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Abstract

Plain language summary

Background Hepatitis C infection (HCV) is a leading cause of liver disease and mortality.
Despite curative treatment options, HCV elimination remains elusive. Although the US has
national screening and treatment recommendations, HCV remains under-screened and
under-diagnosed. We utilized two national surveys to estimate trends in overall HCV care
utilization and testing in the US.

Methods Data from the National Ambulatory Medical Care Survey and the National Hospital
Ambulatory Medical Care Survey from 2010 to 2019 were analyzed using inverse probability
weighting to generate national estimates of visits and testing. Weighted chi-square and
logistic regression analyses adjusted for demographics, payor type, and time assessed the
primary outcome of ambulatory care utilization and the secondary outcome of office-based
hepatitis C screening.

Results Between 2010-2019, 23,469,344 HCV ambulatory visits are identified with higher
overall adjusted visit rates for men (OR 1.54), people born 1945-1965 (OR 4.00), and insured
by Medicare (OR 1.98) with increased utilization by White, privately insured patients in the
office since 2016. HCV cases with Medicaid (OR 6.05) or have associated substance use
disorder (SUD) (OR 3.30) are more likely to utilize the ER than office care. Screening rates are
low in initial (2%) and overall (1%) primary care health visits.

Conclusions In a nationally representative study, we find increasing rates of HCV Vvisits,
largely in White, privately insured patients seen in office. Low screening rates and
disproportionate ER utilization among rural, racial/ethnic minorities, Medicaid insured, and
patients with SUD highlight the importance of policy and practice guideline updates to
improve identification and care linkage for HCV.

Hepatitis C infection remains a leading cause
of liver disease and mortality in the US despite
the presence of a national screening
recommendation and curative treatment
options. Here, we utilized two national
surveys to estimate trends in hepatitis C
testing and care utilization in the US. We
demonstrated that White, privately insured
patients are more likely to obtain care in an
office setting, whereas patients with Medicaid
and those with substance use disorder are
more likely to obtain care from an emergency
room. It is critical to ensure that patients with
hepatitis C who seek care from the
emergency room receive adequate linkage to
care and continuity of care as we work
towards viral hepatitis elimination.

Hepatitis C virus (HCV) infection is among the leading causes of liver
disease and mortality, with over 70 million people infected worldwide. The
prevalence of patients with chronic hepatitis C (CHC) infection is between
1-2% in the United States, making it the most common bloodborne
infection in the nation”. CHCis a major cause of mortality, and if untreated,
patients with CHC can develop cirrhosis and hepatocellular carcinoma™.
The approval of direct-acting antivirals has revolutionized the
treatment for patients with HCV, with estimated cure rates of 97-99%".
However, despite advances in medical therapy, HCV remains a leading

cause of liver-related death and transplantation and is rising in incidence in
younger individuals. One major factor in the persistent burden of CHC is
under-screening, with studies estimating that less than half of those with
CHC are aware of their positive status®. In order to be treated, the disease
must be identified, which generally requires an infected individual to
interface with the healthcare system. Most medical care occurs in the
ambulatory or emergency setting, marking these as the most likely places for
individuals with hepatitis C to seek care, and thus be screened and linked
to care.
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In 2012, the Centers for Disease Control (CDC) recommended one-
time screening for HCV in all individuals born between 1945 and 1965,
hereafter “baby boomers”, due to the high prevalence of CHC in this cohort
in addition to risk factor based screening at any age’. Recently, studies found
marked increases in HCV infection in those aged 19-39 as well as those with
a pattern of injection drug use, coinciding with the ongoing opioid epidemic.
In response to such trends, the CDC and United States Preventive Services
Task Force in 2020 released revised recommendations suggesting that all
adults receive one-time screening for HCV regardless of risk factors. These
efforts are in accordance with national and international goal to eliminate
HCYV as a public health threat by 2030°. Despite national efforts, significant
racial, socioeconomic, and geographic disparities in HCV screening and
treatment remain in the United States™"’.

