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ABSTRACT
BACKGROUND: The effect of weight loss (WL) on histopathological aspects of non-alcoholic fatty liver
disease (NAFLD) may provide further insights into the dynamics of hepatic recovery after WL.
OBJECTIVE: To analyze the effects of pre-operative WL on insulin resistance- and NAFLD-related histology
in individuals undergoing bariatric surgery (BS) with or without pre-operative WL.
DESIGN AND SETTING: A matched cross-sectional study was conducted at a public university hospital
and a private clinic in Campinas, Brazil.
METHODS: An analytical, observational, cross-sectional study was conducted using prospectively collect-
ed databases of individuals who underwent BS and liver biopsy at either a public tertiary university hos-
pital (with pre-operative WL) or a private clinic (without pre-operative WL). Random electronic matching
by gender, age, and body mass index (BMI) was performed and two paired groups of 24 individuals each
were selected.
RESULTS: Of the 48 participants, 75% were female. The mean age was 37.4 £ 9.6. The mean BMI was
38.9 £ 2.6 kg/m?. Fibrosis was the most common histopathological abnormality (91.7%). Glucose was sig-
nificantly lower in the WL group (92 £ 19.1 versus 111.8 £+ 35.4 mg/dL; P = 0.02). Significantly lower fre-
quencies of macrovesicular steatosis (58.3% versus 95.8%; P = 0.004), microvesicular steatosis (12.5% versus
87.5%; P < 0.001), and portal inflammation (50% versus 87.5%; P = 0.011) were observed in the WL group.
CONCLUSION: Pre-operative WL was significantly associated with lower frequencies of macro- and mi-
crovesicular steatosis, portal inflammation, and lower glycemia, indicating an association between the
recent trajectory of body weight and histological aspects of NAFLD.

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is an abnormal accumulation of fat in the liver in
the absence of excessive alcohol drinking and/or any other secondary cause."” Alongside the
obesity epidemic, it has been increasingly detected over the last few decades and has now been
acknowledged as a source of public health concern. NAFLD is currently considered the most
common liver disease worldwide. It comprises a wide spectrum of histological features, ranging
from mild steatosis to severe forms of fibrosis, steatohepatitis, cirrhosis, and hepatocellular car-
cinoma.">* NAFLD and non-alcoholic steatohepatitis (NASH) occur in approximately 20-30%
and 2-3% of the general Western population, respectively.** Several studies have reported high
rates of NAFLD among individuals who undergo bariatric surgery (BS). Within this group, the
prevalence of liver fibrosis reportedly ranges from 6% to 74.4% and that of steatohepatitis from
26% to 55%.5°

Weight loss (WL) is a key factor in treating NAFLD. Studies involving individuals undergo-
ing BS have indicated that some conditions, such as steatosis and steatohepatitis, are more prone
to weight changes, while fibrosis appears to be more refractory. However, most of these studies
were based on non-invasive assessment methods (non-invasive laboratory markers and other

imaging methods). Studies based on paired biopsies were usually based on the comparison of
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generic elementary histological variables (steatosis, steatohepati-
tis, and fibrosis) without differentiating between specific profiles
of steatosis or inflammation, for example.!*!?

A detailed characterization of the impact of WL on the his-
topathological aspects related to NAFLD and markers of insulin
resistance (IR) may provide further insights into the pathophysi-
ology related to the treatment of the disease and the dynamics of

hepatic histological recovery after WL.

OBJECTIVE

This study aimed to analyze the effects of pre-operative WL on
the biochemical parameters of IR and NAFLD-related histo-
logical findings in obese individuals undergoing BS by compar-
ing groups that either underwent pre-operative loss or did not,

matched by gender, age, and body mass index (BMI).

METHODS

Study design

An analytical, observational, cross-sectional study was con-
ducted based on data from prospectively collected databases of
individuals who underwent BS at either a public tertiary univer-
sity hospital or private clinic. Individuals from the public hospi-
tal underwent surgery in 2019, and those from the private clinic
in 2022. In public hospitals, all individuals undergo a manda-
tory pre-operative WL program before surgery, which is not per-
formed in a private facility.

