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ABSTRACT

Background and Aims: While low plasma butyrylcholinesterase (BChE) is a well-established marker of reduced liver synthesis
capacity, the clinical significance of elevated BChE is unclear. In small studies, high BChE has long been suspected in hepatic
steatosis and metabolic syndrome. We aimed to clarify the relation between BChE, liver fat and glucose metabolism in deeply
phenotyped cohorts.

Methods: Plasma BChE activity was measured in 844 humans (554 women) of the cross-sectional T{ibingen Diabetes Family
Study, with a wide BMI range (17.7-55.1kg/m?). It was furthermore measured before and after two independent lifestyle inter-
vention studies in 215 and 116 participants. Liver fat was quantified with 'H-MR-spectroscopy, and metabolism was assessed by
oral glucose tolerance tests.

Results: BChE was positively associated with liver fat, independent of sex, age and BMI. BChE was higher in participants with
metabolic syndrome. BChE was positively associated with fasting and 2-h glycaemia, independent of sex, age and BMI. BChE
was negatively associated with insulin sensitivity, independent of sex, age, BMI and liver fat. The reduction of liver fat and im-
provement in insulin sensitivity during lifestyle interventions are associated with the reduction in BChE, independent of body
weight loss.

Abbreviations: AChE, acetylcholinesterase; AUC, area under the curve; BChE, butyrylcholinesterase; BIA, bioelectrical impedance analysis; BMI, body mass index; cDNA, complementary
DNA; CI, confidence interval; HbAlc, haemoglobin Alc; HDL-cholesterol, high-density lipoprotein cholesterol; IQR, interquartile range; LDL-cholesterol, low-density lipoprotein cholesterol;
MRI, magnetic resonance imaging; mRNA, messenger ribonucleic acid; MRS, magnetic resonance spectroscopy; NUPREDM, Nutritional Prevention of Diabetes Mellitus Type 2; OGTT, oral
glucose tolerance test; PCR, polymerase chain reaction; RNA, ribonucleic acid; SD, standard deviation; TULIP, Tiibingen Lifestyle Intervention Program.
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Conclusions: Higher plasma BChE activity is linked to liver fat accumulation, as well as impaired glucose tolerance and insulin
resistance, independent of liver fat. This suggests that BChE could be a marker for processes in hepatocytes that contribute to
impaired glucose metabolism. Further investigations are needed to clarify the mechanistic contribution and potential diagnostic

value of elevated BChE in hepatic steatosis and metabolic diseases.

1 | Introduction

There are two closely homologous main types of the enzyme fam-
ily of cholinesterases—acetylcholinesterase (AChE) and butyryl-
cholinesterase (BChE, also known as pseudo-cholinesterase) [1].
ACHhE has a specific and well-defined function at the synapse and
neuromuscular junction, where it rapidly hydrolyses acetylcholine
to terminate the transmission of nerve impulses [1, 2].

BChE function is, however, less clear. It has the ability to
compensate for AChE but hydrolyses several other substrates
and functions as a detoxifier, for example for nerve agents and
pesticides [1]. BChE synthesis in the liver is a major source of
circulating BChE [2]. In clinical practice, the determination of
plasma BChE activity is mainly used to assess liver synthesis
performance. Low circulating levels of BChE are present in
liver failure, while the importance of elevated levels is still not
fully understood [2].

Excess fat accumulation in the liver is an important contributor
to the development and progression of metabolic syndrome and
type 2 diabetes. Previous small studies suggested elevated levels
of BChE in patients with fatty liver [3, 4], obesity [3, 5, 6], and
metabolic syndrome [6, 7]. For the link to glycaemia and type
2 diabetes, reports are inconsistent, with some reporting higher
[8, 9], while others report lower BChE activity [7]. Thus, the pre-
cise role of BChE in systemic glucose metabolism and metabolic
diseases is still unclear.

