
Prevalence of metabolic dysfunction-associated steatotic liver disease
(MASLD) in a middle-aged population with overweight and normal
liver enzymes, and diagnostic accuracy of noninvasive proxies
Son, K.C. van; Nijenhuis-Noort, L.C. te; Boone, S.C.; Mook-Kanamori, D.O.; Holleboom,
A.G.; Roos, P.R.; ... ; Tushuizen, M.E.

Citation
Son, K. C. van, Nijenhuis-Noort, L. C. te, Boone, S. C., Mook-Kanamori, D. O., Holleboom,
A. G., Roos, P. R., … Tushuizen, M. E. (2024). Prevalence of metabolic dysfunction-
associated steatotic liver disease (MASLD) in a middle-aged population with overweight
and normal liver enzymes, and diagnostic accuracy of noninvasive proxies. Medicine,
103(1). doi:10.1097/MD.0000000000034934
 
Version: Publisher's Version
License: Creative Commons CC BY-NC 4.0 license
Downloaded from: https://hdl.handle.net/1887/3764481
 
Note: To cite this publication please use the final published version (if applicable).

https://creativecommons.org/licenses/by-nc/4.0/
https://hdl.handle.net/1887/3764481


Diagnostic Accuracy Study

1

Medicine®

Prevalence of metabolic dysfunction-associated 
steatotic liver disease (MASLD) in a middle-aged 
population with overweight and normal liver 
enzymes, and diagnostic accuracy of noninvasive 
proxies
K.C. van Son, MDa,b,* , L.C. te Nijenhuis-Noort, MScc, S.C. Boone, MDd, D.O. Mook-Kanamori, MD, PhDd, 
A.G. Holleboom, MD, PhDb, P.R. Roos, MSce, H.J. Lamb, MD, PhDe, G. Alblas, MDa, M.J. Coenraad, MD, PhDa, 
F.R. Rosendaal, MD, PhDd, R. de Mutsert, PhDd, M.E. Tushuizen, MD, PhDa

Abstract 
The prevalence of metabolic dysfunction-associated steatotic liver disease (MASLD) is increasing at an alarming rate. Elevated 
liver enzymes are a primary reason to refer patients for further testing. However, liver enzymes within the normal range do not 
exclude the presence of MASLD. We examined the prevalence of MASLD in a middle-aged population with overweight and 
normal liver enzymes. In addition, we examined the accuracy of 4 sets of noninvasive proxies for MASLD.

We included 1017 participants from the Netherlands epidemiology of obesity cohort study with body mass index ≥25 kg/m2 
and liver enzymes (asparate aminotransferase, alanine aminotransferase, gamma-glutamyltranspeptidase) within normal range. 
The diagnostic accuracy of biomarker scores (fatty liver index, liver fat score [LFS], STEATO-ELSA, and hepatic steatosis index) 
was determined against elevated hepatic triglyceride content measured by 1proton magnetic resonance spectroscopy.

Participants (mean age 56 years, 49% women), had a median body mass index of 29.6 kg/m2 and a median hepatic triglyceride 
content of 4.4%. MASLD was present in 42% of participants and was more common in men than women, with respectively 47% 
and 36% being affected. The LFS showed the highest accuracy with an area under the curve of 0.72. We identified metabolic 
syndrome as the prime predictor for MASLD with an odds ratio of 2.95 (95% confidence interval 2.20–3.98).

The prevalence of MASLD in middle-aged men and women with overweight and liver enzymes within the normal range is over 
40%. LFS showed the highest accuracy to detect MASLD, but, overall, biomarker scores performed relatively poor. The presence 
of metabolic syndrome was the prime predictor of MASLD.

Abbreviations: ALT = alanine aminotransferase, AST = asparate aminotransferase, AUC = area under the curve, BMI = body 
mass index, CI = confidence interval, FLI = fatty liver index, HDL = high density lipoprotein, H-MRS = proton magnetic resonance 
spectroscopy, HSI = hepatic steatosis index, HTGC = hepatic triglyceride content, IQR = interquartile range, LFS = liver fat score, 
LUMC = Leiden university medical center, MASLD = metabolic dysfunction-associated steatotic liver disease, MRI = magnetic 
resonance imaging, NAFLD = non-alcoholic fatty liver disease, NEO = Netherlands epidemiology of obesity, OR = odds ratio, ULN 
= upper limit of normal, VCTE = vibration controlled transient elastography.

