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Abstract

Introduction: Hepatitis C virus (HCV) prevalence among transgender and gender diverse
(TGD) individuals ranges from 1.8%-15.7% vs. 1% in the general population. Prior HCV
studies inclusive of TGD individuals primarily rely on convenience-based sampling methods or
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are geographically restricted. The purpose of this study is to compare the prevalence of HCV
diagnoses, testing, and care engagement between TGD and cisgender individuals.

Methods: Using Optum’s de-identified Clinformatics® Data Mart Database, in 2022, the
unadjusted prevalence of HCV testing among all adults and people who inject drugs (PWID)

from January 2001 to December 2019 was measured. Multivariable logistic regression was used to
compare the adjusted odds of HCV diagnoses and care engagement by gender subgroup.

Results: The overall unadjusted frequency of HCV diagnoses among TGD individuals was
approximately 3 times that of cisgender individuals (1.06% vs. 0.38%, p<0.001), including among
PWID (6.36% vs. 2.36%, £=0.007). Compared to cisgender women, trans feminine/non-binary
individuals had over 5 times the adjusted odds of an HCV diagnosis and approximately 3.5 times
the odds of being tested for HCV. Additionally, compared to cisgender women, trans feminine/
non-binary individuals had significantly increased odds of having an HCV-related procedure (e.g.,
abdominal ultrasounds, liver biopsies, Fibroscans). Cisgender men had significantly increased
odds of receiving HCV medication compared to cisgender women.

Conclusions: While testing was higher among TGD individuals, the higher overall frequency
of HCV diagnoses among TGD vs. cisgender individuals signal persistent health disparities.
Interventions are warranted to prevent HCV and increase ongoing testing and treatment uptake
among TGD populations.
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INTRODUCTION

Transgender and gender diverse (TGD) refers to people whose gender identities depart from
cultural norms associated with their sex assigned at birth. TGD populations experience
social and health disparities associated with an increased risk of Hepatitis C virus

(HCV), including a higher prevalence of injection drug use, sex work, incarceration, and
homelessness.1~ Although HCV is the most common bloodborne infection in the United
States,5 only a few studies have reported the HCV prevalence among TGD individuals.
Across three studies, the HCV prevalence among TGD individuals ranged from 1.8%
-15.7%,”-9 compared to approximately 1% of the US general population.1® Domestic
epidemiological data show higher HCV prevalence among trans feminine individuals'! with
a reported prevalence of HCV of 9% in Los Angeles-based sample and 24.8% in San
Francisco-based sample.12-14 HCV prevalence studies with trans masculine individuals are
even more limited, but domestic and global estimates range from 1-8%.% 14. 15 Notably,
these data are drawn from largely geographically-restricted, convenience samples’9 12,14
limiting the understanding of the HCV burden among TGD individuals.

HCV testing is necessary to identify infection and link individuals to care, yet data on the
prevalence of HCV testing among TGD individuals is limited. A study of TGD adults from
an LGBTQ-friendly clinic in New York City estimated that 27% of TGD adults were tested
for HCV between 2012 and 2015.” However, national research among TGD individuals
seeking care in diverse healthcare settings is needed to determine the extent to which TGD
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individuals are being tested for HCV. In terms of engaging in HCV care for those diagnosed,
recent study describing the HCV care cascade among 951 low-income trans feminine
individuals in San Francisco revealed that 56.5% of participants had initiated HCV care.12
Another study with a sample of 300 trans feminine individuals in San Francisco found

that among individuals with a positive HCV viral load, 77.9% had engaged in some form

of care.? In these small, geographically-constricted studies with trans feminine individuals,
“treatment” was based on self-report rather than more objective indicators such as electronic
health records or insurance claims data. To the authors’ knowledge, no prior studies have
used a large dataset to characterize HCV testing and care cascade engagement among a
national sample of TGD and cisgender individuals.

Recent developments in algorithms for more accurately identifying TGD individuals have
allowed researchers to explore health disparities by gender identity where self-identified
gender information is lacking.18: 17 In this study, a national insurance claims dataset was
used to estimate the prevalence of HCV diagnoses and testing (any HCV antibody or RNA
test since laboratory testing sequence can vary)18 among TGD vs. cisgender adults from
2001 to 2019. Since HCV is most often spread by sharing or reuse of non-sterile injection
drug use equipment,19 risk-based testing among TGD people who inject drugs (PWID) and
cisgender PWID were also compared. Additionally, the prevalence of HCV care cascade
engagement among all TGD and cisgender individuals with chronic HCV was assessed.
Considering recent shifts in HCV guidelines and treatment options,20 identifying individuals
with the greatest need for testing and treatment is vital for clinicians, and public health
practitioners focused on addressing gender-related disparities.