Therefore, we examined the relationships of BChE activity with
glucose metabolism and metabolic syndrome in cross-sectional
and two longitudinal studies. Additionally, we determined the
relationship between BChE activity and precisely quantified
liver fat content.

2 | Methods
2.1 | Cross-Sectional Study

For cross-sectional analyses, 844 participants of the ongoing
Tiibingen Diabetes Family Study [10] without severe diseases
(including liver diseases) were included. They underwent pre-
cise metabolic phenotyping, including a whole-body MRI [10]
and liver 'H-MRS [11] as well as a 2-h 75g glucose oral glu-
cose tolerance test (OGTT). The presence of the metabolic
syndrome was defined according to the joint interim state-
ment of the International Diabetes Federation Task Force on
Epidemiology and Prevention; National Heart, Lung, and Blood
Institute; American Heart Association; World Heart Federation;
International Atherosclerosis Society and International
Association for the Study of Obesity [12]. All participants pro-
vided informed written consent, and the Ethics Committee

of the University of Tiibingen approved the study protocol.
Participant characteristics are presented in Table 1.

2.2 | Lifestyle Intervention Studies

For the longitudinal analyses during lifestyle intervention, data
from two independent trials in participants at increased risk for
type 2 diabetes were analysed.

The TULIP (Tiibingen Lifestyle Intervention Program) trial
combined exercise and diet modification [13]. We analysed
data from 215 persons with available plasma before and after
9months of the intervention. These subjects achieved a median
weight loss of 2.3kg (IQR 4.2) and a median absolute reduction
of liver fat content of 0.6% (IQR 2.2). For other participant char-
acteristics, see Table S1.

The NUPREDM (Nutritional Prevention of Diabetes Mellitus
Type 2) study investigated the effect of modification in red
meat and fiber intake, compared to a control intervention, over
6 months [14]. We analysed data of 116 participants with avail-
able plasma, of whom complete data were available. These per-
sons achieved a median weight loss of 2.3kg (IQR 5.6) and a
median absolute reduction of liver fat content of 0.8% (IQR 2.3).
For further participant characteristics, see Table S1. As body
weight loss and reduction of liver fat content were comparable
between the three investigated diets in this trial [14], we anal-
ysed pooled data and did not stratify for the three diets.

2.3 | Measurements

All participants underwent a 75g OGTT after an overnight fast
with blood sampling at 0, 30, 60, 90 and 120 min. These samples
were stored at —80°C.

BChE activity was measured photometrically (Butyrylthiocholin
5-Thio-2-nitrobenzoat) in lithium-heparin plasma that was stored
at-80°C on an ADVIA XPT clinical chemistry analyser (Siemens
Healthineers, Eschborn, Germany). Albumin, triglycerides, total
cholesterol, HDL-cholesterol, LDL-cholesterol and further clini-
cal chemistry were also measured on the latter instrument.

Serum insulin and C-peptide concentrations were measured
on the ADVIA Centaur XPT immunoassay analyser (Siemens
Healthineers, Eschborn, Germany) and glycated haemoglobin
(HbAlc) was measured using the Tosoh Alc analyser HLC-
723G8 (Tosoh Bioscience GmbH, Griesheim, Germany). All of
these measurements have been performed in the accredited diag-
nostic laboratory of the University Hospital Tiibingen, Germany.

Insulin sensitivity was estimated from insulin and glucose
during the OGTT as proposed by Matsuda and DeFronzo [15].
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Summary

Elevated butyrylcholinesterase (BChE) is linked to
liver fat, insulin resistance and glucose intolerance,
independent of each other.

Reducing (BChE) through lifestyle interventions im-
proves liver fat and insulin sensitivity, particularly in
lean, young individuals at risk of fatty liver disease.

Oral glucose-induced insulin secretion was estimated using the
areas under the C-peptide and glucose curves during the first
30min of the OGTT (AUC C-peptid, ,,/AUC glucose, ,,) and an-
alysed after adjustment for insulin sensitivity [16].

