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Abstract

Background

Low back pain (LBP) remains a major global health challenge. Effective manage-
ment of LBP requires prognostic research to identify people at risk of poor outcome,
enabling timely and targeted interventions.

Objective

To synthesize the evidence for physical measures of physical functioning as prognos-
tic factors for predicting outcome in LBP.

Methods

This systematic review followed PRISMA and published protocol [PROSPERO-
CRD42023406796] [1]. Searches were conducted in MEDLINE, EMBASE, CINAHL,
Scopus and ProQuest Dissertations/Theses from inception to 29/5/2024. Hand
searches of key journals and screening reference lists of included studies was
performed. Prospective longitudinal studies, evaluating physical measures of phys-
ical functioning as prognostic factors, in adults 18years= with LBP and/or LBP-
related leg pain were included. LBP related to malignancy, fracture, infection, cauda
equina, inflammatory conditions, and measures; imaging, EMG, and motion capture
with force plates or 3D video analysis were excluded. Two independent reviewers
screened articles, extracted data, assessed risk of bias (RoB) using QUIPS. Due to
high heterogeneity a narrative synthesis was conducted and GRADE determined the
quality of evidence.
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Results

From 15,889 citations, 42 studies were included, with 50% assessed as high RoB.
Low-quality evidence supports no predictive ability of high isometric back extension
endurance, high handgrip strength, and high fingertip-to-floor test for good long term
LBP outcomes. Very low-quality evidence supports inconsistent predictive ability of
high lumbar extension range of motion and high straight leg raise range for good
short-term outcomes, and high isometric back flexion endurance for good long-term
LBP outcome. For studies that could not be synthesized, 41 physical measures of
physical functioning were investigated, with 23 of them showing promising predictive
ability for LBP outcome.

Conclusion

This review highlights a lack of high-quality evidence regarding the predictive ability of
physical measures of physical functioning in LBP. Findings indicate that the existing
evidence is low-quality for no predictive ability and very low-quality for inconsistent
predictive ability of physical measures of physical functioning. Low/very low-quality
evidence suggests cautious interpretation. Imprecision, high RoB studies, and inad-
equately controlled confounding factors contributed to low/very low-quality evidence.
This review also identifies emerging potential prognostic factors. An adequately pow-
ered, low RoB prospective longitudinal study using standardized measurement proto-
cols and multivariable analysis is required to further investigate the promising predictive
ability of physical measures of physical functioning in LBP. Future prognostic research
should be grounded in strong theoretical rationale, including biological plausibility.

Introduction

Low back pain (LBP) remains a major global health challenge, ranking among the
top causes of years lived with disability [1,2]. Its impact extends beyond physical
and mental health, imposing significant economic burdens [3—5]. Chronic LBP leads
to ongoing medical expenses and indirect costs, such as lost work productivity [6].
Prognostic research identifies people at risk of poor outcome. Stratification based
on prognostic factors facilitates personalized treatment plans, that would enhance
effective LBP management [7]. A prognostic factor is any indicator that can predict
subsequent health outcome and provides insights into the likely progression of a con-
dition [8,9]. However, prognostic factors may not directly cause the outcome; rather,
they can be markers or indicators of risk without being part of the causal pathway
[10]. Causal factors always have some predictive value, but prognostic factors do not
necessarily represent underlying causes. This study focuses exclusively on identify-
ing and synthesizing prognostic factors that can predict LBP outcomes, rather than
establishing causation.

Physical functioning is a fundamental aspect of health, defined by the Core Out-
come Measures in Effectiveness Trials (COMET) Initiative as the impact of a disease
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or condition on physical activities of daily living, such as walking and self-care [11,12]. It is recognized as a multidimen-
sional construct encompassing several interconnected domains, including bodily structures and functions, performance
of physical activities, as well as social and role-related participation [13]. Limitations in one domain may impact others,

contributing to a decline in quality of life (QOL) [14].

Physical functioning can be assessed through different forms, including standardized self-report like the physical func-
tioning subscale of the Short-Form 36 (SF-36) [15,16], can be directly observed by a rater (e.g., 6-minute walk test) [17],
or can be quantified in real-world settings through wearable devices like accelerometers [18]. Each offer different insights
into physical function, such as the patient’'s own self-perceptions in the case of self-rating scales, or activity in ecological
settings in the case of accelerometers. The Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials
(IMMPACT) [18] recommends using both direct observation/quantification of activity in addition to participant self-report for
a more fulsome evaluation of a participants’ physical function [18]. In this systematic review, we are focused on physical
measures of physical functioning that can predict outcomes in LBP.

Existing literature on prognostic factors in LBP has addressed a range of variables, e.g., psychological, personal and
work-related factors [19,20]. However, there is a gap for the comprehensive investigation of physical measures of physical
functioning. To date, two systematic reviews have investigated these factors. Hartvigsen et al. included physical measures
evaluating physical functioning limited to low-tech clinical tests, and reported inconsistent evidence for various prognos-
tic factors [21]. Verkerk et al. investigated a variety of prognostic factors, but did not comprehensively include physical
measures of physical functioning. Their focus was solely on muscle endurance, strength, and aerobic capacity [22]. Both
reviews also exhibited some methodological limitations, which contributed to low AMSTAR-2 criteria scores [23]. The
AMSTAR-2 assessment for both reviews is provided in S1 File.

Despite extensive research on prognostic factors in LBP [24] there remains a significant gap in understanding the role
of physical measures of physical functioning as prognostic factors for predicting LBP outcomes. Therefore, the purpose of
this study was to comprehensively assess how physical measures of physical functioning can predict LBP outcomes.

Objective

To synthesize the evidence for physical measures of physical functioning as prognostic factors predicting outcomes in the
LBP population.

Methods
Design

This systematic review was designed using the PRISMA statement [25] and Cochrane Handbook [26]. It is registered

in PROSPERO-(CRD42023406796) and follows a published protocol [27]. Our protocol initially included only English-
language studies. However, with Al translation advancements, we translated non-English articles and validated the accu-
racy with bilingual individual familiar with the subject matter.

Eligibility criteria (Informed by PICOS framework)

Inclusion and exclusion criteria informed by PICOS is summarized in Table 1.
Physical measures of physical functioning are categorized as the following:

1. Impairment-based measures: evaluating structure or function of a specific body part or system (e.g., range of motion) [15].

2. Performance-based measures: evaluating performance on a defined task in standardized environment (e.g., 6 min walk
test) [18].

3. Activity in natural environment/real-world: evaluating activity in natural environment (e.g., accelerometery) [18].
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Table 1. Eligibility criteria (Informed by PICOS framework).

Inclusion criteria Exclusion criteria

Population (P). Participants aged 18 years and above with LBP and/or low back-related leg pain Studies involving LBP related to malignancy, frac-
Potential physical prognostic factors (I). All physical measures of physical functioning that have ture, infection, cauda equina, rheumatoid arthritis,
been investigated as predictors of outcomes, and are practically feasible in terms of time, space, and ankylosing spondylitis were excluded.
training, safety and cost to perform in hospital or community-based physiotherapy clinic were Studies using measures such as imaging, elec-
included. Physical measures of physical functioning are categorized as impairment-based mea- trophysiological measures (EMG), and motion
sures, performance-based measures, activity in natural environment/real-world capture gait analysis utilizing force plates or
Comparator (C). Not applicable three-dimensional video analysis were excluded.
Outcome (0O). Any outcome predicted by physical measures of physical functioning (intentional

broad definition of outcome following scoping search that identified a limited number of studies) at

any time point of follow up

https://doi.org/10.1371/journal.pone.0335535.t001

Information sources

A comprehensive search was performed from inception to May 29, 2024 on MEDLINE, EMBASE, CINAHL, and Scopus.
Grey literature was searched using Open Grey System and ProQuest Dissertations and Theses. Hand searches of key
journals (Spine, European Spine Journal, The Spine Journal) and screening reference list of included studies was also
performed.

Search strategy

The search strategy was developed in collaboration with a research librarian around the constructs of LBP, physical mea-
sures of physical functioning and prognostic factors. Search terms were informed by the “National Institute for Health and
Care Excellence guidelines for LBP and sciatica in adults over the age of 16 year” [28], a previous systematic review [29],
and a search filter developed to identify prognostic factor studies [30]. The search strategy developed in MEDLINE was
adapted for use in other databases is provided in S2 File.

Study selection process

The citations retrieved from searches were imported and archived into Covidence. This software detected and removed
duplicate records. Based on eligibility criteria two authors [RR/AN] independently screened titles and abstracts, followed
by full-texts screening. Discrepancies were resolved through discussion, and it was planned to consult a third reviewer
(AR) if consensus was not achieved. Inter-rater reliability was assessed using Cohen’s Kappa. [31,32].

Data extraction process and items

Data were extracted by two independent authors using a standardized data extraction form, the Checklist for Critical
Appraisal and Data Extraction for systematic reviews of prognostic factor studies (CHARMS-physical functioning) [33]
which is an adapted version of the CHARMS checklist for primary studies of prediction models [9,34]. To ensure the reli-
ability and feasibility of this modified form, pilot testing was performed. Data items extracted from each study were: LBP
characteristics, participants, potential prognostic factors, outcome measure, results. For missing data, 5 authors were
contacted via email as per mentioned in the protocol [27], response was received from 2 authors only [35,36].

Risk of bias (RoB) in individual studies

To evaluate RoB, two independent authors used the QUIPS tool [37], recommended by the Cochrane Collaboration for
assessing the RoB in prognostic studies [38]. The inter-rater reliability of QUIPS has been demonstrated to be accept-
able, and previous studies have used QUIPS successfully in prognostic reviews [39,40]. It consists of multiple prompt-
ing items categorized into six domains: study participation, study attrition, prognostic factor measurement, outcome
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measurement, study confounding, statistical analysis and reporting. Each domain is graded as low, moderate, or high
risk of bias. Each study’s overall RoB assessment was determined based on original QUIPS article and supporting
studies [37,41,42]. Overall classification was low RoB if all domains were graded as low or one as moderate; high RoB
if any domain was high or 23 were moderate; with all studies in between as moderate RoB [41]. Details of domains are
provided in S3 File.

Data synthesis and GRADE assessment

In line with the published protocol of this systematic review [27] and consistent with Cochrane handbook [26], narrative
synthesis was planned a priori for circumstances of substantial heterogeneity. Due to high clinical, methodological and
statistical heterogeneity [43], data were not pooled quantitatively. Clinically there was variability in LBP population charac-
teristics, coexisting conditions, outcomes and follow up timepoints. Methodologically, almost half of the included studies
were at high RoB, while others were at moderate or low RoB. Statistical heterogeneity was high as indicated by I values
>50% and reflected in wide variation in effect estimates across studies. This precluded a meaningful quantitative syn-
thesis (meta-analysis), so a narrative synthesis was conducted [40]. According to the Cochrane Handbook, conducting a
meta-analysis in the presence of substantial heterogeneity can produce misleading or clinically meaningless results and
reduce the interpretability of the findings [44].

