
OR I G I N A L A R T I C L E

Effects of empagliflozin on markers of liver steatosis and
fibrosis and their relationship to cardiorenal outcomes

Sabine Kahl MD1,2,3 | Anne Pernille Ofstad MD, PhD4 | Bernard Zinman MD5 |

Christoph Wanner MD6 | Elke Schüler Dipl. Math.7 | Naveed Sattar MD8 |

Silvio E. Inzucchi MD9 | Michael Roden MD1,2,3

1Institute for Clinical Diabetology, German

Diabetes Center, Leibniz Institute for Diabetes

Research at Heinrich-Heine University,

Düsseldorf, Germany

2Department of Endocrinology and

Diabetology, Medical Faculty and University

Hospital Düsseldorf, Heinrich-Heine-

University Düsseldorf, Düsseldorf, Germany

3German Center for Diabetes Research,

München-Neuherberg, Germany

4Medical Department, Boehringer Ingelheim

Norway KS, Asker, Norway

5Lunenfeld-Tanenbaum Research Institute,

Mount Sinai Hospital, University of Toronto,

Toronto, Ontario, Canada

6Würzburg University Clinic, Würzburg,

Germany

7mainanalytics GmbH, Sulzbach, Germany

8Institute of Cardiovascular and Medical

Sciences, University of Glasgow, BHF Glasgow

Cardiovascular Research Centre (GCRC),

Glasgow, UK

9Yale University School of Medicine, New

Haven, Connecticut, USA

Correspondence

Dr Michael Roden, c/o Institute for Clinical

Diabetology, German Diabetes Center, Leibniz

Institute for Diabetes Research at Heinrich-

Heine University, 40225 Düsseldorf, Germany.

Email: michael.roden@ddz.de

Funding information

(ClinicalTrials.gov, NCT01131676)

Abstract

Aims: Empagliflozin treatment reduced liver fat in small type 2 diabetes cohorts. This

post-hoc study evaluated effects of empagliflozin on risk for non-alcoholic fatty liver

disease-related steatosis and fibrosis, as well as the relationship between risk catego-

ries and cardiorenal outcomes in the randomized, placebo-controlled EMPA-REG

OUTCOME trial.

Materials and methods: EMPA-REG OUTCOME treated 7020 people with type 2 dia-

betes and cardiovascular disease with 10/25 mg/day empagliflozin or placebo. For

this analysis, the Dallas steatosis index, hepatic steatosis index, non-alcoholic fatty

liver disease fibrosis score and Fibrosis-4 score were calculated to assess steatosis

and fibrosis risk. Changes from baseline in scores were examined by mixed model

repeated measures and their associations with cardiorenal outcomes and mortality

by Cox regression.

Results: At baseline, 73% and 84% of participants had high steatosis risk by Dallas

steatosis index and hepatic steatosis index, whereas 23% and 4% had a high risk of

advanced fibrosis by non-alcoholic fatty liver disease fibrosis score and Fibrosis-4

score. Percentages of people at high steatosis risk slightly decreased with

empagliflozin only, whereas empagliflozin did not improve percentages of individuals

at high fibrosis risk over time compared with placebo. The high risk of advanced

fibrosis at baseline related to higher risk for cardiovascular events. Effects of

empagliflozin on cardiorenal and all-cause mortality outcomes were consistent across

all risk groups.

Conclusions: Empagliflozin may reduce steatosis but not fibrosis risk in individuals

with type 2 diabetes and cardiovascular disease. The improvements in cardiorenal

outcomes and mortality associated with empagliflozin therapy appear to be indepen-

dent of steatosis and fibrosis risk.
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1 | INTRODUCTION

