFpEF patients. 

N Engl J Med 2021; 385: 1451-1461 N Engl J Med 2022; 387: 1089-1098

【EMPEROR-Preserved】 【DELIVER】



【Impact of drugs for CVD on NAFLD: SGLT2 inhibitors】

J Cell Physiol 2019; 234: 3231-3237

• A lot of clinical studies have highlighted the 
benefit of SGLT2 inhibitors in patients with 
NAFLD and T2DM. 

• Not only insulin resistance amelioration but also 
the antioxidant effects of SGLT2 inhibitors may 
contribute to NAFLD improvement. 

Free-radical 
production 
mechanism

Effects of 
SGLT2i

AGEs, advanced glycation end products
eNOS, endothelial nitric oxide synthase 
RAGE, receptor for advanced glycation end product  



【Perspective of specific therapy for NAFLD】

ESC Heart Fail 2021; 8: 789-798

ASK-1, apoptosis signal-regulating kinase 1
FXR, farnesoid X nuclear receptor
PPAR, peroxisome proliferator activated receptor



【Therapeutic approach to NAFLD to reduce the risk of CVD】

JACC 2019; 73: 948-963
SGLT2-i
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Abstract

Recent studies have demonstrated that obstructive sleep apnea (OSA)
is associated with the development and evolution of nonalcoholic
fatty liver disease (NAFLD), independent of obesity or other shared
risk factors. Like OSA, NAFLD is a prevalent disorder associated with
major adverse health outcomes: Patients with NAFLD may develop
cirrhosis, liver failure, and hepatocellular carcinoma. One major
finding that has emerged from these studies is that the OSA–NAFLD
association is related to the degree of nocturnal hypoxemia in OSA.
Animal models have therefore largely focused on intermittent
hypoxia, a keymanifestationofOSA, to shed light on themechanisms
by which OSA may give rise to the complex metabolic disturbances
that are seen in NAFLD. Intermittent hypoxia leads to tissue hypoxia
and can result in oxidative stress, mitochondrial dysfunction,

inflammation, and overactivation of the sympathetic nervous system,
amongmany other maladaptive effects. In suchmodels, intermittent
hypoxia has been shown to cause insulin resistance, dysfunction of
key steps in hepatic lipid metabolism, atherosclerosis, and hepatic
steatosis and fibrosis, each of which is pertinent to the development
and/or progression of NAFLD. However, many intriguing questions
remain unanswered: Principally, how aggressively should the
clinician screen for NAFLD in patients with OSA, and vice versa? In
this review, we attempt to apply the best evidence from animal and
human studies to highlight the relationship between these two
disorders and to advocate for further trials aimed at defining these
relationships more precisely.

Keywords: metabolic syndrome; sleep disordered breathing;
insulin resistance; dyslipidemia; intermittent hypoxia

Obstructive sleep apnea (OSA) is a highly
prevalent disorder that has been associated
with multiple adverse health outcomes;
among these are a variety of metabolic
disorders or illnesses under the umbrella
term of “metabolic syndrome,” such as
hypertension, glucose dysregulation and
insulin resistance, atherosclerosis, and
alterations in lipid metabolism (1). It may
therefore be unsurprising that OSA also is
associated with nonalcoholic fatty liver
disease (NAFLD) (2).

NAFLD is common in the general
population, affecting up to 75% of obese
individuals and 1 in 4 people worldwide
(3, 4). It can be broadly subdivided into
two categories: 1) nonalcoholic fatty liver
(NAFL), which is characterized by

hepatic steatosis without important
inflammation, ballooning, or fibrosis,
and which is believed to be the
nonprogressive form of NAFLD, and 2)
nonalcoholic steatohepatitis (NASH),
which is typically characterized by
hepatic steatosis, lobular inflammation,
and ballooning with or without
perisinusoidal fibrosis and which is
believed to be the progressive form of
NAFLD. Some patients with NASH
subsequently develop cirrhosis,
hepatocellular carcinoma, need for liver
transplant, or liver-related death; indeed,
NASH is the fastest growing cause of
cirrhosis and hepatocellular carcinoma
(5). The pathogenesis of NAFLD and
the means by which some patients will

progress to NASH are not completely
understood, but many suggest a
“multihit” model whereby some with
hepatic steatosis are subsequently
exposed to a variety of insults that may
trigger the development of NASH (6).
There are currently no U.S. Food and
Drug Administration–approved agents to
treat NAFLD, although several promising
drugs may be on the horizon. Weight
reduction is universally recommended,
however, because successful and
sustained weight loss may improve not
only hepatic steatosis but also liver
fibrosis and liver inflammation (7).