Narrative synthesis was based on prognostic factors, significant/nonsignificant association with different outcomes
in relation to follow-up time points guided by Cochrane Consumers and Communication Review Group. Prognostic
factors and outcome at short-term (<3 months), medium-term (=3 months to <12 months), and long-term (212 months)
were grouped and summarised when examined in = 2 studies. The presence/absence and direction of an association
between prognostic factors and outcomes at given time point was reported. If two studies reported the association in
same direction then findings were considered consistent. Findings were considered inconsistent if studies reported
associations in different directions or if they differed in statistical significance (achieved vs. not achieved), particularly
when confidence intervals were not reported and only p-values were provided. Studies examining the same prognos-
tic factor and outcome were narratively synthesized due to high clinical, methodological and statistical heterogeneity
as meaningful meta-analysis was not possible. Bivariate analysis, odds ratios, beta coefficients, likelihood ratios, P
values, confidence intervals (Cl) chi-square test, narrative statements and multivariable analysis was reported per the
original study.

Cumulative evidence was assessed by two authors independently, using modified GRADE proposed by Huguet et al.
for prognostic factors research [45]. Cochrane recommends using GRADE to assess the quality of evidence in system-
atic reviews, including those with narrative syntheses when meta-analysis is not possible [46]. It is also recommended
that narrative syntheses should provide structured summaries of findings using GRADE assessments to help interpret
confidence in the evidence. The modified GRADE consists of six domains (phase of investigation, study limitations,
inconsistency, indirectness, imprecision, publication bias) that determine certainty of evidence. In the modified GRADE for
prognostic studies quality of evidence can be downgraded due to 5 factors [study limitations, inconsistency, indirectness,
imprecision, and publication bias], and upgraded by 2 factors [moderate/large effect sizes (e.g., SMD 0.5-0.8, OR 2.5—
4.25) and an exposure—response gradient]. Longitudinal designs are standard for prognostic research so study design is
not significant feature in modified GRADE [47]. GRADE criteria used for determining the quality of evidence is provided in
S4 File.

Reporting bias

Reporting bias was evaluated by consistency to study protocols and published articles where available. Information of
study protocols was obtained from included studies.
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Results
Study selection

The search of 4 databases identified 15,889 citations and an additional 1,179 were identified from other sources. After
removal of duplicates, 13,295 articles were screened by title and abstract, followed by full text screening of 488 articles.
A total of 42 studies were included, with 2 articles by Nordeman et al. (2014, 2017) reported as 1 study. There were 9
non-English studies identified: 2 each (Japanese, German, Turkish language) and 1 each (French, Spanish and Chinese
language). The list of non-English studies is provided in S5 File. Non-English studies were translated using an open-
source software, Chat Generative Pre-Trained Transformer and validity of translation was cross checked by bilingual
individual familiar with the subject matter. A PRISMA flow diagram [25] in Fig 1 shows details of identified citations, selec-
tion and reasons for exclusion. At full text screening stage, reasons of exclusion are detailed in S6 File for each article.
Inter-rater reliability between reviewers was 95.7% for title and abstract stage and 80.2% for full text screening stage, with
Cohen’s Kappa indicating fair agreement [48], however after discussion disagreement was resolved and complete agree-
ment was achieved for each stage of screening.

Study characteristics

The 42 included studies were published between 1989-2023, in 16 different countries with the greatest number of studies,
coming from the United States (n=8). The follow-up time range was 4 days to 30 months. The total number of participants

[ Identification of studies via databases and registers ] [ Identification of studies via other methods ]
P
Records identified from:1179
o | | Records identifed fromr. 15889 .
S _ e Open Grey System (n = 1)
g *  MEDLINE (n = 7104) | Records removed before screening «  ProQuest Dissertations and Theses (n = 627)
* EMBASE (n = 2345) > Duplicate records removed (n = 2594) «  Hand searches of jounals;
£ e CINAHL (n =2281) o Spine (n=38)
3 e Scopus (n = 4159) o European Spine journal (n = 18)
o The Spine journal (n = 490)
=) o  Screening reference list of included studies (n=5)
. :
Records screened > Records excluded**
(n = 13295) (n=12801)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval | Reports not retrieved
= (n = 494) ' (n=6) (n=21) 1 (n=3)
£
: I e
o l |
(7}
Reports assessed for eligibility Reports assessed for eligibility Reports excluded:
(n = 488) —»| Reports excluded: (n=18) 1 Aim of study is not relevant
Aim of study is not relevant (n=3) .
(n=137) Not physical functioning
Not physical functioning prognostic factors (n = 7)
prognostic factors (n = 143) Patient Population (n = 1)
Study Design (n = 110) Study Design (n = 2)
— Patient Population (n = 60) >
3 Studies included in review
3 (n=42) <
£ Reflecting 43 articles
~—/

Fig 1. PRISMA flow diagram.

https://doi.org/10.1371/journal.pone.0335535.9001
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was 6,808 with sample sizes ranging from 24 to 675 participants. A total of 47 physical measures of physical functioning
were assessed in the included studies. Details of included studies are provided in Table 2. Among the 42 studies, a total
of 17 different outcomes were predicted. Disability was the most frequently evaluated in 15 studies, followed by pain in 13,
return to work in 6, and non-recovery in 2 studies. Another 13 outcomes were assessed, each in only one study.

RoB within studies

Of the 42 included studies, 21 (50%) studies were assessed as high RoB, 12 (29%) as low RoB, and 9 (21%) as mod-
erate RoB provided in Table 3. The domain “study confounding” was the most rated as high RoB in 13 studies, due to
not accounting for confounding factors in the analysis and the ‘participation’ domain was rated as low RoB in 33 studies,
where the study samples fully represented the populations of interest. Details of each domain of QUIPS with reasons of
high or low RoB is detailed in the S3 File.

Results per physical prognostic factor of physical functioning

A total of 47 physical measures of physical functioning were investigated. Fingertip to floor test (FTF) was the most fre-
quently evaluated measure in 7 studies followed by the back extension endurance test in 6 studies. Due to heterogeneity,
only 6 measures could be synthesised across studies (22 studies) using GRADE (Table 4). Findings of 5 measures were
based on bivariate analysis, while 1 measure was reported based on multivariable analysis. Overall quality of evidence
using GRADE is shown in Table 5.

Impairment-based measures

Consistent findings. Fingertip to floor distance (FTF) with pain long-term: Low-quality evidence (2 low RoB studies
[49,50]) supports no statistically significant association between higher FTF (distance tip of middle finger to floor in flexion)
and improved pain intensity (Visual Analogues Scale VAS, or Numeric pain rating Scale NRS) at 12 months. Therefore,
low-quality evidence supports that higher FTF does not predict improved pain intensity long term.

Handgrip strength with disability at long-term: Low-quality evidence (2 low RoB studies [51,52] supports no statistically
significant association between higher handgrip strength (maximum force exerted by hand muscles using hand-held
dynamometer) and improved disability (Roland-Morris Disability Questionnaire — RMDQ) at 12 and 24 months. Therefore,
low-quality evidence supports that higher handgrip strength does not predict improved disability long term.

Inconsistent findings. Lumbar extension range of motion (ROM) with disability at short-term: Very low-quality
evidence (2 high RoB studies [35,53]) supports inconsistent statistically significant associations between higher lumbar
extension ROM (distance between marks 10 cm above and 5cm below the lumbosacral junction during active extension)
and improved disability (Oswestry Disability Index-ODI and a self-reported disability questionnaire) at 2 and 4 weeks.
Therefore, very low-quality evidence supports that higher lumbar extension ROM does not consistently predict improved
disability short term.

Straight Leg Raise-Range of Motion (SLR-ROM) with disability at short-term: Very low-quality evidence (2 high
RoB studies [54,55]) supports inconsistent statistically significant associations between SLR-ROM (degrees of hip
flexion achieved through passive leg raising with a fully extended knee) and improved disability (Oswestry Disability
Questionnaire-ODQ) at 2 and 4 weeks. Therefore, very low-quality evidence supports that higher SLR-ROM does not
consistently predict improved disability short term.

Performance-based measures

Consistent findings. /sometric back extension endurance with pain at long term: Low-quality evidence (1 low and
1 moderate RoB studies [49,56]) supports no statistically significant association between higher isometric extension

PLOS One | https://doi.org/10.1371/journal.pone.0335535 October 28, 2025 7145




(panunuo))

(syuiodawiy Jayjo
1e pa)sa) alom saldyed aAldIpald uay} pue yjuow
| e poSSOSSE 8JoM So|geleA [ENPIAIPU| :SBJON
6¢0=9

yuow | ye (Ayjgesip pue

ured) awooino pasoidwi Joy Jojoey} onsouboud e aAIN2IX3|4
jueolubis s auljeseq e 1s8) dn US op o} AIqy « juawdinbg
(Ajuo papinoud si uonduosap aaielleN) [@liseydnys . pauoday
syjuow | e (Ayjigeip pue uied sainseaw | ]ON :SanIpiqiowo)
paonpal) awodino pasosdw Joy Jojoey onsouboid paseq aosuewoad pajoday JoN :s21} pauoday JoN
se Juedliubis Jou sem [\O¥ UOISUBIXd JequunT « (wue} poys) [D] woy -suajoeleyd 491 99o4nos Buipung
/y0=9 wzL‘we'wy UOISUS)X® JequinT « pajoday Apnjs |euipn}
yjuow | 1e (Ayjigesip pue uied paonpal) awod sjulodawi} [(D) 10N :ejyeq Buissin a|qnoJ) 4g1 | -16uo| aAoadsold
-1no panoidwi Joy Jojoey onisouboud se jueoniubis (aareuuonsanb snonuiuo)] NOY (%1S) 06 ajewaq yum sjuaned ubisaq
SeMm auljaseq Je NOY uoixal) Jequin| JaybiH « | Ajjigesip pue uied) uoixal} JequinT « sleak (9'L1)| 60} 4O @sInoo MN
Ayjigesip pue uied panoidwi Joujpanosduwi] panoadwi ainseaw | g¢'Ly (as) abe ueapy | |eolul Jeah -| 1661
sisAjeuy ajeueAl N jou /panoidwy auljaseqg paseq juawedw) 60L=N ay) 101paud o] “|e 1@ uoung
IING ‘xas ‘abe oy pajsnipy :S8j0N
(€72-6'0 10 %S6) 61°0 @neA d 'L YO :paisnipy
syjuow
Z1 1e uied Joy Jojoe} ofpsoubold se jueayiubis
JOU SBM BUl|9SE( JEe WO (] > UOIXa|jsjue JequinT « aseas|p aAljelauabaq
(2'€:0'L) 10%S6 L0°0 @neA d §°L HO :paisnipy 'sanIpiqIowo
syjuow z| e Aysuajul pauoday
ured Joj Jojoe} oipsouboud e se ueoyubis jou JON :uonnquisiq «
SEM BUI|9Seq e UOIXa|} apIs Jequin| pajol)say . syjuowl
sisAjeuy uoissaibal onysibo| ajeleA N € < pue ‘syjuow ¢
(8'1-8°0) 10 %S6 (L¥°0) njea d g’ HO :9pnid ainseaw ade| | 0} sYeam g ‘s¥eam | "uled oeq yim
syjuow z| e uted Jo} Jojoey} oisouboud se Jueod jyuswdinbg 9 0] Yoam | ‘Yaam s}|npe Jap|o
-iJiubis Jou s| dulj@seq Je WO (] > UOIXal} Jequun « [a@] woQl >uol L >:uoneing .| ulleah | Jaye papuny JON
(5°€=2'1) 1D %S6 (100 @nfeA d 1L'2 HO :#pnid X8|} MuniL « | sonsd)oRIEYD dF] uted yoeq Joj | :@24nos Buipung
syjuow z| 1e Aus [(a) paziwoyoyoiq] pauoday sJojoe} 0I}Sou Apnys |euipn)
-uajul ured Joy Jojoey oipsouboud e se jueonyiubis (wuay BuoT) (you Jo @auy ueY) 10N :eyeq Buissiy | -Boud aie gg | -16uo] aAoadsold
S| aull@seq Je Buipuaq apis Jequin| pajoLIsay « syjuow z| Jayuny yoeal) (%65)0zZE @leWa | pue NOY ‘ssau :ubisag
(S¥N) ured sjulodawi] Buipuaq apIs yunij « sieak -yns Buiuiow pueayiaN
sisAjeuy uois (SHUN) ainseaw | (8)/9 (as) abe ueapy | |euids sayaym 2202
-salbay o1sifo] ajeeAlun-sisAjeuy ajerieAlg Kjsuaju| ureyq auljaseqg paseq juawiedw) e¥S=N Ssasse 0| ‘le 1o Buag
sjuiodawiy Jusw
-SS9SSE awodInQ juiodawy
‘ainseaw | juawainseaw | siojoej sipsouboud sjuedionied Apmys Apnjs jo
s)nsay pue awo23nQ aujjaseg |leaisAyd jenpuajod JO soljsuajoeIey) Jo anoalqo | sonsuajoeIRy)