2.4 | Determination of Liver Fat Content In Vivo

Liver fat content was measured by 'H-MR-spectroscopy as de-
scribed previously [11].

2.5 | Determination of Liver Fat Content In Vitro

A total of 238 individuals who underwent liver surgery (e.g., for
the resection of solitary hepatic lesions) were included in the
present study (Department of General, Visceral and Transplant
Surgery at the University of Tiibingen). Patient characteristics
are shown in Table S2. Patients were fasted overnight before the
collection of the liver biopsies and corresponding blood samples.
Liver samples were taken from normal, nondiseased tissue as
determined by the pathologist during surgery. Samples were im-
mediately frozen in liquid nitrogen and stored at —80°C until
analysis. All patients tested negative for viral hepatitis and had
no liver cirrhosis. Informed written consent was obtained from
all participants, and the local medical ethics committee ap-
proved the protocol according to the Helsinki Declaration.

2.6 | Determination of Liver Tissue Triglyceride
Content

Liver tissue samples were homogenised in phosphate-buffered
saline containing 1% Triton X-100 with a TissueLyser (Qiagen,
Hilden, Germany). To determine liver fat content, triglyceride
concentrations in the homogenates were quantified using an
ADVIA XPT clinical chemistry analyser (Siemens Healthineers,
Eschborn, Germany), and the results were calculated as
mg/100 mg tissue weight (%) [17].

2.7 | Real-Time PCR

Frozen tissue was homogenised in a TissueLyser (Qiagen,
Venlo, The Netherlands) and BChE RNA was extracted with
the RNeasy Tissue Kit (Qiagen, Venlo, The Netherlands) accord-
ing to the manufacturer's instructions. Total RNA treated with
RNase-free DNase I was transcribed into cDNA by using a first-
strand cDNA kit, and PCRs were performed in duplicates on a
LightCycler480 (Roche Diagnostics, Mannheim, Germany). The

TABLE1 | Participant characteristics—Cross-sectional cohort.

N Median IQR

Sex

Female 554

Male 290
Age (years) 844 43 (33, 54)
BMI (kg/m>) 844 292  (25.6,32.9)
Waist to hip ratio 843 0.9 (0.8,1.0)
Body fat, BIA-derived (%) 823 344  (25.6,44.5)
Total adipose tissue, MR- 836 33.7 (24.9, 43.9)
derived (L)
Intrahepatic fat, MRS-derived (%) 844 3.2 (1.4,9.0)
HbAIc (%) 819 5.6 (5.3,5.8)
Fasting glucose (mmol/L) 844 5.2 (4.9,5.7)
2-h glucose (mmol/L) 844 6.6 (5.6,7.9)
Area under the glucose curve, 843 15.4 (13.4,18.1)
0-120min (mmol/L)
Matsuda insulin sensitivity 840 11.9 (7.3,18.2)
index (OGTT-derived)
AUC C-peptide ; 30i,/AUC 839 165 (127, 213)
glucose, 35min)
Butyrylcholinesterase (kU/L) 844 8.8 (7.3,10.5)
Aspartate aminotransferase 837 22 (17,27)
(U/L)
Alanine aminotransferase (U/L) 841 22 (16, 32)
Gamma-glutamyltransferase 843 18 12, 30)
(U/L)
Albumin (g/dL) 719 4.3 4.1, 4.5)
Free fatty acids (umol/L) 839 610 (485, 764)
Triglycerides (mg/dL) 843 100 (72,136)
Cholesterol (mg/dL) 843 188 (164, 214)
LDL-cholesterol (mg/dL) 842 115 (95, 1398)
HDL-cholesterol (mg/dL) 842 51 (44, 60)

Abbreviations: AUC: area under the curve; BIA: bioelectrical impedance
analysis; BMI: body mass index; HbAlc: haemoglobin Alc; HDL-cholesterol:
high-density lipoprotein cholesterol; LDL-cholesterol: low-density lipoprotein
cholesterol; MR: magnetic resonance; MRS: magnetic resonance spectroscopy;
OGTT: oral glucose tolerance test.

human primer sequences that were used are shown in Table S3.
Data are presented relative to the expression of the housekeep-
ing gene RPS13 using the AACt method.