Starting in the mid-2000s, a series
of reports was published that associated
OSA severity with the development and
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OSA might be mitigated by pharmacologic
targeting. This concept has not yet been
tested in humans, however. To our
knowledge, there is only one study
of the isolated effect of IH on lipid
concentrations in humans. Healthy
subjects were exposed to normoxia or IH
for 6 hours, with hypoxic gas flow
sufficient to target nadir peripheral
oxyhemoglobin saturations of 85%, 17
times per hour. Consistent with data
obtained from subjects with OSA, free
fatty acid concentrations were elevated in
those exposed to IH (77). These data

collectively suggest that hypoxia is likely a
driver of alterations in lipid metabolism in
OSA.

OSA, Hypoxia, and Hepatic Steatosis
With all the preceding data, it may come as no
surprise that OSA has been independently
associated with the development of NAFLD
and with its progression to NASH and liver
fibrosis. NAFLD is considered a hepatic
manifestation of the metabolic syndrome.
Therefore, glucose and lipid dysregulation
are critical antecedent events in NAFLD
development (78). There are now over 20

studies associating OSA with NAFLD in adult
subjects (Table 1). Many early studies
examined bariatric surgery cohorts because
liver biopsy is widely performed at the time of
surgery and because most such patients have
at least NAFL. However, more recent studies
have documented the link between OSA and
NAFLD in those of normal weight, and even
in children, and studies in obese individuals
have generally been careful to examine the
independent effect of OSA on NAFLD.
Comparatively few studies have sought to
determine the effect of CPAP on NAFLD
progression, and this line of inquiry is
inherently challenging for a few reasons: 1)
Most patients with NAFLD do not have
elevated liver aminotransferases, and
diagnosis of NAFLD in the absence of liver
biopsy is a rapidly evolving field, often
requiring technical expertise; 2) the time scale
of NAFLD progression and regression may
require lengthy CPAP trials, which are
difficult and costly; and 3) patients with the
highest pretest probability for OSA and
NAFLD are those who are morbidly obese,
but this group may not represent the diversity
of these illnesses.

The link between hypoxia and steatosis
in NAFLD has been examined in several
studies. Drager and colleagues (79)
determined that chronic IH in obese mice
causes elevations in hepatic triglyceride
content and histological evidence of hepatic
steatosis (Figure 1). In humans, many
associative studies have examined the effect
of OSA on hepatic steatosis, with results
seemingly supportive of the role of OSA in
modulating this early NAFLD phenotype.
In fact, several markers of OSA severity
have been linked to liver fat content,
including AHI (80–82), time with
oxyhemoglobin saturation less than 90%
(83), oxyhemoglobin desaturation index
(84), and mean (81) and nadir (85)
nocturnal oxyhemoglobin saturation.
Although some earlier studies were not
adjusted for common covariates such as
obesity (80), careful multivariate analysis
has been performed in larger recent studies.

By contrast, results of studies
investigating the impact of CPAP on hepatic
steatosis have been largely negative. In a
crossover study design of 2 months of CPAP
versus sham CPAP in 27 subjects with
moderate to severe OSA, Sivam and colleagues
showed no change in intrahepatic lipid
content, based on magnetic resonance
imaging/spectroscopy (86). Similarly
negative results were observed in other

Figure 1. Mechanisms by which intermittent hypoxia in obstructive sleep apnea may result in
metabolic dysfunction in nonalcoholic fatty liver disease. In rodent models, intermittent hypoxia has
been linked to pancreatic apoptosis (cells in inset stained for active caspase 3), resulting in insulin
resistance. Intermittent hypoxia–mediated overactivation of the sympathetic nervous system is also
implicated in the development of glucose dysregulation predisposing to nonalcoholic fatty liver
disease. In the vasculature, intermittent hypoxia causes atherosclerosis, among many other effects on
lipid metabolism. The thick arrow in the bottom inset points to atherosclerotic plaque with a necrotic
core. The thin arrow points to a fatty streak. Intermittent hypoxia has been shown to directly cause
hepatic steatosis and fibrosis, possibly owing to oxidative stress and mitochondrial dysfunction.
Insets are adapted with permission from References 13 and 68, as well as our unpublished data.
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Mechanisms by which intermittent hypoxia in obstructive 
sleep apnea may result in metabolic dysfunction in 
nonalcoholic fatty liver disease : oxidative stress, 
mitochondrial dysfunction, inflammation, and overactivation
of the sympathetic nervous system …

The question is: how aggressively should the 
clinician screen for NAFLD in patients with
OSA, and vice versa? 