Keywords: biomarkers scores, MASLD, metabolic syndrome, NEO study, noninvasive tools

 

KCVS and LCTN-N have contributed equally to this work.

The authors have no funding and conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are 
available from the corresponding author on reasonable request.

Supplemental Digital Content is available for this article.
a Department of Gastroenterology and Hepatology, Leiden University Medical 
Center, Leiden, The Netherlands, b Department of Vascular Medicine, Amsterdam 
University Medical Center, Amsterdam, The Netherlands, c Department of 
Dietetics, Leiden University Medical Center, Leiden, The Netherlands,  
d Department of Clinical Epidemiology, Leiden University Medical Center, Leiden, 
The Netherlands, e Department of Radiology, Leiden University Medical Center, 
Leiden, The Netherlands.

*Correspondence: K.C. van Son, Department of Gastroenterology and 
Hepatology, Leiden University Medical Center, Leiden, The Netherlands (e-mail: 
k.c.vanson@amsterdamumc.nl).

Copyright © 2024 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is 
permissible to download, share, remix, transform, and buildup the work provided 
it is properly cited. The work cannot be used commercially without permission 
from the journal.

How to cite this article: van Son KC, te Nijenhuis-Noort LC, Boone SC, Mook-
Kanamori DO, Holleboom AG, Roos PR, Lamb HJ, Alblas G, Coenraad MJ, 
Rosendaal FR, de Mutsert R, Tushuizen ME. Prevalence of metabolic dysfunction-
associated steatotic liver disease (MASLD) in a middle-aged population with 
overweight and normal liver enzymes, and diagnostic accuracy of noninvasive 
proxies. Medicine 2024;103:1(e34934).

Received: 3 May 2023 / Received in final form: 21 July 2023 / Accepted: 4 
August 2023

http://dx.doi.org/10.1097/MD.0000000000034934

D
ow

nloaded from
 http://journals.lw

w
.com

/m
d-journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 06/24/2024

https://orcid.org/0000-0001-8329-3715
mailto:
mailto:
mailto:
mailto:
mailto:
mailto:
mailto:
mailto:
mailto:
mailto:
mailto:
mailto:k.c.vanson@amsterdamumc.nl
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


2

van Son et al. • Medicine (2024) 103:1 Medicine

1. Introduction
Metabolic dysfunction-associated liver disease (MASLD), for-
merly known as nonalcoholic fatty liver disease (NAFLD),[1] is 
an increasingly prevalent disease and has been linked to met-
abolic, cardiovascular and malignant morbidity.[2] MASLD is 
defined as the presence of hepatic steatosis with the presence 
of metabolic risk factors, most notably type 2 diabetes melli-
tus and overweight.[1,3] It is considered to be more than a sin-
gle entity, since it encompasses a range of phenotypes, starting 
from isolated steatosis, in which the predominant histological 
characteristic is lipid accumulation in hepatocytes, to meta-
bolic dysfunction-associated steatohepatitis, characterized by 
the addition of hepatic inflammation and/or fibrosis, and met-
abolic dysfunction-associated steatohepatitis-related cirrhosis 
and hepatocellular carcinoma.[4,5] Abdominal, particularly vis-
ceral, obesity leading to insulin resistance is strongly associated 
with MASLD, both via increased delivery of free fatty acids to 
the liver and through increases of hepatic lipogenesis associated 
with hyperglycemia and hyperinsulinemia.[6–8] For this reason, 
MASLD is regarded as the hepatic manifestation of metabolic 
syndrome.[9–11] Metabolic syndrome is a cluster of metabolic 
abnormalities that increase the risk of cardiovascular disease 
and type 2 diabetes mellitus. It is typically diagnosed when an 
individual has at least 3 of the following 5 criteria: abdominal 
obesity, hypertension, elevated fasting glucose, high, and low 
high density lipoprotein cholesterol.[12]

The prevalence of MASLD ranges from 25% in the general 
population to 60% in high-risk populations, such as individu-
als with obesity and/or type 2 diabetes mellitus. The prevalence 
increases with age, obesity and lack of physical activity.[13,14] 
MASLD, when diagnosed at an early stage, is reversible when 
lifestyle modifications are implemented and causative factors 
are corrected.[15] Yet progression into fibrotic stages of MASLD 
is strongly associated with liver-related and overall mortal-
ity.[16,17] Thus, timely detection of MASLD is clearly called for. 
However, because MASLD commonly remains asymptomatic 
until the cirrhotic stage,[18] it is often overlooked and, conse-
quently, undertreated.[19] Identifying individuals at high-risk of 
MASLD is needed to effectively treat patients and to prevent 
progression of disease, thus reducing liver-related and overall 
mortality.