2.8 | Statistical Methods

Statistical analyses were performed using R, version 4.2.2.
Data were log-transformed prior to statistical analyses. Groups
were compared by two-tailed unpaired t-tests. Associations
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were assessed by multivariable linear regression models.
Standardised betas were calculated using standardised variables
(scaled by subtracting the mean and dividing by the SD). p <0.05
was considered to indicate statistical significance.

3 | Results
3.1 | Cross-Sectional Analyses

Plasma BChE activity was measured in 844 subjects with wide
ranges of age (18-74years) and BMI (17.7-55.1kg/m?; for fur-
ther participant characteristics, see Table 1). BChE activity
was higher in men than in women (women: 8.4kU/L [IQR 2.9],
men: 9.7kU/L [IQR 3.5], p<0.0001) and higher in older persons
(p<0.0001, R>=0.03). It was positively associated with BMI, in-
dependent of age and sex (p <0.0001, Figure 1A).

There was a positive association between BChE and liver fat con-
tent, independent of age and sex (p <0.0001, Figure 1B). This as-
sociation remained significant after additional adjustments for
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BMI (p<0.0001, R?=0.192) and insulin sensitivity (p <0.0001,
R2=0.209).

BChE was negatively associated with insulin sensitivity, inde-
pendent of sex and age (p <0.0001, Figure 1C), as well as after
additional adjustment for BMI and liver fat content (p=0.0001,
Figure 1D, Table S4). The association between BChE activity
and insulin secretion (assessed as AUC C-peptid, ,,/AUC glu-
cose, ,,) was fully explained by differences in insulin sensitivity
and did not remain significant after adjustment for insulin sen-
sitivity (p=0.8, for further adjustments see Table S4).

Associations of BChE activity with both fasting and postload
glycaemia (all p <0.0001, Table S4) were observed that remained
significant after additional adjustments for BMI and liver fat
content (all p<0.0001, Table S4).

BChE was higher in subjects with the metabolic syndrome
(p<0.0001, 8.0kU/L [IQR 2.6] vs. 9.9kU/L [IQR 3.1], Figure S1),
which remained significant after adjustment for sex and age
(p<0.0001).
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FIGURE 1 | Associations of butyrylcholinesterase activity with BMI, liver fat content and insulin sensitivity: Cross-sectional results.
Butyrylcholinesterase (BChE) was positively associated with BMI, adjusted for sex and age (A). There was a positive correlation between BChE and
liver fat content, adjusted for sex and age (B). BChE was negatively associated with insulin sensitivity, adjusted for sex and age (C). This association

remained significant after additional adjustment for BMI and liver fat content (D). Plotted are marginal effects from multivariable regression models,

including regression lines and 95% CI (N=844). Data were log-transformed prior to statistical analyses. Axes indicate nontransformed data. p values

and R? are from multivariable linear regression analyses. BChE—butyrylcholinesterase, BMI—body mass index, CI—confidence interval.
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Furthermore, there were significant associations of BChE activ-
ity with parameters of lipid metabolism, with positive associa-
tions with triglycerides, total and LDL-cholesterol, and negative
association with HDL-cholesterol (Table S4).

As an estimate of general liver synthesis capacity, we addition-
ally analysed plasma albumin concentrations. BChE activity and
albumin levels were positively correlated (p <0.0001, R>=0.05).
However, there were no significant correlations of plasma albu-
min concentrations with glycaemia, insulin sensitivity or insu-
lin secretion (all p>0.1). While there was a positive association
of plasma albumin with total cholesterol (p=0.002), no signifi-
cant relationships with triglycerides, LDL- or HDL-cholesterol
were observed (all p>0.3).