Am J Respir Crit Care Med. 2019 Apr 1;199(7):830-841

【Obstructive Sleep Apnea, Hypoxia, and NAFLD】



Sheng W eW al. ManagemenW of NAFLD and SAS
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FLJXUH 1 MaQaJHPHQW RI QRQaOFRKROLF IaWW\ OLYHU GLVHaVH ZLWK VOHHS aSQHa V\QGURPH. HeaOWK\ OLfeVW\Oe PaQagePeQW UePaLQV WKe cXUUeQW fLUVW-OLQe 

UecRPPeQdaWLRQ fRU QRQaOcRKROLc faWW\ OLYeU dLVeaVe (NAFLD) ZLWK VOeeS aSQea V\QdURPe (SAS), LQcOXdLQg dLeW, e[eUcLVe, aQd ZeLgKW ORVV. FRU SaWLeQWV ZLWK RbeVLW\ 

aQd W\Se 2 dLabeWeV, dUXg LQWeUYeQWLRQ VKRXOd aOVR LQcOXde aQWL-RbeVLW\ PedLcaWLRQV aQd LQVXOLQ-VeQVLWL]LQg dUXgV. MeWabROLc baULaWULc VXUgeU\ caQ be cRQVLdeUed ZKeQ 

OLfeVW\Oe cKaQgeV aQd PedLcaO LQWeUYeQWLRQV aUe QRW effecWLYe. IQ addLWLRQ, cRQWLQXRXV SRVLWLYe aLUZa\ SUeVVXUe WKeUaS\ Pa\ LPSURYe bRWK LQWeUPLWWeQW K\SR[La aQd OLYeU 

LQMXU\ LQ SaWLeQWV ZLWK NAFLD aQd SAS. MBS: MeWabROLc baULaWULc VXUgeU\; CPAP: CRQWLQXRXV SRVLWLYe aLUZa\ SUeVVXUe; IR: IQVXOLQ UeVLVWaQce; LAGB: LaSaURVcRSLc 

adMXVWabOe gaVWULc baQdLQg; VSG: VeUWLcaO VOeeYe gaVWUecWRP\; RYGB: RRX[-eQ-Y gaVWULc b\SaVV; SAS: SOeeS aSQea V\QdURPe; NAFLD: NRQaOcRKROLc faWW\ OLYeU 

dLVeaVe.

on a TaiZaneVe SoSXlaWion alVo VhoZed a loZeU cXmXlaWiYe incidence of NAFLD and ciUUhoViV in 
CPAP-WUeaWed SaWienWV Whan in nonWUeaWed SaWienWV[82].

TheUefoUe, Whe beneficial effecWV of VhoUW-WeUm CPAP WheUaS\ on OSAHS and NAFLD ma\ be elXViYe, 
and alWhoXgh long-WeUm and effecWiYe CPAP WUeaWmenW can VhoZ VignificanW imSUoYemenWV in boWh 
OSAHS and NAFLD, moVW SaWienWV aUe noW amenable Wo long-WeUm oUal and naVal maVk WheUaS\. In 
addiWion, CPAP WheUaS\ iV noW \eW commonl\ XVed dXe Wo Whe high coVW of Whe deYice.