One critical aspect driving disparities in the CHC diagnosis and care
continuum is inadequate access to care. One study found that patients
without a regular source of care are 19 times more likely to be unaware of
their CHC status''. As we continue to strive towards HCV elimination goals
set forth by the White House as well as the World Health Organization, it is
critical to better understand care utilization, especially for patients with
CHC. The goal of this study is to understand national demographic trends in
hepatitis C care utilization during a critical era of change in the landscape of
hepatitis C diagnosis and management.

To assess rates of utilization, we utilize two national databases to
estimate overall rates of use among those with identified HCV in the United
States and to identify disparities in access and utilization of HCV screening.
We find that overall screening rates remain low in both initial and sub-
sequent primary care office visits. Men, people born between 1945 and 1965,
and insured by Medicare are more likely to have ambulatory visits associated
with HCV. White, privately insured patients are more likely to obtain care in
an office setting whereas those insured with Medicaid or have associated
substance use disorder are more likely to obtain care from the emergency
room rather than in the office setting. These findings highlight the need for
policy and practice updates to improve patient access and linkage to care,
particularly for those who are more likely to experience fragmented care.

Methods

Data sources

Data from the National Ambulatory Medical Care Survey (NAMCS) and
the National Hospital Ambulatory Medical Care Survey (NHAMCS), two
publicly available databases, were extracted. NAMCS tracks care utilization
in the outpatient, or ambulatory, setting, while NHAMCS uses similar
sampling techniques to track care visits in the emergency room setting. We
utilized data between 2010-2019. Due to changes in the sampling technique,
the NAMCS 2017 data remain unreleased and were therefore excluded.
NAMCS/NHAMCS are publicly funded survey-based datasets that include
annual, national probability samples of ambulatory care visits and are
designed to estimate national utilization of ambulatory health services. The
basic sampling unit is the patient visit, with the overall raw sample size
varying by year according to the number of hospitals/physician offices
sampled and the response rate. Only visits by adults at least 18 years old at
time of visit were included.

Surveys include patient demographics, reason for visit, visit diagnoses,
procedures performed, diagnostic tests ordered, and medications
prescribed"”. Medical coding and adjudication are provided by the National
Center for Health Statistics. Weights are provided for each observation in
the data sets to allow researchers to extrapolate and produce national esti-
mates. A model-based single imputation is used to fill in missing data.

Data usage

Survey data were analyzed using inverse probability weighting for each
sample visit or each physician response, as appropriate. Sample weights
were adjusted for the nonresponse rate at certain times of year, by geo-
graphic region, urban/rural location, and ownership designations to create
unbiased national estimates. Due to concern over bias from overweighting
of individual samples, NAMCS/NHAMCS do not recommend making

conclusions based on weighted data with fewer than 30 unweighted
instances. To increase the number of unweighted instances, NAMCS/
NHAMCS datasets were combined as performed in prior studies and as
recommended in documentation provided by NAMCS/NHAMCS"*". As
the survey design can vary slightly by annual iteration, coded variables may
change and were accounted for according to the accompanying public use
documentation.

Identification of variables of interest

Study outcomes. The primary variable of interest in this study was a care
visit for a patient with identified CHC during which HCV-specific care
was provided. Presence of CHC was identified either according to
International Classification of Diseases (ICD)-9-CM (2010-2015) or
ICD-10-CM coding (2016-2019) in one of the 5 visit diagnoses, or by
direct survey-level checkbox for current hepatitis C infection, available
since 2016. Our secondary outcome measure was performance of a
hepatitis C screening test in an ambulatory care setting (NAMCS), which
was also available in survey checkbox format under “testing performed”
for all years after 2013.

