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control study was conducted involving 228 participants: 114 chronic HBV patients and 114 age-matched
healthy controls. HBV-infected patients were further stratified based on viral load into low viral load
(2000 IU/mL, n=80) and high viral load (>2000 IU/mL, n=34) subgroups. Fecal samples underwent 16S
rRNA gene sequencing targeting V3-V4 regions using Illumina MiSeq platform. Alpha and beta diversity
metrics were calculated, and taxonomic composition was analyzed using QIIME2 pipeline with DADA2
plugin. Statistical analyses included Mann-Whitney U tests, Kruskal-Wallis tests, and PERMANOVA for
beta diversity. Results: Chronic HBV patients demonstrated significantly higher alpha diversity
compared to controls (p<0.05). This increase was primarily driven by the low viral load subgroup, which
showed enhanced Shannon diversity index (p=0.044) and Faith's phylogenetic diversity (p<0.044). Beta
diversity analysis revealed significant differences between controls and low viral load patients using
Jaccard dissimilarity (p=0.06) and unweighted UniFrac distance (p=0.0013). Taxonomically, low viral
load patients exhibited enrichment of Alloprevotella and Eubacterium coprostanoligenes, while
showing depletion of Bacteroides fragilis and Prevotella species compared to controls. Functional
prediction analysis suggested enhanced fatty acid and lipid metabolism pathways in low viral load
patients. Conclusions: This study demonstrates distinct gut microbiota signatures associated with
chronic HBV infection, particularly in patients with low viral loads. The enrichment of lipid-
metabolizing bacteria may contribute to the protective metabolic phenotype observed in HBV
infection, potentially explaining reduced dyslipidemia risk in this population.

Keywords: Chronic Hepatitis B Virus (HBV) Infection, Gut Microbiota, Viral Load, Cholesterol
Metabolism, Gut-Liver Axis

INTRODUCTION understanding of these metabolic pathways has limited

. .. . . . the development of novel therapeutic targets for HBV
Chronlg hepatitis B vIrus (HE."V). _mfectlon affects management[7]. The gut microbiota has emerged as a
approxm_ately 296  million |n.d|v.|c§UaIs _globqlly, critical mediator of host-pathogen interactions and
representing one of the most significant infectious

di burd ldwidel1l. Despite ad . metabolic homeostasis. This complex microbial
IS€ase burdens worldw e[1]. ESpIte advances n ecosystem performs essential functions including
antiviral therapy, chronic HBV infection remains a

. . . . nutrient metabolism, vitamin synthesis, immune system
Iead!ng cause .Of I|ver_ CII’I’hOSI_S an(_j hepatocgllular modulation, and maintenance of the gut-brain axis[8,9].
cakr)usnc;]ma, pzrftl_culazrlyén end deTICd'r egltorr:s Oft.As:f; art1d Accumulating evidence demonstrates that gut microbiota
|s_l|JBVa_afrant_ ”(;]a[ ]b cyona ts t"sc .sﬁac;?:f et(? 5 dysbiosis contributes to various pathological conditions,

Intection has ‘been associated wi Istinctive including digestive disorders, cardiovascular disease,
metabolic alterations, including paradoxically reduced and endocrine dysfunction[10]
serum cholesterol levels and decreased risk of '

nonz;lcohohc fzttyl _I|vetrh dlseas:3 b('\IIAF:]‘D)[g".l]'HTBQ? Recent investigations have revealed that HBV infection
mechanisms underlying these metabolic changes In significantly alters gut microbiota composition and

infection remain poorly understood. Recent evidence diversity[11,12]. In chronic HBV infection, these
suggests that HBV gene expression in hepatocytes microbiota alterations may regulate cholesterol

exhibits similar regulatory patterns to key metabolic metabolism through complex microbe-host interactions,

genes, |_nd|cat|ng potential direct viral effec_ts on host potentially explaining the cholesterol-lowering effects
metabolism[5,6]. However, the incomplete
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observed in infected individuals[13]. The gut-liver axis
represents a bidirectional communication pathway
whereby gut-derived microbial products influence
hepatic function, while liver-derived factors modulate
intestinal microbiota composition[14]. The natural
history of chronic HBV infection encompasses distinct
phases characterized by different levels of viral
replication, immune activation, and liver
inflammation[15]. These phases include immune
tolerance, immune clearance, low replication, and
inactive carrier states, each potentially associated with
unique gut microbiota profiles[16]. Understanding how
gut microbiota composition varies across these different
phases of HBV infection is crucial for developing
microbiome-targeted therapeutic interventions. Viral
load represents a key parameter in HBV management,
with thresholds of 2000 1U/mL serving as important
clinical decision points for treatment initiation and
monitoring[17,18]. Patients with low viral loads (<2000
IU/mL) typically exhibit minimal liver inflammation and
have low risk of disease progression, while those with
high viral loads (>2000 IU/mL) require closer
monitoring and often benefit from antiviral therapy[19].