PLO\Sﬁ\\.- One

'salpnjs papn|aul Zy JO uoljoel)xa eyeq ‘g ajqeL

8/45

PLOS One | https://doi.org/10.137 1/journal.pone.0335535 October 28, 2025



(ponunuop)

('2—9°0) %S6 10 0Z'L HO
‘syjuowl g e (pasanogal
Alleuoiouny Jou pue aABs| oIS UOo) 8wooino Jood
10} Jojoe} onysouboud se Jueoiubis si suljeseq
1B JUBWBAOW Jequin| JO UONOLI}Sa JO 80UaSsald «
(#'2-2'0) %S6 12 0£'L HO
"syjuow 9 1e (palonooal
Ajjeuonouny jJou pue aAea| }2IS Uo) 8wo23no Jood
Joy Jojoey onsoubold se yueoiubis s suljeseq
1e JUBWSAOW Jequin| JO UONOLI}Sal JO 80Uasald «
sisAjeuy
uoissaibay o13sibo] — sisAjeuy ajeLieARnp
(9°2-8°0) %S6 10 0t'L HO
‘syjuowl g 1e (pasanogal
Alleuoiouny Jou pue aABs| oIS Uo) 8wooino Jood

%cC| ®d3U) Mojeq uled

%82

ubiyy o Bunelpey
%09

10y} J0joe} onsouboud se jueoyiubis si auljeseq (wuey AJuo oeq Jamoj ul ualindspaypung
Je JUSWaAOW Jequin| JO UONOL}SaI JO 80UaSald « Buoj ‘wnipapy) uled :uonnquisiq « woJj sjuels
(5'2—8°0) %S6 10 L£°L HO syjuow z| (ueipaw) shep @aunos Buipuny
‘syjuow 9 je (pasonooal syjuow 9 pauoday JoN | uied synoe :uoneing « Apnig
Ajjeuonouny Jou pue aAea| }2IS Uo) 8wod3no Jood sjulodawi} juawdinbg | sonsualoeIRY) d91 JleuipnyibuoT
Jo} Jojoey onsoubold se Jueoniubis s auljdseq (IVTEEIN) [a] (oN LZ=u eyeq buissipy sisoubo.d aAloadsold
Je JUSWaAOW Jequin| JO UONOL]SaI JO 80UaSald « K1anooal /s9K) Juswanow Jeq 261 9lewad | wue)-Buol yum uBisag
A19A0231 [eUOI}OUN pUEB dABI] YIS Jeuonoung -Wwin| JO UONOLISAY « sieah (6Z)8E | PaleIdoSSE S0} yewuaq
sisAjeuy (oN sainseawl (as) abe ueayy | -oej onsouboud 6661
uoissaibay o1ysifo-sisAjeuy ajeleAlg /SOA) 9AB3| Y218 auljeseg | paseq juswreduw) 0ce=N Ayuapl o] | ““|e 1@ uasualsuyD
panoday
10N :sanIpiqiowo)
JUBWAA|OAUY
90IAOP Ol}BUNOS| | 004 BAIBU Bunsab
[lwpeal] | -Bns jou ‘|oAs| asuy
‘SUJUOW $Z Je }JOM O} ulejal Yim juawdinbg aAoQe 0} uojjelpel
pajeloosse Jou si suljeseq je Buijjem |lwpesl] « [D1 ] 3noyym Jo ypm “yoeq
(20°1-66°0) 10%56 (59°0) @NleA d 00°L g uonenies Bumyll en | moj ayy ut Ajuewnd
Syluow /g 1e uoiuajal }Jom 1oy} Jojoe} onsouboud -19)ul0s| aAIssalboid BurIn220 swoy
se jJueoyiubis Jou s| suljeseq je Buiyl| [BILSIUIOS]| « ainseaw | -dwiAs :uopnquisiq «
9Lv—20°L) (wis) paseq-aouewIomad pauoday
10%S6 (¥0°0) @njeA d 90°zg uoisusixa junil | Buoj) syuow 4z [0]1s9) JON :uopeinq . dg1 papunjun
(8 v—¥2'L) sjulodawi) Buryiem |wpeal] « sonsudloeIeyd 491 olloadsuou | 9@9inog Buipung
10%G6 (1L0°0) ®N[eA d 9€| g UOIX®|4 SuniL poued [0] uoisusyxa unay . (%2°8) uim syuered Apnss jeuipny
L0°0d 6292} 10%S6 L¥'C UH dn-mojo} Jesh-z [O] voixep sunil « | g=u ejeq Buissiy ur yuswiealy | -Ibuo| aajoedsold
SYIUOW #Z e 34om 0} ulejas Jaybiy yym pajero | ay) Buunp pasiom [o] Ay (%2) 81 8lewad | Jo)e syjuow g uBiseq Apnis
o -0SSE S| auljaseq je Ajjiqixa)) yuniy ssolb Jaybiy . 108lgns ay} 1ey) -|IgIX8[} Yun| SSOIS) « sleak (9°g) | UOIULB)AI YIOM vsSn
c uoljuajal JIoM sAep jo Jaquinu sainseaw ov(as) abe uesyy | 101paid jey) 10} 9002
(@) sisAjeuy ajelieAlg uoluajal YIoM auljeseg | paseq juswdieduw) /9=N| -oejfAjuepiol | “|e e ojledwe)
o ®S sjulodawi} Juaw
-SSasse awodInQ juiodawiy
. 2] ‘alnseaw | juswainseaw | sJojoe} onsouboud sjuedionied Apnys Apnjs jo
m s)|insay pue awo2InQ aujjeseg | |eaisAyd jenuajod JO sonsuajoeIRY) jJo annoalqo | sonsuLloeIRy)
(a

(penunuod) -z a1qeL

9/45

PLOS One | https://doi.org/10.1371/journal.pone.0335535 October 28, 2025



PLO\Sﬁ\\.- One

(ponunuop)

(£2°0) 24 (9€70-61°0) 1D (L00'0 >) @NEA J GZ'0 9
syjuow
21 Jano [oany ul ebueyd] Ayjigesip paosnpal
‘awo09)n0 poob Joj Jojoey onsoubold se juediiu
-Bis si (414 u1 abueyd) 4] 4 ui 8bueys yuow | «
(02°0) 24 (92°0-60°0) 12 (L00'0>) @NleA d £1°0 g
syuow z| Jeno [oainy ul ebueyod] Ayjigesip
paonpal ‘awo9)no poob Joy Jojoe} ansoubold se
jueoyiubis st suljeseq je (19 414) 414 Jeyeq «
:9Wo923)N0 Sk syjuow zZ| je DAy ui abueysn
(6€°0) zd (1L00°0) @njer d ($€°0—81°0) 92°0 9
yuow
L Jano [oany ul ebueyo] Ajjigesip psonpal
{aw09)no poob Joy Joyoe} ansoubold se juediiu
-Bis s1 (414 u1 abueyd) 41 4 ui abueyd yuow | «

Jajowoluon)
juawdinbg
[0] [414 ur ebueyd

pauoday
JON :sanIpiqJowo)
(2 =u) ssauyeam Jo
/pue ssauquinu ‘ured
Buneipes yum 497
(8=u)
sSauUqWINU JNOYIM
g @auy mojeq ured
Buneipes yum 4g-
(zL=u)
2auy aAoge uled
Buneipes yum 4g-
(8e=u)
syoonng mojeq ured
Bureipes Jnoyum
dg1 :uonnquisiq «