To date, liver biopsy remains the gold standard for diagnosing 
and grading MASLD. However, liver biopsy is an invasive pro-
cedure that can be painful, has a risk of post-biopsy bleeding (up 
to 2%) and might convey a sampling error, due to only about 
1/50.000th of the liver tissue being analyzed, while MASLD is 
often not equally distributed throughout the liver.[20,21] Proton 
magnetic resonance spectroscopy (1H-MRS) is regarded as the 
most robust and accurate measure of hepatic triglyceride con-
tent (HTGC) and is consistent with liver biopsy in diagnosing 
and grading MASLD.[2,11,22–24] Although repeated assessments 
can be performed without safety concerns,[24,25] it is a time-con-
suming, costly procedure and only available in a few academic 
centers worldwide.[23] Many patients with MASLD express 
elevated serum liver enzymes, in particular alanine amino-
transferase (ALT) and gamma-glutamyltranspeptidase (ϒGT). 
However, liver enzymes within the normal range do not exclude 
MASLD,[26] and although elevated liver enzymes may serve as a 
diagnostic clue for the presence of liver disease, they fail to pre-
dict the presence and severity of hepatic steatosis, inflammation 
and fibrosis.[5,27] The present European association for the study 
of the liver guideline recommends to screen for MASLD by liver 
enzymes and/or ultrasound as part of routine work-up in sub-
jects with obesity or metabolic syndrome.[28] This may however 
underestimate the number of patients with MASLD.

The objective of this study was to examine the prevalence of 
MASLD in middle-aged people with overweight and, most nota-
bly, liver enzymes within the normal range. Additionally, we will 
assess predictive factors for MASLD in this cohort, and assess 

the diagnostic accuracy of 4 distinct noninvasive biomarker 
scores for MASLD, namely fatty liver index (FLI),[29] liver fat 
score (LFS),[30] STEATO-ELSA[31] and hepatic steatosis index[32] 
compared to HTGC measured by 1H-MRS.

2. Methods

2.1. Study design and study population

Data from the Netherlands epidemiology of obesity (NEO) study 
was used for this study. The NEO study is an ongoing popula-
tion-based cohort study, with baseline measurements between 
2008 and 2012. The study included 6671 participants living in 
the greater area of Leiden (in the west of the Netherlands), aged 
45 to 65 years and predominantly with overweight (body mass 
index [BMI] ≥25 kg/m2).[33]

Participants attended a baseline visit at the NEO study 
center at the Leiden university medical center (LUMC) after 
an overnight fast. Before this study visit, participants com-
pleted a general questionnaire at home to report the medical 
history of relevant morbidities and demographic, lifestyle, 
and clinical information. At the visit, participants underwent 
an extensive physical examination, including anthropometry, 
and blood sampling. Furthermore, they completed a screen-
ing form to rule out contra-indications for magnetic reso-
nance imaging (MRI) (most notably a body circumference 
>170 cm, claustrophobia or metal implants). Of the partic-
ipants who were eligible for MRI, approximately 40% were 
randomly selected for a direct assessment of 1H-MRS. In the 
present analysis, we excluded participants without 1H-MRS 
assessment, technical failure of the 1H-MRS or because of 
missing data other than 1H-MRS. A detailed description of 
the study design and data collection of the NEO study has 
previously been published.[33] The medical ethics committee 
of the LUMC approved the study and all participants gave 
written informed consent.

