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Abstract
Purpose Non-alcoholic fatty liver disease (NAFLD) is the hepatic manifestation of the metabolic syndrome. Particularly 
morbidly obese patients are at risk of developing progressive liver disease. Nutritional and lifestyle intervention is recom-
mended as the standard of care in NAFLD. However, there is a striking lack of evidence to support the efficacy of lifestyle 
intervention to treat NAFLD in morbidly obese patients. Here, we aimed to assess the impact of lifestyle intervention on 
NAFLD in the morbidly obese in a real-world setting.
Methods 136 obese patients were included in an industry-independent, multiprofessional lifestyle intervention program 
with a lead-in phase of 12 weeks of formula diet and a total of 48 weeks intensive counselling. Body weight and markers of 
the metabolic syndrome were analyzed. Presence of NAFLD was screened for by use of non-invasive markers of fatty liver, 
non-alcoholic steatohepatitis and liver fibrosis.
Results Weight loss goals (i.e. > 5% or > 10% of initial body weight, respectively, depending on baseline BMI) were achieved 
in 89.7% of subjects in the intention-to-treat analysis and 93.9% in the per-protocol analysis. This was associated with a 
pronounced improvement in serum ALT values. The percentage of subjects who fulfilled non-invasive criteria for fatty liver 
dropped from 95.2 to 54.8%. Risk of NASH improved and the number of patients at risk of liver fibrosis declined by 54.1%.
Conclusion Lifestyle intervention was associated with a marked improvement of serum ALT and an improvement of sur-
rogate scores indicative of NAFLD and, importantly, advanced fibrosis, in a real-world cohort of morbidly obese patients.
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Introduction

Obesity nowadays afflicts more than 40% of the population 
in industrialized countries, and its prevalence is still rising 
[1]. Obesity is the most important risk factor for developing 
the metabolic syndrome and its hepatic manifestation, i.e. 

non-alcoholic fatty liver disease (NAFLD). Thus, NAFLD 
has become the leading cause of chronic liver disease 
worldwide with an estimated prevalence of up to 30% [2, 
3]. NAFLD encompasses a wide spectrum ranging from 
“benign” liver steatosis (non-alcoholic fatty liver, NAFL) 
to nonalcoholic steatohepatitis (NASH), which may progress 
to cirrhosis with its subsequent complications [2, 4] or lead 
to the development of hepatocellular carcinoma even in the 
absence of cirrhosis [5]. Thus, NAFLD has already become 
a major health burden, one which may become the major 
cause for liver transplantation in Western societies [4].

Large observational studies in the European population 
have found a four-fold higher NAFLD prevalence in obese 
than in lean patients [6, 7]. Moreover, a meta-analysis of 
eight observational studies demonstrated that obese patients 
had more severe histological lesions, including NASH and 
fibrosis [8], putting them at the highest risk of developing 
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severe complications. Therefore, especially the obese are in 
need of effective therapies for NAFLD.

Despite great efforts, no medical therapies for NAFLD 
have been approved so far. Because of the close link between 
obesity and NAFLD, weight reduction through lifestyle 
intervention is recommended in current guidelines [9]. How-
ever, only few studies have shown that weight loss achieved 
by lifestyle intervention is effective in treating NAFLD. Fur-
thermore, trials investigating into the efficacy of lifestyle 
intervention for the treatment of NAFLD were almost exclu-
sively performed in overweight patients or patients with 
class I obesity only (max. BMI 35 kg/m2) [10–13]. Thus, 
there is a lack of data assessing the efficacy of lifestyle inter-
vention for NAFLD in morbidly obese patients, although 
this group of patients is at highest risk of progressive liver 
disease. Furthermore, despite clear recommendations in cur-
rent guidelines [9], the efficacy of lifestyle intervention pro-
grams in treating NAFLD and NASH is still contested [14]. 
More data to assess their efficacy with regard to NAFLD, 
especially in the very obese, are urgently needed.

The gold standard to assess NAFLD is liver histology. 
However, this is only feasible in clinical studies, which are 
hampered by selection bias and place enrollment hurdles 
that are not easily overcome by many patients. Thus, data 
obtained in a “real-world” setting are needed, more reflective 
of a broader patient spectrum and allowing for extrapola-
tion into day-to-day clinical routine. Owing to the observa-
tional design of our study, non-invasive markers to monitor 
NAFLD were used.

It was our aim to investigate into the efficacy of mul-
tidisciplinary lifestyle intervention in targeting NAFLD in 
patients with morbid obesity in a real-life setting. Indicators 
of obesity, the metabolic syndrome, NAFLD, liver fibrosis 
and NASH were analyzed. Non-invasive markers were used 
to assess NAFLD, as recommended by the European Asso-
ciation for the Study of the Liver (EASL) [9, 15]. We ana-
lyzed (i) liver steatosis (fatty liver index (FLI) [16]), (ii) liver 
damage (ALT, applying revisited range values for NAFLD 
patients [9, 15, 17]) (iii) liver fibrosis (NAFLD fibrosis score 
(NFS) [18]) and NASH, the latter non-invasively defined by 
serum levels of M30 [19] or lipidome analysis.

Methods

Selection of patients

Obese patients (BMI > 30  kg/m2) aged > 18  years were 
screened for participation in our lifestyle intervention pro-
gram as part of their standard clinical care. Exclusion cri-
teria for participation in the program were the presence of 
malignant disease, presence of other chronic liver disease 
including viral hepatitis, pregnancy, alcohol consumption 

(> 10 g per day for females and > 20 g per day for males, 
respectively), other addictions or instable psychiatric dis-
ease. Patients were included in a data- and biobank after 
informed consent was obtained. The study was approved by 
the Ethics Committee at the Medical Faculty of the Univer-
sity of Munich (protocol 18–358).

Multidisciplinary lifestyle intervention program

Our lifestyle intervention program recognizes obesity as a 
chronic disease. It is set up as a multimodal and multipro-
fessional, industry-independent program for the sustained 
treatment of obesity and is designed to treat and follow the 
patients for 12 months. This so-called “ZEPmax”-program 
is based at the “Zentrum für Ernährungsmedizin und Präven-
tion” (ZEP, Center for Nutritional Medicine and Prevention) 
in Munich, Germany.

Patients were assigned to closed groups, with 14 adults 
per group on average. Group sessions were held weekly for 
3.5 h. In total, 34 units of behavior therapy and 30 units of 
dietary counseling in individual and group sessions were 
conducted, in addition to 2 cooking classes, 50 units of 
group exercise therapy and 14 physician appointments. The 
program was divided into 3 phases: 12 weeks formula diet 
to induce weight loss, 3 weeks of adaptation to a hypocaloric 
regular diet and 35 weeks of regular diet implementing rec-
ommendations for a healthy diet. Within the first 12 weeks, 
formula diet was provided as the sole source of nourish-
ment. Four servings of formula diet per day were balanced to 
859 kcal, containing 55 g protein, 109 g carbohydrates and 
20 g fat (41.3% saturated fatty acids, 14.2% mono-unsatu-
rated fatty acids, 22.3% di- and polyunsaturated fatty acids 
and 22.2% linolic acid). Formula diet was purchased from 
Wander AG (Neuenegg, Switzerland). Composition of the 
formula differed only slightly between different flavors of 
formula (max. 3% difference in daily calorie intake). During 
the adaptation phase, formula diet was reduced stepwise and 
replaced by a hypocaloric, self-prepared diet rich in protein. 
In the following 35 weeks, the focus laid on weight stabiliza-
tion with a self-prepared calorie-reduced mixed diet accom-
panied by intensive nutritional advice, behavior therapy, and 
exercise therapy.