3.2 | Changes During Lifestyle Intervention

BChE activity was measured in 215 subjects before and after the
9-month TULIP lifestyle intervention that combined exercise and
diet modification [13]. Most of these participants achieved a weight
reduction (N=167, 77.7%) that was associated with a reduction in
BChE activity (p<0.0001, Figure 2A). This association remained
significant after adjustment for sex, age, as well as preintervention
BMI, BChE activity and liver fat content (p <0.0001, Figure 2B).

During lifestyle intervention, most of the participants also
achieved a reduction of liver fat content (N=151, 70.2%), that
was associated with a decrease in BChE (p <0.0001, Figure 2C),
independent of sex, age, the change in BMI as well as preinter-
vention liver fat, BChE and BMI (p <0.0001, Figure 2D). The as-
sociation between the change of liver fat content and the change
of BChE activity was independent of the change in insulin sensi-
tivity (p <0.0001). Hence, those who achieved a reduction of liver
fat content had a stronger reduction of BChE activity (p <0.0001,
—0.3kU/L [IQR 1.1] vs. 0.1kU/L [IQR 1.0], Figure 3A).

Improvement of insulin sensitivity during lifestyle interven-
tion was also associated with a reduction of BChE (p <0.0001,
Figure 2E), independent of sex, age, the change in BMI as well
as preintervention insulin sensitivity, BChE and BMI (p=0.001,
Figure 2F). The association between change in insulin sensitiv-
ity and change in BChE was independent of the change in liver
fat content (p<0.0001). Those who achieved improvements in
insulin sensitivity had a stronger reduction in BChE (p <0.0001,
Figure 3B).

For replication of these longitudinal data, we quantified BChE
activity in 116 participants of the independent 6-month lifestyle
intervention NUPREDM study that applied diet modification
[14]. Here, comparable associations were observed between
changes in BChE and improvements in BMI (p <0.0001), liver fat
content (p=0.02) and insulin sensitivity (p=0.002), respectively.

3.3 | Liver Fat Content and BCHE Expression in
Human Liver Samples

Triglyceride content in human liver samples was positively as-
sociated with BCHE mRNA expression, the gene encoding the
circulating BChE (p=0.007, Figure S2).

4 | Discussion

Our study confirms that higher BChE activity is associated with
liver fat accumulation and is present in patients with the met-
abolic syndrome. While previous smaller studies had already
suggested such relationships [3, 4, 6, 7], our present study pro-
vides further clarity on the relationship between BChE activity
and glycaemia. We detected relationships between BChE ac-
tivity and both glucose tolerance and insulin sensitivity, which
were independent of liver fat content. In addition to these cross-
sectional findings, we detected a close relationship between the
reduction in BChE and metabolic improvements in two inde-
pendent lifestyle intervention studies.

To quantify liver fat content in vivo, we used 'H-MRS that al-
lows a precise quantification over a wide range of lipid con-
tent [18]. Plasma BChE activity was robustly and positively
correlated with liver fat content, even in the normal range. In
human liver biopsies, BCHE mRNA expression was associated
with liver fat content, suggesting a transcriptional upregulation
during liver fat accumulation. Of note, the relationship between
BChE and liver fat content was independent of overall adipos-
ity. Thus, elevated BChE levels in lean individuals may indi-
cate fatty liver, which is less frequent [19] and, therefore, often
overlooked in lean persons. This can be of great relevance, as
these lean people with fatty livers appear to be at particularly
high risk of cardiovascular death [20]. Thus, high BChE levels
could prompt further testing for fatty liver in this population.
However, the underlying mechanism for the positive relation-
ship between BChE and liver fat content in our study and other
studies remains unclear, as genetic knockout of BChE resulted
not in less but in more hepatic fat, at least under a high-fat diet
[21]. Although BChE is not a simple indicator of liver fat, it may
also reflect liver inflammation. Future studies should explore
this potential link to better understand its role in liver disease
progression.