The relationship between HBV viral load and gut
microbiota composition has not been comprehensively
characterized. Previous studies have focused primarily
on patients with advanced liver disease or have not
stratified patients based on viral load[20,21].
Furthermore, the functional implications of microbiota
alterations in HBV infection, particularly regarding lipid
and cholesterol  metabolism, require  detailed
investigation. This study aimed to address these
knowledge gaps by conducting a comprehensive analysis
of gut microbiota composition and diversity in chronic
HBYV patients stratified by viral load compared to healthy
controls. We hypothesized that patients with different
viral loads would exhibit distinct microbiota signatures,
with low viral load patients demonstrating enrichment of
beneficial bacteria involved in lipid metabolism. The
findings of this research may provide insights into the
mechanistic basis of metabolic alterations in HBV
infection and identify potential targets for microbiome
based therapeutic interventions.

MATERIALS AND METHODS

2.1 Study Design and Participants

This prospective case-control study was conducted at
Saveetha Medical College and Hospital between January
2020 and December 2022. The study protocol was
approved by the Institutional Ethics Committee
(Protocol ~ Number:  SMC/IEC/2020/01/78) and
conducted in accordance with the Declaration of
Helsinki. All participants provided written informed
consent prior to enrolment.

Inclusion and Exclusion Criteria

Inclusion criteria for HBV patients: (1) Age 18-75 years;
(2) Chronic HBV infection defined as hepatitis B surface
antigen (HBsAgQ) positivity for >6 months; (3) Stable

clinical condition without active hepatitis; (4) Alanine
aminotransferase (ALT) levels (ALT) levels

Inclusion criteria for healthy controls: (1) Age 18-75
years; (2) Negative HBsAg; (3) Normal liver function
tests; (4) No known chronic diseases

Exclusion criteria for both groups: (1) Use of antibiotics
within 3 months prior to enrollment; (2) Concurrent use
of proton pump inhibitors, cholesterol-lowering
medications, or digestive enzymes; (3) Diabetes
mellitus; (4) Inflammatory bowel disease or other
gastrointestinal disorders; (5) Pregnancy or lactation; (6)
Immunosuppressive therapy; (7) Alcohol consumption
>20g/day for women or >30g/day for men

Additional exclusion criteria for HBV patients: (1)
Evidence of liver cirrhosis or hepatocellular carcinoma;
(2) Concurrent hepatitis C or hepatitis D infection; (3)
Human immunodeficiency virus coinfection; (4) Current
or recent antiviral therapy within 12 months.

Sample Size Calculation

Sample size was calculated using G*Power 3.1.9.7
software. Based on previous studies reporting medium
effect sizes (Cohen's d = 0.5) for microbiota diversity
differences between HBV patients and controls, with a =
0.05 and power = 0.80, a minimum of 64 participants per
group was required. To account for potential dropouts
and stratification by viral load, we enrolled 114
participants per group.

Clinical Data Collection

Comprehensive clinical data were collected including
demographic characteristics, medical history, current
medications, smoking and alcohol consumption patterns,
and anthropometric measurements. Body mass index
(BMI) was calculated as weight in kilograms divided by
height in meters squared.