Regarding alcohol consumption, patients with mod-
erate alcohol use at screening were asked to omit alco-
hol consumption during the formula diet phase and were 
advised to limit alcohol consumption as part of their dietary 
counselling.

As recommended by current guidelines, weight loss was 
categorized as successful (goal achieved) if participants 
with a baseline BMI of < 35 kg/m2 lost > 5% and partici-
pants with a baseline BMI of  ≥ 35 kg/m2 lost > 10% body 
weight, respectively.
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Assessment of glucose metabolism, liver steatosis 
and liver fibrosis

Impaired fasting glucose (≥ 100  mg/dL) and diabetes 
(≥ 126 mg/dL) were defined in accordance with current 
guidelines [20]. Patients on antidiabetic medication were 
considered diabetic irrespective of their fasting glucose 
levels.

In assessing NAFLD-associated liver damage, adjusted 
ALT range values (men: < 30 U/L, women: < 19 U/L) were 
applied as recommended by EASL [15].

The FLI is an established scoring system, predicting liver 
steatosis with high accuracy [16]. FLI was calculated from 
BMI, waist circumference, triglycerides and gamma-GT to 
rule out (FLI < 30) or rule in (FLI ≥ 60) fatty liver. The NFS 
is a validated score, allowing the discrimination between 
patients with and without advanced fibrosis with high accu-
racy [18]. NFS was calculated from age, BMI, ALT, blood 
platelet count, serum albumin and presence or absence of 
impaired fasting glucose. Both FLI and NFS are recom-
mended by EASL as tools to evaluate NAFLD [9, 15].

In addition, the ‘fibrosis improvement during lifestyle 
intervention’ (FILI) score was applied to assess improve-
ment in NAFLD [21]. This score was developed from a life-
style intervention study with paired liver biopsies in 261 
NASH patients and includes changes in HbA1c, platelet 
number and ALT normalization. The FILI score discrimi-
nated patients with fibrosis improvement significantly better 
than other biomarkers including NFS.

M30 measurement

For the assessment of cell death due to apoptosis, the bio-
marker M30 was quantified in patients’ sera by ELISA 
(Apoptosense®, PEVIVA, Alexis) according to the manu-
facturer's instructions. Measurements were done in one batch 
at the end of the study.

Lipidomics

At day 0 and week 48, fatty acid levels and fatty acid com-
position were determined in serum. Extraction from serum 
was performed according to the method of Folch with chlo-
roform/methanol (2:1 v/v) [22]. The extract was washed 
once with NaCl (0.9%, 0.2-fold volume) and twice with 
methanol/water (1:1 v/v). Subsequently, the organic phase 
was evaporated via  N2, esterified with derivatization reagent 
(Supelco®, Germany) and resolved in n-hexane (hexane/
water, 1:1). Fatty acid methyl esters were separated by cap-
illary gas chromatography (BPX70 column from SGE®, 
Germany, oven temperature 120–210 °C with increase of 
2 °C/min,  H2 as carrier gas, flame ionization detector) and 
identified by comparison of their retention time relative to 

those of the standard mixture (37 component FAME mix, 
Supelco®, Germany). Quantification was performed with 
C15:0 as internal standard by use of the Clarity Lite software 
(DataApex).

Statistics

All linear data are presented as mean ± standard deviation 
(SD). Statistics were performed with SPSS 25. For the 
intention-to-treat analysis, the last observation was carried 
forward. A linear model of repeated measure was applied 
(repeated measurement ANOVA) and multiple paired tests 
were adjusted with Bonferroni correction. Statistics for 
nominal data were calculated with Pearson's Chi-squared 
test. For paired nominal data, the McNemar test was applied.

Results

Treatment response was achieved in a majority 
of patients

A total of 145 subjects were screened and 136 subjects par-
ticipated in our multimodal lifestyle intervention program. A 
flowchart of the study population is given in supplementary 
Fig. 1. In the intention-to-treat analysis with last observation 
carried forward, 122/136 (89.7%) subjects achieved their 
weight loss goals (i.e. patients lost > 5% and > 10% of weight 
depending on the baseline BMI of < 35 and ≥ 35 kg/m2, 
respectively). Intervention was completed by 114 patients 
(per protocol cohort). Baseline characteristics of this cohort 
stratified for gender are given in Table 1 (additional vari-
ables and stratification for obesity class are shown in sup-
plementary Table 1). Almost three quarters of participants 
were female. All participants were obese (BMI ≥ 30 kg/m2) 
and 65.8% were morbidly obese with a BMI > 40 kg/m2. 
Weight loss goals were achieved by 107/114 (93.9%). The 
weight loss over time is shown in Fig. 1A. At the start of the 
program, participants had a significant initial drop in body 
weight during the formula diet phase. Importantly, the initial 
weight loss was maintained during the re-introduction of a 
regular diet both in the initial hypocaloric phase as well as in 
the maintenance phase, in which participants prepared their 
own food and implemented lifestyle changes to keep a stable 
steady state. Weight cycling or weight gain could be avoided 
over the long-term observational period of 48 weeks.

In summary, our multimodal lifestyle intervention 
enrolled a real-world cohort comprised of mainly mor-
bidly obese subjects, with low drop-out rates. Participants 
achieved and sustained a substantial weight loss during the 
entire course of 48 weeks.
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Weight loss and lifestyle change were 
associated with an improvement in components 
of the metabolic syndrome

NAFLD is the hepatic manifestation of the metabolic 
syndrome. Components of the metabolic syndrome are, 
among others, diabetes and elevated serum triglycer-
ides. The proportion of subjects with impaired glucose 

tolerance or diabetes declined from 22.8% at baseline to 
7.5% at the end of the program (p < 0.01, McNemar-test; 
Fig. 1B). Serum cholesterol (200.2 mg/dL ± 45.2 mg/dL 
vs. 186.5 mg/dL ± 38.2 mg/dL, p < 0.001, t test) and serum 
triglycerides (138.9 mg/dL ± 55.8 mg/dL vs. 105.3 mg/
dL ± 53.3 mg/dL, p < 0.001, t test) also improved. As a 
surrogate for insulin sensitivity, the triglycerides/HDL 
ratio was calculated and significantly improved from 

Table 1  Participants’ 
characteristics

A total of 136 obese patients were included in the lifestyle intervention program. Baseline characteristics 
are given for the cohort in the per protocol analysis (n = 114). The majority of patients was female. Treat-
ment response was defined as weight loss of > 5% and > 10% of body weight depending on a baseline BMI 
of < 35 and ≥ 35 kg/m2, respectively. p values were calculated for the comparison of male and female par-
ticipants applying § unpaired t test and $ Chi-squared test, respectively

Total Male Female p

Sex, n (%) 114 (100%) 31 (27.2%) 83 (72.8%) n.a
Age (years) 45.4 ± 13.3 48.7 ± 11.7 44.2 ± 13.6 n.s
Weight (kg) 128.3 ± 26.4 146.6 ± 25.8 121.5 ± 23.3  < 0.001 §