The study protocol was analyzed and approved by the Ethics
Committee of the Hospital de Clinicas, Universidade Estadual de
Campinas (HC-UNICAMP) on April 4, 2022, under the opin-
ion CAAE:55719322.9.0000.5404. All the participants provided

informed consent.

Study population and matching procedure

The study protocol included individuals of any gender aged
18-70 who underwent BS, as indicated by the National Institutes
of Health criteria. Exclusion criteria included individuals
belonging to vulnerable groups (underaged and/or mentally/
intellectually disabled), with past or current unrelated liver dis-
ease, previous or current history of alcohol use, previous or cur-
rent cholestasis, previous liver surgery, previous or current use of
hepatotoxic medications, chronic viral hepatitis, or incomplete
medical records.

We identified 113 individuals who met the criteria at a pub-
lic hospital (who underwent pre-operative WL) and 29 indi-
viduals at a private facility (who did not undergo pre-operative
WL). A random electronic matching of the databases was per-
formed using the Statistic Analysis System (SAS) software, via
the “PSMATCH” procedure, using the selected variables age,

gender, and BMI in a 1:1 ratio; two paired groups of 24 individ-
uals each were selected. The BS procedures performed by the
study participants were Roux-en-Y gastric bypass (n = 35) or

sleeve gastrectomy (n = 13).

Pre-operative weight loss
Allindividuals who underwent surgery at the public hospital were
included in a multidisciplinary group that performed pre-oper-
ative preparation for the procedure. It included weekly consulta-
tions with a multidisciplinary team (surgeon, nurse, psycholo-
gist, and dietitian), during which they received general guidance,
psychological counseling, and dietary prescriptions. Individuals
undergo BS after approximately 30-60 days when they achieve a
10-20% WL or when the minimum BMI is close to 35 kg/m?. No
medication for WL was prescribed.*

Individuals from private clinics undergo standardized
multidisciplinary pre-operative assessments before BS, and
there are no specific or systematic recommendations for pre-

operative WL.

Stratification by groups

Participants were categorized into two groups according to pre-
operative WL in relation to baseline weight: (I) individuals who
underwent pre-operative WL and (II) individuals without pre-

operative WL.

Liver biopsy technique

All patients underwent systematic wedge liver biopsy during BS,
following a standardized method. An approximately 2-cm frag-
ment was extracted from segment III or IV of the liver at the
end of the surgical procedure. Histopathological analyses of both
groups were performed and reviewed under the supervision of

the same pathology team.

Variables

The following demographic and anthropometric data were com-
pared between groups: age, gender, BMI at the time of surgery
(time of liver biopsy). For individuals who underwent pre-oper-
ative WL, the baseline BMI and percentage of total WL (%TWL)
were also assessed.

Biochemical examinations included aspartate aminotransferase,
alanine aminotransferase, glucose, and insulin levels. Homeostasis
model assessment — IR (HOMA-IR) was calculated according to
Matthews’ formula.”

Histopathological analyses were performed by hematoxylin
and eosin staining. The presence or absence of the following his-
topathological variables were considered: macrovesicular steato-
sis, microvesicular steatosis, lobular inflammation, portal inflam-

mation, fibrosis, iron overload, and hepatocellular ballooning.



Statistical analysis

Chi-square and Fisher’s exact tests were used to compare propor-
tions. The Mann-Whitney U test was used to compare continu-
ous variables between independent groups. The level of signifi-
cance for the statistical tests was set at 5% (P < 0.05). To perform
the analyses, we employed software SAS System for Windows
(Statistic Analysis System), version 9.2; SAS Institute Inc., 2002-
2008, Cary, North Carolina, United States.