Additional variables of interest. To assess trends in utilization and
testing, we collected demographic data, including sex, birth year, self-
identified race/ethnicity, expected payment method for visit, and
metropolitan statistical area (MSA) status. Of note, in the 2018 NAMCS
survey, the total number of responses was considered too low to accu-
rately weight based on region. Therefore, the region (Northeast, South,
Midwest, West) variable was not published and is therefore unavailable
for observations from 2018. Acceptance of private insurance as a pay-
ment type was not collected in 2010 for NAMCS. Concomitant presence
of substance abuse or substance use disorder was identified using ICD-9/
10 codes as well as survey direct identification through the “does the
patient now have opioid abuse or dependence” questions. A complete list
of variables of interest, including ICD codes utilized by year and dataset,
can be found in Supplementary Table 1.

Primary outcome analysis

To assess rates of utilization among those with identified CHC, after
extraction of variables of interest, descriptive statistics were computed using
nationally weighted estimates with corresponding 95% confidence intervals
(CIs). To account for the complex survey design, a single-unit certainty
ultimate cluster method was used for variance estimation in strata con-
taining only a single primary sampling unit (PSU). Differences in categorical
variables were assessed using chi-square tests, implemented via the “svy-
chisq” function in the R “survey” package.

Differences in characteristics associated with HCV-related visits were
analyzed using both univariable and multivariable logistic regression
models (adjusted for significant variables identified in univariable analysis),
adjusting for the complex survey design. To assess temporal trends, data
from two consecutive years were combined when necessary to ensure
adequate raw sample sizes. Significant differences in utilization over 2-year
periods were assessed by modeling time as a linear variable in weighted
logistic regression. The total number of visits and visit rates were estimated
by aggregating all available data from NAMCS and NHAMCS over the
study period.

Secondary outcome analysis

To assess rates of hepatitis C testing among groups at risk for hepatitis C, we
included only ambulatory visits considered “at risk” for HCV screening.
Visits prior to 2014, when HCV testing data were not collected, as well as
visits where the patient already had a diagnosis of hepatitis B or C, likely
cirrhosis, or was actively pregnant, were excluded. To better describe the
utilization of HCV testing in routine clinical settings, further analysis was
conducted, excluding visits to surgical subspecialists, visits for acute pro-
blems, flares of chronic conditions, pre- or post-surgical management, or
visits where the provider indicated they were not the patient’s primary care
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provider. Subgroup analyses were performed to evaluate testing patterns
among individuals who would have been eligible for screening under the
nationwide guidelines, which in 2012 were expanded to include all baby
boomers, those with end-stage renal disease, and those with substance use
disorder.

Finally, a more restrictive assessment of HCV screening rates was
performed by including only visits in which the provider identified them-
selves as the patient’s primary care provider, the visit was for either routine
chronic disease management or preventive care, and the patient was new to
the provider. This strict definition was applied to reduce potential con-
founding from prior HCV testing, ensuring that only true screening visits
were considered. However, the stringent inclusion criteria limited the
number of raw visits available for analysis, restricting further subgroup
analyses.

Statistics and reproducibility

All statistical analyses were conducted using R (Version 4.3.1 GUI 1.79 Big
Sur ARM Build 8238). The “survey” package in R was used for weighting,
variance estimation, chi-square testing, and logistic regression modeling to
ensure accurate representation of national estimates. All statistical tests were
two-sided, with p < 0.05 considered statistically significant.

Ethics statement

This research was a collaboration among investigators across expertise and
backgrounds. Efforts were made to include both early-career and senior
investigators; the investigators are committed to inclusion and the ethical
conduct of research across their studies. No identifiable information is
released in the public use data files by the National Center for Health
Statistics. This study was determined to be exempt from IRB review under
Weill Cornell Medicine Institutional Review Board policy because it uses
publicly available, fully de-identified data.

Results

Utilization of HCV care

Between 2010 and 2019, a total of 9.7 billion care visits were identified. Of
these, 23,469,344 visits (0.3%) were for patients with identified CHC, and
1.29 million visits were for patients with CHC and cirrhosis. A higher
percentage of visits for those with already identified HCV occurred in the
office than for the overall cohort without CHC (94.8% vs. 87.3%, p < 0.001).
Across care locations, visits for patients with identified CHC were more
common amongst men, baby boomers, people with private insurance, in the
West region, and in MSAs, p < 0.001 for all. In contrast to office visits, ER
visits were more frequent among individuals with CHC born after 1965,
non-Hispanic Blacks, and insured by Medicaid (Table 1).