BMI (kg/m2) 43.6 ± 7.7 45.4 ± 6.7 43.0 ± 8.0 n.s
Obesity class I
(BMI ≥ 30), n (%)

13 (11.4%) 1 (3.2%) 12 (14.5%) n.s

Obesity class II
(BMI ≥ 35), n (%)

26 (22.8%) 7 (22.6%) 19 (22.9%)

Obesity class III
(BMI ≥ 40), n (%)

75 (65.8%) 23 (74.2%) 52 (62.7%)

Treatment response, n (%) 107 (93.9%) 29 (93.5%) 78 (94.0%) n.s
Relative weight loss (%) 21.0 ± 8.6 22.9 ± .9.7 20.3 ± 8.0 n.s
Weight loss < 10%, n (%) 8 (7.0%) 2 (6.5%) 6 (7.2%) 0.09$

Weight loss 10–20%, n (%) 44 (38.6%) 7 (22.6%) 37 (44.6%)
Weight loss 20–30%, n (%) 45 (39.5%) 14 (45.2%) 31 (37.3%)
Weight loss > 30%, n (%) 17 (14.9%) 8 (25.8%) 9 (10.8%)

Fig. 1  Body weight and glycemic status improve with lifestyle inter-
vention. A total of 136 obese subjects were included in the lifestyle 
intervention program. 114 (84%) participants could be included 
in the per protocol analysis. A BMI is given over time for males 
(blue) and females (red) showing marked and sustained weight loss. 
***p < 0.001 vs. W0, $p < 0.001 vs. W15, ANOVA, Bonferroni-
adjusted  post-hoc analysis. B Glycemic status was followed over 

time. Subjects on antidiabetic medication or fasting plasma glucose 
levels ≥ 126  mg/dL were considered diabetic (red), while subjects 
with fasting plasma glucose levels 100–125  mg/dL were defined 
as subjects with impaired fasting glucose (IFG). As a result of life-
style intervention, glycemic status of patients markedly improved. 
**p < 0.01, McNemar test
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2.7 ± 1.4 to 1.8 ± 1.2 (p < 0.001, t test). No patient was 
newly prescribed with anti-diabetic or lipid lowering medi-
cation during the course of the program.

Thus, as expected, weight loss was associated with 
improvements in components of the metabolic syndrome.

Lifestyle intervention is associated with specific 
changes in the serum lipidome

In experimental NASH, specific alterations of the lipidome 
have been described [23, 24]. In patients, the composi-
tion of the hepatic [25] and serum [26, 27] lipidome has 
repeatedly been associated with NAFLD, and specific 
alterations in fatty acid composition were found to cor-
relate with (histology-proven) NASH. Experimentally, 
fatty acid-induced alterations of mitochondrial function 
have been suggested as a potential underlying mechanism 
[28]. Therefore, 21 individual fatty acids were quantified 
in participants´ sera at enrollment and at 48 weeks (supple-
mentary Table 2). Results demonstrate a relatively stable 
pattern of fatty acid composition. While serum levels of 
the polyunsaturated omega-9 fatty acid C20:1n9 (eicose-
noic acid) were increased, levels of the monounsaturated 
fatty acid C16:1n7 (palmitoleic acid) dropped after weight 
loss. Relevant fatty acid ratios and components are given 
in Table 2.

Overall, rather than general changes, weight loss and 
change of lifestyle led to specific changes in fatty acid 
composition, namely a decrease in the C16:1n7 to C16:0 
ratio.

Weight loss and lifestyle changes were associated 
with amelioration of liver damage and risk of liver 
steatosis

We determined serum levels of ALT and gamma-GT dur-
ing the course of the multimodal lifestyle intervention pro-
gram. To this aim, we applied the published revisited range 
ALT values for NAFLD patients (with values > 30U/L for 
males and > 19U/L for females being considered elevated) 
[9, 15, 17]. There was a pronounced and continuous decline 
in serum ALT activity over the entire course of the pro-
gram (Fig. 2A). The prevalence of elevated serum ALT lev-
els dropped from 70.1% at baseline to 45.8% at the end of 
the program. Improvement of serum ALT levels showed a 
very weak correlation with change of body weight (p = 0.02, 
r2 = 0.07) as depicted in supplementary Fig. 2. In males, 
the proportion of participants with elevated ALT fell from 
78.6 to 32.1% (females: 68.4% vs. 50.6%, Fig. 2B). There 
also was a significant decline of gamma-GT levels over time 
(Fig. 2C). Levels of gamma-GT, however, did not follow the 
same pattern over time as ALT levels.

As depicted in Fig. 2D, weight loss and lifestyle changes 
were associated with a marked decline in the risk of fatty 
liver as defined by FLI. While the percentage of subjects 
with NAFL declined from 95.2 to 54.8%, liver steato-
sis could be ruled out in almost a quarter of all subjects 
(22.6% vs. 1.6%) after participation in lifestyle intervention 
(p < 0.001, Chi-squared test).

In summary, liver damage as assessed by serum ALT 
markedly improved in our cohort of morbidly obese sub-
jects during long-term lifestyle intervention. Weight loss 
was furthermore associated with a decreased risk for NAFL.

M30 levels and liver fibrosis are ameliorated 
in association with lifestyle intervention

The serum apoptosis marker M30 has been repeatedly used 
to non-invasively identify patients at increased risk of NASH 
or advanced liver disease, using a cut-off of 200U/L [19, 
29–31]. We therefore determined serum M30 values in our 
patients over the time course of the study. At enrollment, 
M30 values > 200U/L were detected in 38.6% of partici-
pants. After weight loss and lifestyle change, the percent-
age of participants with M30 > 200U/L declined to 25.3% 
(p < 0.01, Fig. 3A). Absolute M30 values declined moder-
ately but highly significantly from 206.4 U/L ± 168.0 U/L to 
167.3 U/L ± 147.7 U/L (p < 0.001, paired t test). M30 cor-
related considerably with ALT (r = 0.55, p < 0.001, Spear-
man rank) but weakly with body weight (r = 0.25, p = 0.02, 
Spearman rank).

The fatty acid ratio C16:1n7/C16:0 in serum has been 
reported to closely correlate with the histological presence 
of NASH [27]. As described above, the C16:1n7/C16:0 

Table 2  Change in fatty acid composition during lifestyle interven-
tion

Lipidomics were determined by gas chromatography. Total, saturated 
and unsaturated fatty acids (FA) are shown, as well as mono-unsatu-
rated (MUFA), di-unsaturated (DUFA) and poly-unsaturated (PUFA) 
fatty acids and relevant fatty acid ratios. Weight loss was associated 
with changes in the C16:1n7 to C16:0 ratio. p values are given for 
paired t tests