RESULTS

Of the 48 participants, 75% were female. The mean age was
37.4 £ 9.6. The mean baseline BMI of the pre-operative loss
group was 47.7 * 4.8 kg/m? its mean pre-operative %TWL was
17.9 + 6.2%. The overall mean BMI of the study population at
the time of surgery was 38.9 + 2.6 kg/m” The most common his-
topathological abnormalities observed were fibrosis (91.7%) and
macrovesicular steatosis (77.1%). Table 1 provides a complete
description of the demographic, anthropometric, biochemical,
and histopathological characteristics of study participants.

The groups did not differ in age, gender, or BMI at the time of
liver biopsy or BS. Regarding biochemical variables, blood glucose
was significantly lower in the pre-operative WL group (92 £ 19.1
versus 111.8 £ 35.4 mg/dL; P = 0.02). A complete comparison of
the demographic, anthropometric, and biochemical variables is

presented in Table 2

Table 1. Demographic, anthropometric, biochemical, and
histopathological characteristics of the overall study population

n
Age (years)

Gender
Male
Female

Baseline BMI (kg/m?) (n = 24)

BMI at surgery (kg/m?)
%TWL (n = 24)

AST (IU/L)

ALT (IU/L)

Glucose (mg/dL)
Insulin (LU/mL)
HOMA-IR

Macrovesicular steatosis — n (%)

48
37.4£9.6

12 (25%)
36 (75%)

47.7+4.8
389+26
179+6.2
249+11.6
3251226
99.6 £27.3
25+13
6.2+3.6
37 (77.1%)

Microvesicular steatosis — n (%) 24 (50%)

Lobular inflammation - n (%)

Portal inflammation - n (%)

Fibrosis — n (%)

Hepatocellular ballooning - n (%)

Iron overload - n (%)

32 (66.7%)
33 (68.8%)
44 (91.7%)
34 (70.8%)
24 (50%)

n = number of individuals; BMI =

body mass index; AST = aspartate

aminotransferase; ALT = alanine aminotransferase; HOMA-IR = homeostasis model

assessment- insulin resistance.

Table 2. Comparison of demographic, anthropometric, biochemical, and histopathological variables between groups with or without

pre-operative weight loss

Pre-op WL No pre-op WL P value

: 24 NA
Age (years) 37585 37.2+10.8 0.89
Gender

Male 6 (25%) 6 (25%) 1.00

Female 18 (75%) 18 (75%)
BMI at surgery (kg/m?) 389+26 38.9+26 1.00
%TWL (%) 17.9%6.2 NA
ALT 3031225 34.7+23.0 0.48
AST 229195 26.9+13.3 0.29
Glucose (mg/dL) 92+19.1 111.8+354 0.02
Insulin (LU/mL) 248+123 253+ 146 0.92
HOMA-IR 53+3.0 6.8+3.8 0.25
Macrovesicular steatosis - n (%) 14 (58.3%) 23 (95 8%) 0.004
Microvesicular steatosis - n (%) 3(12.5%) 1(87.5%) <0.001
Lobular inflammation - n (%) 13 (54.2%) 19 (79.2%) 0.12
Portal inflammation - n (%) 12 (50%) 21 (87.5%) 0.011
Fibrosis - n (%) 20 (83.3%) 24 (100%) 0.1
Hepatocellular ballooning - n (%) 14 (58.3%) 20 (83.3%) 0.11
Iron overload - n (%) 14 (58.3%) 10 (41.7%) 0.39

n = number of individuals; Pre-op = pre-operative; WL = weight loss; NA = not applicable; BMI =

ALT = alanine aminotransferase; HOMA-IR = homeostasis model assessment-insulin resistance.

P values in bold indicate statistical significance.

body mass index; AST = aspartate aminotransferase;



Comparison of the distribution of hepatic histopathological
variables revealed significantly lower frequencies of macrovesic-
ular steatosis (58.3% versus 95.8%; P = 0.004), microvesicular ste-
atosis (12.5% versus 87.5%; P < 0.001), and portal inflammation
(50% versus 87.5%; P = 0.011) in the pre-operative WL group. A
complete comparison of the histopathological variables between

groups is presented in Table 2.