METHODS

A retrospective cohort study using Optum’s de-identified Clinformatics® Data Mart
Database was conducted in 2022. The dataset included claims from private insurance or
Medicare Advantage (i.e., Part C) and insurance adhering to Medicare guidelines offered by
private companies for approximately 84 million unique individuals nationwide from January
1, 2001, to December 31, 2019. Although the dataset represents individuals from all 50
states, it does not include those insured through Medicaid or who are uninsured, which
omits a significant portion of TGD individuals and people who use substances and/or may
be at risk for HCV.2L: 22 Data included de-identified member information, medical claims,
pharmacy claims, and provider data. The University of Michigan IRB determined that this
study was exempt (HUMO00161819).

Study Sample

Since claims databases do not uniformly nor consistently collect information on gender
identity and sex assigned at birth, TGD enrollees were identified using a hierarchical
algorithm of transgender-related diagnosis codes from ICD-9 and ICD-10 procedure
codes.18 Although the algorithm is described elsewhere,8 briefly, individuals were
categorized as “TGD” if they had some combination of 1) transgender-related diagnosis
(e.g., Gender Identity Disorder), 2) transgender-conclusive procedure (e.g., vaginoplasty)
not due to medical reasons such as cancer, 3) had a gender-affirming hormone prescription
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that was incongruent with their sex marker and a suggestive procedure (e.g., vaginoplasty),
or if they 4) had an Endocrine disorder Not Otherwise Specified diagnosis along with a
suggestive procedure or gender-affirming hormone prescription. Individuals were stratified
as trans feminine and non-binary (TFN), trans masculine and non-binary (TMN), and TGD
unclassified. In total, 38,598 unique TGD individuals were identified and a 10% random
sample of 10,469,393 cisgender individuals were used due to computational limitations
common when working with these data.23

Injection drug use (IDU) history was identified based on a previously validated algorithm
with high sensitivity (85%) and specificity (80%).24 Individuals were required to have at
least one ICD-9 or ICD-10 diagnosis code for injectable substances during the study period.
There were 5,195 individuals who met the criteria for IDU.

To assess the frequency of diagnosed HCV infection, ICD-9 or ICD-10 diagnosis codes were
used (Appendix Table 1). Individuals with a diagnosis from any prior year were removed
from the subsequent years as new infections.

To assess the overall prevalence of HCV testing among all adults (=18 years of age),
individuals who were not continuously enrolled for the full year (continuous enrollment
was defined as January 1 to December 31 of a given year), not 18 years old for the entire
first year of enrollment, and had an ICD-9 or ICD-10 diagnosis code for hepatitis C were
excluded. The proportion of individuals screened or tested for HCV according to CPT

and HCPCS codes served as the numerator (Appendix Table 2) and the overall number of
individuals enrolled for each calendar year was the denominator. For PWID, individuals
under the age of 18 were included since anyone who injects drugs may be tested for HCV.
Individuals were required to be enrolled for at least one year beyond the first documentation
of IDU.%

HCV care cascade engagement2® was measured among individuals with chronic HCV,
defined as individuals who received an HCV RNA test followed by =3 HCV diagnosis
codes on different service dates or =2 HCV diagnosis codes separated by =60 days.2’
Following the HCV RNA test date, individuals were required to be enrolled continuously
for =1 year. Individuals with chronic HCV were assessed for their engagement in the
HCV care cascade, which included calculating the proportion who had =1 visit(s) to a
specialist (gastroenterologist, infectious disease specialist, hepatologist), were engaged in
>1 HCV-related procedure(s) (e.g., abdominal ultrasounds, liver biopsies, Fibroscans),28
and had =1 pharmacological treatment based on National Drug Codes for dispensed HCV
medications (Appendix Table 3).