W0 W48 p

Total FA 18.6 g/l ± 9.5 g/l 20.0 g/l ± 14.0 g/l 0.317
Saturated FA 8.3 g/l ± 3.7 g/l 8.3 g/l ± 3.9 g/l 0.903
Unsaturated FA 10.3 g/l ± 6.7 g/l 11.7 g/l ± 11.3 g/l 0.271
MUFA 6.0 g/l ± 5.5 g/l 7.4 g/l ± 10.7 g/l 0.256
DUFA 3.1 g/l ± 1.5 g/l 3.1 g/l ± 1.7 g/l 0.886
PUFA 1.3 g/l ± 0.8 g/l 1.2 g/l ± 0.8 g/l 0.364
Saturated to unsatu-

rated
0.9 ± 0.4 0.9 ± 0.4 0.707

C16:1n7 to C16:0 0.05 ± 0.02 0.04 ± 0.02  < 0.001
C18:0 to C16:0 0.6 ± 0.2 0.6 ± 0.2 0.434
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Fig. 2  Liver damage and risk of fatty liver improve with lifestyle 
intervention A total of 136 obese subjects were included in the life-
style intervention program. 114 (84%) subjects could be included in 
the per protocol analysis. A Serum ALT values over time are given 
for female (red) and male (blue) participants, respectively. Dot-
ted lines mark the gender-specific upper limits of normal (ULN) at 
19U/L (females) and 30U/L (males). *p < 0.05, **p < 0.01 vs. W0, 
ANOVA, Bonferroni-adjusted  post-hoc analysis. B The percent-
age of subjects with elevated (red) or normal ALT values (green) 

before and after lifestyle intervention is given, accounting for gen-
der-specific ULN. **p < 0.01, ***p < 0.001, McNemar test. C γGT 
values are given over time. *p < 0.05 vs. W0, ANOVA, Bonferroni-
adjusted  post-hoc analysis. D Fatty liver was assessed by calcula-
tion of FLI. Subjects in which fatty liver was excluded are depicted 
in green, subjects with indeterminate values are shown in yellow and 
those with definite fatty liver are shown in red. Weight loss during 
lifestyle intervention was associated with a marked decrease in the 
proportion of patients with fatty liver. ***p < 0.001, Chi-squared test

Fig. 3  Serum M30 values and risk of liver fibrosis improve with 
weight loss during lifestyle intervention. A As a surrogate for 
NASH, patients were classified per M30 values with a cut-off set at 
200U/L. Weight loss led to a decrease in participants with M30 val-
ues > 200U/L. ##p < 0.01, McNemar. B NFS was calculated and par-
ticipants in whom liver fibrosis could be excluded are depicted in 

green, participants with indeterminate values are shown in yellow and 
those with definite fibrosis are shown in red. Weight loss during life-
style intervention was associated with a marked decrease in the pro-
portion of subjects at risk for liver fibrosis. **p < 0.01, Chi-squared 
test
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ratio specifically and highly significantly declined by 20% 
in our cohort, whereas the further fatty acid profile remained 
unchanged.

Even more than the presence of NASH, NAFLD-asso-
ciated liver fibrosis is prognostic for liver-related morbid-
ity and mortality [32]. NFS was used to identify subjects 
with liver fibrosis [9, 15]. Its cut-off values rule in and rule 
out liver fibrosis. During lifestyle intervention, the number 
of participants with a high likelihood for liver fibrosis was 
reduced by more than half (absolute proportions fell from 
14.6 to 6.7%, p < 0.01, Chi-squared test, Fig. 3B). Con-
versely, liver fibrosis could be ruled out in 52.8% of partici-
pants after lifestyle intervention (vs. 30.3% before interven-
tion). Positive changes in terms of liver fibrosis were further 
supported by the FILI score [21]. In line with the results 
determined by NFS, FILI indicated an improvement of liver 
fibrosis in 43.2% of our subjects. A summary of key anthro-
pometric, metabolic and hepatic variables and their change 
over time is given in Table 3.

In summary, weight loss and lifestyle changes were asso-
ciated with significantly reduced likelihoods of both NASH 
and liver fibrosis, each determined by two independent non-
invasive measures.

Discussion

In our observational study, reflecting a real-world setting, 
we demonstrated excellent therapeutic response in terms of 
weight loss in an industry-independent 48-week multidis-
ciplinary lifestyle intervention program in morbidly obese 
patients. Lifestyle intervention was furthermore associ-
ated with marked improvement in surrogate markers of 
non-alcoholic fatty liver disease. Thus, our results support 

the efficacy of weight loss by lifestyle intervention to treat 
NAFLD in patients with morbid obesity.

Although it is generally recommended in current guide-
lines [9], the efficacy of lifestyle intervention for NAFLD is 
often met with skepticism, especially with regard to its long-
term outcomes [14]. This is owing to the fact that obesity 
in itself is a chronic disease, and weight loss can be difficult 
to achieve and maintain. Unfortunately, this often leads to 
a certain degree of therapeutic nihilism in management of 
these patients.

Our study demonstrated a high rate of sustained weight 
loss (mean weight loss of 20.3% and 22.9% in females and 
males, respectively) in mostly morbidly obese participants. 
The observational design of our study is a strength in this 
regard, as it was reflective of the real-world setting in which 
participants were treated for obesity as part of their routine 
clinical care.

To date, evidence to support a therapeutic effect of weight 
loss through lifestyle intervention for NAFLD is lacking in 
morbidly obese patients. The effect of lifestyle intervention 
has only been established in overweight cohorts [10–13]. 
Since the prevalence of NAFLD is highest in morbidly obese 
patients [33], our study focused on the most relevant tar-
get group. Our data suggest that weight loss and lifestyle 
changes are associated with significant improvements in the 
likelihood of both NASH and liver fibrosis, each determined 
by two independent non-invasive measures in morbidly 
obese patients. The data presented here are in line with one 
previous study [34]. That study had observed patients under-
going an industry-dependent lifestyle intervention program 
and reported an improvement of NFS scores in a small group 
of patients (n = 43). Here, we add data on the likelihood of 
liver inflammation/NASH and, more importantly, observed 
a larger cohort.

Another previous trial had histologically demonstrated 
an association of weight loss by lifestyle intervention with 
improvements in liver fibrosis [10]. However, that study had 
suffered from low response rates in terms of weight loss 
(9.9% of participants had achieved a weight loss > 10%), and 
it had focused on overweight rather than obese patients, two 
limitations which gave the rationale for this current study.

This current study, too, has important limitations. The 
lack of histology, elastography, or radiological assess-
ment of liver parenchyma to detect or quantify fibrosis is 
its most important limitation. While clearly the gold stand-
ard is histological assessment, obtaining liver biopsies is 
only feasible in clinical studies. They, in turn, place higher 
enrollment obstacles and many participants refrain from 
taking part in those studies, owing to the increased risk 
associated with taking liver biopsies in morbidly obese 
patients. Thus, to obtain data from a real-world setting and 
to allow for repeated assessments, the assessment of both 
NASH and liver fibrosis must rely on non-invasive markers, 

Table 3  Summary of key antoprometric, metabolic and hepatic vari-
ables

A summary of key antoprometric, metabolic and hepatic variables is 
given for the per protocol cohort (n = 114) and changes over time are 
given. p values were calculated in paired analysis (t tests)