CONCLUSION

ObeViW\ iV a high-UiVk facWoU foU NAFLD and SAS. MoVW SaWienWV liYing ZiWh obeViW\ and meWabolic 
V\ndUome aUe SUone Wo SAS, and Whe VeYeUiW\ of diVeaVe in SaWienWV ZiWh SAS iV VignificanWl\ aVVociaWed 
ZiWh NAFLD SUogUeVVion. IW iV imSoUWanW Wo noWe WhaW, eYen in nonobeVe SaWienWV, WheUe iV a UelaWionVhiS 
beWZeen NAFLD SUogUeVVion and SAS VeYeUiW\. SAS iV XVXall\ one of Whe comSlicaWionV of NAFLD. 
HoZeYeU, aW SUeVenW, Ze can onl\ confiUm WhaW liSid diVoUdeUV, h\So[ia, o[idaWiYe VWUeVV, and inflam-
maWion aUe inYolYed, and a deeSeU XndeUVWanding of Whe SaWhogeneViV UemainV XncleaU. MoUe in-deSWh 
VWXdieV aUe needed Wo elXcidaWe Whe caXVal UelaWionVhiS beWZeen Whem. MoUe imSoUWanWl\, an XndeU-
VWanding of Whe SaWhogeneViV Zill helS XV Wo deYeloS moUe indiYidXali]ed WUeaWmenW SlanV.

CollecWiYel\, healWh\ lifeVW\le managemenW UemainV Whe moVW imSoUWanW VWUaWeg\ foU Whe WUeaWmenW of 
NAFLD, inclXding dieW, e[eUciVe and ZeighW loVV. FXUWheUmoUe, Whe XVe of anWio[idanWV VXch aV YiWamin E 
and Whe inVXlin-VenViWi]ing dUXg SiogliWa]one iV alVo neceVVaU\. IW needV Wo be emShaVi]ed again WhaW 
Wimel\ CPAP inWeUYenWion iV alVo imSoUWanW foU NAFLD SaWienWV ZiWh SAS. We haYe VXmmaUi]ed oXU 
UecommendaWionV foU NAFLD combined ZiWh SAS managemenW in FigXUe 1, and Whe imSUoYemenWV in 
SAS and NAFLD afWeU inWeUYenWion ZiWh lifeVW\le meaVXUeV, medicaWionV and MBS aUe VXmmaUi]ed in 
Table 1.

Management of nonalcoholic fatty liver disease with sleep apnea syndrome 

【Obstructive Sleep Apnea, Hypoxia, and NAFLD】



Nonalcoholic fatty liver disease in chronic
obstructive pulmonary disease
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Nonalcoholic fatty liver disease is highly prevalent in COPD patients and may contribute to
comorbidities http://ow.ly/cH2h309yOlM

Cite this article as: Viglino D, Jullian-Desayes I, Minoves M, et al. Nonalcoholic fatty liver disease in
chronic obstructive pulmonary disease. Eur Respir J 2017; 49: 1601923 [https://doi.org/10.1183/
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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.

This article has supplementary material available from erj.ersjournals.com
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1- The prevalence in COPD patients of steatosis, NASH and fibrosis was 41%, 37% and 
61%, respectively. 
2- Liver steatosis, NASH and fibrosis were primarily linked with the metabolic
comorbidities of COPD (i.e. obesity and insulin resistance) and systemic
inflammation. 
3- Insulin resistance, systemic inflammation and CIH seem to play a role in the 
development of NAFLD in COPD patients. 
4- As physical activity is the first-line treatment of NAFLD, pulmonary rehabilitation
could be expected to have a positive effect on NAFLD in COPD patients. 
5- In the obese inflamed COPD phenotype, lifestyle intervention with cautious
weight loss might also improve NAFLD. 

Eur Respir J 2017; 49: 1601923 
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Weaker points and strengths of the study
Like most innovative studies, that of VIGLINO et al. [1] raises more questions than answers. First, the
limitations implicit in the use of Fibromax as a noninvasive tool to detect liver injury need to be
highlighted. Fibromax is not particularly popular outside France. It incorporates tests not routinely used in
clinical practice, the relative formulas of which are undisclosed and incur a fee for each test applied.
NashTest and FibroTest should be used if SteatoTest is positive [26]. Moreover, Fibromax has been
validated versus liver biopsy, mainly in French cohorts of morbidly obese patients [27]. Data from
nonobese individuals, countries other than France or selected cohorts of individuals, such as patients with
COPD, are awaited. Second, the study lacks a control group. Third, participation in the study was
proposed to consecutive patients but many refused owing to the inconvenience of the study protocol,
which raises the risk of selection bias [1].