People with type 2 diabetes are prone to develop non-alcoholic fatty

liver disease (NAFLD).1 Type 2 diabetes further accelerates NAFLD

progression from simple steatosis to non-alcoholic steatohepatitis

(NASH), fibrosis and cirrhosis.2 Moreover, NAFLD associates with an

increased risk of cardiovascular diseases, including cardiomyopathy

and certain cardiac arrhythmias, thereby contributing to the excess

morbidity and mortality in people with both type 2 diabetes and

NAFLD.2

Hepatic fibrosis is a strong predictor of NAFLD-related mortality2

and clinically relevant advanced fibrosis stages, F3 and F4, can be pre-

sent in up to 20% of persons with NAFLD and type 2 diabetes.1 While

the ‘gold-standard’ diagnosis of fibrosis still requires liver biopsy,2

several imaging methods have been introduced including vibration-

controlled transient elastography or magnetic resonance elastography.

These methods are mostly restricted to use in specialized centres3 as

they require specific technical equipment, qualified and trained per-

sonal, making them difficult to perform in large multinational clinical

trials involving hundreds of study sites. Thus, non-invasive indices cal-

culated from demographic, anthropometric and laboratory parameters

provide an opportunity to estimate the prevalence and effects of

interventions on liver fibrosis in large cohorts.3 In addition, hepatic

steatosis, the primary criterium of NAFLD diagnosis, may be esti-

mated by non-invasive indices.4,5

Sodium glucose co-transporter 2 inhibitors are associated with a

modest weight loss and improved cardiovascular and renal out-

comes.6,7 Recent small-scale randomized controlled trials have shown

that empagliflozin also improved hepatic steatosis and beneficial

effects of empagliflozin on histological components including fibrosis

were suggested from an uncontrolled pilot trial.6 The underlying

mechanisms remain largely unknown; however, apart from weight

loss, they may even include improvement of adipose tissue function

with amelioration of local inflammation and/or oxidative stress.8,9

The present study examined the effects of empagliflozin treatment

in a large cohort of persons with type 2 diabetes with established car-

diovascular disease (a) on indices of hepatic steatosis and fibrosis, (b) on

glycaemia and body weight, as well as (c) on cardiorenal outcomes and

all-cause mortality in groups at different steatosis and fibrosis risk.

Finally, this analysis addressed the question whether baseline steatosis

and fibrosis risk scores are associated with the incidence of cardiorenal

events in this patient population. To this end, an exploratory post-hoc

analysis was performed in the EMPA-REG OUTCOME study, previously

showing lower rates of cardiovascular events and deaths from any

cause with empagliflozin at a median observation time of 3.1 years.7

2 | MATERIALS AND METHODS

2.1 | Study design

The design of EMPA-REG OUTCOME has been previously decribed.7

Adult individuals with type 2 diabetes and established cardiovascular

disease were included; elevated liver enzymes >3� upper limit of nor-

mal were exclusion criteria (see Supporting Information for further

details).

The main objective of this post-hoc analysis was to compare the

effects of empagliflozin and placebo on Dallas steatosis index (DSI)10

and hepatic steatosis index (HSI)11 as well as on NAFLD fibrosis score

(NFS) and Fibrosis-4 score (FIB-4) (see Supporting Information for cal-

culations and cut-offs).

2.2 | Calculations and statistical analysis

The present post-hoc analyses of the randomized clinical trial EMPA-

REG OUTCOME were performed on the modified intention-to-treat

population, including all randomized participants, who received ≥1

dose of the study drug. The effects on risk scores as well as glycated

haemoglobin (HbA1c) and weight were evaluated using a mixed-effect

model repeated measurement model, which included baseline HbA1c

and baseline of score (or weight) as linear covariates and their interac-

tion with visit in addition to baseline estimated glomerular filtration

rate (Modification of Diet in Renal Disease Study) category, geograph-

ical region and baseline body mass index category. Treatment, sub-

group (if applicable) and visit were also entered as fixed effects as well

as all two- and three-way interactions thereof. In addition, the model

included a fixed categorical effect for ‘time of randomization’ to

account for each patientʼs theoretical ability to ‘reach’ certain weeks

in this study arising from the study design. Because of small group

sizes, participants at baseline intermediate and high risk (based on

FIB-4) were pooled for analysis of time courses of parameters in

FIB-4 low and high fibrosis risk categories and HSI low and intermedi-

ate risk categories were combined for all subsequent analyses. All time

to first event analyses were performed with multivariate Cox regres-

sion models that included terms for sex, baseline age, estimated glo-

merular filtration rate, body mass index, HbA1c, geographical region,

subgroup, and treatment � subgroup interaction. Continuous baseline

characteristics of fibrosis and steatosis risk groups are given as mean

± standard deviation, categorical variables as number and proportions.