Parameter W0 W48 p

Weight (kg) 128.3 ± 26.4 101.0 ± 21.8  < 0.01
Waist (cm) 126.5 ± 16.9 102.3 ± 14.8  < 0.01
GOT (U/L) 28.4 ± 21.2 22.6 ± 7.0  < 0.01
GPT (U/L) 35.9 ± 32.4 21.4 ± 8.8  < 0.01
gGT (U/L) 35.1 ± 31.2 25.2 ± 16.4  < 0.01
Cholesterol (mg/dL) 200.2 ± 45.2 186.5 ± 38.2  < 0.01
Triglycerides (mg/dL) 138.9 ± 55.8 105.3 ± 53.3  < 0.01
Glucose (mg/dL) 94.3 ± 29.9 81.7 ± 12.9  < 0.01
M30 (U/L) 206.4 ± 168.0 167.3 ± 147.7  < 0.01
FLI 93.8 ± 12.3 62.6 ± 29.3  < 0.01
NFS − 0.8 ± 1.6 − 1.6 ± 1.3  < 0.01
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as acknowledged and recommended by current guidelines 
[9, 15]. Obviously, each marker used in this study has its 
strengths and weaknesses. In particular, the NFS score is 
better at ruling out rather than detecting advanced fibro-
sis [9, 15, 18, 35, 36]. In one meta-analysis, its negative 
predictive value (NPV) for advanced fibrosis was 91.8% 
(cut-off − 1.455), while its positive predictive value was 
66.9% (cut-off 0.676) with an overall AUROC of 0.84 [35]. 
Furthermore, except for FILI, the surrogate markers used 
were not originally intended to pick up changes in fibrosis 
in longitudinal studies. One multicenter longitudinal assess-
ment of NFS confirmed its good AUROC for the detection 
of advanced fibrosis (0.78), but AUROC was reduced to 0.66 
in the longitudinal application to detect changes in fibro-
sis, specifically in that study, progression in fibrosis [37]. 
Improvements in fibrosis were not seen, thus no AUROC 
for improved fibrosis could be calculated.

Accuracy of non-invasive tests is furthermore influenced 
by pre-test probabilities in the cohorts tested. While the FLI 
was developed for the detection of fatty liver in the general 
population [16], the NFS was established in selected patient 
cohorts with known NAFLD and in cohorts with high preva-
lence of liver fibrosis [18]. Although recommended for use 
as a screening tool in patients with obesity [15], the accuracy 
of FLI and NFS has not been rigorously tested in morbidly 
obese and may, therefore, be reduced in our cohort. The 
effect of pre-test probabilities may be particularly important 
for the interpretation of the apoptosis marker M30. While a 
cut-off of 200U/L has been repeatedly used to detect NASH 
or advanced liver disease [19, 29–31], its predictive value 
remains subject to further evaluation.

Our results must, therefore, be interpreted with caution 
and future studies will need to include elastographic or 
radiological assessments of liver parenchyma to validate our 
results. To address the limitations of surrogate scores, two 
independent non-invasive measures were applied for each 
entity. In addition to ALT, M30 and C16:1n7 were deter-
mined to reflect the course of liver inflammation, i.e. NASH, 
and both NFS and FILI were calculated to assess improve-
ments in liver fibrosis.

Our study was single-armed, which is another limita-
tion of the study. Nevertheless, all patients had undertaken 
multiple futile attempts to lose body weight previously, so 
spontaneous improvements without intervention would have 
been unlikely.

Importantly, 73% of participants were female and gen-
der might influence the likelihood of adherence to life-
style intervention. There is insufficient data to rule out 
this possible source of bias; however, available evidence 
suggests that males are not less adherent than women [38]. 
Given the paucity of structured lifestyle intervention pro-
grams, our cohort may furthermore have been comprised 
of particularly motivated obese patients and effectiveness 

of lifestyle intervention in terms of weight loss might be 
different when applied to a broader population.

Specific minimal weight loss thresholds required to 
improve NAFLD have been suggested. While some stud-
ies found that ≥ 7% weight loss was required for histologi-
cal improvement in NASH [12, 39], others found ≥ 10% 
weight loss to be the minimal threshold [10]. Since 93% of 
participants in our study lost ≥ 10% of weight, there was an 
insufficient number of patients with weight loss < 10% to 
revisit such thresholds. Instead, we found a linear correla-
tion of ALT improvement with weight loss, albeit with a 
low slope of the regression curve (supplementary Fig. 2). 
This suggests that any amount of weight loss may be ben-
eficial to improve liver damage. Since virtually all subjects 
included in this study were still overweight at the end of 
the program (minimal BMI remaining > 25 kg/m2 in all but 
four participants at the end of treatment), no upper limit of 
a benefit by weight loss could be detected.

Only few structured weight loss programs are available 
for obese patients, even in industrialized countries. This 
may partly be due to an underestimation of the clinical 
need, efficacy and cost-effectiveness of such programs 
by caregivers, patients and health insurance companies 
alike. In the treatment of this chronic disease, keeping the 
weight off and developing healthy habits after the initial 
weight loss phase is a very important goal of any life-
style program. Currently, patients and caregivers greatly 
rely on commercially available programs, which focus on 
dietary intervention, i.e. formula diets focused on short-
term effects, but lack continuous long-term psychosocial 
counselling, physical training and nutritional consultation 
to prevent weight cycling and to support a sustained and 
long-lasting weight loss. Unfortunately, rigid commercial 
regimens resist adaptation due to licensing issues. We, 
therefore, developed this industry-independent lifestyle 
intervention program based on long-term experiences from 
our multiprofessional team. It is noteworthy to mention the 
relatively low costs of multimodal lifestyle intervention 
of this industry-independent program. Despite the inten-
sive treatment regimen applied here, lifestyle intervention 
could be offered at moderate cost of 2,800 € per year.

In summary, our study adds to the growing body of 
evidence suggesting efficacy of lifestyle intervention to 
improve NAFLD in morbidly obese patients and demon-
strates applicability of multimodal lifestyle intervention 
in this difficult to treat group of patients in a real-world 
setting. Our study thus encourages a better and more wide-
spread application of this viable treatment option, and 
provides promising treatment results defying therapeutic 
nihilism.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00394- 022- 02846-7.

https://doi.org/10.1007/s00394-022-02846-7


2733European Journal of Nutrition (2022) 61:2725–2735 

1 3

Author contributions MB, GB and CR designed the lifestyle interven-
tion program. MB, SF and GB were involved in patient care. SZ, JS and 
SS performed data collection and analysis of biomaterial. SH designed 
the study. SH, JN, GD and CR analyzed results. SH and JN wrote the 
manuscript. All authors reviewed and approved the final manuscript.

Funding Open Access funding enabled and organized by Projekt 
DEAL. This work was supported by the Deutsche Forschungsgemein-
schaft (DFG), grant HO4460/3–1 to SH.

Declarations 

Conflict of interest Monika Bischoff, Jutta M. Nagel, Gert Bischoff 
and Christian Rust are employees of the public hospital offering life-
style intervention programs. The authors report no further financial or 
non-financial interests.