Laboratory Assessments

Venous blood samples were collected after 8-hour
fasting for biochemical analyses. Complete blood count
was performed using a hematology analyzer (XE-2100,
Sysmex Corporation, Kobe, Japan). Serum biochemistry
including ALT, aspartate aminotransferase (AST), total
bilirubin, total cholesterol, low-density lipoprotein
cholesterol (LDL-C), and high-density lipoprotein
cholesterol (HDL-C) were measured using an automated
chemistry analyzer (COBAS c702, Roche Diagnostics,
Basel, Switzerland). HBsAg, hepatitis B e antigen
(HBeAg), and hepatitis B e antibody (HBeAb) were
determined using electrochemiluminescence
immunoassays (ECLIA) on the COBAS €801 platform
(Roche Diagnostics). HBV DNA quantification was
performed using real-time polymerase chain reaction
(COBAS AmpliPrep/COBAS TagMan HBV Test v2.0,
Roche Diagnostics) with a detection range of 20-1.7x10#
IU/mL.
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HBYV Patient Stratification

Chronic HBV patients were stratified into subgroups
based on HBV DNA levels: Group B1 (low viral load):
HBV DNA <2000 IU/mL; Group B2 (high viral load):
HBV DNA >2000 IU/mL. This stratification follows
current international guidelines for HBV management
and treatment decision-making[22,23].

Fecal Sample Collection and Processing

Fecal samples were collected using OMNIgene-GUT
collection kits (DNA Genotek, Ottawa, Canada)
according to manufacturer's instructions. Participants
were provided detailed instructions for proper sample
collection and storage. Samples were transported to the
laboratory within 24 hours and stored at -80°C until
DNA extraction.

DNA Extraction and 16S rRNA Gene Sequencing
Total genomic DNA was extracted from fecal samples
using the QlAamp PowerFecal Pro DNA Kit (QIAGEN,
Hilden, Germany) following the manufacturer's protocol.
DNA concentration and purity were assessed using a
NanoDrop spectrophotometer (Thermo Fisher Scientific,
Waltham, MA, USA). The V3-V4 hypervariable regions
of the 16S rRNA gene were amplified using universal
primers 341F (5' CCTACGGGNGGCWGCAG-3") and
805R (5-GACTACHVGGGTATCTAATCC-3). PCR
amplification was performed using the following
conditions: initial denaturation at 95°C for 3 minutes; 25
cycles of denaturation at 95°C for 30 seconds, annealing
at 55°C for 30 seconds, and extension at 72°C for 30
seconds; final extension at 72°C for 5 minutes. PCR
products were purified using AMPure XP beads
(Beckman Coulter, Brea, CA, USA) and quantified using
the Qubit dsDNA HS Assay Kit (Thermo Fisher
Scientific). Equimolar concentrations of purified
amplicons were pooled and sequenced on the Illumina
MiSeq platform using the MiSeq Reagent Kit v3 (2x300
bp paired-end reads).

Bioinformatics Analysis

Raw sequencing data were processed using QIIME 2
version 2021.4[24]. Quality filtering and feature table
construction were performed using DADA2 plugin with

default parameters[25]. Taxonomic assignment was
conducted using the g2 feature-classifier against the
Silva 138 99% reference database[26]. Alpha diversity
metrics including observed amplicon sequence variants
(ASVs), Shannon diversity index, Pielou's evenness, and
Faith's phylogenetic diversity were calculated after
rarefying to 21,459 sequences per sample. Beta diversity
was assessed using Bray-Curtis dissimilarity, Jaccard
distance, and weighted/unweighted UniFrac
distances[27].

Statistical Analysis

Statistical analyses were performed using R version
4.1.0. Continuous variables were tested for normality
using Shapiro Wilk tests. Normally distributed
continuous variables were compared using Student's t-
test, while non-parametric data were analyzed using
Mann-Whitney U test for pairwise comparisons and
Kruskal-Wallis test for multiple group comparisons.
Categorical variables were compared using Chi-square
or Fisher's exact tests as appropriate. Alpha diversity
differences between groups were assessed using Mann-
Whitney U test with Benjamini-Hochberg correction for
multiple comparisons. Beta diversity differences were
evaluated using permutational multivariate analysis of
variance (PERMANOVA) with 999 permutations.
Differential abundance analysis was performed using
Analysis of Composition of Microbiomes (ANCOM) to
identify taxa significantly associated with HBV infection
and viral load[28]. Linear discriminant analysis effect
size (LEfSe) was used to identify biomarker taxa with
linear discriminant analysis scores >3.0[29].

Functional Prediction Analysis

Functional profiling of microbial communities was
performed using Phylogenetic Investigation of
Communities by Reconstruction of Unobserved States 2
(PICRUSt2)[30]. Predicted functional profiles were
compared using Statistical Analysis of Taxonomic and
Functional Profiles (STAMP) software with Welch's t-
test and Benjamini-Hochberg correction[31].