All other data are expressed as adjusted means (95% confidence inter-

val) or adjusted means ± standard error. As this was a post-hoc

exploratory study, no adjustments for multiple comparisons/outcomes

were performed. Statistical significant differences were indicated at

p < .05. Statistical analyses were performed with SAS version 9.4 (SAS

Institute Inc., Cary, NC, USA).

3 | RESULTS

3.1 | Baseline characteristics of the whole cohort
and different steatosis and fibrosis risk groups

Of the 7020 participants who were treated with empagliflozin or pla-

cebo, 6927 and 7018 had data available to derive DSI and HSI,

respectively, and 6970 and 6972, respectively, had data to derive NFS
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TABLE 1 Baseline characteristics of DSI-, HSI-, NFS-, FIB-4-categorized steatosis and fibrosis risk groups

Low risk Intermediate High risk

DSI

Total n 253 1616 5058

Males, n (%) 201 (79.4) 1209 (74.8) 3546 (70.1)

Race, n (%)

White 137 (54.2) 949 (58.7) 3920 (77.5)

Asian 69 (27.3) 509 (31.5) 928 (18.3)

Black/African American 46 (18.2) 150 (9.3) 156 (3.1)

Other 1 (0.4) 8 (0.5) 54 (1.1)

Age, years; mean ± SD 65.9 ± 9.0 65.1 ± 8.9 62.4 ± 8.4

Body mass index, kg/m2; mean ± SD 23.9 ± 2.4 26.7 ± 3.9 32.2 ± 4.8

>10 years since T2D diabetes, n (%) 169 (66.8) 1055 (65.3) 2736 (54.1)

Glycated haemoglobin, %; mean ± SD 7.9 ± 0.9 8.0 ± 0.8 8.1 ± 0.9

Baseline insulin use, n (%) 102 (40.3) 715 (44.2) 2520 (49.8)

eGFR, ml/min/1.73 m2; mean ± SD 79.3 ± 22.4 73.7 ± 21.3 73.9 ± 21.4

Hypertension, n (%) 199 (78.7) 1398 (86.5) 4738 (93.7)

CAD, n (%) 180 (71.1) 1222 (75.6) 3836 (75.8)

his

Total n 89 1010 5919

Males, n (%) 66 (74.2) 803 (79.5) 4146 (70.0)

Race, n (%)

White 27 (45.2) 470 (46.5) 4583 (77.4)

Asian 61 (68.5) 495 (49.0) 960 (16.2)

Black/African American 1 (1.1) 40 (4.0) 316 (5.3)

Other 0 (0) 5 (0.5) 59 (1.0)

Age, years; mean ± SD 67.2 ± 8.3 65.5 ± 8.7 62.7 ± 8.6

Body mass index, kg/m2; mean ± SD 20.5 ± 1.7 24.2 ± 1.9 31.9 ± 4.7

>10 years since T2D diabetes, n (%) 57 (64.0) 645 (63.9) 3307 (55.9)

Glycated haemoglobin, %; mean ± SD 7.88 ± 0.94 7.94 ± 0.81 8.10 ± 0.85

Baseline insulin use, n (%) 29 (32.6) 359 (35.5) 2998 (50.7)

eGFR, mL/min/1.73 m2; mean ± SD 73.4 ± 22.9 71.5 ± 20.5 74.5 ± 21.5

Hypertension, n (%) 71 (79.8) 862 (85.3) 5484 (92.7)