Ethics approval This research study was conducted from data and 
biomaterial obtained for routine clinical purposes. Patients were had 
been prospectively included in our biobank as approved by the Eth-
ics Committee at the Medical Faculty of the University of Munich 
(protocol 18-358).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Afshin A, Forouzanfar MH, Reitsma MB, Sur P, Estep K, Lee A, 
Marczak L, Mokdad AH, Moradi-Lakeh M, Naghavi M, Salama 
JS, Vos T, Abate KH, Abbafati C, Ahmed MB, Al-Aly Z, Alkerwi 
A, Al-Raddadi R, Amare AT, Amberbir A, Amegah AK, Amini 
E, Amrock SM, Anjana RM, Arnlov J, Asayesh H, Banerjee A, 
Barac A, Baye E, Bennett DA, Beyene AS, Biadgilign S, Biryukov 
S, Bjertness E, Boneya DJ, Campos-Nonato I, Carrero JJ, Cecilio 
P, Cercy K, Ciobanu LG, Cornaby L, Damtew SA, Dandona L, 
Dandona R, Dharmaratne SD, Duncan BB, Eshrati B, Esteghamati 
A, Feigin VL, Fernandes JC, Furst T, Gebrehiwot TT, Gold A, 
Gona PN, Goto A, Habtewold TD, Hadush KT, Hafezi-Nejad N, 
Hay SI, Horino M, Islami F, Kamal R, Kasaeian A, Katikireddi 
SV, Kengne AP, Kesavachandran CN, Khader YS, Khang YH, 
Khubchandani J, Kim D, Kim YJ, Kinfu Y, Kosen S, Ku T, Defo 
BK, Kumar GA, Larson HJ, Leinsalu M, Liang X, Lim SS, Liu 
P, Lopez AD, Lozano R, Majeed A, Malekzadeh R, Malta DC, 
Mazidi M, McAlinden C, McGarvey ST, Mengistu DT, Mensah 
GA, Mensink GBM, Mezgebe HB, Mirrakhimov EM, Mueller 
UO, Noubiap JJ, Obermeyer CM, Ogbo FA, Owolabi MO, Patton 
GC, Pourmalek F, Qorbani M, Rafay A, Rai RK, Ranabhat CL, 
Reinig N, Safiri S, Salomon JA, Sanabria JR, Santos IS, Sarto-
rius B, Sawhney M, Schmidhuber J, Schutte AE, Schmidt MI, 
Sepanlou SG, Shamsizadeh M, Sheikhbahaei S, Shin MJ, Shiri 

R, Shiue I, Roba HS, Silva DAS, Silverberg JI, Singh JA, Stranges 
S, Swaminathan S, Tabares-Seisdedos R, Tadese F, Tedla BA, 
Tegegne BS, Terkawi AS, Thakur JS, Tonelli M, Topor-Madry 
R, Tyrovolas S, Ukwaja KN, Uthman OA, Vaezghasemi M, 
Vasankari T, Vlassov VV, Vollset SE, Weiderpass E, Werdecker 
A, Wesana J, Westerman R, Yano Y, Yonemoto N, Yonga G, Zaidi 
Z, Zenebe ZM, Zipkin B, Murray CJL (2017) Health effects of 
overweight and obesity in 195 Countries over 25 years. N Engl J 
Med 377:13–27. https:// doi. org/ 10. 1056/ NEJMo a1614 362

 2. Bhala N, Angulo P, van der Poorten D, Lee E, Hui JM, Saracco G, 
Adams LA, Charatcharoenwitthaya P, Topping JH, Bugianesi E, 
Day CP, George J (2011) The natural history of nonalcoholic fatty 
liver disease with advanced fibrosis or cirrhosis: an international 
collaborative study. Hepatology 54:1208–1216. https:// doi. org/ 10. 
1002/ hep. 24491

 3. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer 
M (2016) Global epidemiology of nonalcoholic fatty liver dis-
ease-Meta-analytic assessment of prevalence, incidence, and out-
comes. Hepatology 64:73–84. https:// doi. org/ 10. 1002/ hep. 28431

 4. Michelotti GA, Machado MV, Diehl AM (2013) NAFLD, NASH 
and liver cancer. Nature reviews. Gastroenterol Hepatol 10:656–
665. https:// doi. org/ 10. 1038/ nrgas tro. 2013. 183

 5. Ertle J, Dechene A, Sowa JP, Penndorf V, Herzer K, Kaiser G, 
Schlaak JF, Gerken G, Syn WK, Canbay A (2011) Non-alcoholic 
fatty liver disease progresses to hepatocellular carcinoma in 
the absence of apparent cirrhosis. Int J Cancer 128:2436–2443. 
https:// doi. org/ 10. 1002/ ijc. 25797

 6. Bellentani S, Saccoccio G, Masutti F, Croce LS, Brandi G, Sasso 
F, Cristanini G, Tiribelli C (2000) Prevalence of and risk factors 
for hepatic steatosis in Northern Italy. Ann Intern Med 132:112–
117. https:// doi. org/ 10. 7326/ 0003- 4819- 132-2- 20000 1180- 00004

 7. van den Berg EH, Amini M, Schreuder TC, Dullaart RP, Faber 
KN, Alizadeh BZ, Blokzijl H (2017) Prevalence and determinants 
of non-alcoholic fatty liver disease in lifelines: a large Dutch pop-
ulation cohort. PLoS ONE 12:e0171502. https:// doi. org/ 10. 1371/ 
journ al. pone. 01715 02

 8. Sookoian S, Pirola CJ (2018) Systematic review with meta-analy-
sis: the significance of histological disease severity in lean patients 
with nonalcoholic fatty liver disease. Aliment Pharmacol Ther 
47:16–25. https:// doi. org/ 10. 1111/ apt. 14401

 9. EASL., EASD., EASO (2016) Clinical Practice Guidelines for 
the management of non-alcoholic fatty liver disease. J Hepatol 
64:1388–1402. https:// doi. org/ 10. 1016/j. jhep. 2015. 11. 004

 10. Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, Torres-
Gonzalez A, Gra-Oramas B, Gonzalez-Fabian L, Friedman SL, 
Diago M, Romero-Gomez M (2015) Weight loss through lifestyle 
modification significantly reduces features of nonalcoholic stea-
tohepatitis. Gastroenterology 149:367-378 e365. https:// doi. org/ 
10. 1053/j. gastro. 2015. 04. 005 (quiz e314–365)

 11. Wong VW, Chan RS, Wong GL, Cheung BH, Chu WC, Yeung 
DK, Chim AM, Lai JW, Li LS, Sea MM, Chan FK, Sung JJ, 
Woo J, Chan HL (2013) Community-based lifestyle modification 
programme for non-alcoholic fatty liver disease: a randomized 
controlled trial. J Hepatol 59:536–542. https:// doi. org/ 10. 1016/j. 
jhep. 2013. 04. 013

 12. Promrat K, Kleiner DE, Niemeier HM, Jackvony E, Kearns M, 
Wands JR, Fava JL, Wing RR (2010) Randomized controlled trial 
testing the effects of weight loss on nonalcoholic steatohepatitis. 
Hepatology 51:121–129. https:// doi. org/ 10. 1002/ hep. 23276

 13. Lazo M, Solga SF, Horska A, Bonekamp S, Diehl AM, Brancati 
FL, Wagenknecht LE, Pi-Sunyer FX, Kahn SE, Clark JM (2010) 
Effect of a 12-month intensive lifestyle intervention on hepatic 
steatosis in adults with type 2 diabetes. Diabetes Care 33:2156–
2163. https:// doi. org/ 10. 2337/ dc10- 0856