Statistical significance was set at p<0.05 for all analyses.
All tests were two-tailed unless otherwise specified.

RESULTS

A total of 268 individuals were initially enrolled, of whom 228 completed the study and provided adequate fecal samples
for analysis. The final cohort comprised 114 healthy controls (Group A) and 114 chronic HBV patients (Group B). Among
HBYV patients, 80 had low viral loads (Group B1, <2000 IU/mL) and 34 had high viral loads (Group B2, >2000 1U/mL).

Participant Characteristics

Table 1: Baseline Demographics and Clinical Characteristics

. Group A | Group B | p- Group B1 | Group B2 | p-value (Bl
Gl (n=114) (n=114) value (n=80) (n=34) vs B2)
Demographics
Age (years)* 46.7+123 | 545+13.8 | <0.001 | 56.3+14.2 | 50.2+12.6 | 0.044
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- Group A | Group B | p- Group B1 | Group B2 | p-value (Bl
CIREEETEIE (n=114) (n=114) value | (n=80) (n=34) vs B2)
Male gender (%) | 28 (24.6) | 42(36.8) | 0.041 |27(338) | 15(441) | 0535
Current smoker (%) | 6 (5.3) 13(114) | 0106 | 9(113) 4(11.8) 0.329

2874  +|2791 +
2\ *
BMI (kg/m?) 2793421 | 28493587 | 0381 |5 276 0.377
HBV Markers
oy 0 POV 1196) |- 0(0.) 11(32.4) | <0.001
'('(') /'SeAb positive | _ 54 (47.4) | — 44 (55.0) | 10(29.4) | 0.014
Laboratory Values*
WBC (x10¥uL) 6.12+183 |539+167 |0012 |545+172 |527+158 | 0.672
Platelets (x109uL) | 273.0+68.4 | 214.0+592 | <0.001 | 2140 #2210 1 q1g
61.3 54.8
Total *bilirubin | 575, 098 | 0.96+0.34 | <0.001 | 0.97+035 | 0.94+031 | 0.819
(mg/dL)
2708  +[3094 +
AST (IU/L) 2618842 | 28.86+9.76 | 0.072 | o'~ 087 0.309
2793  +|3251 = 3085 +|3641 =
ALT (IUIL) 12.45 15.28 0.223 | 1467 16.44 0.412
Lipid Profile*
Total cholesterol | 195.18 + | 187.19 + 18748 + | 186.53
(mg/dL) 3472 31.84 0210 1 3545 30.12 0.928
13339  + | 12279 + 12546 + | 11665 +
LDL-C (mgfdL) 28.63 26.41 0.080 | 5718 24.32 0.299
68.28  +| 6241 = 5823 & | 7200 =+
HDL-C (mg/dL) 15.94 14.72 0.068 | 1345 15.87 0.026

*Data presented as mean + standard deviation; **Categorical variables presented as n (%); ***Normal reference ranges:
WBC 4.0-11.0x10%/uL, Platelets 150-450%10%/uL, Total bilirubin 0.3-1.2 mg/dL, AST/ALT

Alpha and Beta Diversity Analysis

Alpha diversity analysis revealed significantly higher microbial diversity in chronic HBV patients compared to healthy
controls. This difference was primarily attributed to the low viral load subgroup (B1), which showed significantly higher
Shannon diversity index (p=0.044), observed ASVs (p<0.05), and Faith’s phylogenetic diversity (p=0.044) compared to
controls. Group B2 did not show significant differences in alpha diversity metrics compared to either controls or Group
B1.

Table 2: Beta Diversity Distance Matrices by HBV DNA Load
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Beta Diversity Clielps A || el 2 Groups Avs B1vs B2  p-value GREIE R G

Index vs B Vvs B P~ pERMANOVA) AvsBl A VS A Vs A Vs
Pseudo-F value Bl B2 B2

Bray-Curtis =) »op 0.153 _ 0370 0095 0179 0527

dissimilarity

Jaccard 1.593 0.009 - 0.060 0.080 0117  0.341

dissimilarity

Weighted

UniFrac 0.630 0.600 - 0.789 0352 0591  0.758

Unweighted 2.253 0.017 - 0.0013  0.029 0319  0.947

UniFrac

Beta diversity analysis using PERMANOVA revealed significant differences in microbial community structure between
controls and HBV patients, particularly those with low viral loads. The most notable differences were observed using
presence/absence-based metrics (Jaccard dissimilarity and unweighted UniFrac distance), suggesting that the differences
were primarily driven by the presence or absence of specific taxa rather than their relative abundances.