Fatty liver is closely linked to insulin resistance. An interest-
ing finding from our study is that BChE activity is related to
both liver fat content and insulin resistance, but these asso-
ciations appear to be independent of each other. This finding
suggests that BChE activity may be a useful estimate for both
elevated liver fat content and insulin resistance, regardless
of the presence of the other factor. These data, furthermore,
indicate that BChE could be involved in metabolic processes
in hepatocytes that are crucial for glucose metabolism, inde-
pendent of hepatic steatosis. These processes most likely do
not represent liver synthesis capacity per se, as no compa-
rable associations were detected for albumin, another well-
established readout of liver synthesis. Furthermore, recent
studies have explored the role of BChE as a predictive marker
for systemic complications after surgery. For instance, Verras
and Mulita demonstrated that lower postoperative BChE lev-
els are associated with an increased risk for surgical site infec-
tions following colorectal surgery [22, 23].

The detected link between BChE and insulin resistance in
our study is consistent with the results of smaller studies in-
volving patients with and without overt diabetes, where BChE
activity was found to be negatively associated with insulin
sensitivity [3, 6, 8]. It is likely that the link between BChE and

50f9

85UB01] SUOWIWOD SR 3|0 jddte U Aq peuLA0b a1 Sepe YO (88N JO S3|n Joj ARIgIT BUIIUO AB]IM UO (SUORIPUOD-PUR-SULBY/WOY"AB| 1M AReiq1feuljuO//SARY) SUORIPUOD PUe S 1 8U} 885 *[5202/50/2T] U0 Ariqiauliuo AB|Im ‘winnuezsBunyasio seyosineq Ueuyauen | WUNALSZ ZoUwRH Ad 9¥00L"AlI/TTTT 0T/I0p/w0d | mAzeiq1jeutjuo//Sduy woiy pepeojumoq ‘S ‘S0z ‘TEZEBLYT



A B
p<0.0001 p<0.0001
% R2=0.240 % R2=0.288
& 1.3 . 3 1.3 .
o)) “ o 2
o o
- 1 ~2
X *
L 08 =
50 508
M $ m .
< 0.6 1 < 0.6
0.7 0.8 1 1.2 0.7 0.8 1 1.2
A Body Mass Index (%), log scale A Body Mass Index (%), log scale
C D
® 154 p<0.0001 g 4 5] £<0.0001
™ R=0.195 @ R2=0.354
O [&]
2 w
o o
o ie)
w L
L N
O O
m m
< < . .
0.02 0.1 1 7 0.02 0.1 1 7
A Intrahepatic Lipids (%), log scale A Intrahepatic Lipids (%), log scale
E F
154 . p<0.0001 154 . p=0.01
R2=0.148 R2=0.311

A BChE (%), log scale

0.4 1 2.7
A Insulin Sensitivity (%), log scale

A BChE (%), log scale

0.4 1 27
A Insulin Sensitivity (%), log scale

FIGURE 2 | Associations of changes in butyrylcholinesterase activity with changes in BMI, liver fat content and insulin sensitivity during the

TULIP lifestyle intervention. Changes from before to after 9months of lifestyle intervention were calculated. The reduction in BMI was associated
with a reduction in butyrylcholinesterase (BChE) (A), which remained significant after adjustment for sex, age, as well as preintervention BMI,
BChE and liver fat content (B). Reduction in liver fat content was correlated with a reduction in BChE (C), even after adjustment for sex, age, change
in BMI as well as preintervention BMI, BChE and liver fat content (D). Improvement of insulin sensitivity was linked to a reduction in BChE (E). This
remained significant after adjustments for sex, age, change in BMI as well as preintervention BMI, BChE, insulin sensitivity (F). Plotted are marginal
effects from multivariable regression models, including regression lines and 95% CI (N=215). Data were log-transformed prior to statistical analy-
ses. Axes indicate fold-changes of nontransformed data, where a value of 1 indicates no change, values > 1 indicate increases and values <1 indicate
decreases. p values and R? are from (multivariable) linear regression analyses. A—change during the 9-month lifestyle intervention, BChE—butyr-
ylcholinesterase, BMI—body mass index, CI—confidence interval.