Presence of type 2 diabetes mellitus was defined as a self-re-
ported history of type 2 diabetes mellitus, the use of glu-
cose-lowering drugs or a fasting plasma glucose ≥7.0 mmol/L. 
Prediabetes was defined as fasting plasma glucose between 
5.6 and 7.0 mmol/L. Cardiovascular disease was defined as 
(history of) myocardial infarction, angina, congestive heart 
failure, stroke, or peripheral vascular disease. HTGC was 
quantified by 1H-MRS of the liver (1.5 Tesla whole-body 
MR scanner, Philips Medical Systems, the Netherlands).[33] 
Participants with excessive alcohol consumption, defined as 
≥30 g/day and ≥20 g/day for men and women, respectively, 
and participants with liver enzymes above the upper limit 
of normal (ULN) (ALT ≥45 U/L, asparate aminotransferase 
[AST] ≥35 U/L and/or ϒGT ≥55 U/L for men and ALT ≥34 
U/L, AST ≥31 U/L and/or ϒGT ≥38 U/L for women[34]). The 
ULN of our academic hospital (LUMC) was used a refer-
ence. Participants without overweight (BMI <25 kg/m2) were 
excluded from final analyses.

2.2. Literature search

A literature search was performed which identified 59 bio-
marker scores, developed between 1988 and 2018, that pre-
dicted NAFLD, the precursor of MASLD.[8,11,20,22,23,31,32,35–93] 
Fifty-four biomarker scores were excluded because they 
reported biomarkers not measured in the NEO study, had 
patented formulas, or had a lack of cutoff values for NAFLD. 
Finally, 4 combinations of biomarkers were suitable for inves-
tigation, namely the FLI,[29] LFS,[30] STEATO-ELSA[31] and 
hepatic steatosis index.[32] We use proxies for NAFLD to assess 
the presence of MASLD as previous studies have demonstrated 
that 98% to 99% of patients with NAFLD would fulfill the 
new criteria for MASLD.[1,94]
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2.3. Statistical analyses

Baseline characteristics were expressed as a mean with standard 
deviation (SD) when normally distributed, as a median with 
interquartile range (IQR) when not-normally distributed, or as 
a frequency accompanied by a percentage in categorical data. 
HTGC measured by 1H-MRS was dichotomized, where a cutoff 
value of 5.56% or higher indicated MASLD.[33] The following 
variables are reported for the entire study population and the 
groups after dichotomization for HTGC: age, sex, menopausal 
status, alcohol consumption, smoking behavior, height, body 
weight, BMI, waist and hip circumference, blood pressure, lab-
oratory findings (fasting glucose, insulin, total cholesterol, low 
density lipoprotein and high density lipoprotein cholesterol, 
triglycerides and liver enzymes AST, ALT, and ϒGT), homeo-
static model assessment for insulin resistance, and factors of 
comorbidity and drug usage. To examine the performance of the 
aforementioned biomarker scores to rule in or rule out MASLD, 
sensitivity, specificity, predictive values and area under the curve 
(AUC) were calculated. Published cutoff values were used for 
each set of biomarkers.[29–32,46] Both the lower (≥30) and higher 
(≥60) cutoffs were used for FLI.[29] We stratified for sex to exam-
ine the accuracy of the sets of biomarkers in men and women 
separately.[44,95] A logistic regression analysis was performed to 
evaluate predictive factors for MASLD.

For all analyses, STATA statistical software (StataCorp, 
College Station, TX), version 14 was used.

3. Results

3.1. Baseline characteristics of the study population

From the 6671 participants included in the NEO study, a ran-
dom sample of 2083 participants without contra-indications 
for MRI were invited for 1H-MRS. After exclusion because of 
excessive alcohol consumption (n = 459) and missing data (n = 
34), 711 (45%) participants had an elevated HTGC (n = 1590). 
When subsequently excluding individuals with BMI <25 kg/m2 
(n = 186), or with liver enzymes outside the normal range (n = 
387), 686 (50%) and 444 (37%) participants had an elevated 
HTGC, respectively. After exclusion of participants with BMI 
<25 kg/m2 and liver enzymes outside the normal range, a total 
of 1017 participants were eligible to be included in the final 
analyses, of whom 424 (42%) had an elevated HTGC. The flow 
of inclusion is shown in Figure 1. All baseline characteristics are 
shown in Table 1.