CAD, n (%) 59 (66.3) 760 (75.2) 4488 (75.8)

NFS

Total n 809 4562 1599

Males, n (%) 493 (60.9) 3312 (72.6) 1175 (73.5)

Race, n (%)

White 375 (46.4) 3278 (71.9) 1395 (87.2)

Asian 368 (45.5) 1015 (22.2) 119 (7.4)

Black/African American 55 (6.8) 231 (5.1) 69 (4.3)

Other 11 (1.3) 38 (0.8) 16 (1.0)

Age, years; mean ± SD 56.2 ± 8.4 62.6 ± 8.0 68.2 ± 7.4

Body mass index, kg/m2; mean ± SD 27.04 ± 4.12 30.06 ± 4.74 34.07 ± 5.33

>10 years since T2D diabetes, n (%) 374 (46.2) 2541 (55.7) 1071 (67.0)

Glycated haemoglobin, %; mean ± SD 8.18 ± 0.87 8.07 ± 0.85 8.02 ± 0.84

Baseline insulin use, n (%) 316 (39.1) 2110 (46.3) 939 (58.7)

eGFR, mL/min/1.73 m2; mean ± SD 80.5 ± 24.0 75.4 ± 21.0 66.9 ± 19.5

(Continues)
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and FIB-4 at baseline. According to the DSI, 5058 of 6927 (73%) par-

ticipants were categorized at high steatosis risk at baseline, whereas

for HSI, 5919 of 7018 (84%) participants were at high steatosis risk.

Regarding fibrosis indices, 1599 of 6970 (23%) and 306 of 6972 (4%)

participants were at risk of advanced fibrosis by NFS and FIB-4,

respectively. Steatosis and fibrosis risk at baseline were further calcu-

lated by other established indices. Percentages of participants

grouped at high steatosis risk were between 72% and 87%, whereas

the percentage of participants at high risk of advanced fibrosis ranged

from 1% to 69% (Table S1). Stratifying participants by NFS, FIB-4 and

HSI, but not DSI, revealed more frequent insulin use and higher inci-

dence of coronary artery disease in groups at high risk compared with

those at low risk (Table 1).

3.2 | Empagliflozin-mediated changes of Dallas
steatosis index, hepatic steatosis index, non-alcoholic
fatty liver disease fibrosis score and Fibrosis-4
categories over time

At baseline, percentages of participants in the different DSI risk cate-

gories were comparable for empagliflozin and placebo. Over time, per-

centages remained largely unchanged for placebo whereas the

percentage of participants at high steatosis risk dropped with

empagliflozin from 73 at baseline to 66%, 67% and 67% at 52, 108

and 164 weeks, respectively (Figure 1A). The changes from baseline

category to week 52 category and further on are visualized in

Figure S1. In the empagliflozin group, more participants improved

than worsened comparing baseline category to week 52 category,

which was also observed for placebo although to a less extent. After

week 52, this effect was attenuated in both groups.

Baseline percentages of participants in the different HSI risk

groups were comparable for empagliflozin and placebo. Over time,

numbers remained largely unchanged for placebo whereas the per-

centage of people at high steatosis risk dropped with empagliflozin

from 84% at baseline to 77%, 78% and 77% at 52, 108 and

164 weeks, respectively (Figure 1B). Figure S2 shows that more par-

ticipants improved than worsened compared with the baseline cate-

gory with empagliflozin at 52 weeks and less prominent with placebo.

After week 52, this effect was attenuated in both groups and no fur-

ther improvements were observed thereafter in both groups.

Baseline percentages of participants in different NFS risk groups

of advanced fibrosis were comparable for empagliflozin and placebo

with only little variation throughout the course of the study

(Figure 1C). After week 52, the percentage of people in the high-risk

category was slightly increased in both groups Figure S3).

At baseline and thereafter, the percentages of participants in low-

, intermediate- and high-FIB-4 risk groups were comparable for

empagliflozin and placebo with only minimal changes over time

(Figure 1D). After week 52, percentages of persons in the

intermediate- and high-risk categories were increased in both groups

(Figure S4).