insulin resistance underlies the associations we observed be-
tween higher BChE levels and worse glucose metabolism. For
the other major determinant of glycaemia, insulin secretion,
we detected no independent associations. Thus, our data do not
support previous speculations about the positive effects of BChE
on pancreatic beta cells [7]. In line with our findings on glucose

metabolism, higher BChE activity was reported to be linked to
an increased risk for future type 2 diabetes [24].

Of notice, genetic modulation of BChE in animals indicates a
causal role of BChE in regulating systemic insulin sensitivity
and glucose tolerance through processes that involve the central
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1.5
p<0.0001

A BChE (%)

N'o Yés
Reduction of Liver Fat Content
during Lifestyle Intervention

p<0.0001

No Yes

Improvement of Insulin Sensitivity
during Lifestyle Intervention

FIGURE 3 | Butyrylcholinesterase activity and response to lifestyle intervention—results from the TULIP study. Persons who achieved a reduc-

tion of liver fat content during 9 months of lifestyle intervention, defined as any decrease in liver fat content (A) and/or improved their insulin sensi-

tivity, defined as any increase in the Matsuda Index (B) had a stronger reduction of BChE during the program. Data are presented as box-violin plots

with whiskers indicating 1.5 times the interquartile range. p values are from two-sided unpaired t-tests. N=64 (no reduction of liver fat), N=151

(reduction of liver fat), N=77 (no improvement of insulin sensitivity), N=138 (improvement of insulin sensitivity). BChE—butyrylcholinesterase.

nervous system [25]. While these genetic manipulations with ab-
sent and restored BChE are not directly transferable to our ob-
servations with elevated BChE, there is accumulating evidence
that the human central nervous system contributes to systemic
glucose metabolism and liver fat [26]. However, as BChE does
most likely not cross the blood-brain barrier [27], the relevance
of central nervous actions for our current findings remains un-
clear. Undoubtedly, more mechanistic studies are needed to un-
cover the mechanisms that underlie the detected links between
BChE, liver fat content and systemic glucose metabolism.

Although the great potential of lifestyle interventions to im-
prove human health is very clear, it is also well established that
not everyone benefits equally [28]. While the achieved weight
loss is easily measurable, other health benefits are often more
difficult to detect and require time-consuming, burdensome and
expensive measurements. The beneficial effects of lifestyle in-
terventions are not necessarily and always related to weight loss
[13, 29, 30]. Therefore, other readily determinable measures of
such benefits would be an important advance towards person-
alised lifestyle interventions. Our current longitudinal findings
from two large lifestyle interventions and observations from a
small study with a hypocaloric diet [4] indicate that BChE ac-
tivity could have such potential. Measuring BChE might be one
way to monitor improvements in insulin sensitivity and liver
fat content through lifestyle intervention, from simple blood
samples.

Among the limitations of our current work is its correlative na-
ture that can never establish causality. Furthermore, we did not
include patients with liver diseases (other than MASLD) and
can, therefore, not exclude other relationships in such patient
groups.

In conclusion, our cross-sectional and longitudinal results con-
firm that higher BChE activity is an estimate of liver fat accu-
mulation and that it is present in patients with the metabolic
syndrome. Furthermore, we detected links of BChE activity to
glucose tolerance and insulin sensitivity, independent of liver fat

content. This suggests that BChE could not just be a marker for
liver steatosis, but may indicate processes in hepatocytes that
contribute to impaired glucose metabolism. Further investiga-
tions are needed to clarify the mechanistic contribution and
potential diagnostic value of elevated BChE activity in hepatic
steatosis, insulin resistance and related metabolic diseases.
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