Despite such limitations, this study is the first to try to estimate the prevalence of NAFLD in COPD
patients [1]. Moreover, it provides interesting hints that may pave the way to further translational research,
potentially changing our approach to these chronic diseases. Of note, the putative prevalence of moderate–
severe steatosis in this cohort of COPD patients was higher than that commonly reported in the general
population [5], almost reaching the prevalence of advanced steatosis described in the original cohorts of
bariatric morbidly obese patients in which Fibromax was originally validated [27]. Consistently,
irrespective of the strategy used to assess liver injury, the prevalence of dysmetabolic traits was high in the
cohort of VIGLINO et al. [1], suggesting that NAFLD may indeed be a common comorbidity in patients
with COPD. The findings that COPD severity was identified as an independent predictor of steatosis,
together with other parameters associated with visceral obesity and insulin resistance (i.e. BMI and
HOMA-IR (homeostatic model assessment–insulin resistance)), and that steatosis was associated with
higher levels of inflammatory cytokines [1], are further evidence that reinforces the assumption that
NAFLD and COPD share common pathophysiological mechanisms (figure 1).
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FIGURE 1 The spectrum of analogies linking chronic obstructive pulmonary disease (COPD) and nonalcoholic fatty liver disease (NAFLD). Both the
lung and liver are highly vascularised organs with a dual blood supply, are involved in antigen processing and are master regulators of energy
homeostasis. Based on their high prevalence and dangerous outcomes, COPD and NAFLD claim a high health and economic toll. Accordingly,
more liberal screening policies have been advocated in individuals at high risk of COPD and NAFLD. COPD and NAFLD are increasingly
recognised as multisystem diseases with high comorbidity rate, mainly clustered in the metabolic, cardiovascular and neoplastic area. Both COPD
and NAFLD are complex noncommunicable diseases determined by environmental factors (unhealthy lifestyle habits) and genetic predisposition.
Principles of treatment of COPD and NAFLD include lifestyle changes (smoking cessation, diet and physical activity) as a first step.
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Nonalcoholic fatty liver disease and
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He will manage the cure best who has foreseen what is to happen from the present state of matters.

Hippocrates

In this issue of European Respiratory Journal, VIGLINO et al. [1] report that nonalcoholic fatty liver disease
(NAFLD) is highly prevalent in chronic obstructive pulmonary disease (COPD) and might contribute to
cardiometabolic comorbidities.

What is NAFLD?
The term “NAFLD” describes a clinicopathological spectrum of alcohol-like conditions spanning simple
steatosis (ectopic, intrahepatocytic accumulation of triglycerides) and nonalcoholic steatohepatitis (NASH)
(steatosis plus hepatocyte degeneration and lobular inflammation) with or without fibrosis, cirrhosis and
primary liver cancer [2]. The NAFLD spectrum is observed in individuals who have no further reasons to
develop chronic liver disease (i.e. alcohol, viral hepatitis, etc.) other than the full-blown metabolic
syndrome (MetS) or its individual traits [3, 4].

The prevalence of NAFLD, paralleling that of obesity and type 2 diabetes, has reached epidemic
proportions worldwide and NAFLD is projected to become the leading cause of end-stage liver disease
necessitating transplantation by 2020 [5–8]. These impressive data, together with an excess of
health-related expenditures [2, 9], easily explain why NAFLD is a major public health issue worldwide.

Genetic modifiers, systemic and hepatic insulin resistance, de novo lipogenesis, altered gut microbiota,
subclinical inflammation, and oxidative stress are all deemed to play a major role in the physiopathology
of NAFLD [2]. Liver histology changes critically dictate the natural history of NAFLD: the fibrosis stage
predicts liver-related mortality [10] and, probably, cardiovascular events [11, 12]. Cardiovascular disease is
the prime cause of mortality in most studies [13]. This is not surprising given the close and bidirectional
relationship of NAFLD with the MetS, of which it may be both a precursor and a consequence [14, 15].
NAFLD patients are also prone to complications of progressive liver disease per se as well as to some
extrahepatic cancers [2].

Liver biopsy remains the standard procedure for diagnosing NAFLD, especially for detecting NASH and
staging fibrosis. However, due to invasiveness and costs, it cannot be proposed to all patients with
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【Obstructive Sleep Apnea, Hypoxia, and COPD】



【Take home message - Conclusion】

• NAFLD and HFpEF share most of the same comorbidities

• Early detection of NAFLD so it can be managed with approved non-specific 
strategies associated with heart failure treatment. 

• Practical clinical trials to determine the impact of heart failure treatment on 
NAFLD.  