Table  1 also shows the participants divided into 2 groups; 
with HTGC <5.56% and HTGC ≥5.56%, defined as normal 
and elevated, respectively. In total, 424 (42%) participants had 
an elevated HTGC. There was a difference in age, with the 
group with elevated HTGC having a higher mean age, and the 
group with elevated HTGC had a higher percentage of men. 
Weight, BMI, and waist and hip circumference were higher in 
the participants with elevated HTGC. Median HTGC was 2.4% 
(IQR 1.6–3.7) and 11% (IQR 7.3–15.7) in the normal and 
elevated HTGC groups, respectively. More participants in the 
elevated HTGC group had metabolic syndrome (according to 
adult treatment panel III definition[12]), type 2 diabetes mellitus, 
prediabetes and hypertension, 64% compared to 29%, 11% 

compared to 5%, 40% compared to 26%, and 64% compared 
to 46% in the normal HTCG group, respectively.

3.2. Regression analysis

Table  2 shows the results of the multiple logistic regression 
analysis. The odds ratio (OR) of metabolic syndrome and BMI 
as a predictor for MASLD were 2.95 (95% confidence interval 
(CI) 2.20–3.98, P < .00) and 1.14 (95% CI 1.06–1.24, P = .00), 
respectively. Age and waist circumference were also statistically 
significant predictors of MASLD, both yielding an OR of 1.03 
(95% CI 1.01–1.06, P = .01). The OR of type 2 diabetes mel-
litus as a predictor for MASLD was 1.18 (95% CI 0.69–2.03, 
P = .55) and thus not statistically significant. The OR of type 2 
diabetes mellitus or prediabetes as a predictor for MASLD was 
1.12 (95% CI 0.80–0.54, P = .51), see supplementary Table 3, 
http://links.lww.com/MD/J692.

3.3. Diagnostic accuracy

Table 3 shows the diagnostic accuracy of the 4 noninvasive bio-
marker scores compared to HTGC, for the entire studied popu-
lation. Supplementary Tables 1, http://links.lww.com/MD/J693 
and 2, http://links.lww.com/MD/J694 shows the diagnostic 
accuracy of the biomarker scores for men and women, respec-
tively. The LFS had the biggest AUC both before (0.72 (95% 
CI 0.69–0.75)) and after stratification for sex (0.72 (95% CI 
0.68–0.75) and 0.72 (95% CI 0.68–0.76) for men and women, 
respectively).

4. Discussion
Although liver enzymes above the ULN are currently an indi-
cation for referral by general practitioners, in our study pop-
ulation of middle-aged people with overweight and, notably, 
liver enzymes within the normal range, 42% of participants 
had HTGC ≥5.56% and could therefore be diagnosed with 
MASLD. This percentage was even higher among men, at 47%. 
Our findings demonstrate that relying upon liver enzymes as 
an indication for screening for MASLD will greatly underesti-
mate the disease prevalence in this middle-aged population with 
overweight.

Our results complement the results of previously performed 
studies such as the Rotterdam study which sought to deter-
mine the prevalence of MASLD in an elderly population. In 
their cohort of 2811, 35.1% had MASLD, diagnosed using 
abdominal ultrasonography. Interestingly, in their cohort par-
ticipants with MASLD had a median ALT of 21 U/L (IQR 
16–17), whereas participants without MASLD had a median 
ALT of 17 U/L (IQR 14–21) which, although significantly dif-
ferent, is clinically irrelevant. AST was not significantly differ-
ent between both groups.[14] These findings, together with the 
prevalence of 42% found in our study cohort of individuals 
without liver test abnormalities, underscore the inability of 
liver enzymes to exclude disease. Most screening programmes 
for MASLD aim to detect severe stages of disease, such as sig-
nificant (≥F2) or even advanced (≥F3) fibrosis.[5,96] This follows 

Figure 1. Flow chart of inclusion.
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Table 1

Baseline demographics, clinical and histological characteristics of the participants, categorized by normal and increased HTGC.

   

All included 
participants  
(n = 1017) 

HTGC < 5.56%  
(n = 593) 