Statistical Analysis

The testing prevalence among all adults =18 years old was calculated by dividing the
numerator by the denominator for each calendar year. The testing prevalence among PWID
was calculated as those tested for HCV divided by one year from the first occurrence of
IDU. Chi-square and Fisher’s exact tests were used to calculate the unadjusted frequency
of HCV diagnoses and testing prevalence for TGD vs. cisgender individuals and among
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gender sub-groups. To test differences in HCV infection and testing, multivariable logistic
regression models were used and adjusted for gender identity, race, US census region,
enrollment year, months of enrollment, and age at enrollment. For PWID, enrollment
variables were replaced with age at first documentation of IDU (index date), months past
the index date, and first year of the index date in the study period. Significance was

set at p<0.05. For the care cascade analysis, chi-square tests were used to estimate care
engagement by gender. Adjusted odds ratios from multivariable logistic regression were
used to compare differences in care engagement by demographic characteristics. Analyses
were conducted using Stata/MP software, version 14.2 (StataCorp LLC, College Station,
TX).

RESULTS

Demographics of the overall sample (Appendix Table 4) and among PWID (Appendix Table
5) are presented. Most individuals in the study were from the South with the least being
from the Northeast. A majority of the sample was identified as non-Hispanic White (52.66%
overall and 67.05% among PWID) followed by unknown race/ethnicity (25.54% overall and
12.24% among PWID).

The unadjusted prevalence of HCV diagnosis was 1.06% among TGD individuals vs. 0.38%
among cisgender individuals (p<0.001) and 6.36% among TGD PWID vs. 2.36% among
cisgender PWID (p=0.007) (Table 1). TFN individuals had the highest prevalence of HCV
diagnosis (1.86%), followed by unclassified TGD individuals (0.90%), TMN individuals
(0.73%), cisgender men (0.45%), unclassified cisgender individuals (0.38%) and cisgender
women (0.30%) (0<0.001). Among PWID, unclassified TGD individuals (16.67%), TFN
(7.69%), and TMN (4.17%) had the highest HCV diagnosis prevalence compared to all
cisgender groups (p<0.01). In adjusted analyses, TFN (aOR=5.09, 95% CI1=4.39-5.90,
p<0.001) and TMN individuals (aOR=2.28, 95% CI=1.93-2.71, p<0.001) had significantly
increased odds of having an HCV diagnosis than cisgender women (Table 2).

Figure 1 displays the unadjusted prevalence of HCV testing among adults by gender from
2001 to 2019. Across the study period, TGD adults had a higher prevalence of testing

each year and had an overall testing prevalence of 14.83% compared to 3.73% among
cisgender adults (p<0.001) (Appendix Table 6). Among PWID, TGD individuals had a
testing prevalence of 13% compared to 7% among cisgender PWID (p<0.045). Adjusting for
demographic and enrollment characteristics, TMN (TMN: aOR: 2.67, 95% CI: 2.56-2.78,
p<0.001) and TFN (aOR: 2.63, 95% CI: 2.49-2.79, p<0.001) had significantly higher odds
of being tested for HCV during the study period than cisgender women (Appendix Table 7).

Figure 2 displays the proportion of individuals with chronic HCV engaged in each cascade
step. The prevalence of following up with a specialist was similar for TGD (77%) vs.
cisgender individuals (74%; p=0.382). Overall, 95% of TGD individuals received an HCV-
related procedure compared to 85% of cisgender individuals (p=.001). A higher proportion
of TGD individuals (48%) received HCV medication than cisgender individuals (40%,
=0.045).
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As shown in Appendix Table 8, in adjusted multivariable analyses, TFN individuals
had significantly increased odds of having an HCV-related procedure than cisgender
women (aOR: 2.69, 95% CI: 1.08-6.74, p=0.03). Additionally, being a cisgender man
was significantly associated with increased odds of receiving HCV antiviral medication
compared to cisgender women, although the effect size was small (aOR: 1.17, 95% ClI:
1.09-1.26, p<0.001).

DISCUSSION

In this national sample of commercially insured TGD and cisgender adults, these findings
confirm prior research documenting disparities in HCV among TGD vs. cisgender
adults.2 - 11-14 Tailored interventions to prevent HCV among TGD individuals and
continued efforts to ensure that all people at-risk for or living with HCV are tested and
treated are warranted.