‘sisjeue
uoissalbal ajel

(€2°0) 24 (200°0) @nfea d (L2'0-90°0) ¥1°0 9 979 4141 -wo(414) | sxyeem gl—g'syeem | -reapnw Buisn pepunjun
yjuow | Jano [oany ul abueys] Aujigesip 1s9} 100|} 0} Jabui4 9>:uoneinq e syuow z| | @9si1nog Buipuny
paonpal ‘awodno poob 1oy} Jojoe} oisoubold se (wue) Buo poysg) [D] (eueld solsuajoeleyd 491 Jano DAY Apnis
jueoyubys st suleseq je (g 414) 4.1 1opeg « syjuow z| |ejuoziioy pue %0 =ejep Buissiy ur 8bueyo [eutpnyibuol aAl
(g9=N) ajdwes aiug yuow | 1S90 [BIql} U9aMIaq (%1S)se:alewaq oy} 0} pajejal | -oadsoud :ubisaqg
yjuow | je ANy ui abueyn sjulodawi] a|bue) YIS - sieah (11)| slojoe}jo anjea uspams
sisfleuy | DAY ul abueyn ainseaw Gy :9be (gs) ueap aAoIpald ay} z102
uoissaibay Jeaul -sisAjeuy ajeneAniniy | (OAWY) Aujiqesia auljaseqg paseq juswedw) G9=N Ssasse 0| ‘le 18 |[yepay3
pauoday
‘soljey pJezeH Joy jeuorodold X0 [apow JON :sanipigiowo)
olysouBoud [euly Ul papnjoul Jou sem Y1S 810N plo} [esin|B mojeq SaWO0oIN0
(6170) enjeA 4 uofjeipel JNoy)m 9S8y} 10} SI0}
SYluoW ¢ 1e YoM 0} uinjal dg1 :uonnquisiq « | -oey onsouboud
‘aWwo0o3n0 poob 1oy} Jojoey onysouboud se juediiu (wis) Joys) sinoy g/s Bunse) 8y} a)enjeAs 0}
-B1s jou SI 4g7 Jo} auljeseq je sealbap g/ >Y1S « SYIUOA € ured yym (ueipaw) pue ‘IoMm wouj
}40OM 0} uin}ay sjulodawi} sAep / :uoneinq « wisiaajuasqe pauoday JoN
(0£°0) @njen ¢4 Biom 'sonpsua)oeIeyYd 491  pue (Ayjigesip | :aa4nos Buipung
syjuow ¢ 1e Alonooal 1e aouepuany J9}2WOjU0S) (%01) | ‘ured) Aypiqiow Apnis
‘aw09)no poob Joy Joyoe} ansoubold se juediiu )I0M 0} uIn}ay juawdinbg L1 :eyep Buissiy 10 swa} ul Jeuipnyibuo| aAn
-Bis Jou sI 497 104 BulESE] e seIBep G/ >Y1S - (oawy) A (3uredwoo [a]l (41S) .62 (%0%) L :@lewag |  uied xoeq mo| | -oedsold :ubisaq
K1an023Y | -|IgeSIp pue (SVA) dgT14ojusin | > asiel B6a) jyblens « sleak (G'y|)| @noe juadal jo aouel
1S9 juey ured jo aouelead 21Ul 18d14) alnseaw | G'9oy :abe (QS) uespy | 9s4nod |einjeu 661
Bo-sisAjeuy [eAIAING ‘sisAjeuy ajelieAlg | -desiq :A1anooay auljeseg | paseq juswdieduw) €0L=N| 8y} equosep o] ‘|e jo 8)s0)
sjulodawi} Juaw
-SSasse awodInQ juiodawiy
‘alnseaw | juswainseaw | sJojoe} onsouboud sjuedionied Apnys Apnjs jo
s)|insay pue awo2InQ aujjeseqg |eaisAyd jenuajod JO sonsuajoeIRY) jJo annoalqo | sonsuLloeIRy)

(penunuod) -z a1qeL

10/45

PLOS One | https://doi.org/10.137 1/journal.pone.0335535 October 28, 2025



(panunuo))

(90°0<) enjea ¢
syjuow z|. Jeno [odny ur ebueyd] Ayjiqesip
paonpal ‘awoojno poob 1oy Jojoe} aiysouboid

se jueoliubis Jou s| auldseq e NOY-H1S -

(81°0<) enjea d

uuow | JaAo [oainy ut ebueys] Ayjiqesip
paonpal ‘awo9)no poob oy Jojoe} ansoubolid
se JueolIubis Jou S| aulesed 18 NOY-Y1S -
dnoug Jenoipey
anjen d jueayjubisul 0} anp sis
-Aleuy sjelieAnN|A Ul papnjoul Jou si ¥1S 310N
(20°0<) @njea 4
syjuow z| Jano [oay ut abueyo]
Ajjigesip paonpad ‘awoo)no poob 1o} J0joe) o1
-souboud se jueonyubis jou S| suleseq je YIS
(91°0) enjea ¢
yjuow | Jano [Dany ul ebueyo]
Ayjigesip paonpad ‘awoo)no poob Joj J0joe} o1}
-souboud se yueonubis Jou s suljaseq 1e Y1S «
sisAjeuy ajelieAlg
(1L€°0) 24 (#€°0-11°0) 10 (LOO'0>) @NEA d €270 9
syluow z| Jano [opay ut abueyo]
Ajjigesip paonpad ‘awoo)no poob 1o} J0joe) o1
-souboud se jueoyiubis si 4] 4 ur abueyd yjuow | .
(61°0) 24 (92°0—+0°0) 1D (200°0) @NeA d GL°0 &
"syjuow g} Jano [oany ul ebueyd] Ayjigesip
paonpal ‘awoojno poob 1oy Jojoey alysouboid
se jueoyiubis st (19 414) suleseq ie 414 «
syjuow z| e DAY ul 8bueyy
[ev 0] 2 (0¥°0-81°0) 1D (L00'0>) @NjeA d 62°0 9
(Hoys) yuow
L Jeno [oany ur ebueyo] Ayjiqesip psonpel
‘awoo)no poob 1oy Jojoe} oipsoubold se juesyiu
-Bis s1 (8bueys 41 4) 414 ut abueys yuow | .
[21°0] ;M (G2°0—10°0) 1D (5€0°0) @NjleAd €10 9
(wisy
Hoys) “yyuow | Jono [oany ur ebueyd] Ayjiqesip
paonpa. ‘awooino poob Joy Jojoey onsouboid
se Jueoliubis si (414) sueseq je 414 Jepog »
(8¢ =N) dnoub Jenoipey
Ypuow | Je DAY ul abuey)

synseay

sjulodawi} Juaw
-SS9SSE aWo92inQ
‘alnseaw

pue awo2nQ

julodawiy
juswainseaw
auljaseg

sJiojoej onpsouboud
|eaisAyd jenuajod

sjuedionaed
JO sonsuajoeiey

Apnys
340 @Anoalqo

Apn}s jo
soljsuajoeiey)

PLO\Sﬁ\\.- One

(penunuod) -z a1qeL

11745

PLOS One | https://doi.org/10.1371/journal.pone.0335535 October 28, 2025



PLO\Sﬁ\\.- One

(ponunuop)

[00°0] 24 (S0°0<) @njea d 20'0- 9

syjuow z| e [SwA] uted psonpai

‘awoo)no poob 1oy Jojoe} oipsoubold se juesyiu
-Bis jou sI suljaseq 1e asue)sip J00)}-0}-diuabul «
(1Z2°0) 2 (50°0>) @njeA d €0°0- 4

syuow z| e [|ao] Aungesip peonpei

{aw09)no poob Joy Joyoe} ansoubold se juediiu
-Bis sI s)@aMm ¢ Je uone)ol Jequinjooeioy | JoybiH «
(00°0) ¥ (50°0<) @njleA d 200

syuow z| e [1ao] Anngesip peonpai

‘awoo}no poob .o} Jojoey olsouboud se jueoyiu
-Bis jou s| dulj@seq JE UoIje}o. Jequinjooeioy] .
(1a0) Anpgesiag
(¥¥°0-) 2 (50°0>) @njea d G1°0-9

syjuow z| e [SvA] uted paonpal ‘ewodino

poob Joy Jojoe} onsoubold se juesyiubis si syeam
 Je SIoSuBIXd }oeq 9ouBINPUS OL}BWOS| JayBIH .
(00°0) 24 (50°0 <) @njeA 4 00°0- 4

syuow z| 1e [SyA] uted paonpal {sawo9lno

poob Joy siojoey onsouBoid se Jueoyiubis jou sl
aUI|oSE( JB SIOSUBIXd }OB( 90UBINPUS DL}OWOS] «
(00°0) 2 S0°0<@NeA d LO'0- g

syjuow z| 1e [SVA] uied paonpai ‘ewooino

poob 1oy Jojoey onsouboud se jueoyiubis jou si
SY99M t Je SI0X3|} YOB(q 9OUBINPUD JIBWOS] «
(60°0) ;¥ G0'0>eneAd €170 9

syuow z| 1e [SYA] uied paonpal ‘awoo

-Jno poob Joy Joyoe} ansoubold se juediiubis si
BUI|oSE(] Je SIOXS|} oeq 80UBINPUS JLJOWOS| «
(0£°0) 24 (1L0°0>) @NjeA d 860 @

syuow z| 1e [SyA] uted paonpal ‘awod

-Jno poob Jo} Jojoey onsoubold se Jueoyiubis
S| SYeam 1 Je aoue)sip J0o|}-0}-dipabul JomoT .
[00°0] 2¥ (S0°0<) @njeA d €0°0- 9

syjuow z| e [SwA] uted psonpai

‘awoo)no poob 1oy Jojoe} oipsoubold se juesyiu
-Bis jou sI suljaseq e asue)sip J00)}-0}-diuabul «
(91°0) 24 (1L0°0>) @njeA d 8€°0- 4

syuow z| e [SYA] uied paonpal ‘awoo

-Jno poob Joy Joyoe} ansoubold se juediiubis sl
SY)9OM ¢ JB NOY-Uole)ol Jequinjooeloy] 1aybiH «

(wuay BuoT)

ainseawl
ade] ‘Iejowoulou|
juswdinbg
[0]
(ussuaigs-buslg
pauIpol (08s) sios
-UsIXa Yoeq aoue
-INpUd O1}BWOS|
[0] (0@s)
sloxa|} Yoeq aoue
-INPUd OL}BWOS] «
salnseaw
paseq aosuewoad

pauoday
JON :sailpiqiowon
sjuswianow
Aq panoud xoeg
[In4 ‘uonnqusiq «
Syuow €< 0} Yoam
> abuey :uoneinq »
soisuejoeley) 491

Aungesip pue
ured ul sebueyo

papoday JoN
a@ainog Buipung

(00°0) 24 (50°0<) @njeA d G0°0- 9 syuow z| [0] (wo) souesip (%02) o paddoup |  pue sainseaw Apnss jeuipny
syjuow z| 1e [SYA] uied paonpau ‘awod sjulodawi} Joojj-0)-diuabuiq « | || =u eyeq Buissipy | [eoisAyd ui swy | -16uo] aAoadsold
-Jno poob Joy 1030k} oisouboud se jueonubis 1ao [0] IWO¥Y-uonejol (%99) 62 :9jewa4 JaA0 abueyo :ubisag
10U S| duldseq e NO¥-Uoejol Jequinjodeloy] « Angesia Jequinjooeloy] . sleap (1) usamiaq uapamg
(SVA) Aisuajuj uleq SVA SHOOM § sainseaw Zy :ebe (gs) ueap suoneroosse €002
uoissalbay Jeaui ajdwig -sisAjeuy ajeleAlg Aysuayu| ured auljeseg | paseq juswdieduw) GG=N aujwexa o] ““le 18 uanoyug
sjulodawi} Juaw
-SSasse awodInQ juiodawiy
‘alnseaw | juswainseaw | sJojoe} onsouboud sjuedionied Apnys Apnjs jo
s)|insay pue awo2InQ aujjeseqg |eaisAyd jenuajod JO sonsuajoeIRY) jJo annoalqo | sonsuLloeIRy)

(penunuod) -z a1qeL

12/45

PLOS One | https://doi.org/10.1371/journal.pone.0335535 October 28, 2025



(panunuo))

(ev0°0) enjead /170~ 4

syuow Z| je (Jojsey aoue)sip e yjem

0} W} JoMo|) 8W093IN0 pooh 1oy} Jojoe} o1isou
-Boud se jueoyiubis si auljeseq je SOH JoybiH «
poaads jieg
|apow uoissaibal Jeaul| [eslyalesdiH
-sisAjeuy uoissalbay Jeaulq] ajqereAlninl
(+00°0) ®nfea d $2°0- 4

syjuow z| e (paads yeb taybiy-aouelsip e yjem

0} W} JoMO|) 8W093IN0 poob 1o} Jojoe} d13sou
-60o.d se jueoiiubis si sulaseq e SOH JoybIH «
poads jien
(€50°0) enjea 4 91°0- 4

syjuowl

Z1 1e Aljigesip peonpal ‘awooino poob 1o} Jojoe)
onsouboud se Jueoniubis jou si suleseq je SOH «
(oawy) fungesia
uolje|a1l09 uosiead- sishjeuy ajeleAlg