HTGC ≧ 5.56%  
(n = 424) P value 

Age, yr*   56 (50–61) 55 (49–60) 57 (51–62) .00‡
Female, n (%)   503 (49.46) 323 (54.47) 180 (42.45) .00§
Alcohol consumption Alcohol intake per d, g/d*  5.06 (0.88;14.24) 4.73 (0.52–13.04) 5.84 (1.22–14.50) .05‡
Smoking behavior Never smoked, n (%)  414 (40.71) 261 (44.01) 153 (36.08) .04§
 Former smoker, n (%)  479 (47.10) 266 (44.86) 213 (50.24)  
 Current smoker, n (%)  124 (12.19) 66 (11.13) 58 (13.68)  
Height, m*   1.73 (1.67–1.81) 1.72 (1.67–1.80) 1.75 (1.68–1.82) .01‡
Weight, kg†   91.23 (13.12) 88.22 (11.94) 95.44 (13.54) .00ǁ
BMI, kg/m2*   29.59 (27.72–31.98) 28.90 (27.32–30.95) 30.73 (28.62–33.13) .00ǁ
Hepatic triglyceride content, %*   4.37 (2.15–9.09) 2.44 (1.57–3.69) 10.65 (7.27–15.69) .00‡
Waist circumference, cm†   102.05 (10.27) 99.23 (9.46) 105.99 (10.07) .00ǁ
Hip circumference, cm†   110.65 (7.76) 109.62 (7.30) 112.09 (8.16) .00ǁ
Blood pressure Systolic blood pressure, mm 

Hg†
 132.32 (16.51) 129.70 (16.35) 136.00 (16.03) .00ǁ

 Diastolic blood pressure, mm 
Hg†

 85.13 (10.30) 83.51 (10.40) 87.39 (9.72) .00ǁ

Laboratory findings Fasting glucose, mmol/L*  5.41 (5.11–5.87) 5.30 (5.01–5.69) 5.63 (5.24–6.10) .00‡
 Fasting insulin, mU/L*  10.40 (7.07–15.00) 8.75 (6.09–12.10) 13.40 (9.68–18.80) .00‡
 Fasting total cholesterol, 

mmol/L†
 5.63 (1.06) 5.63 (1.04) 5.64 (1.10) .94ǁ

 Fasting LDL cholesterol¶, 
mmol/L†

 3.60 (0.98) 3.61 (0.96) 3.60 (1.00) .83ǁ

 Fasting HDL cholesterol, 
mmol/L†

 1.38 (0.38) 1.46 (0.39) 1.27 (0.34) .00ǁ

 Fasting triglycerides, mmol/L*  1.27 (0.92–1.68) 1.11 (0.83–1.47) 1.46 (1.10–2.03) .00‡
 ASAT, U/L*  22.10 (19.40–25.70) 21.80 (18.90–25.10) 22.70 (19.85–26.60) .00‡
 ALAT, U/L*  22.60 (18.00–28.60) 20.80 (16.60–25.80) 25.80 (20.50–31.10) .00‡
 ϒGT, U/L*  22 (16–30) 20 (14–27) 25 (20–33) .00‡
HOMA-IR*   2.52 (1.68–3.74) 2.05 (1.43–2.99) 3.40 (2.39–4.97) .00‡
Medical history Metabolic syndrome#, n (%)  446 (43.85) 174 (29.34) 272 (64.15) .00§
 Cardiovascular disease, n (%)  95 (9.34) 46 (7.76) 49 (11.56) .04§
 Type 2 diabetes Yes, n (%) 75 (7.37) 27 (4.55) 48 (11.32) .00§
  Prediabetes, n (%) 323 (31.76) 154 (25.97) 169 (39.86)  
  No, n (%) 619 (60.08) 412 (69.48) 207 (48.82)  
 Hypertension, n (%)  543 (53.39) 272 (45.87) 271 (63.92) .00§
Drugs usage Lipid lowering drugs, n (%)  130 (12.78) 62 (10.46) 68 (16.04) .01§
 Glucose lowering drugs, n (%) None, n (%) 979 (96.26) 581 (97.98) 398 (93.87) .00§
  Oral medication, n (%) 33 (3.24) 10 (1.69) 23 (5.42)  
  Oral medication and insulin, 

n (%)
5 (0.49) 2 (0.34) 3 (0.71)  

 Antihypertensive drugs, n (%)  267 (26.25) 128 (21.59) 139 (32.78) .00§

HDL = high density lipoprotein, HOMA-IR = Homeostatic model assessment for insulin resistance, HTGC = hepatic triglyceride content, LDL = low density lipoprotein.
*Value not normally distributed, therefore presented as median with interquartile range (median [IQR]).
†Value normally distributed, therefore presented as means with standard deviation (mean [SD]).
‡Mann–Whitney U test.
§Chi-square test.
ǁUnpaired t test.
¶Calculated using Friedewald formula.
#According to ATP III definition.[12]

Table 2

Multiple logistic regression analysis.