In weighted univariable logistic regression analysis, visit rates for CHC
compared to no CHC were higher among men (OR 1.54, 95% CI [1.06,
2.22]), baby boomers (OR 4.00, 95% CI [1.57, 10.15]), and those insured by
Medicare (OR 1.98, 95% CI [1.17, 3.35]). Younger age was inversely asso-
ciated with HCV visits. Regional differences were also evident, with higher
odds of HCV visits in the West region (OR 223, 95% CI [1.38, 3.60]),
whereas living in a non-MSA was associated with reduced odds of HCV visits
(OR 049, 95% CI [0.30, 0.80]) (Table 2). In weighted multivariable logistic
regression analysis, odds of CHC visit were higher for male (OR 2.05, 95% CI
[1.57, 2.69]), non-Hispanic Black (OR 1.71, 95% CI [1.19, 2.45]), baby
boomer (OR 9.04, 95% CI [4.87, 16.82]), covered by Medicare (OR 2.19, 95%
CI [1.50, 3.20]) or Medicaid (OR 2.48, 95% CI [1.71, 3.59]), and in the West
region (OR 249, 95% CI [1.51, 4.12]) compared to those without CHC.

When comparing odds of care utilization for those with identified
CHC by practice setting (ER vs. office), only Medicaid was significantly
associated with ER usage (OR 6.05, 95% CI [2.88, 12.72]). The ER accounted
for 16.5% of all CHC visits for those with Medicaid, compared to 2.1% for
those with private insurance (Fig. 1). Among all visits to both clinician
offices and ERs, non-Hispanic Black patients were more likely to have
Medicaid as their primary payer type (29.7% vs. 10.5%, p < 0.001). This was
particularly true for Black patients born after 1965, for whom Medicaid

covered 44.8% of visits. Medicaid was also less likely to be accepted by
primary care providers for new patient visits than Medicare or private
insurance across all study periods (Fig. 2). In multivariable logistic regres-
sion analysis adjusted for age, sex, race/ethnicity, region, residing in an MSA,
and care location across the entire study population to evaluate factors
associated with Medicaid as the payment method for visits, non-Hispanic
Black (OR 2.58, 95% CI [2.40, 2.77], p < 0.001), Hispanic (OR 3.31, 95% CI
(2.99, 3.66], p < 0.001) or “Other” (OR 1.63, 95% CI [1.37, 1.94], p < 0.001)
were associated with increased odds of having Medicaid as their primary

payment type.

Trends in utilization of HCV care

Over the course of the study period, the percentage of total visits for iden-
tified HCV increased in both the office setting (OR 1.35,95% CI [1.15, 1.60],
P <0.001) and the ER setting (OR 1.27,95% CI [1.11, 1.45], p < 0.001). In a
multivariable logistic regression controlling for age, gender, race, ethnicity,
region, MSA status, and insurance coverage, the odds of an identified HCV
visit were highest for the combined year period of 2016 and 2018 (OR 2.05,
95% CI [1.11, 3.78]). The largest increase in visit rate was observed between
2012-2014, from 0.22% to 0.43% or 98.8% increase. This is likely due to
updated screening guidelines for baby boomers put forth by the CDC in
2012 (Fig. 3). However, when evaluating visits by race/ethnicity, the total
number of visits by Black patients remained unchanged with an annual
percentage change (APC) of —0.44% (95% CI [—10.46, 10.71], p < 0.001),
compared to non-Hispanic White (APC 17.99%, 95% CI [10.28, 26.23],
p=0041) and Hispanic (APC 27.71%, 95% CI [26.31, 31.15],
p<0.001) (Fig. 4).