 14. Ratziu V, Sanyal A, Torres D, Hinrichsen H, Serfaty L, Bambha 
K, Jayakumar S, Goodman Z, Abdelmalek M, Aguilar R, Jia C, 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMoa1614362
https://doi.org/10.1002/hep.24491
https://doi.org/10.1002/hep.24491
https://doi.org/10.1002/hep.28431
https://doi.org/10.1038/nrgastro.2013.183
https://doi.org/10.1002/ijc.25797
https://doi.org/10.7326/0003-4819-132-2-200001180-00004
https://doi.org/10.1371/journal.pone.0171502
https://doi.org/10.1371/journal.pone.0171502
https://doi.org/10.1111/apt.14401
https://doi.org/10.1016/j.jhep.2015.11.004
https://doi.org/10.1053/j.gastro.2015.04.005
https://doi.org/10.1053/j.gastro.2015.04.005
https://doi.org/10.1016/j.jhep.2013.04.013
https://doi.org/10.1016/j.jhep.2013.04.013
https://doi.org/10.1002/hep.23276
https://doi.org/10.2337/dc10-0856


2734 European Journal of Nutrition (2022) 61:2725–2735

1 3

Mccolgan B, Myers R, Subramanian M, McHutchison J, Afd-
hal N, Harrison S (2017) Impact of weight reduction on serum 
markers and liver histology including progression to cirrhosis in 
patients with nonalcoholic steatohepatitis (NASH) and bridging 
fibrosis. J Hepatol 66:S543

 15. Bugianesi E, Rosso C, Cortez-Pinto H (2016) How to diagnose 
NAFLD in 2016. J Hepatol 65:643–644. https:// doi. org/ 10. 1016/j. 
jhep. 2016. 05. 038

 16. Bedogni G, Bellentani S, Miglioli L, Masutti F, Passalacqua 
M, Castiglione A, Tiribelli C (2006) The Fatty Liver Index: a 
simple and accurate predictor of hepatic steatosis in the general 
population. BMC Gastroenterol 6:33. https:// doi. org/ 10. 1186/ 
1471- 230X-6- 33

 17. Prati D, Taioli E, Zanella A, Della Torre E, Butelli S, Del Vecchio 
E, Vianello L, Zanuso F, Mozzi F, Milani S, Conte D, Colombo 
M, Sirchia G (2002) Updated definitions of healthy ranges for 
serum alanine aminotransferase levels. Ann Intern Med 137:1–10. 
https:// doi. org/ 10. 7326/ 0003- 4819- 137-1- 20020 7020- 00006

 18. Angulo P, Hui JM, Marchesini G, Bugianesi E, George J, Farrell 
GC, Enders F, Saksena S, Burt AD, Bida JP, Lindor K, Sanderson 
SO, Lenzi M, Adams LA, Kench J, Therneau TM, Day CP (2007) 
The NAFLD fibrosis score: a noninvasive system that identifies 
liver fibrosis in patients with NAFLD. Hepatology 45:846–854. 
https:// doi. org/ 10. 1002/ hep. 21496

 19. Liebig S, Stoeckmann N, Geier A, Rau M, Schattenberg JM, Bahr 
MJ, Manns MP, Jaeckel E, Schulze-Osthoff K, Bantel H (2019) 
Multicenter validation study of a diagnostic algorithm to detect 
NASH and fibrosis in NAFLD patients with low NAFLD fibro-
sis score or liver stiffness. Clin Transl Gastroenterol 10:e00066. 
https:// doi. org/ 10. 14309/ ctg. 00000 00000 000066

 20. Handelsman Y, Bloomgarden ZT, Grunberger G, Umpierrez 
G, Zimmerman RS, Bailey TS, Blonde L, Bray GA, Cohen AJ, 
Dagogo-Jack S, Davidson JA, Einhorn D, Ganda OP, Garber AJ, 
Garvey WT, Henry RR, Hirsch IB, Horton ES, Hurley DL, Jell-
inger PS, Jovanovic L, Lebovitz HE, LeRoith D, Levy P, McGill 
JB, Mechanick JI, Mestman JH, Moghissi ES, Orzeck EA, Pessah-
Pollack R, Rosenblit PD, Vinik AI, Wyne K, Zangeneh F (2015) 
American association of clinical endocrinologists and American 
college of endocrinology—clinical practice guidelines for devel-
oping a diabetes mellitus comprehensive care plan—2015. Endo-
crine Pract 21(Suppl 1):1–87. https:// doi. org/ 10. 4158/ EP156 72. 
GL

 21. Vilar-Gomez E, Calzadilla-Bertot L, Friedman SL, Gra-Oramas 
B, Gonzalez-Fabian L, Lazo-Del Vallin S, Diago M, Adams LA 
(2017) Serum biomarkers can predict a change in liver fibrosis 1 
year after lifestyle intervention for biopsy-proven NASH. Liver 
Int 37:1887–1896. https:// doi. org/ 10. 1111/ liv. 13480

 22. Folch J, Lees M, Sloane Stanley GH (1957) A simple method for 
the isolation and purification of total lipides from animal tissues. 
J Biol Chem 226:497–509

 23. Hohenester S, Kanitz V, Schiergens T, Einer C, Nagel J, Wimmer 
R, Reiter FP, Gerbes AL, De Toni EN, Bauer C, Holdt L, Mayr D, 
Rust C, Schnurr M, Zischka H, Geier A, Denk G (2020) IL-18 but 
Not IL-1 Signaling Is Pivotal for the Initiation of Liver Injury in 
Murine Non-Alcoholic Fatty Liver Disease. Int J Mol Sci. https:// 
doi. org/ 10. 3390/ ijms2 12286 02

 24. Einer C, Leitzinger C, Lichtmannegger J, Eberhagen C, Rieder T, 
Borchard S, Wimmer R, Denk G, Popper B, Neff F, Polishchuk 
EV, Polishchuk RS, Hauck SM, von Toerne C, Muller JC, Karst 
U, Baral BS, DiSpirito AA, Kremer AE, Semrau J, Weiss KH, 
Hohenester S, Zischka H (2019) A high-calorie diet aggravates 
mitochondrial dysfunction and triggers severe liver damage in 
wilson disease rats. Cell Mol Gastroenterol Hepatol 7:571–596. 
https:// doi. org/ 10. 1016/j. jcmgh. 2018. 12. 005

 25. Puri P, Baillie RA, Wiest MM, Mirshahi F, Choudhury J, Cheung 
O, Sargeant C, Contos MJ, Sanyal AJ (2007) A lipidomic analysis 

of nonalcoholic fatty liver disease. Hepatology 46:1081–1090. 
https:// doi. org/ 10. 1002/ hep. 21763

 26. Tomita K, Teratani T, Yokoyama H, Suzuki T, Irie R, Ebinuma 
H, Saito H, Hokari R, Miura S, Hibi T (2011) Plasma free 
myristic acid proportion is a predictor of nonalcoholic steato-
hepatitis. Dig Dis Sci 56:3045–3052. https:// doi. org/ 10. 1007/ 
s10620- 011- 1712-0

 27. Yamada K, Mizukoshi E, Seike T, Horii R, Terashima T, Iida 
N, Kitahara M, Sunagozaka H, Arai K, Yamashita T, Honda M, 
Takamura T, Harada K, Kaneko S (2019) Serum C16:1n7/C16:0 
ratio as a diagnostic marker for non-alcoholic steatohepatitis. J 
Gastroenterol Hepatol 34:1829–1835. https:// doi. org/ 10. 1111/ jgh. 
14654

 28. Einer C, Hohenester S, Wimmer R, Wottke L, Artmann R, Schulz 
S, Gosmann C, Simmons A, Leitzinger C, Eberhagen C, Borchard 
S, Schmitt S, Hauck SM, von Toerne C, Jastroch M, Walheim E, 
Rust C, Gerbes AL, Popper B, Mayr D, Schnurr M, Vollmar AM, 
Denk G, Zischka H (2018) Mitochondrial adaptation in steatotic 
mice. Mitochondrion 40:1–12. https:// doi. org/ 10. 1016/j. mito. 
2017. 08. 015