Variable Units of increase OR (95% CI) Standard error P value 

BMI 1 kg/m2 1.143 (1.057–1.236) 0.046 .00
Sex 0 = male; 1 = female 0.720 (0.498–1.041) 0.136 .08
Age 1 yr 1.034 (1.010–1.058) 0.012 .01
Metabolic syndrome 0 = no; 1 = yes 2.952 (2.201–3.978) 0.442 .00
Type 2 diabetes mellitus 0 = no; 1 = yes 1.181 (0.686–2.032) 0.327 .55
Waist circumference 1 cm 1.032 (1.008–1.057) 0.013 .01
Hip circumference 1 cm 0.971 (0.941–1.002) 0.016 .07

BMI = body mass index, CI = confidence interval, OR = odds ratio.
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the notion that progression into fibrotic stages is strongly 
correlated with liver-related and overall mortality.[16,17] Yet, 
MASLD is associated with adverse outcomes even before 
fibrosis occurs, and MASLD may be a precursor for the future 
development of metabolic syndrome components, including 
type 2 diabetes mellitus.[97,98] Ultrasonographic changes in 
MASLD status over time may affect the risk of incident type 
2 diabetes mellitus, hypertension and other components of the 
metabolic syndrome.[98–101] This emphasizes the central role 
the liver plays within systemic homeostasis and underscores 
why MASLD should not be overlooked. Moreover, the find-
ing of MASLD may encourage early lifestyle changes including 
increased physical activity, decreased caloric intake (especially 
fructose-containing beverages), and adherence to a healthier 
diet, such as a Mediterranean diet.[102,103]

We identified the presence of metabolic syndrome as the prime 
predictor for MASLD. Participants who met the criteria for met-
abolic syndrome were at almost 3 times higher risk of MASLD 
than those who did not meet the criteria.[12,104] BMI was also 
identified as a statistically significant predictor of MASLD with 
the chance of having MASLD increasing 1.14-fold for every 
added 1 kg/m2. Surprisingly, type 2 diabetes mellitus and predi-
abetes were not statistically significant predictors for MASLD 
in our study population. Age, male sex and waist circumference 
were all statistically significant predictors of MASLD, but to a 
lesser extent than metabolic syndrome or BMI.

The LFS was best able to differentiate between participants 
with and without MASLD in our population with normal liver 
enzymes, as it yielded the largest AUC of the investigated bio-
marker scores. The other biomarker scores had low specifici-
ties and would thus lead to more excessive referral rates and 
diagnostic testing. It needs to be stressed that other diagnostic 
modalities, such as vibration controlled transient electrogra-
phy (VCTE) which yields an AUC of 0.87 for the detection of 
>5% steatosis,[105] outperform the studied sets of biomarkers. 
Moreover, VCTE may provide health care providers with an 
additional point of care effect as it allows for direct counseling 
of the patient and thus may aid in eventual lifestyle changes. 
Unfortunately, these more intricate diagnostic tools have limited 
availability, especially for general practitioners.[96]

Of course, our study design comes with its limitations. Firstly, 
by excluding patients without overweight there is a clear over-
sampling of individuals with metabolic syndrome, type 2 dia-
betes mellitus and hypertension in our data compared to the 
general population. The study population, however, does repre-
sent a population at risk of MASLD. Enrollment for the NEO 

study was limited to people between the ages of 45 and 65 years 
old. This limits the possibility of translating recommendations 
to the wider public as findings cannot be extrapolated to other 
age groups. An important strength of our study is the large num-
ber of participants and the robust assessment of hepatic steato-
sis using 1H-MRS.

5. Conclusion
MASLD is taking epidemic forms and remains mostly undiag-
nosed and, therefore, untreated which may lead to severe con-
sequences. Our data indicate that over 40% of individuals with 
overweight and between the ages of 45 and 65 years old may 
have undiagnosed MASLD, even when liver enzymes are within 
the normal range. In our NEO study cohort, the presence of 
metabolic syndrome was the biggest predictor for MASLD, fol-
lowed by BMI and waist circumference. The LFS appears to be 
best able to detect MASLD in our study population. However, 
performance remains relatively poor compared to other nonin-
vasive testing modalities such as VCTE.
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