HCV testing

Between 2014-2019, a total of 3.7 billion office visits were made by non-
pregnant adults without known hepatitis B, hepatitis C, or cirrhosis. During
these visits, 36.6 million HCV tests were performed, for a testing rate of 1%.
In univariable analysis, non-Hispanic Black patients had a higher likelihood
of HCV testing, whereas males, individuals born before 1945, and those
covered by Medicare had lower testing rates (Table 3). Estimates from
multivariable logistic regression indicated that non-Hispanic Blacks patients
had higher per-visit odds of HCV testing (OR 3.03, 95% CI [2.10, 4.37])
compared to patients of other races/ethnicities.

Testing rates were higher for visits during which the provider identified
themselves as the patient’s primary care provider (1.7 vs. 0.5%, OR 3.23,95%
CI [2.93, 3.56], p <0.001) as well as during visits to general practitioners
when compared to medical or surgical specialists (1.7% vs. 0.5% vs. 0.2%
respectively, OR 3.15 95% CI [3.14, 3.15], p < 0.001, OR 7.41 95% CI [7.40,
7.42], p<0.001). Additionally, patients who presented for initial visits (1.6
vs. 0.9%, OR 1.92 95% CI [1.91, 1.93], p < 0.001) and preventative visits (2.7
vs.0.7%, OR 3.91 95% CI [3.90, 3.92] p < 0.001) were more likely to undergo
HCYV testing when compared to follow-up visits and visits for acute medical
problems, respectively.

After applying more stringent criteria excluding surgical specialties,
visits where the physician indicated that they were not the patient’s primary
care provider, and visits for an acute problem, a flare of a chronic problem,
or a pre/post-operative evaluation, hepatitis testing was performed during
20 million of 887 million visits (2.2%). Black patients were tested at a
significantly higher rate than non-Hispanic White and Hispanic and other
(3.6 vs. 1.5 vs. 3.0 vs. 6.5%, p < 0.001. Regarding birth cohort, the highest
testing rate was for those born between 1965 to 1985 (3.4%) compared to
those born between 1945-1965 (2.1%), before 1945 (1.0%) and those born
1985-2005 (3.3%), p = 0.035. Among insurance categories, patients covered
by Medicaid had the highest rate of hepatitis testing while those covered by
Private insurance lower and by Medicare the lowest (4.9 vs. 2.4 vs. 1.4%,
p=0.023). In multivariable regression, age and race differences were
retained while testing rates by primary insurance were no longer sig-
nificantly different.

In subgroup analysis based on 2012 screening recommendations, there
were 406 million visits for baby boomers, 33.2 million visits for people with
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Table 1 | Total care utilization by HCV+ patients from 2010 to 2019