• Similarly, sleep Apnea and COPD have the same relationship with NAFLD 
than HF. 



Non-alcoholic fatty liver disease and heart failure with
preserved ejection fraction: from pathophysiology to
practical issues

Romain Itier1, Maeva Guillaume2, Jean-Etienne Ricci3, François Roubille4, Nicolas Delarche5, François Picard6,
Michel Galinier1 and Jérôme Roncalli1*

1Department of Cardiology, Institute CARDIOMET, CHU-Toulouse, Toulouse, France; 2Department of Gastroenterology and Hepatology, Clinique Pasteur, Toulouse, France;
3Department of Cardiology, CHU-Nimes, Nimes, France; 4INSERM, CNRS, Cardiology Department, PhyMedExp, Université de Montpellier, CHU-Montpellier, Montpellier,
France; 5Department of Cardiology, CH-Pau, Pau, France; 6Department of Cardiology, CHU-Bordeaux, Bordeaux, France

Abstract

The prevalence of non-alcoholic fatty liver disease (NAFLD) in heart failure (HF) preserved left ventricular ejection fraction
(HFpEF) patients could reach 50%. Therefore, NAFLD is considered an emerging risk factor. In 20% of NAFLD patients, the con-
dition progresses to non-alcoholic steatohepatitis (NASH), the aggressive form of NAFLD characterized by the development of
fibrosis in the liver, leading to cirrhosis. The purpose of this review is to provide an overview of the relationships between
NAFLD and HFpEF and to discuss its impact in clinical setting. Based on international reports published during the past decade,
there is growing evidence that NAFLD is associated with an increased incidence of cardiovascular diseases, including impaired
cardiac structure and function, arterial hypertension, endothelial dysfunction, and early carotid atherosclerosis. NAFLD and
HFpEF share common risk factors, co-morbidities, and cardiac outcomes, in favour of a pathophysiological continuum. Cur-
rently, NAFLD and NASH are principally managed with non-specific therapies targeting insulin resistance like sodium-glucose
co-transporter-2 inhibitors and liraglutide, which can effectively treat hepatic and cardiac issues. Studies including HFpEF pa-
tients are ongoing. Several specific NAFLD-oriented therapies are currently being developed either alone or as combinations.
NAFLD diagnosis is based on a chronic elevation of liver enzymes in a context of metabolic syndrome and insulin resistance,
with fibrosis scores being available for clinical practice. In conclusion, identifying HF patients at risk of NAFLD is a critically im-
portant issue. As soon as NAFLD is confirmed and its severity determined, patients should be proposed a management focused
on symptoms and co-morbidities.

Keywords Non-alcoholic steatohepatitis; Non-alcoholic fatty liver disease; Heart failure with preserved ejection fraction; Fibrosis;
Insulin resistance; Atherosclerosis
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Introduction

Nearly half of patients with heart failure (HF) have a pre-
served left ventricular ejection fraction (HFpEF),1 historically
referred to as ‘diastolic heart failure’. Over the past decade,
several studies have shown that HFpEF most likely results
from the complex interplay of multiple impairments in ven-
tricular diastolic and systolic reserve function, heart rate re-
serve and rhythm, atrial dysfunction, stiffening of the

ventricles and vasculature, impaired vasodilatation, pulmo-
nary hypertension, endothelial dysfunction, and abnormali-
ties in the periphery, including skeletal muscle.1 Many of
these abnormalities are not apparent at rest but are noted
when the cardiovascular (CV) system is stressed. The limita-
tions in CV reserve then interact with systemic processes to
cause symptoms of dyspnoea and fatigue, which ultimately
culminate in systemic and pulmonary venous congestion,
muscle wasting, and loss of functionality and independence,
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【Impact of drugs for CVD on NAFLD: Natriuretic peptides】

• ARNI, which reduced the risk of death and hospitalization in 
HFrEF patients in the PARADIGM-HF trial, did not show 
positive effects in HFpEF patients in the PARAGON-HF trial 
(but FDA approved).  

• A basic study demonstrated that atrial natriuretic peptide 
(ANP) administration improved hepatic steatosis in mice. 

NFD

NFD+ANP

HFD

NFD+ANP

NFD, normal-fat-diet
HFD, high-fat-diet Sci Rep 2021; 11: 17466



【New proposal of HFpEF phenotype associated with NAFLD】
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