Taxonomic Composition Analysis

The sequencing analysis identified 1,555 unique ASVs
across 228 samples, with reads ranging from 21,459 to
102,071 per sample (mean: 47,752). These ASVs were
taxonomically classified into 14 phyla, 23 classes, 45
orders, 94 families, 326 genera, and 751 species. At the
phylum level, Bacteroidetes (48.4%) and Firmicutes
(46.6%) dominated across all groups, with no significant
differences in their relative abundances between HBV
patients and controls. However, detailed analysis at
lower taxonomic levels revealed significant differences
associated with HBV infection and viral load status.
ANCOM analysis identified several genera significantly
associated with HBV infection after adjusting for age,
sex, and smoking status. When comparing Group A
(controls) to Group Bl (low viral load), significant
differences were observed in 2 families, 7 genera, and 16
species. The genera showing the most prominent
differences included Alloprevotella, Paraprevotella,
Hungatella, Mitsuokella, and Family XIII AD3011,
along with an unclassified genus of the family
Lachnospiraceae. LEfSe analysis identified 32 taxa with
linear discriminant analysis scores >3.0 when comparing
controls to low viral load patients. Notably, Eubacterium
coprostanoligenes was significantly enriched in Group
B1, while Bacteroides fragilis, Prevotella species, and
certain Hungatella species were more abundant in
controls.

Key findings included:

Enriched in Group B1: Alloprevotella spp., Eubacterium
coprostanoligenes, Family XIII  AD3011 group,
Mitsuokella spp.

Depleted in Group B1: Bacteroides fragilis, Prevotella 2,
Hungatella spp., Paraprevotella spp.

Comparison between controls and Group B2 (high viral
load) revealed no statistically significant taxonomic
differences, suggesting that microbiota alterations are
specifically associated with low viral load states.

Functional Prediction Analysis

PICRUSt2 analysis was employed to predict functional
capabilities of the gut microbiota based on 16S rRNA
gene profiles. While no pathways reached statistical
significance after multiple comparison correction (FDR
0<0.05), several pathways showed nominal significance
(p<0.05) that warrant discussion.

Pathways enriched in Group B1 compared to controls
included:
+ Peptidoglycan maturation (p=0.011)
+ Methylophosphonate degradation | (p<0.05)
+» Superpathway of thiamin  diphosphate
biosynthesis Il (p<0.05)

Conversely, the saturated fatty acid elongation pathway
was significantly reduced in Group Bl compared to
controls (p=0.006), suggesting altered lipid metabolism
in low viral load HBV patients.

DISCUSSION

Principal Findings

This comprehensive analysis of gut microbiota in
chronic HBV infection stratified by viral load reveals
several important findings. First, chronic HBV patients,
particularly those with low viral loads, demonstrate
significantly higher alpha diversity compared to healthy
controls.  Second, distinct taxonomic signatures
characterize patients with low viral loads, including
enrichment of beneficial bacteria involved in lipid
metabolism such as Alloprevotella and Eubacterium
coprostanoligenes. Third, functional prediction analyses
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suggest altered metabolic pathways related to fatty acid
synthesis and lipid metabolism in low viral load patients.
These findings provide novel insights into the gut-liver
axis in HBV infection and may explain the paradoxical
metabolic benefits observed in chronic HBV carriers.

Alpha and Beta Diversity Patterns

The observation of increased alpha diversity in HBV
patients, specifically those with low viral loads, contrasts
with many chronic diseases where reduced diversity is
typically observed[32,33]. This finding aligns with
recent studies suggesting that certain chronic infections
may promote microbial diversity through complex host-
pathogen-microbiome interactions[34]. The enhanced
diversity in Group B1 may reflect a stable ecological
state where low-level viral replication maintains immune
activation without causing severe dysbiosis. The beta
diversity analysis revealed that community structure
differences were primarily driven by the presence or
absence of specific taxa rather than their relative
abundances, as evidenced by significant differences in
unweighted but not weighted UniFrac distances. This
pattern suggests that HBV infection, particularly at low
viral loads, may create ecological niches that favor the
establishment of specific bacterial taxa while potentially
eliminating others.