 29. Hempel F, Roderfeld M, Muntnich LJ, Albrecht J, Oruc Z, Arneth 
B, Karrasch T, Pons-Kuhnemann J, Padberg W, Renz H, Schaf-
fler A, Roeb E (2021) Caspase-Cleaved Keratin 18 measurements 
identified ongoing liver injury after bariatric surgery. J Clin Med. 
https:// doi. org/ 10. 3390/ jcm10 061233

 30. Feldstein AE, Wieckowska A, Lopez AR, Liu YC, Zein NN, 
McCullough AJ (2009) Cytokeratin-18 fragment levels as nonin-
vasive biomarkers for nonalcoholic steatohepatitis: a multicenter 
validation study. Hepatology 50:1072–1078. https:// doi. org/ 10. 
1002/ hep. 23050

 31. Bantel H, Lugering A, Heidemann J, Volkmann X, Poremba C, 
Strassburg CP, Manns MP, Schulze-Osthoff K (2004) Detection 
of apoptotic caspase activation in sera from patients with chronic 
HCV infection is associated with fibrotic liver injury. Hepatology 
40:1078–1087. https:// doi. org/ 10. 1002/ hep. 20411

 32. Angulo P, Kleiner DE, Dam-Larsen S, Adams LA, Bjornsson 
ES, Charatcharoenwitthaya P, Mills PR, Keach JC, Lafferty HD, 
Stahler A, Haflidadottir S, Bendtsen F (2015) Liver fibrosis, but 
no other histologic features, is associated with long-term out-
comes of patients with nonalcoholic fatty liver disease. Gastro-
enterology 149:389-397 e310. https:// doi. org/ 10. 1053/j. gastro. 
2015. 04. 043

 33. Loomis AK, Kabadi S, Preiss D, Hyde C, Bonato V, St Louis M, 
Desai J, Gill JM, Welsh P, Waterworth D, Sattar N (2016) Body 
mass index and risk of nonalcoholic fatty liver disease: two elec-
tronic health record prospective studies. J Clin Endocrinol Metab 
101:945–952. https:// doi. org/ 10. 1210/ jc. 2015- 3444

 34. Hohenester S, Christiansen S, Nagel J, Wimmer R, Artmann R, 
Denk G, Bischoff M, Bischoff G, Rust C (2018) Lifestyle interven-
tion for morbid obesity: effects on liver steatosis, inflammation, 
and fibrosis. Am J Physiol Gastrointest Liver Physiol 315:329–
338. https:// doi. org/ 10. 1152/ ajpgi. 00044. 2018

 35. Xiao G, Zhu S, Xiao X, Yan L, Yang J, Wu G (2017) Comparison 
of laboratory tests, ultrasound, or magnetic resonance elastog-
raphy to detect fibrosis in patients with nonalcoholic fatty liver 
disease: a meta-analysis. Hepatology 66:1486–1501. https:// doi. 
org/ 10. 1002/ hep. 29302

 36. Castera L, Friedrich-Rust M, Loomba R (2019) Noninvasive 
assessment of liver disease in patients with nonalcoholic fatty 
liver disease. Gastroenterology 156:1264-1281 e1264. https:// doi. 
org/ 10. 1053/j. gastro. 2018. 12. 036

 37. Siddiqui MS, Yamada G, Vuppalanchi R, Van Natta M, Loomba 
R, Guy C, Brandman D, Tonascia J, Chalasani N, Neuschwander-
Tetri B, Sanyal AJ, Network NCR (2019) Diagnostic accuracy 
of noninvasive fibrosis models to detect change in fibrosis stage. 

https://doi.org/10.1016/j.jhep.2016.05.038
https://doi.org/10.1016/j.jhep.2016.05.038
https://doi.org/10.1186/1471-230X-6-33
https://doi.org/10.1186/1471-230X-6-33
https://doi.org/10.7326/0003-4819-137-1-200207020-00006
https://doi.org/10.1002/hep.21496
https://doi.org/10.14309/ctg.0000000000000066
https://doi.org/10.4158/EP15672.GL
https://doi.org/10.4158/EP15672.GL
https://doi.org/10.1111/liv.13480
https://doi.org/10.3390/ijms21228602
https://doi.org/10.3390/ijms21228602
https://doi.org/10.1016/j.jcmgh.2018.12.005
https://doi.org/10.1002/hep.21763
https://doi.org/10.1007/s10620-011-1712-0
https://doi.org/10.1007/s10620-011-1712-0
https://doi.org/10.1111/jgh.14654
https://doi.org/10.1111/jgh.14654
https://doi.org/10.1016/j.mito.2017.08.015
https://doi.org/10.1016/j.mito.2017.08.015
https://doi.org/10.3390/jcm10061233
https://doi.org/10.1002/hep.23050
https://doi.org/10.1002/hep.23050
https://doi.org/10.1002/hep.20411
https://doi.org/10.1053/j.gastro.2015.04.043
https://doi.org/10.1053/j.gastro.2015.04.043
https://doi.org/10.1210/jc.2015-3444
https://doi.org/10.1152/ajpgi.00044.2018
https://doi.org/10.1002/hep.29302
https://doi.org/10.1002/hep.29302
https://doi.org/10.1053/j.gastro.2018.12.036
https://doi.org/10.1053/j.gastro.2018.12.036


2735European Journal of Nutrition (2022) 61:2725–2735 

1 3

Clin Gastroenterol Hepatol 17:1877-1885e1875. https:// doi. org/ 
10. 1016/j. cgh. 2018. 12. 031

 38. Burgess E, Hassmen P, Pumpa KL (2017) Determinants of adher-
ence to lifestyle intervention in adults with obesity: a systematic 
review. Clin Obes 7:123–135. https:// doi. org/ 10. 1111/ cob. 12183

 39. Alam S, Jahid Hasan M, Khan MAS, Alam M, Hasan N (2019) 
Effect of weight reduction on histological activity and fibrosis of 
lean nonalcoholic steatohepatitis patient. J Transl Int Med 7:106–
114. https:// doi. org/ 10. 2478/ jtim- 2019- 0023

https://doi.org/10.1016/j.cgh.2018.12.031
https://doi.org/10.1016/j.cgh.2018.12.031
https://doi.org/10.1111/cob.12183
https://doi.org/10.2478/jtim-2019-0023

	Multidisciplinary lifestyle intervention is associated with improvements in liver damage and in surrogate scores of NAFLD and liver fibrosis in morbidly obese patients
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Selection of patients
	Multidisciplinary lifestyle intervention program
	Assessment of glucose metabolism, liver steatosis and liver fibrosis
	M30 measurement
	Lipidomics
	Statistics

	Results
	Treatment response was achieved in a majority of patients
	Weight loss and lifestyle change were associated with an improvement in components of the metabolic syndrome
	Lifestyle intervention is associated with specific changes in the serum lipidome
	Weight loss and lifestyle changes were associated with amelioration of liver damage and risk of liver steatosis
	M30 levels and liver fibrosis are ameliorated in association with lifestyle intervention

	Discussion
	References