Changes from baseline in the respective indices are depicted in

Figure S5.

TABLE 1 (Continued)

Low risk Intermediate High risk

Hypertension, n (%) 692 (85.5) 4162 (91.2) 1519 (95.0)

CAD, n (%) 512 (63.3) 3440 (75.4) 1319 (82.5)

FIB-4

Total n 3505 3161 306

Males, n (%) 2334 (66.6) 2406 (76.1) 241 (78.8)

Race, n (%)

White 2421 (69.1) 2384 (75.4) 244 (79.7)

Asian 811 (23.1) 636 (20.1) 56 (18.3)

Black/African American 236 (6.7) 114 (3.6) 5 (1.6)

Other 37 (1.1) 27 (0.8) 1 (0.3)

Age, years; means ± SD 59.5 ± 8.1 66.5 ± 7.5 69.8 ± 7.8

Body mass index, kg/m2; mean ± SD 30.76 ± 5.28 30.51 ± 5.20 30.33 ± 5.44

>10 years since T2D diabetes, n (%) 1832 (52.3) 1945 (61.5) 210 (68.6)

Glycated haemoglobin, %; mean ± SD 8.15 ± 0.87 8.00 ± 0.82 7.96 ± 0.79

Baseline insulin use, n (%) 1670 (47.6) 1535 (48.6) 161 (52.6)

eGFR, mL/min/1.73 m2; mean ± SD 77.9 ± 22.1 70.7 ± 19.9 64.8 ± 19.5

Hypertension, n (%) 3179 (90.7) 2920 (92.4) 276 (90.2)

CAD, n (%) 2487 (71.0) 2516 (79.6) 270 (88.2)

Abbreviations: CAD, coronary artery disease; DSI, Dallas steatosis index; eGFR, estimated glomerular filtration rate; FIB-4, Fibrosis-4; HSI, hepatic

steatosis index; NFS, non-alcoholic fatty liver disease fibrosis score; T2D, type 2 diabetes.
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3.3 | Effects of empagliflozin on body weight and
glycated haemoglobin in different risk categories

Across all derived steatosis and fibrosis risk groups, empagliflozin

reduced body weight as compared with placebo at most time points

(Figure S6). HbA1c decreased with empagliflozin compared with pla-

cebo at most time points in steatosis and at all time points in fibrosis

risk groups (Figure S7).

3.4 | Effects of empagliflozin on biochemical
parameters included in different indices

Serum triglyceride levels slightly increased over time in the low and

intermediate DSI group and were unchanged in the high DSI group,

without any differences between empagliflozin and placebo in any

DSI category (Table S2).

Platelet counts decreased more with empagliflozin compared with

placebo in the NFS and FIB-4 low-risk categories at 52, 108 and

164 weeks, but increased in the respective high-risk categories over

time, with a more prominent decrease and less prominent rise in the

empagliflozin group, respectively, at most time points (Table S3ab).

Albumin levels slightly increased after dosing with empagliflozin

compared with placebo in NFS intermediate- and high-risk categories

and remained higher at most time points and all categories (Table S4).

3.5 | Cardiorenal outcomes in fibrosis and
steatosis risk groups

For DSI and HSI, highest placebo incidence rates for cardiovascular

and all-cause mortality were found in the low steatosis risk category,

with statistically significant differences compared with the high

steatosis risk category (Figure 2A,B, Table S5a).

Using both NFS and FIB-4 for stratification of fibrosis risk, the groups

at high risk of advanced fibrosis had substantially higher incidence rates

of cardiovascular death, first hospitalization because of heart failure, first

hospitalization for heart failure or cardiovascular death as well as all-cause

mortality compared with the respective groups at low risk of advanced

fibrosis (Figure 2C,D, Table S5a). However, incidence rates of new onset

or worsening of nephropathy showed a similar albeit attenuated pattern

across risk categories by all four scores.