The frequency of HCV diagnosis was significantly higher among TGD individuals than
cisgender individuals (1.06% versus 0.38%). Although most prior studies with TGD
samples have reported a higher prevalence of HCV seropositivity among TGD individuals
(0%-15.7% among trans feminine individuals),”~® 11 most studies utilized convenience
sampling to recruit potentially higher-risk samples and focused on large, urban locations
that are known HCV “hotspots.””- 9: 12-14 Although our study is based on commercially-
insured individuals from across the U.S., our findings are consistent with prior survey
research with high-risk, urban populations, as higher prevalence of HCV diagnoses among
TFN individuals was observed relative to other groups.” % 28 The higher frequency of
HCV diagnoses among TFN individuals and TGD individuals overall relative to cisgender
individuals could reflect a true higher prevalence, but may also be a result of increased
testing among TGD individuals as well. Similar differences in HCV prevalence were also
observed among the subsample of PWID. Further, even after adjusting for demographic and
enrollment characteristics, TFN individuals with and without a history of injection drug use
were significantly more likely to have been diagnosed with HCV than any other gender

group.

Increased testing from 2012-2017, irrespective of gender, may be due to the increasing
availability of direct-acting antiviral drugs and attention to United States Preventive Services
Task Force (USPSTF) and Centers for Disease Control and Prevention (CDC) testing
guidelines.2% 30 Since TGD individuals are at greater risk for sexually-acquired infectious
and injection drug use than cisgender individuals,31-33 the higher prevalence of testing
documented among TGD individuals in the sample may represent a recognition of this risk
by medical providers and TGD individuals. Since claims data cannot be leveraged to identify
potential avenues of infection, future research with TGD individuals that links self-reported
sexual risk to medical data is needed to explore the drivers of HCV infection and testing.

To the authors’ knowledge, this is the first study that reports the prevalence of HCV
diagnosis among TGD PWID, who were approximately twice as likely to be tested for HCV
than cisgender PWID (13% vs. 7%). Higher overall HCV testing among PWID groups is

at least partly attributable to longstanding screening guidelines for individuals who ever
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injected drugs.20 The finding that TGD PWID are more likely to be tested than cisgender
PWID may be attributable to higher IDU, including sharing syringes for gender-affirming
soft tissue fillers or hormones.3* Concentrating on intervention efforts to increase access

to and utilization of harm reduction services, including syringe exchange programs and
educational programs promoting protective sex, is paramount for lowering HCV prevalence
in TGD populations.

Similar to testing prevalence, TGD individuals were more engaged in each step of the
HCYV care cascade than cisgender individuals. Prior research has found that accessing
gender-affirming medical treatments may facilitate more engagement in other preventative
or treatment-related healthcare services (e.g., HIV testing and treatment) as primary care
providers may offer TGD individuals other forms of care when accessing gender-affirming
services.3% 36 Given that the TGD individuals in the study had received a TGD-related
diagnosis or related medical treatment, the acquisition of gender-affirming care may have
facilitated engagement in HCV testing and treatment services. Future work should measure
follow-up HCV care with primary care providers should data capabilities allow.

Although the levels of engagement in HCV testing and care were slightly higher among

the TGD individuals in this sample than their cisgender counterparts, there is still room

for improvement in treatment utilization among TGD individuals and cisgender individuals
living with HCV. To that end, although cisgender men were significantly less likely than
TFN and TMN individuals to have HCV, they had higher odds of receiving HCV medication
in adjusted analyses. These results extend prior research, which found that more men than
women were referred to and initiated HCV care, though the study did not account for
gender minority status.3” Future mixed-methods research should examine the mechanisms
underlying the differential referral to and initiation of HCV care based on gender and other
key demographic attributes such as race and ethnicity.

These findings underscore the need for tailored interventions to prevent HCV acquisition,
particularly among TFN subpopulations. It is essential to incorporate curriculums in
medical schools, residencies, and CME programs that speak to the social and behavioral
risk factors for HCV and include gender-affirming approaches to risk-based counseling
and harm reduction approaches to reduce HCV risk for TGD individuals and others at

risk for HCV. Further, clinicians should be trained to test and screen all individuals at

risk for HCV, foster ways to reduce TGD-related stigma,38-4C and proactively link HCV-
seropositive TGD and cisgender patients to treatment. Additionally, since out-of-pocket
care costs and homelessness are barriers to HCV testing and treatment, particularly among
TGD individuals,® 7 future interventions should use community spaces and shelters to
promote opportunities for free testing and treatment among low-income and at-risk TGD and
cisgender adults.