(wue} Buo)
syjuow g
sjutodawi}

159} paads Jien
Kyoedes jeaisAyd
weyl-g 8y} Jo uols
-J19A 9sanbnuod
uelizelg [oany
Ayngesig
aouewuopad
Jeuonoung

auljeseg

Ja)awioweuAp
puey oljneipAy Jewep
juawdinbg

[0] (s9H)
yjbuauys dus pueH «
alnseaw
paseq jusawuieduw)

pauoday
JON sanipiqiowod
ured Buneipel
Bs] Inoypm 4o yum
dg7 -uoinqusiq «
syeam 9
uey) ssa7 :uoneinq «
sansusloeIRyY)D 4971
0=u ejyeq bBuissin
(%001) G€| :aleway
sleak 'G F
(g)o. obe (as) ueay
S€L=N

dg1 enoe
UHM USWOM
Japjo ur Ayjige
-sIp sjoipaud
SOH J8yisym
aujwexs o)

‘[s-0L0z/v92L LY
Jaquinu juelb]
ouadng |9AIN

ap |eossad ap
ojusweodiapady
ap oedeusploo)
pue (9INIdVH)
s|elan) seuly

ap opejs3 op
esinbsad e
oJedwy ap
oedepun4 saio
-uabe Buipuny
uejjizeig

a@ainog Buipung
[euipnyibuol
aAoadsold
uBisaq

lizeiq

1102
‘e 18 ololje-

syuedionued
JO Jaquinu pajiw| pue suolelw| Apnis 0} enp
paw.opad jou sem sisAleuy aeleAln|A :S9J0N
(£1°0) 24 (LO0'0 >) @njea d (y1°0-) 9

syjuow z| 1e [Jao] Aujigesip pednpai ‘awooino

poob oy Jojoey onsouboud se jueoyiubis si syeam
¥ 1B SIOSUS)X® 3oeq 92UBINPUS OI}OWOS| JoyBIH «
(€0°0) 24 (S0°0 <) @njeA d 90°0- &

syuow z| e [|aol Anigesip peonpau ‘ewoono

poob 1oy Jojoe} onsouboud se jueoyiubis Jou si
aUI|oSE( 1B SI0SUBIX® }OB[ 90UBINPUS DLJOWOS] «
(00°0) 24 (50°0 <) @nleA d 20°0- 4

syuow z| e [1ao] Anngesip peonpai ‘awoono

poob 1oy Jojoey} onsouboud se jueoyiubis jou si
SY90M t Je SIOX3|} YOB(g 9oUBINPUS OL}BWOS] «
(¥0°0) 24 (500 <) @nead 200 9

syjuow z| 1e [|ao] Anjigesip pednpai ‘awooino

poob oy Jojoey onsouboud se jueoyiubis jou si
auljeseq }e SI0X3}} }Oeq 92UBINPUS OLJOWOS]
[ze 0l (LO'0>) enlead 08°0 9

syjuow z| e [SwA] uted psonpau

‘awo2)no poob Joy Jojoe} onsouboud se yueol
-JUBis S| SYo8M § Je aouelsip Jooj-0)-diabul «

synseay

sjulodawi} Juaw
-SS9SSE aWo92inQ
‘alnseaw

pue awo2nQ

julodawiy
juswainseaw
auljaseg

sJiojoej onpsouboud
|eaisAyd jenuajod

sjuedionaed
JO sonsuajoeiey

Apnys
340 @Anoalqo

Apn}s jo
soljsuajoeiey)

PLO\Sﬁ\\.- One

(penunuod) -z a1qeL

13/45

PLOS One | https://doi.org/10.1371/journal.pone.0335535 October 28, 2025



(panunuo))

J19)2WO0.9|900y
juawdinbg
0 ol
-nquie o} sjgeun
G pre
Bupjiem e Buninbay «
0L }1 [exiBes
10 [BUOIOD G| < »
Gl 31 |epibes
JO [BUOIOD G 86 «
0c i ey
-)i6es Jo [BUOIOD G> »
Gz Wbudn ainjsod -
(52—0) Awoojen yeo -

uoljelusay osip Jeq

-win7 :sanipigiowo)
panoday

JON :uoneinq «

pauoday JoN

(5z—0) ybus| dayg « papoday JoN "S90IAOP Buipung
(5z—0) | :sonsuajoeleyd 4971 | o|geseam wol} Apnis
(500°0) @njea d 95°0=1 uoys Junoo dajs Ajleq « 0 :eyep Buissip soLaw yeb leuipnyibuoj
syjluow ¢ anneladoisod 10 $8109s sapnou| (%L1) apnjoul 0} aAoadsold
1e Ajljigesip ui Juswaoidwi 1oy Jojoey oi3souboud syuow ¢ [0] (1dD) 01:(%) u sjewa4 Aiebins HQ uBisaq
se Jueoliubis s| auljaseq e |9 uo 2409s JaybiY . sjulodawi] Xapu| 8in}sod jes 'sieah (1°GL) | Ul juswssasse eljessny
sisAjeue 1ao jJuswuolIAUD | 9’6t 9Bk (gs) ues iy awoono 0202
uolje|a1iod uosiead-sisAjeuy ajeleAlg Aingesia auljeseq |eanjeu ui AJAROY ¥Z=N puedxs o] ‘le 19 Jusyo

pauoday

JON :sanipiqiowo)

Ajwaixe Jamo|

Jo/pue ‘yooung ‘auids

Jequin| 8y} ul ssau

-qwinu Jo/pue ured

40 Juredwod JeIyo
uolbal |eloes sn Adelsayy
(Hoys) -oquinT :uonngusiq . uoijeindivew | |eaisAyd jo uonep
(€€ 2P 1) 10%S6 G211 skep (y—2) papoday JoN papodey [eulds ypm | -Unoj WOl JueID
UOISSaS pu09as Je [AM\SO MO|] 8Wod UOISS8S puooeg juawdinbg JON :uoiein( . anoldwi oym | :@a4nos Buipuny
-}no poob Joj uoissas }sii e Jojoey} onsouboud sjulodawi} [D] (e8168p) solsuajoeleyd 491 ured oeq moj Apnis |euipn}
se jueoyiubis s auleseq je 9a1bap G¢ < uoow [%0G <jusw GE <uonow jo abuel =ejyep Buissin yum sjuaned | -16uo| aAnoadsold
Jo abuel uoneyos [eussiul diH JaybiH . -onoldwi uoljelol jeulaju) (%1 ¥)6Z=U aewa4 BuiAjyuap Joy uBisaqg
o Angesig SI $$900Ng] diH pauiquo) « siesA (9°01)9°2¢ | 8Nt uonolpasd vsn
c sisAjeue MSO (uoissas alnseaw (gs) abe uespy e e 2002
(@) uoissalbal o13sibo-sisAjeuy ajelieAl N Angesia| isuy) suleseg |  paseq-juswiedwy] G/=N dojenep o) ‘le 3@ uuk|4
o ®S sjulodawi} Juaw
-SSasse awodInQ juiodawiy
. 0 ‘alnseaw | juswainseaw | sJojoe} onsouboud sjuedionied Apnys Apnjs jo
m s)|insay pue awo2InQ aujjeseqg |eaisAyd jenuajod JO sonsuajoeIRY) jJo annoalqo | sonsuLloeIRy)
(a

(penunuod) -z a1qeL

14 /45

PLOS One | https://doi.org/10.1371/journal.pone.0335535 October 28, 2025



PLO\Sﬁ\\.- One

(panunuo))

(8G°1L—01"L) 1D %SG6 €' HO @pniD
(08°1—2171) 1D %S6 27 L HO :lpy
syjuow z|
1e [84nS0[0 Wie|d] }JoM 0} ulnjal 19)se) ‘owoono
poob Joy Joyoe} onsoubold se juesyiubis si aul|
-9Se(q 1. 189) 1SIeM-0}-100|4 uo Jyblom JaybiH «
(29'L=2171) 1D %S6 8€"L HO @pnID
(68°1—82°1) 1D %56 GS'| HO Py
syjuow z| e [spyeusq
10 uoisuadsns Jajse}] YJOM 0} ulnjal Jajse) ‘awod
-Jno poob Joy Joyoey ansoubold se juediubis sl

aul|ese( Je 19} 1SIem-0}-100|4 uo Jybiom JaybiH . sjybrom B 0L pajoday
(86°0-68°0) 10%56 £6'0 HO juswdinb3 | JoN isapIpiqiowo)
Syjuow z| e [8inso[o wied] ¥410m 0} ulnjal Jalse) [2] (By) pauoday

‘awoo}no poob 1o} Jojoey olsouboud se jueol 11| ISIEM 0} JOO| « JON :uonnqguisiq «
-Jlubis si auljeseq je aouewlopad 304 JoybiH . [(sxsey Jayjo ured 3oeq moj yoleasay [edIps|\
(96°0—28°0) 10%S6 16°0 HO pue ‘Buynd ‘Buiysnd | o1u0IYD :uoKEINQ * o4 uonepuno
syuow z| e [siy ‘BuiAues ‘Buny) | sonsusioeseyd dg abejsH epeqly
-aUaq JO uoisuadsns Iajse)] YJom 0} uinjal Jojsey DAY ‘SYA slojesipul (%83) 9@a1nog Buipuny
‘awo02)no poob Joy Jojoe} onsouboud se yueol Apgesip uied aouewlopad 304] | 9/ =u ejyeq Buissin (3D4) uone Jleuipnyibuoj
-jlubis si auljeseq je aosuewlopad 304 JoybiH « Ag @oualinoay [0] (1eah | 18) $5=N | -njea3 Ayoede) aAloadsold
[eunsojo 2Inso[0 wie|n (394) uonenjeas (%1G) 29:u ajewa4 Jeuonoun4 ubisaq
wie|) sjyaua(q Jo uoisuadsng] J1om 0} uin}ay sujeuaq Ayoedeo jeuonoun4 « sieaA (8'01)zZy | Puisn ssauipeal epeue)
sisAjeuy uoissaibay Jo uoisuadsng alnseaw :abe (gs) uesy |  YIom 0} uinyal 5002
X09 — sisAjeuy ajelleAl|n|A pue ajereAlg )I0M 0} uIN}ay auljeseg | paseq aouew.oad 0cL=N jo1pald o “le 18 ss0I9
sisay}sijojApuods aAl} duosnuew ayy
-elouabap Jo/pue sis Jo Bunum Jo ‘eyep
-0ud]s [eulds Jequin| ay) jo uonejaud
‘9seasIp 0sIp dAlje -J8)ul Jo ‘sishjeue
-lauabap ‘esdejoud ‘U01309||00 ‘Apnis
0sIQ ‘sanipiqiowod ay} jo ubisap ay}
papinoid s uondiosep aaijelieu AlUQ :S8JoN pajoday u1 8|0J ou pey
'syjuow 9 je [(SOd) 9¢-4S JON :uonnquysiq » Apoq Buipuny sy
uo AJanodgal [euoiouny] sawooino poob Joj Jojoey (wus) wnipaw) %6¥ syuowyg |2 (20S10Z4Nd
onsouBoud se JueoniBis jou si sAep annelado syjuow 9 %G1 :Joy) pund
3sod g 381} 8y} Jano (sinoy) awiy Bupjiem [ejo] - sjulodawi} syjuowg| > :uon AiabinsoinapN
(S0d 9¢-4S) A1anodau jeuonouny (80d 9¢-49) -eing « snseboed
(2€1-10°L) 1D%S6 8L°L HO Arewwng juau Jsjawolsjeooe | sonsuajoeieyd 497 :@24nos Buipungy
syjuow g je [ogo-Augesip | -odwo9 |eaisAyd £IVdAOY (%9°22) uonouny Apnys
19Mo|] 8wo91no poob oy} Jojoe} onsouboud se 9¢ wio4 uoys juawdinbg z9=ejeq bBuissip |eaisAyd e jo Jeuipnyibuo| aAn
jueoyiubis si (sAep annelado 3sod g) auljeseq [0] | (%6#)SLL =U ajewaq juswanoldwi | -oadsold :ubisaqg
1B 1s114 8y} JaAo awly Bupjiem |ejo} JaybiH « (0ao) | sAep annesado | swiy Bupjepn [EJO] . sieah (y1)19 101pald ‘sa|qe eljelisny
Agesig | asreuuonsanp Ay 1sod 9 1841 JUSWIUOIIAUD (gs) abe uespy -1JeA UYdIym 6102
sisAjeue uoissaiboy-sisAjeuy ajelieAn | -ligesiqg A13samsQ | JOAQ -auljeseg |eanjeu ui AJAROY €cZ=N| @ebnsanul o] “le 18 alow|i9