A similar pattern was observed in the empagliflozin group,

although the differences in relative risks in low- versus intermediate-

F IGURE 1 Percentage of patients in low/intermediate/high-risk categories by (A) Dallas steatosis index, (B) hepatic steatosis index, (C) non-
alcoholic fatty liver disease fibrosis score and (D) Fibrosis-4 at 0, 52, 108 and 164 weeks of treatment
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and high-risk categories did not reach statistical significance for most

outcomes (Table S5b).

3.6 | Effects of empagliflozin on cardiorenal
outcomes in groups at different risk of steatosis or
fibrosis

Examining the treatment effects of empagliflozin versus placebo

across the different steatosis and fibrosis risk groups showed consis-

tent treatment effects on cardiorenal outcomes independent of

steatosis or fibrosis category at baseline. Of note, for the combined

endpoint of first hospitalization for heart failure or cardiovascular

death, a quantitative interaction between DSI and treatment effect

was observed, with all hazard ratios still reflecting a beneficial treat-

ment effect, but of differing magnitude, for empagliflozin compared

with placebo (Figure 2).

4 | DISCUSSION

This post-hoc analysis of EMPA-REG OUTCOME suggests that

empagliflozin (a) may improve steatosis risk as estimated by DSI and

HSI, (b) does not reduce the risk of advanced fibrosis as calculated by

NFS and FIB-4, (c) decreases glycaemia and body weight independent

of steatosis and fibrosis risk, and (d) may confer consistent reduction

of cardiorenal outcomes independent of steatosis and fibrosis risk cat-

egory in people with type 2 diabetes when added to standard of care

for about 3 years. Moreover, low- and high-risk fibrosis categories

across all trial participants paralleled low and high risk for cardiovascu-

lar events and all-cause mortality.

Empagliflozin slightly reduced the percentages of participants in

DSI and HSI high-risk categories over time when compared with pla-

cebo. In comparison, recent studies reported the effectiveness of

24-week empagliflozin treatment in the reduction of liver fat content,

measured by 1H magnetic resonance spectroscopy, when added to

standard care or compared with placebo in individuals with type 2 dia-

betes.8,12 However, fibrosis stage is the main prognostic factor in

NAFLD.13 An uncontrolled 24-week pilot trial provided first histologi-

cal evidence that empagliflozin may reduce fibrosis in people with

both type 2 diabetes and NASH.14 A former analysis of EMPA-REG

OUTCOME suggested improvements in serum transaminases [pre-

dominantly alanine aminotransferase (ALT)] with empagliflozin.15 Of

note, similar frequency and incidence of hepatic injury were reported

for empagliflozin and placebo in clinical studies, but rare elevations in

ALT and/or aspartate aminotransferase ≥5 times the upper normal

F IGURE 1 (Continued)
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limit were found to be more frequent with empagliflozin treatment.16

In the current analysis, we found no reduction in the number or per-

centage of people grouped at high risk of advanced fibrosis by NFS

and FIB-4 with empagliflozin. However, a recent post-hoc analysis of

DURATION-8 reported a small decrease in the proportions of

participants at high risk for fibrosis by NFS and FIB-4 from baseline to

28 weeks in individuals with type 2 diabetes.17 Furthermore, a real-

word data analysis from people with type 2 diabetes who switched to

sodium glucose co-transporter 2 inhibitor treatment also found the

number of cases classified as advanced fibrosis by FIB-4 reduced after

F IGURE 2 HR for empagliflozin versus placebo across different risk groups of (A) Dallas steatosis index (DSI), (B) hepatic steatosis index (HSI),
(C) non-alcoholic fatty liver disease fibrosis score (NFS) and (D) Fibrosis-4 (FIB-4). The term “nephropathy” includes new onset or worsening of
nephropathy. *Excluding fatal stroke. CI, confidence interval; CV, cardiovascular; HHF, hospitalization for heart failure; HR, hazard ratio; IR,
incidence rates; py, patient years
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6 and 12 months.18 At least in part, discrepancies in the different