DISCUSSION

There is extensive evidence detailing the relationship between
WL and improvement of NAFLD and IR.!*% In the current study,
significantly lower blood glucose levels were observed in the WL
group, indicating a tendency toward better glycemic metabo-
lism in this group. In addition, lower frequencies of macro- and
microvesicular steatosis and portal inflammation were observed
in the pre-operative WL group.

The main findings of the study were related to the differential
impact of WL on specific histopathological aspects of NAFLD in
obese individuals. We observed that WL played a significantly more
important role in reducing the degree of liver fat content (steato-
sis) and portal inflammatory activity, but had no detectable effect
on lobular inflammation and fibrosis, indicating that some aspects
of NAFLD may be more prone to WL interventions than others,
which are seemingly more refractory or persistent.

Macrovesicular steatosis is the most evident aspect of NAFLD
and is highly responsive to WL through lifestyle interventions or
surgery. Excess lipids in hepatic steatosis are mainly neutral lipids
such as triglycerides and cholesterol esters. In hepatocytes, neu-
tral lipids are stored in dynamic organelles called lipid droplets.**
During the process of food deprivation, cells shift their metab-
olism from being dependent on glucose to being dependent on
mitochondrial fatty acid oxidation.” A study by Promrat et al.,” in
which 28 participants with NASH underwent liver biopsy before
and after a 48-week intensive lifestyle intervention, demonstrated
a significant reduction only in this variable among individuals who
lost more than 7% of their baseline weight.

Microvesicular steatosis is a less understood and less common
aspect of the NAFLD spectrum, occurring in 10-30% of cases. It is
usually associated with mitochondrial dysfunction, leading to the
formation of dysfunctional structures called megamitochondria,
and is considered an independent risk factor for disease progres-
sion, usually appearing in cases in which there is already established
fibrosis.** In the current study, the prevalence of microvesicu-
lar steatosis was considerably higher in individuals with no WL,
indicating that the occurrence of this harmful manifestation may
be even more frequent in individuals at high risk for more severe
NAFLD, such as those with severe obesity. However, the consid-
erable difference observed in the group of individuals undergoing

WL indicates that in the face of significant deprivation, the hepatic

response to this pattern of fat deposition is also significant. Hwang
et al.,” in a study of paired biopsies of nine overweight living liver
donors for transplantation who presented with WL, observed a more
significant reduction in microvesicular steatosis compared to mac-
rovesicular steatosis, a finding comparable with the current study.

Within the NASH spectrum, portal and lobular inflamma-
tion are important markers of inflammatory activity; however,
they are not usually coincidental, as demonstrated in the current
study. From a mechanistic point of view, this observation implies
the existence of distinct immunopathogenic processes that lead
to the initiation and maintenance of inflammation in the lobules
and portal tracts. Portal inflammation tends to be chronic and is
associated with a greater risk of progression to severe forms of
NAFLD. Usually, in situations where WL is acute, there are even
reports of an increase in the portal: lobular inflammation ratio.”
Interestingly, in the current study, the prevalence of portal inflam-
mation was significantly lower in the WL group, while there was
no difference between the frequencies of lobular inflammation.
Vilar-Gomez et al.,® in a prospective study with paired biopsies in
261 subjects, observed that the degree of WL was independently
associated with improvements in all NASH-related histological
parameters, including portal inflammation. Conversely, Salman
et al,” in a study of 81 individuals who underwent sleeve gas-
trectomy, demonstrated a significant response only to lobular
inflammation. Similarly, Praveen-Raj et al.** demonstrated com-
plete resolution of lobular inflammation in 12 of 14 individuals at
six months after BS. As baseline data concerning the hepatic his-
tological status of individuals undergoing pre-operative WL were
not available, it was not possible to fully compare the findings of
these studies with those of the present study. Furthermore, the
manner in which different surgical procedures lead to the control
and resolution of IR and NAFLD goes beyond WL itself, includ-
ing changes in portal lipid flow, structural and functional changes
in incretin secretion and bile acid resorption, in addition to the
development of differentiated modulation of satiety at the central
level and changes in intestinal microbiota, among several other
mechanisms. Therefore, the response to WL obtained surgically
or nonsurgically cannot be readily compared.