sjulodawi} Juaw
-SSasse awodInQ juiodawiy

‘alnseaw | juswainseaw | sJojoe} onsouboud sjuedionied Apnys Apnjs jo
s)|insay pue awo2InQ aujjeseqg |eaisAyd jenuajod JO sonsuajoeIRY) jJo annoalqo | sonsuLloeIRy)

(penunuod) -z a1qeL

15/45

PLOS One | https://doi.org/10.1371/journal.pone.0335535 October 28, 2025



(ponunuop)

Japuab pue abe o} paisnlpy 910N
(2-81°0) 09°0 — 10 %56 (01°0 <) @NjeA d YO
syjuow ¢ je
A1anooai uou Joy Jojoe} onsouboud se jueoyiubis
J0U S| aulesEq Je aoue)sip Joojs 0} di} Jebuld .
K1an023Yy -UON
sisAjeuy
uoissaibay onsibo-sisAjeuy ajeLieARnp

(wJs) poys)
syuow ¢
sjutodawi}
(SuN)
Kjisuajul uieq

auljeseg

alnseaw ade]
juawdinbg

[O] (wo) soue)sip
J00[} 0} diuebul «
ainseaw
paseq-juauuiedwy

pauoday
JON :seniplgiowod
ured
Buneipel Jnoyym Jo
UNM :uonnguisiq «
S)oeM ¢
uey) ssa7 :uonein «
solysiajoeIRY) 491
(%2)
¢ =u ejeq bBuissipy
(%89) 1L ajeway
sieak (01)
6'8¢ (as) abe uesy
€ZL=N

‘A1onooal

10} slojoey}
onsouboud
a]en|eAs 0}
pue uied xoeq
MO| 8)JNoe JO
9SIN09 |edluld
ay) aulwexs o]

}IOM}BN uled
yoeg ueibamioN
pue Aediayjol
-sAyd ui Buiuies |
ajenpeuls) }sod Joj
puny ueibamioN
a@ainog Buipung
Apnjs |euipny
-16uo| aAoadsoud
uBisaq

AemioN

100¢
“le1e apolo

([pe)pajjonuoo asam uod
-dns soe|d)iom pue suoneoadxs AlaAooal :8J0N
(92°0) @njea 4

Jeak | 1e [Ayigesip] @ouainoal

10 @)el Jamo| ‘awoo)no poob 1o} Jojoe} aiysouboid
se jueoliubis Jou S| aul|aSE] Je | }SIEM 0} JOO| «
(60°0) @njea ¢

syjuow

Z1 1e [syA-Alisuaul ured] @oualinoal Jo ajel

J9MO| ‘awo9)1no poob oy Jojoe} onsouboud se
weoubls Jou si suldseq je aouewlopad 30 .
(£0°0) @njea 4

syjuow

Z\| ¥e [oany-Anigesip] eousunoail Jo sjel

JBMO] ‘8w o093no poob Joy J0joe} onsouboud se
jueoyiubis jou s| auldseq je souewlopad 304 «
292UaLIN2dY

synseay

sjulodawi} Juaw
-SS9SSE aWo92inQ
‘alnseaw

pue awo2nQ

julodawiy
juswainseaw
auljaseg

sJiojoej onpsouboud
|eaisAyd jenuajod

sjuedionaed
JO sonsuajoeiey

Apnys
340 @Anoalqo

Apn}s jo
soljsuajoeiey)

PLO\Sﬁ\\.- One

(penunuod) -z a1qeL

16 /45

PLOS One | https://doi.org/10.1371/journal.pone.0335535 October 28, 2025



PLO\Sﬁ\\.- One

(panuruo))

G0'0<®enjeand

‘sieak g je snjeis yJom 1oy Jojoey olysouboud se
jueoyubis Jou s| duljeseq je aoueInpud BuloAD .
G0'0<®enjeand

sieak z 1e (iom

0] uJInjal) snjejs }Jom Joj Joyoey onsoubold se
jueoubis Jou s sul@seq e Buiyl 1siem 0} J0o| «
Go'0<®nead

sieah g 1e (MIom 0] uinjal) sniejs YIom

10} Joyoey onsoubold se jueoiiubis jou si suleseq
1e (uoisuaixa snid uoixaj}) AjjIgIXa)} Jund] «

9]0A01q Areuonels
sybrem B3 /22

GO0 >@n[eA d Jeak | 1e [yiom Jajawoul|ou|
0] uinjal] ‘ewoo}no Jayaq Joy Jojoey onsouboid juawdinbg
se JueolIubis s suljeseq e eoueInpud BuloA) « 0] pajoday
G0'0<®njen d aouelnpua BulpAD « | JON :Sapipigiowo)
Jeak | e (siom [0] (Bx) Bunyy 1siem papodey papunjun
0} uINn}al) snjejs 3Jom Joy Jojoe} oisoubold se 0} 100|4 Jusnba.l « JON :uonnguisiq « 921nos Buipung
jueoubis jou si auljdseq je Buiyl 1SIem 0} 100 « salnseaw | syjuow /'y ueaw Apnig
G0'0<onjea d (wue} Buo) paseq aouewLIoudd uled jo uoneing .| YIOM 0} uinjal JleuipnyibuoT
Jeak | 1e (3Jom 0} uinjal) sniejs YIom sleak g [D]1 (INOY | sonsuaoeleyd 491 [m sjusned aAljoadsold
Jo} Jojoey onsouboud se jueoiiubis jou s| auljeseq Jeah | UOISUBIX® UOIX8[}) %6°ZE alewa yoiym jo1paid :uBisaqg
18 (INOY uoisuaixa snid uoixajly) AjjIqIXa)s Juniy « sjulodawi} SOINIQIXSJ) Yund] « sieaA (z'2) ‘uonesabbexs yewuaq
(34om 03} uin3}ay) sniejs YIOA 3IOM 0] uinjay sainseaw | G'|| (Qg) @be uespy | Ayjgesip ayeb 1661
sisAjeuy-alenbg 1yy-sisAjeuy ajelieAlg snjejs YJop auljeseq paseq paJiedw) 8GZ=N -)SeAuUl O] “le 1o piezeH
panoday
JON :sapipiqiowo] | ‘wis) Loys sy}
pauoday | ul Alanodal-uou
JON :uonnqguisiq « 10} sI0108}
sisAjeuy uoissalbay Ul papnjoul Jou Sem }| 810N (wua) poys) SHoOM € onsouboud
S399M Z| Je AI9A0DDJ UOU 1O} JOJOB) D1JSOU | SYOOM Z| ‘SHoaM g uey} ssa7 :uoneinq « ay) Ayuapl papoday JoN
-Boud se jueoyiubis jou s 8oUE)SIP 100} 0} Jobul « sjulodawi) solysivjorIRY) 491 0] pue s)@am | aainog Buipuny
1ona] aoueayubis s GZ'0>d ‘(S00°0) @njea d paAjosal pey ainseaw ade| (%2°8)| z1 Inoybnouyy Apnis |euipn}
S)oOM Z Je ured pue DAy juawdinbg g=u ejeq Buissipy (dg) ured | -16uo| aAnoadsolid
Aianooau Ales Joy Jojoey) onsouboud se jueoniubis 9y} UO {> PaIods [D] (wo) aoue)sip (%9¢€) £¢ ajewaq | oeq mo| aynoe ubBisaq
S| auI|9SkE(q }e adUE]}sIp Jooy 0} Jabuly Jojlews « | sjuaijed Ji patapis Joo}4 0} diuabuld « sieah (z'¢) | yum sjusned jo Aayany
K19n023Y | -U0D sem A1on0DDY alnseaw | @ /¢(@s) abe uespy | 9SINOD |EOIUID 6002
3s9) N Asuiypm—uuey-sishjeuy ajelieAlg A1anooay auljeseg | paseq-juswiieduw) 66=N| Oy} ssesse o “le 1o Aeoing
sjulodawi} Juaw
-SSasse awodInQ juiodawiy
‘alnseaw | juswainseaw | sJojoe} onsouboud sjuedionied Apnys Apnjs jo
s)|insay pue awo2InQ aujjeseqg |eaisAyd jenuajod JO sonsuajoeIRY) jJo annoalqo | sonsuLloeIRy)

(penunuod) -z a1qeL

17145

PLOS One | https://doi.org/10.1371/journal.pone.0335535 October 28, 2025



(ponunuop)