studies may be because of cohort characteristics. EMPA-REG OUT-

COME included a type 2 diabetes collective with manifest cardiovas-

cular disease, which often has progressive low-grade

inflammation,19,20 that may increase platelet count.21 This effect may

be counteracted by the previously reported anti-inflammatory effects

of empagliflozin.9 In EMPA-REG OUTCOME, platelet count, which is

included in the denominator in FIB-4 and subtracted in NFS, was

slightly lower with empagliflozin compared with placebo throughout

the time of treatment and could contribute to the observed neutral

F IGURE 2 (Continued)
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effect on fibrosis risk with empagliflozin. In contrast, serum albumin

levels were higher with empagliflozin compared with placebo and may

thereby contribute to lower NFS.

NAFLD closely associates with cardiorenal disease and risk is

even increased in combined NAFLD and type 2 diabetes.1 Patients

grouped at high risk by either NFS or FIB-4 had higher placebo inci-

dence rates of cardiovascular outcomes and all-cause mortality. While

this observation may be expected, as age and/or serum albumin levels

are included in the formulas,22 several publications suggest that FIB-4

and/or NFS might be useful predictors of all-cause mortality in

NAFLD with and without type 2 diabetes and thus help to improve

risk stratification.23-26 However, the relationship between risk scores

and cardiorenal outcomes remains somewhat puzzling. Data from sev-

eral cohorts as well as the present data show an association of FIB-4

and/or NFS high-risk categories with cardiovascular outcomes.26,27

On the other hand, we did not observe an association of nephropathy

with high-risk categories, in contrast to previous studies.25,27 The dif-

ferences in results may be at least partly because of cohort character-

istics with different numbers of events. Moreover, smoking, baseline

albuminuria, HbA1c, systolic blood pressure, glomerular filtration rate

and haemoglobin concentrations were identified as determinants for

progression of nephropathy in type 2 diabetes.28 Thus, those risk fac-

tors may not be sufficiently reflected by fibrosis risk scores. Some-

what surprisingly, and although based on a low number of events, DSI

and HSI identified individuals with low steatosis risk at highest inci-

dence of cardiovascular and all-cause mortality endpoints. Of note,

the degree of steatosis decreases during progression from advanced

fibrosis to cirrhosis,29 which might be an explanation of the observed

results. Moreover, low body weight and thus (assumed) low liver fat

as well as ALT values in the lower normal range were previously

reported to associate with worse cardiovascular outcomes and mor-

tality.30 Of interest, advanced liver fibrosis (as measured by transient

elastography) was identified as a risk marker and severe steatosis as a

protective factor for cardiovascular complications and mortality in

individuals with type 2 diabetes and NAFLD, which would support the

present results.31

The present analysis further suggests that study participants in all

steatosis and fibrosis risk categories profit similarly in relative terms

from empagliflozin treatment in regard to cardiorenal outcome and

all-cause mortality. Similarly, former analyses of the EMPA-REG OUT-

COME study reported that cardiorenal treatment benefits with

empagliflozin are consistent across age groups as well as underlying

cardiovascular and heart failure risk.32,33

Major strengths of our analysis include the large number of

enrolled participants, follow-up of more than 3 years, its placebo-

controlled design and being the first to evaluate the effects of

empagliflozin on risk of advanced fibrosis, metabolic parameters and

cardiorenal outcomes dependent on steatosis and fibrosis category.

This analysis has also several limitations, as liver histology or

imaging methods were not performed in the EMPA-REG OUTCOME.

As with any clinical scoring system, the scores used herein merely

imply the likelihood of but do not necessarily directly reflect the actual

degree of steatosis or fibrosis. In addition, we cannot rule out other

causes of fibrosis, as there was no defined assessment of alcohol

intake and hepatitis serology foreseen in the trial protocol. This lack

of data as well as the absence of records regarding liver-related clini-

cal outcomes limits the interpretability and clinical significance of our

data. However, as up to 20% of people with type 2 diabetes and

NAFLD are predicted to have clinically relevant fibrosis,1 NAFLD most

likely represents the underlying cause in most cases.