In the current study, group matching by BMI at the time of
evaluation isolated BMT itself as a confounding factor. It was there-
fore possible to demonstrate that the less severe findings related to
macro- and microvesicular steatosis and portal inflammation were
more closely related to the recent trajectory of body mass than to
BMTI itself, a finding that points to a highly dynamic characteristic of
NAFLD evolution. Nevertheless, this dynamic aspect of the disease
is seemingly less relevant after the initiation of hepatic fibrosis, as
the frequency of this abnormality hardly differed between groups.
This observation reinforces the greater refractoriness of NASH-

associated fibrosis to WL, either surgically induced or not, similar



to the findings observed after Roux-en-Y-gastric bypass-induced
WL by Kreve et al.*! Although fibrosis is an important marker of
severity and risk of progression of NAFLD, it is worth mention-
ing that all cases of fibrosis in this study were, at most, classified
as grade 3 (bridging fibrosis), and no participant presented with
any evident clinical sign of cirrhosis.

This study has some limitations that need to be considered.
The cross-sectional design could reveal associations; however,
causal links were not demonstrated. The different origins of the
participants (public system vs. health insurance plans) likely led
to the selection of individuals from different socioeconomic back-
grounds, a factor associated with significant dietary, behavior, and
occupation-related differences. As such, the joint analysis of the
entire sample without stratification by origin should be cautiously
interpreted, as it is somewhat biased by this mix-up of individuals
from diverse backgrounds. We also identified a relevant gender dis-
parity within both populations, with a remarkable predominance
of women despite comparable obesity rates across genders. This
likely occurs for various reasons, which encompass, among others,
patients’ perceptions of weight-loss surgery, provider referral pat-
terns, patient selection, and sociocultural aspects.” In relation to
postoperative outcomes, there is no consensus as to whether gen-
der plays any role. Bal et al.”” reported that male gender predicted
higher morbidity and lower WL in an analysis of the 2015-2017
data from the American College of Surgeons National Surgical
Quality Improvement Program, while Kennedy-Dalby et al.* found
no differences in a retrospective matched study. Female predomi-
nance could also have influenced the findings of the current study,
since NAFLD is usually both more prevalent and severe among
men, leading to some degree of underestimation of the disease in
our sample.** However, the current study has relevant strengths
that also merit emphasis. The use of detailed histological analysis
to assess NAFLD allowed for an in-depth and nuanced assessment
of the differences between groups. Matching by gender, age, and
BMI made it possible to isolate relevant confounding variables
and analyze WL in isolation, reducing the risk of selection bias
and increasing the validity of the observed findings.

The current study’s findings highlight the relevance of liver
disease among candidates and patients undergoing BS, emphasiz-
ing the necessity of thorough evaluation and careful follow-up of
this population in relation to NAFLD, as well as the importance
of encouraging individuals to achieve WL and even referring
them to BS whenever warranted according to current guidelines.
Furthermore, it highlights the importance of liver biopsy collec-
tion during BS for several reasons. The operated patient presents
with a high risk for NAFLD and its advanced forms, and the pro-
ceeding itself is safer in this surgical context; the increase in costs
is not prohibitive and, most importantly, the method is the most

accurate for these goals. Liver biopsy, in addition to promoting

early diagnosis of both NAFLD and severe forms, such as liver
cirrhosis, helps to understand the natural evolution of the disease

and its postoperative course.***’

CONCLUSION

Individuals undergoing pre-operative WL presented with signif-
icantly lower frequencies of macro- and microvesicular steato-
sis and portal inflammation, as well as lower blood glucose lev-
els, compared to a group with no pre-operative WL matched by
sex, age, and BMI, indicating an association between the recent
trajectory of body mass and histological aspects of NAFLD and
pointing to the highly dynamic and responsive WL features of

this disease.
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