(20°0-1¥°0-) 10%56 (S¥°0) ®njen d L00'0- g
syjuow ¢ je [eBueyo pany]
abueyo Ayjigesip 1oy Jojoey onsouboud se jueol
-jlubis jJou si syuow ¢ 1e abueyod By/s|eoy 33vd
(00°0-00°0) 10%56 (68°0) @NleA d 00°0 9

syjuow ¢ e [ebueyo

Oany] Aujigesip ui abueys oy Joyoey ansouboud
se jueoliubis jou sI syluow ¢ 1e abueyd NAELY «
(00°0-00°0) 1D %56 (18°0) @NjeA d 00°0 9

syjuow ¢ je [sbueyo DANA]

abueyo Ayjigesip 1oy Jojoe} onsouboud se jueol
-)ubis jou s| syjuow ¢ je abueyo YMUU/NA €1 -
sisAjeue uoissaibal Jeaui| ajdiynpy
(50°0—22°0-) 10%G6 (£9°0) @NnjeA d 600°0 9

syjuow ¢ Je [oany] Anngesip Joy Jojoey

onsouboud se yueoniubis jou si suldseq e dnoib
Aynoe moj ul (4vd-az) ebueyo by/sieoy 33vd -
(881°0-960°0-) 10%56 (25°0) @NlEA d 9700 9

syjuow

¢ 1e [oand] Annigesip Joy Jojoey onsouboud se

JuedubIs Jou S| SYjuow auljeseq Je syjuow
€ 0} auljaseq woudj By/s|eoy 33vd ul abuey) «
(000°0—900°0) 1D %G6 (29°0) @njea d ¥00°0 9

syjuow ¢ Je [oany] Anngesip Joy Jojoey

onsouboud se ueonubis Jou si Syluow aulleseq
18 dnoub JY/AA €1 Mo| Ul 8Bueyo INAELY -
(00°0—00°0) 10%56 (££°0) @n[eA d 00°0 g

syuow ¢ 1e [oany] Auligesip

Jo} Jojoe} onnsoubolid se Jueoyubis Jou s syjuow
€ 0} dUIleSEq WO IM/I/NA €14 Ul 8Buey) .
(920°0-G1°0-) 10%S6 (65°0) @NlEA 4 G000 9

syjuow

¢ 1e [oany] Auligesip Joy Jojoey onsouboud se
juesiiubis Jou si auleseq e By/s|eoy 33vd -
(000-000°0) 10%S6 (0Z°0) @nleA d 000°0 g

Jojawolsledoe €1y
juawdinbg
oauljleseq
(dvd-az) ebueyo
Bi/s1e0% 33vd »
syjuow ¢ 0} aul|
-9seq wolj 6y/s|eoy|
33vd ut 8buey) «
auljeseq je dnoib
JY/NA €1 moj Ut
abueyd WAELY -
syjuow ¢ 0} aul|
-9seq Wouy YM/I/NA
€1y ur ebuey) «

Ayjigow

Ny Aew yeyy suonip

-uoo Busixe-aid oN

sapipiqiowod
panoday

JON :uonnqLysiqg «
ss9| o

S)99M g :uonein(

‘uonendod
dg1 @noe-gns

juswysi|ge)se
obejQ jo
Ajisianiun
a@ainog Buipung

syjuowl (wJey poys) Bsi/s|eoy 33vd - | sonsusjoeIRY) dgT| B Ul syjuow ¢ Apnys [euipny
¢ 1e [oany] Auiigesip Joy Jojoey onsouboud se syuow ¢ IMUUNA €18 | gL =u ejep Buissip | e Ayjigesip pue | -1Buoj eAioadsoid
jueolubls jou si sulBseq J8 YM/IY/NA €1Y sjutodawi | [0] Ayianoe jeaisAyd (%5G°09) LG:alewa4 | AlAoe usamiaq ubisaq
sisAjeue ajelieAlun abueyd DAy JUSWIUOIIAUD sieak (9'¥1)8°/€ diysuone|al MN
sisAjeue Dany leanjeu ui AyAnoe abe (gs) ueapy aAioIpald ay} €102
uoissaibal teaul-sisAjeuy ajeleAl N Angesia auljeseq J0 ainses|\ L0L=N ssosse 0 “|e 18 3oupuaH
sjulodawi} Juaw
-SSasse awodInQ juiodawiy
‘alnseaw | juswainseaw | sJojoe} onsouboud sjuedionied Apnys Apnjs jo
s)|insay pue awo2InQ aujjeseg | |eaisAyd jenuajod JO sonsuajoeIRY) jJo annoalqo | sonsuLloeIRy)

PLO\Sﬁ\\.- One

(penunuod) -z a1qeL

18/45

PLOS One | https://doi.org/10.1371/journal.pone.0335535 October 28, 2025



(panuiuo))

(50°0>) @njea d #'G ;X

syoam g je

[ss@00ns jo Bunes umo syusaned] swooino poob

10} dulj@seq Je Jojoey onsouboud se yueoniubls
sI (INOY) @ouewlopad uoisua)ixa yuniy JoybiH «
(00 >) enfen d 6°¢ X

S)9aM g 1e [ss900ns Jo Bunes umo syuaied]

awoo)no poob Joj suljgseq je Jojoe} oisoubold
se jJueoljubis s| 8oue}sIp Jooyjs 0} Jabuly JOMOT «
$S929Ns Jo Bunes umo sjuaned
(00 >) @njen d €9 X

‘sy@am g Je [Ajisusjul uied Jo uoionpal] awooNo

poob 1o} suljeseq e Jojoe} onsouboud se Jued
-i1ubis Jou si (daJ) 3s8) uoisualxa yunJy JoybiH «
AJsuaju| ured jo uoponpay
(00 >) enfend ¢°G X

sSy9aMm g 1e [yiom 0} oeq]

awoo3no poob Joy auljdseq je Jojoey oisoubold
se jueoyiubis si aoue)sip J0oj} 0} Jabuly JaMoT «
(500 >)enend Ly X

syeaMm g 1e [Jom 0} yoeq]

awoo1no poob 1oy auldseq 1e Joyoe} ansouboud
se JueoIubis s| eouewlouad UoIXaly YunJdy JaybiH «
}IOM 0} uIn}ay

Syoom g
sjujodawi]

9[eos oI julod ¥
$s329ns Jo Bul
-Jel umo sjuaijed
uoloNpay uied

alnseaw ade|
juawdinbg
(sdau)
189} 9ouewlouad
UOISUBIXd Muni] «
(sdau) eouew
-Jopad UOIX3|} JuNI]
sainseaw
paseg aouewIopdd
[0] (wo) souey
-sIp Jooy} 0} Jabul «
salnseawl

%8 =ured

Alipoq onoadsuoN

%89 = uoissaidaq

pejgesiq

sajipiqiowod

%9z uted Jenojpey
%€9 uted Jo uoyeoo|

JayjQ uonnquisiqg -
d4g1

oluoIy) :uonein(

sonsuajoeIRYd 491

(%6)

g =ejeq Buissip

(%1S) LZz=u ajeway

sieah gz abe ues|y

uoneyjiqeyal

JO 8WO09}N0 8y}
aouan|ul }sow
subis aajoalgns
10 9A08lqo
Jayeym

pauoday JoN
:921nos Buipungy
Apnis |eulpn}

-1Buo| aAipoadsold

ubisaq
Auewlag)
1661

}s9) aienbs 1Y) -sisAjeuy ajeLieAlg 3I0M 0} uIN}aYy auljeseg | poseq juawdreduw) 06=N aulwIalep 0l | ‘[e 18 Jpuelgap|iH
(Ajuo papinold si uonduosap aAeleN)
syoam g je [Dao]
Ayjigesip ‘sawoo)no 1oy Jojoe} onsouboud Jueo
-IJIuBIs Jou sI BUIESE] 1B NOY UOIXal) JequinT «
(Ajuo papinoud si uonduosap aaijelleN) pauoday
syeam g je [0AO] Anigesip 10N :senIpiqiowo)
paonpal ‘sawodino poob Joj Jojoey olysouboid 0.
e se jueoyiubis s| suleseq je NOY Y1S JoubiH « (%) dg1 Aoysiy Joud
sishjeuy e}
uoissaibay asim dayg-sisAjeuy ajeteA|n (%) swoldwAs [eysiq lajuan
(01°0 d) Bis Jo 18787 (850°0) NEA d €LY @AlISOd L'€S yoJessay [eolullo
syeam g je [oaol Augesip Jeybiy (%) Ajuo yoopngpoeg | uted yoeq mo| | Adelay] |edisAyd
‘awoo}no Jood Joj Jojoe} oisoubold Jueoiubis :uopnguisiq « yum sjuaned 10} uofepuno4
B Sl auljaseq 1B [NOY UOIXaj} Jequin| JomoT « Jayowoulpu) ajbuis (shep 10} welboid | @2inog Buipung
(o1'0d) Bis jo yswdinb3g | z'#¥) 9'0¥ :uoneinq « ERIENERIT Apnis
[9A97 (690°0) @njeA d ('2L—06°0) £'¢ ¥ dAnsod [D1NOY | sonsusjoeleyd dg91|  -BZIIGE)S B 0} [euipnyibuol
syoam g 1e [DAO] Aljigesip Jamo| (wue} poys) uoIX9|} JequunT « ¢=uejeq Buissipy | asuodsal Jusw aAoadsold
‘aWwo0o3nN0 poob 1oy Jojoey onysouboud se juediiu syeom g 0] /G :@lewad | -leal} joipaid 0} uBisaqg
-BiIs s1 auljeseq e NOY-Y1S abeiane Jjaybiy « sjulodawi} INOY -471S abelany « sieak (2°zL)| 8nJ uonoipaid SN
(oao) Auqesiag 0do sainseaw | 'z abe (gs) uesy [ed1ulo e 5002
sisAjeuy ajelieAlg Angesia auljeseg | paseq juswdieduw) $S=N dojenep o) ‘le 10 ‘sHOIH
sjulodawi} Juaw
-SSasse awodInQ juiodawiy
‘alnseaw | juswainseaw | sJojoe} onsouboud sjuedionied Apnys Apnjs jo
s)|insay pue awo2InQ aujjeseg | |eaisAyd jenuajod JO sonsuajoeIRY) jJo annoalqo | sonsuLloeIRy)

PLO\Sﬁ\\.- One

(penunuod) -z a1qeL

19/45

PLOS One | https://doi.org/10.1371/journal.pone.0335535 October 28, 2025



PLO\Sﬁ\\.- One

(panunuo))

Ajjgesip pue
uled Joj Jueoniubis uou aJe sIojoe} Jaylo ||y ;810N
(L00°0) enjea d ‘gz'0-=4

SU0ISSas 9

Jaye Ajljigesip pasealoap Joj Jojoe) osoubold se
eonlubis si auljeseq e yibuauls uoixals JoybiH