In addition, the use of steatosis and fibrosis biomarkers has rarely

been validated for assessment of longitudinal changes in these param-

eters in response to pharmacological treatment34 and changes in the

scores may also be driven by some components of the scores and not

sufficiently reflect changes in liver tissue. Moreover, empagliflozin

effects on hepatic fibrosis may not necessarily be detected by the

indices even if present as one could assume that improvement of

steatosis may also affect fibrosis in the long-term.2,13 Of note,

changes in NFS were previously associated with changes in liver fibro-

sis after 1 year of lifestyle intervention35 suggesting a dynamic

response to histological changes. Nevertheless, the current analyses

do not support the beneficial effects of empagliflozin on hepatic fibro-

sis in type 2 diabetes.

In our post-hoc analyses, we did not adjust for multiple compari-

sons, as we considered them exploratory. Of note, this trial was not

primarily powered to assess the cardiorenal effects of empagliflozin in

different steatosis and fibrosis categories so that the differences in

patient numbers of each risk category may limit interpretation of the

obtained results. In addition, cohort size continuously dropped with

time so that missing significances for scores between empagliflozin

and placebo at later time points may rather result from loss of power

than from time-dependent effects of empagliflozin itself.

NFS and FIB-4 were developed for assessment of fibrosis severity

in NAFLD cohorts encompassing the whole clinical and histological

liver disease spectrum. As our cohort was a preselected collective –

because of the trialʼs inclusion and exclusion criteria,7 liver-related

findings from this study may be interpreted with caution and only

adopt to patients with type 2 diabetes, cardiovascular disease and no

or mild liver impairment.

Furthermore, several laboratory parameters were not routinely

measured in the trial so that the steatosis markers recommended for

NAFLD screening in the current European guidelines2 (fatty liver

index, NAFLD liver fat score) could not be calculated. However, we

calculated HSI and DSI for assessing steatosis risk in our cohort.10,11

As the major limitation of DSI, there is still only one external validation

study for this index, which was not focused on for type 2 diabetes.36

Of note, most steatosis and fibrosis indices are considered imper-

fect markers, as their variability is high and their positive predictive

value in terms of NAFLD and NASH seems limited.4,27,37,38 Further-

more, they have not been specifically developed for individuals with

type 2 diabetes. Several studies even suggest that non-invasive tests

may perform less well when applied to individuals with type 2 diabe-

tes37 and many of them include type 2 diabetes as a risk factor in their

formulas.38 In our study and previous reports, steatosis and fibrosis

scores identified different proportions of people at high risk for

steatosis or advanced fibrosis27 so that results derived from a single

index need to be interpreted with caution. Nevertheless, the 2020

American39,40 and European guidelines on clinical management of
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NAFLD2 recommend using surrogate markers of steatosis and fibrosis

for screening of patients at high risk of NAFLD, including patients

with type 2 diabetes.2

In conclusion, empagliflozin may improve steatosis (DSI, HSI) but not

fibrosis (NFS, FIB-4) risk in patients with type 2 diabetes and pre-existing

cardiovascular disease. High-risk categories of fibrosis were associated

with higher incidence of cardiovascular events. Empagliflozin further

seemed to improve cardiorenal outcomes across all steatosis and fibrosis

categories. With a lack of large-scale, prospective randomized placebo-

controlled clinical trials, including imaging or histology for assessment of

steatosis and fibrosis, this study adds relevant information on the poten-

tial effects of empagliflozin on NAFLD, and on the cardiorenal effects of

empagliflozin in varying risk groups of patients with type 2 diabetes. Nev-

ertheless, future research, including liver histology and/or imaging, is

needed to assess better the potential benefits of empagliflozin treatment

on fibrosis and its importance for clinical practice.
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