Office visits (NAMCS) Emergency visits (NHAMCS)
Total visitsin 1000 s [SEM] % of AllHCV+ visits [SEM]  p value Total visitsin 1000 s [SEM] % of AllHCV+ visits [SEM]  p value
Gender 0.030 <0.001
Male 11,654 [1634] 52.4% [5.0%] 752 [115] 61.4% [4.3%]
Female 10,589 [1617] 47.6% [5.0%] 473 [73] 38.6% [4.3%]
Age <0.001 <0.001
Born before 1945 2254 [1063] 10.1% [4.4%)] 49 [31] 4.0% [2.4%]
Born 1945-1965 14,575 [1836] 65.5% [5.1%)] 688 [103] 56.2% [4.8%)]
Born 1965-1985 4658 [972] 20.9% [4.0%)] 389 [68] 31.8% [3.8%]
Born 1985-2005 709 [273] 3.2% [1.2%] 92 [33] 7.6% [2.6%)]
Born after 2005 48°[46] 0.2% [0.2%)] 7371 0.5% [0.5%]
Age (two category) <0.001 <0.001
>40 20,273 [2336] 91.1% [1.9%] 1020 [145] 83.3% [3.9%]
<40 1971 [414] 8.9% [1.9%] 205 [50] 16.7% [3.9%]
Region 0.004 0.007
Northeast 2097 [350] 14.9% [2.6%)] 141 [43] 11.5% [3.4%]
Midwest 2267 [545] 16.1% [3.6%)] 208 [55] 17.0% [4.2%]
South 4384 [679] 31.1% [4.3%] 431[93] 35.2% [6.1%]
West 5346 [1088] 37.9% [5.4%] 445 [101] 36.3% [6.3%]
Race/Ethnicity 0.294 0.957
Non-Hispanic White 14,494 [1973] 65.2% [4.7%] 711 [122] 58.0% [4.9%)]
Non-Hispanic Black 3271 [671] 14.7% [2.9%) 269 [52] 22.0% [4.1%)
Hispanic 3524 [788] 15.8% [3.2%] 211 [45] 17.3% [3.3%]
Other 955 [482] 4.3% [2.1%] 34 [16] 2.8% [1.2%]
Insurance 0.011 0.002
Private 11,062 [1509] 55.0% [5.5%] 242 [69] 25.1% [5.3%]
Medicare 2665 [451] 31.7% [5.8%] 196 [48] 20.3% [3.8%]
Medicaid 6384 [1567] 13.3% [2.3%] 527 [70] 54.6% [5.5%]
MSA status 0.012 0.262
MSA 21,163 [2377] 95.1% [1.3%] 1026 [140] 90.0% [4.9%]
Non-MSA 1081 [279] 4.9% [1.3%] 120 [61] 10.5% [4.9%]

HCYV hepatitis C virus, MSA metropolitan statistical area, NAMCS National Ambulatory Medical Care Survey, NHAMCS National Hospital Ambulatory Medical Care Survey, SEM standard error of the mean.
Estimate based on less than 30 raw observations. The National Center for Health Statistics deems estimates based on < 30 raw observations to be unreliable.

substance use disorder (SUD) (as documented by the treating provider), and
1.5 million visits for patients with end stage renal disease. In total, 426
million visits occurred for those who met high-risk screening criteria, and
hepatitis testing was performed during 2.1% of these visits, no higher than
testing rates in those who did not meet screening criteria (2.4%). In contrast,
a complete blood count was ordered during 22.7% of these visits, suggesting
that the reason for not performing hepatitis testing was not lack of access to
phlebotomy/laboratory evaluations.

Finally, when more stringent criteria was applied by only including
those visits for which a self-identified primary care provider was seeing the
patient for the first time for a preventive or routine care visit was applied, we
estimated a testing rate of 9.8%. In comparison, complete blood count
(40.0% of visits), complete metabolic panel (39.8% of visits) and glycosylated
hemoglobin level (19.1% of visits) were ordered at significantly higher rates
(p <0.01 for all).

Care utilization in patients with substance use disorder

From 2010-2019, 69.6 million visits were identified for substance use
disorder (SUD), and 1.3 million (1.8%) had identified HCV. Com-
pared to those without SUD, those with SUD used the ER for a
higher proportion of total visits (14.3 million of 69.6 million, 20.6%
vs. 1.2 billion of 9.6 billion, 12.6%, OR 1.8 95% CI [1.4, 2.2],
P <0.001). Similarly, among patients with identified HCV, those with

SUD were more likely to utilize care in the ER compared to those
without (17.1% [of all HCV visits] vs. 4.5%, OR 4.4 95% CI (2.1, 9.0],
p<0.001). Only 3.6% of visits for people with SUD were of “baby
boomer” age, compared to 19.3% of overall visits. In the baby boomer
cohort with HCV, 0.1% of visits were for those with SUD compared
to 0.5 vs. 1.5 vs. 1.2 in those born [before 1945 or 1965-1985 or
1985-2005] (Fig. 5). In the period 2010-2012, 0.2 million (4.5%) of
visits for HCV were also associated with SUD compared to 0.6
million (4.8%) in 2016-2019. Medicaid was overrepresented as the
primary payer type for those with SUD (33% of total). In multi-
variable regression analysis adjusting for age, gender, race, and pri-
mary insurance, there were increased odds of SUD among HCV-
identified users of the ER (OR 3.48, 95% CI [1.23, 9.90], p =0.02).
Similarly, in adjusted multivariable analysis those with both identi-
fied HCV and SUD had higher odds of using the ER for care com-
pared to those without SUD (OR 3.30 95% CI [1.23, 9.02], p =0.02).