(£000°0) @njeA 4 ‘0g'0-=1 “(dg) ured
SuoISSas 9 Jaye 3oeq Moj o}
Ajjigesip pasealoap Joj Joyoe} onsoubold se jued uonel|igeyal
-Jlubis si suleseq je yybuals uoisusixe JoybiH « Jajawoweuiq pajoday |epownnw
Ayngesiq juawdinbg | JoN :sanipigiowon juamlapun
(1L00°0) @njeA d ‘gz'0-=1 [0] ued Be| pue xoeq | oym sjusied ul
suoIssos INOY UOIX8|) juni] « MOJ :uonnquisiq « Ayjigesip pue papunjun
9 Jaye Ausuajul uied Jemoj Joj Jojoey onsouboid wJs)-uoys [0l woy pauoday uled pue (g|1) | @24nos Buipung
se Jueoljubis si auljaseq je INOY uoixal} JoybiH « SUOISSas 9 Jayy UOISU)Xad Junl] « JON :uoneing .| yibusus oaw Apnig
(900°0) @njeA d ‘yz'0-=1 jusuwijeal) 3sod [0] | sonsueyoeseyd dg | -os! pue (NOY) [euipnybuol
SU0ISSas 9 sjulodawi] (uoisua)xe ‘uoixal}) | 7L =U eyeq Buissiy | uonow jo abues aAoadsold
Ja)e Ausuajul uted Jamoj Joj Jojoey onsouboud se 1ao yibuaus sjosnw (%) 6 :@leWay | unJy) Juswieal) :ubisag
eouubis S| auljeseq e NOY UoISuaixe JoybiH « Aingesia NUNJ] OLJOWOS] « sleah (z'gL)| -1sod usamiaq elpu|
Aysuaju| ured SHdN sainseaw | 9'Gy (gS) abe uealy | uONE|9LI0D BY) €202
sisAjeuy ajeuealg Kjsuajul ureyq auleseg | paseqg-juswredw] 99Z=N aulwuslep o ‘le 1o utep
pauoday

(S1°0) Bis Jo |ona]
(99°21-69'1) 10%G6 (S00°0) @njeA d 6€°'S HO
syoem z e [1ao]
Ajjigesip Jaybiy Joy Jojoey} osouboud se jueol
-jluBis s| aulj@seq je uoisuaixa Jequin| JaybiH .

alnseaw ade]

10N :SenIpIGIowo)

%G 0F (penodey 10N)

%8St () (%) auy
0] [eysip swoldwAg
%% 89(perodey
1ON) %0°05 (4 (%)
jussaid swoydwAs
ybiuiproonng
%G’ 1Z(siopuodsal
UON)
%G/ (Jopuodsay)
(%) Ajuo swoy
-dwAs oeq mo
:uonnguisiq
pauoday
JON :uopein( «

HQaT) uonelulay
osIp Jequin|
uim sjuened
Buowe (LIN)
uoinjoed) Jequin|

pepoday JON

uoissalbal o13s16o — sisAjeuy ajelieARINAl juawdinbg | sonsuajoeieysn 491 |eojueyosw | 99inog Buipung
18} N 4o} (G8Z°0) enjeA d [0l woy (%61)| 0} sesuodsai Apnss jeuipny
S)yoaM g (wue} poys) UOISUSIX8 JequinT] g =eyeq buissip juswieal) | -16uo| aAnoadsold
1e [|go] Annigesip Joy Jojoey onsouboud e se jueo syeeam g [0l wod (%L¥) eF -olewaq sjolpaid jey) ubisaq
-ij1ubis Jou S| duljaseq je NOY UOIXal) Jequun « sjulodawi} uoIXal} Jequun « sieak (L'yL)2 ey | (4dD) 8nd uon ueder
(1ao) Aunqesiqg 10 | uswiean-aid alnseaw obe(gs) uesy | -oipaid [eoiund 6102
1S9} N-sisAjeuy ajeleAlg Angesia auljeseg | paseq -juswiieduw) €0L=N e dojonsp o) ‘le 10 eweAediH
sjulodawi} Juaw

-SSasse awodInQ juiodawiy
‘alnseaw | juswainseaw | sJojoe} onsouboud sjuedionied Apnys Apnjs jo
s)|insay pue awo2InQ aujjeseqg |eaisAyd jenuajod JO sonsuajoeIRY) jJo annoalqo | sonsuLloeIRy)

(penunuod) -z a1qeL

20/45

PLOS One | https://doi.org/10.1371/journal.pone.0335535 October 28, 2025



PLO\Sﬁ\\.- One

(panunuo))

(sz0<)d

syjuow 9 1e Ayjigesip uir abueyo

10} Jojoe} onsouboud se Jueoyiubis Jou si aul|
-aseq e (18] ylem Jajaw-G | ) Ayoeded Buiyjep) «
(Gz'0<SN) (Sz0<) d

syjuow 9 e Ayjigesip

ul abueyo 1oy Jojoey oiysouboud se jueoiubis jou
s auleseq e (3sa) yem uiw g) Ayoeded Buiyepn «
Aunqesig
(sz0<)d

syuow 9 e Ajanoe |eaisAyd ui abueyo

10} Jojoe} onsouboud se Jueoyiubis Jou si aul|
-aseq Je (18] yjem Jajaw-G | ) Ayoeded Buiyjep) «
(Gz'0<sSN) (Gz0<) d

syjuow 9 1e Alanoe |eaisAyd

ul abueyo 1oy Jojoey oiysouboud se jueoiubis jou
s auleseq Je (3sa) yem uiw g) Ayoeded Buiyepn «
Aanoy [eaishyd
sisAjeuy ajeLieAlun
(€55°0- -920°1-)
10%S6 (L00°0 >) @njea d 062°0- 4

syjuow 9 0} suljeseq wouy Ayjiqesip ul

abueyo Jamoj 1o} Jojoe} ofpsoubold se Jueayiubis
sI auljeseq Je Aljiqesip aanesadoaud JaybiH .

19)2WO0.8[820y
juawdinbg
[0] Auanoe |ed

SISOUB)S |eulWelo)
10 ‘sisayysijojApuods
olWY}SI ‘uonelulay
osIp Joy ainpaooud
|eaibins snoaue)nwis
€ JNoY)IM I0 ypim
swoldwAs Buneipel
Joujw [euopnippe
aAey p|noo ‘Alebins
uoisny Jequin
salpiqiowod

“(dg7)

ured yoeq moj
21U0JYD YIIM
syuaned ul
Assbins uoisny
Jequin| Jaye
syjuow 9 Ayjiqe
-SIp PUE [9A9)
Aianoe [eoisAyd
ul sebueyo
annesadoisod
Bunoipaid Joy
S8|geleA J0JaIp
-a1d |euonipes)
pue ‘Ajoeded
Buryiem ‘(uois
-saidap pue

‘pund dioH

s, Jopue3 aguay
pue ‘sjuelb ybiaq
-naN Xi|e4 JoyoQ
‘uoifiey puelein
BIISBA 8y} JOo
pJeog aAlINoexg
aJe |eolps|\ pue
UllesH sy} ‘sjuel

Angesia -1sAyd aAnjesadoald « ured 69| Jnoyym ‘elqoydoisaury yoleasay auids
16202y (wud) wnipaw) JUBWIUOIIAUD | JO Y)M :uonnguisiq « | ‘Buiziydosseled -04n3 ‘Buipuny
(91LZ°0--28%°0™-) 1D %S6 (L00°0 >) d 6¥€°0- & syuow 9 [eanjeu ur ApAROY | oluolyD :uoneing . | uled ‘esjolexe yolessay V4V
syjuow sjutodawi} [0] (Bwn) pate | sonsuajoesey) 491 | Jo) Aoeoiye-yes) | @21nog Buipung
9 1e |9A8] AAnoe [eaisAyd ul abueyo Jaybiy 1ao -A0D 9oUBISIP W G| « (%g2) sJ10j0E) Apnjs |euipny
Jamo| Jojoey onsouboud se yueonubis si suldaseq Apgesig [D] (pa1anoo gz =U ejep Buissi)y | aoueplone-ies) | -IBuo| aAi0adsold
1e [aA9] Alijoe |eoisAyd aanesadoald JaybiH . +Xg191019 20UB]SIP) Y[BM UIWG « (4'¥S) 61 :9lewa4 anneladoald uBisag
Aoy |eoisAyd | -wols|eooe |eixel ] Aq Ajioeded Bupjjepn « sieak (z'g) JO anjeA aAj uspams
|9POIN uols 19A9] alnseaw | {'9f abe (qQs) uespy -o1paud ay} 6102
-sa1bay Jeaul] sjdiinp-sisAjeuy ajeueAlnly | Auanoe [esisAyd auleseg | paseq-aouewiodd gLL=N| owebnsaauiol | ‘|e}se uossqoyer
sjulodawi} Juaw

-SS9SSE aWo92inQ julodawiy
‘ainseaw | juswainseaw | s10)oej onsouboud sjuedioied Apnis Apn}s jo
s)|insay pue awo2InQ aujjeseqg leaisAyd jenpusjod JO sonsuajoeIey) Jo annoalqo | sonsuajoeiey)

(penunuod) -z a1qeL

21/45

PLOS One | https://doi.org/10.1371/journal.pone.0335535 October 28, 2025



(panuguoD)

(9¥°0—21°0-) 10%S6 ¥1°0 HH

(3IMO papodey
JON) Juswuoliaug

syluow g\ e [aareuuonsanb oipiopN -Alsusjul wJey buoT Buiylop ay3 1o}
ured paonpal] awooino poob 1oy} Jojoe} o13sou syjuowl ‘(0< Ausuajul | aJiua) yoleasay
-60oud se jueoyiubis jou s auldseq 8,09 < Mg « | 21 10} yuow A1oag pauoday | 49g7) suleseq |euoneN ayL
sisAjeuy ajeueAlRInp sjulodawi] (X¢19 ydeis | 1ON :sampigqiowon 1e dg1 6ul | @2inog Buipuny
(96°0—0Z°0) 10%S6 810 ¥H swoldwAg [eje -10Y/) J8}ewWo.8|e00y pepoday JON :$213 | -Hodas SIe}IoM Apnis [euipny
syjuow | -|9)so|ndsn|A JO SIS juswdinbg -su9)orIRY) 491 Puowe 4g7 jo | -1I6uoj aAnoadsold
Z\ 1e [asreuuonsanb oipioN-Aysuaiul uied | -Ajeuy 8y} Joj aileu [a] (Aep pauodey uoneaelbbe ubBisaq
paonpal] awooino poob Joj Jojoe} onsouboid e -uonsanp oIpJON /senuiw) ,09 <G4 JON =ejeq Buissiy 10} Ysl 8y} yewuaqg
se jueolubis 1ou s suljesed e bap 09 <GS « pazipiepuels ay} Buipusqg piemio . 9%9G djewa | saseasoul \\g4 9102
Aysuaju| ured | JO UOISIOA PaIPO JUBWIUOIIAUD o abe uea|y 10 sjaAs| ybiy ‘le eyo
sisAjeuy ajeleAlg Aysuajul ured auljeseq |eanjeu ul ANAROY Z87=N| @ebnsanaulol | uas|Q-palsieber
(£6°0) Add
3}JOM 0} ulnjal-uou Joy Aoeinooe aAoIpald
J9ybly pamoys s)sa) JO OM] JO UOIJBUIqUIOD Y «
sisAjeuy ajeueAniniy papodey dg710
(€6'0) Add 02¥0°0 X JON :senIplqiowo) uum sjusned
syjuow Ayjedojnoipeu ul A\ LY-uou
21 1 >J0M 0} uinjal Uou 10} duljeseq e J0joe} INOYIM 10 Upm 10} SYN 0 Jo
onsouboud se jueaniubis si yjbualyg opnasd moT « :uonnguisiq . 6 Jo Alsuajul sualepn
(S6'0) Add 0500°0 ZX sjyblam B € dg70 :uoneing - uted e pue | yiuly wody Juelo
syjuow | e [om o} 