Taxonomic Alterations and Metabolic Implications
The enrichment of Alloprevotella in low viral load
patients is particularly noteworthy given its established
associations with cardiovascular health and lipid
metabolism[35]. Previous studies have demonstrated
that Alloprevotella species produce short-chain fatty
acids, particularly butyrate, which can reduce LDL
cholesterol and triglyceride levels[36]. The increased
abundance of this genus in Group B1 may contribute to
the reduced dyslipidemia risk observed in HBV-infected
individuals. Eubacterium coprostanoligenes, another
genus enriched in low viral load patients, possesses
unique cholesterol metabolizing capabilities. This
anaerobic bacterium can reduce up to 90% of cholesterol
to coprostanol, a poorly absorbed cholesterol
metabolite[37,38]. The presence of E. coprostanoligenes
in HBV patients may directly contribute to reduced
serum cholesterol levels through enhanced cholesterol
conversion and reduced intestinal absorption[39]. The
depletion of Bacteroides fragilis in low viral load patients
warrants discussion, as this species typically plays
beneficial roles in immune system development and
maintenance[40]. However, in the context of chronic
HBV infection, the reduced abundance of B. fragilis may
represent an adaptive response that minimizes pro-
inflammatory signals, potentially contributing to the
relatively stable clinical course observed in low viral
load patients.

Functional Metabolic Pathways

The functional prediction analysis provides mechanistic
insights into the metabolic alterations observed in HBV
infection. The reduced saturated fatty acid elongation

pathway in Group Bl is particularly significant, as
excessive saturated fatty acid synthesis is associated with
hepatic lipogenesis and NAFLD development[41]. The
downregulation of this pathway in low viral load patients
may contribute to their reduced NAFLD risk.
Conversely, the enrichment of peptidoglycan maturation
pathways suggests enhanced bacterial cell wall
synthesis, which may reflect the increased microbial
biomass associated with higher alpha diversity. The
enhanced thiamin diphosphate biosynthesis pathway is
relevant for energy metabolism and may support the
metabolic functions of beneficial bacteria enriched in
this group.

Clinical and Therapeutic Implications

These findings have important implications for clinical
management of chronic HBV infection. The
identification of specific microbiota signatures
associated with low viral loads may enable development
of microbiome-based biomarkers for disease monitoring.
Furthermore, the enrichment of beneficial bacteria in low
viral load patients suggests that microbiome modulation
could represent a complementary therapeutic approach.
The metabolic benefits associated with specific
microbiota patterns in HBV infection raise the possibility
of probiotic interventions targeting cholesterol
metabolism. Supplementation with Alloprevotella or E.
coprostanoligenes strains could potentially enhance the
beneficial metabolic effects observed in HBV patients
while maintaining gut microbiota diversity.

Gut-Liver Axis Implications

The gut-liver axis represents a critical pathway for
microbiome-mediated effects on hepatic function[47]. In
chronic HBV infection, the altered gut microbiota may
influence liver inflammation, fibrosis progression, and
metabolic function through multiple mechanisms
including short-chain fatty acid production, bile acid
metabolism, and immune modulation[48,49]. The
specific enrichment of beneficial bacteria in low viral
load patients suggests that this represents an optimal
balance where viral persistence maintains beneficial
selective pressures without causing significant liver
damage. This concept of "beneficial chronicity" warrants
further investigation as a potential therapeutic target.

Study Limitations

Several limitations should be acknowledged. First, the
cross-sectional design precludes determination of causal
relationships between viral load changes and microbiota
alterations. Longitudinal studies are needed to establish
temporal relationships and causality. Second, the use of
16S rRNA sequencing limits taxonomic resolution to the
genus level and does not provide strain-level information
or functional gene content. Metagenomic sequencing
would provide more detailed functional insights. Third,
the smaller sample size in Group B2 may have limited
statistical power to detect differences in high viral load
patients. Fourth, dietary information was not
systematically collected, and diet represents a major
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determinant of gut microbiota composition. Future
studies should include detailed dietary assessments and
controls for nutritional factors. Fifth, the study
population was limited to a single geographic region with
specific genetic and environmental backgrounds,
potentially limiting generalizability to other populations.
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