Discussion

In this study, we utilized a public, nationally representative study of
ambulatory care use to comprehensively evaluate hepatitis C testing and
care utilization in emergency and office settings during a critical transition
time in hepatitis C, between 2010-2019. In this period, an estimated 36.6
million HCV tests were captured in our analysis, and patients with HCV had
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Table 2 | Univariable and multivariable analysis of factors associated with Hepatitis C from 2010 to 2019

Variable Univariable OR for HCV+ (95% ClI) p value Multivariable OR for HCV+ (95% ClI) p value
Male gender 1.54 (1.06-2.22) 0.023 2.05 (1.57-2.69) <0.001
Birth cohort
Before 1945 1 (n/a) (Reference) 1 (n/a) (Reference) 1 (n/a) (Reference) 1 (n/a) (Reference)
Born 1945-1965 4.0 (1.57-10.15) 0.004 9.04 (4.87-16.81) <0.001
Born 1965-1985 1.98 (0.75-5.27) 0.170 4.24 (2.13-8.45) <0.001
Born 1985-2005 0.41(0.13-1.25) 0.116 0.76 (0.33-1.73) 0.515
Born after 2005 0.04 (0.01-0.28) 0.001 0.02 (0.00-0.09) <0.001
Region
Northeast 1 (n/a) (Reference) 1 (n/a) (Reference) 1 (n/a) (Reference) 1 (n/a) (Reference)
Midwest 1.11 (0.66-1.89) 0.688 1.30(0.73-2.32) 0.376
South 1.14 (0.75-1.71) 0.540 1.10(0.70-1.73) 0.680
West 2.23(1.38-3.60) 0.001 2.49 (1.51-4.12) <0.001
Race/Ethnicity

Non-Hispanic White 1 (n/a) (Reference)

1 (n/a) (Reference)

1 (n/a) (Reference)

1 (n/a) (Reference)

Non-Hispanic Black 1.37 (0.88-2.12) 0.163 1.71 (1.19-2.45) 0.004

Hispanic 1.23 (0.76-2.00) 0.397 1.40 (0.85-2.31) 0.187

Other 0.85 (0.32-2.27) 0.740 1.24 (0.44-3.48) 0.685

Insurance type

Private 1 (n/a) (Reference) 1 (n/a) (Reference) 1 (n/a) (Reference) 1 (n/a) (Reference)
Medicaid 1.15(0.80-1.65) 0.446 2.48 (1.71-3.59) <0.001

Medicare 1.98 (1.17-3.35) 0.011 2.19 (1.50-3.20) <0.001

Non-MSA 0.49 (0.30-0.80) 0.004 0.72 (0.43-1.19) 0.202

Multivariable model contains all factors in column 1 as indicator variables, adjusted odds ratios are reported.
ClI confidence interval, HCV hepatitis C virus, MSA metropolitan statistical area.

Fig. 1 | Relative frequency of visit for patients with
identified HCV by visit setting and primary
insurance coverage. Bars show the survey-weighted
mean proportion of visits within each setting (office,
emergency department) by insurance type; error
bars represent 95% confidence intervals based on
survey-weighted variance estimation. Associations
between visit setting and insurance type were
examined using survey-weighted logistic regression
models, with significance assessed by two-sided,
design-adjusted Wald F tests of model coefficients.
Patients with identified HCV seen in the office set-
ting were more likely to have private insurance (OR
3.39,95% CI [1.63,7.05], p = 0.001), while those seen
in the emergency department were more likely to be
covered by Medicaid (OR 3.64, 95% CI [2.24, 5.90],
P <0.001). n denotes unweighted visit counts (office
n = 568; emergency department n = 267).