This study is not without limitations. Researchers have increasingly used claims datasets to
measure disease diagnosis frequency and care engagement,24 but access to health insurance
likely makes these subsets of individuals different from those without insurance. Other
unique factors pertaining to some TGD patients that may lead to further engagement in
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health services, such as increased rates of HIV4L or receiving gender-affirming hormone
therapy care, may lead to increased testing and treatment of HCV and other conditions.
Further, it is not possible to determine if individuals engaged in HCV-related care for
treatment of other health conditions (e.g., HIV co-infection, advanced liver disease). Due to
data limitations, we were not able to ascertain if individuals sought HCV treatment through
primary care. Considering access to specialist providers can be a barrier for TGD individuals
and other subpopulations, some patients likely gained access to HCV treatment through
primary care.

Muisclassification bias is also possible when ascertaining TGD and IDU status via claims
data proxies, in addition to excluding enrollees who are indeed TGD and/or a PWID but
were not captured by the algorithms from not having the related codes. The algorithm used
to identify TGD people only captures those TGD individuals who engage in a specific set
of gender-affirming care practices and cannot be generalized to the overall TGD population.
The algorithm does not identify those TGD people who (a) do not seek, have access to,

or desire gender-affirming medical care through their insurer, (b) who engage in care but
are denied gender-affirming care due to discrimination, stigma, or health conditions that
preclude them from accessing gender-affirming care, or (c) do not bill for gender-affirming
care through their insurance or seek it from untraditional medical sources. Additionally,
individuals may have received HCV tests, such as point-of-care tests, outside of their

usual healthcare and were therefore not captured by the algorithm. The avoidance of
healthcare due to TGD and IDU-related stigma may have led to conservative estimates

for all outcomes.16: 24

CONCLUSIONS

Leveraging insurance claims data revealed that TGD individuals had a higher frequency
of HCV diagnosis and IDU prevalence than cisgender women and men and were more
likely to be tested for HCV than cisgender individuals. Although fewer cisgender men

had HCV than TFN and TMN individuals, cisgender men had significantly higher odds of
receiving HCV medication. Future research efforts should focus on identifying the factors
that facilitate testing and treatment uptake among TGD populations. Policies, guidelines,
and interventions should also be developed to ensure equitable access to care for TGD and
cisgender populations living with or at risk for HCV.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Unadjusted prevalence of hepatitis C virus (HCV) testing among all adults stratified by

gender minority status in Optum’s de-identified Clinformatics® Data Mart Database from
2001-2019 (N=10,507,834)

HCV, Hepatitis C Virus. Guidelines by the Centers for Disease Control and Prevention
(CDC) were updated in 2012 to recommend one-time HCV screening for individuals born
between 1945-1965.42
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Figure 2.
Individuals with chronic hepatitis C virus (HCV) engaged in each care cascade step stratified

by gender minority status in Optum’s de-identified Clinformatics® Data Mart Database from
2001-2019 (N=13,134)

HCV; Hepatitis C Virus. P-values were derived from x? tests. Chronic HCV diagnosis:
Transgender and gender diverse: N=149, Cisgender: N=12,985.
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Table 1.
Unadjusted Frequency of Hepatitis C virus (HCV) Diagnoses, 2001-2019

Entire Sample (N=10,507,834) People who inject drugs (N=5,195)
Gender n % P Gender n % P
TGD TGD
No HCV 38,032 98.94 HAA No HCV 103 93.64 e
HCV 409 1.06 HCV 7 6.36
Cis Cis
No HCV 10,430,093 99.62 No HCV 4,965 97.64
HCV 39,300 0.38 HCV 120 2.36
Gender Subgroups n % P Gender Subgroups n % P
TFEN TFEN
No HCV 9,755 98.14 Ak No HCV 24 92.31 e
HCV 185 1.86 HCV 2 7.69
TMN TMN
No HCV 18,745 99.27 No HCV 69 95.83
HCV 137 0.73 HCV 3 4.17
TGD Un. TGD Unclassified
No HCV 9,632 99.10 No HCV 10 83.33
HCV 87 0.90 HCV 2 16.67
Cis Women Cis Women
No HCV 5,199,428 99.70 No HCV 2,587 98.14
HCV 15,830 0.30 HCV 49 1.86
Cis Men Cis Men
No HCV 5,228,289 99.55 No HCV 2,377 97.10
HCV 23,461 0.45 HCV 71 2.90
Cis Unclassified Cis Unclassified
No HCV 2,376 99.62 No HCV 1 100%
HCV 9 0.38 HCV -- --

Cis, Cisgender; P, P-value; 7GD, Transgender and gender diverse; 7FN, Trans feminine and non-binary; 7MN, Trans masculine and non-binary.
Note: Unadjusted frequency of hepatitis C virus (HCV) diagnoses among entire sample and people who inject drugs stratified by gender in

Optum’s de-identified Clinformatics® Data Mart Database from 2001-2019. Race: Asian, Black, and White categories are non-Hispanic. P-values

were derived from Fisher’s exact test for gender subgroups among people who inject drugs; XZ tests were used for all other analyses.

Boldface indicates statistical significance (*p<0.05, **p<0.01, ***p<0.001).
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Adjusted Multivariable Models of Gender and Hepatitis C virus (HCV) Diagnoses, 2001-2019

Table 2.

Entire Sample (N=10,507,834)

People who inject drugs (N=5,195)

HCV Diagnosis

HCV Diagnosis

Characteristic aOR | 95% ClI P Characteristic aOR 95% CI P

PRIMARY PREDICTOR PRIMARY PREDICTOR

Gender Subgroups Gender Subgroups
Cis Women Ref. -- -- Cis Women Ref. -- -
Cis Men 1.64 | 1.61-1.67 Ak Cis Men 151 1.04-2.19 *
Cis Unclassified 1.76 | 0.91-3.40 | 0.09 Cis Unclassified - - -
TEN 5.09 | 439-590 | *** TFN 4.37 | 0.98-19.39 | 0.05
TMN 228 | 1.93-2.71 folelal TMN 2.20 0.66-7.32 0.20
TGD Unclassified 4.19 | 3.39-5.19 Ak TGD Unclassified 7.83 | 1.62-37.94 e

CONTROL VARIABLES CONTROL VARIABLES

Race Race
White Ref. -- -- White Ref. -- --
Asian 1.05 | 0.99-1.11 | 0.08 Asian - - -
Black 168 | 1.63-1.73 folelal Black 1.93 1.16-3.21 **
Hispanic 1.17 | 1.13-1.21 Ak Hispanic 0.82 0.41-1.66 | 0.58
Unknown 0.89 | 0.87-0.91 folelal Unknown 1.17 0.68-2.01 0.57

Region Region
Midwest Ref. - - Midwest Ref. - -
South 1.66 | 1.62-1.71 Ak South 1.34 0.83-2.15 | 0.23
West 1.39 | 1.34-1.44 | *** West 1.33 0.73-2.43 | 0.35
Northeast 1.68 | 1.61-1.74 | *** Northeast 2.84 1.65-4.86 Ak
Unknown Unknown -- -- -

Enrollment Age (years) 1.04 | 1.04-1.04 | *** | Age of First IDU (years) 0.99 | 0.98-1.00 | 0.03

Enrollment Months 1.01 | 1.01-1.01 | *** | Months Past IDU 1.00 1.00-1.01 | 0.07

Enrollment Year 0.99 | 0.98-0.99 | *** | First Year of IDU 1.02 | 0.98-1.06 | 0.33

Page 15

a0R, Adjusted odds ratio; C/, Confidence interval; Cis, Cisgender; /DU, Injection drug use; A, P-value; TFN, Trans feminine and non-binary;
TMN, Trans masculine and non-binary. NMote: Adjusted multivariable models examining the association between gender and hepatitis C virus

(HCV) diagnoses among entire sample and people who inject drugs in Optum’s de-identified Clinformatics® Data Mart Database from 2001-2019.
Race: Asian, Black, and White categories are non-Hispanic. Variables with missing data indicate dropped observations from perfect predictions.
Outcome: Hepatitis C virus (HCV) diagnosis (ref=no HCV diagnosis). Model adjusted for all listed demographic and enrollment characteristics.

Boldface indicates statistical significance (*p<0.05, **p<0.01, ***p<0.001).
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