604

% of All Visits in Setting
H
o

N
o

Insurancetype
Medicaid
Medicare
Private
Other

—

—

Office (n=568)

Visit Setting

ER (n=267)

22 million office visits and 1.2 million ER visits. There are several key
findings in this study. First, there were demographic differences in the most
common care setting for those with HCV, namely the higher rates of ER use
among Black patients, baby boomers, those in the West region, and those

covered under Medicare and Medicaid. There was also disproportionate ER
utilization among those with SUD, including those with already identified
HCV. Second, there was an observed increase in visit proportions for those
with hepatitis C, but primarily among White privately patients in the office
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Fig. 2 | Proportion of physicians accepting private
insurance, Medicare, and Medicaid as primary I
coverage for new patient visits by year. Lines show Insurancetype
the survey-weighted mean proportion of physicians
accepting each coverage; error bars represent 95%
confidence intervals derived from survey-weighted
variance estimation. Differences in acceptance rates

Medicaid

mhe Medicare

0.94 Private

between insurance types were tested using two-
sided, design-adjusted Wald F tests comparing
weighted proportions. Across all years, Medicaid
acceptance was significantly lower than Medicare
and private insurance (all p < 0.01). n denotes
unweighted physician observations per year (ranges:
private n = 0-68,415, no data 2010; Medicare

n =7535-70,757; Medicaid n = 7500-70,500).

o
®

% Physicians Accepting

0.7

0.64

2010 2011

2014 2015 2016 2018 2019
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2012 2013

Fig. 3 | Percentage of all ambulatory visits by care
setting for those with identified HCV. Lines show
the survey-weighted mean proportion of visits with
identified HCV in each setting (office, emergency ER
department); error bars represent 95% confidence == Office
intervals derived from survey-weighted variance
estimation. Between-setting differences within each
period were assessed using two-sided, design-
adjusted Wald F tests comparing weighted propor-
tions. The largest period-to-period increase occur-
red in the office setting from 2014/2015 to 2016/
2018 (p = 0.02). n denotes unweighted visit counts
(ranges: office n = 8250-131,203; emergency
department 7 = 19,481-66,020).
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% of All Visits with HCV

0.24
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setting. This may reflect access to office-based care as White patients were
more likely to have private insurance. Third, HCV testing rates remained
low. While on a per-visit basis Black patients were tested at a higher rate, this
may be mitigated by lower overall access and visit rates. Taken together,
these findings suggest that the current screening paradigm, which relies on
office-based testing by primary care physicians, may have increasingly poor
effectiveness in identifying hepatitis C and linking patients to treatment. Key
strengths of this study include nationally representative nationwide esti-
mates based on billions of setting-agnostic primary care visits, as well as low
levels of missing data and consistency of data collection.

Our findings complement those of previous studies examining
demographic shifts in hepatitis C in the US. Since 2010, a significant increase
in HCV incidence in the United States has been reported, with new cases
nearly quadrupling between 2011 and 2019". This dramatic increase in
HCYV has largely been attributed to the nation’s opioid epidemic, with some
studies estimating that up to one-third of persons who inject drugs (PWID)
will develop HCV within the first year'®". Patients with SUD, along with
Black patients and those covered by Medicaid and Medicare were more
likely to utilize care from the ER rather than from an office visit. These
findings are consistent with prior studies that found that Black patients and
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Fig. 4 | Number of office visits for identified HCV
by race/ethnicity over study period. Points show
the survey-weighted totals of visits for each race/
ethnicity across periods; error bars represent 95%
confidence intervals derived from survey-weighted
variance estimation. Changes over time were asses-
sed within each race/ethnicity using two-sided,
design-adjusted Wald F tests comparing pre- and
post-periods. Total visits increased significantly
after approval of direct-acting antivirals among
White patients (p = 0.005) but not among Black

(p = 0.220) or Hispanic/Latino patients (p = 0.08). n
denotes unweighted visit counts (non-Hispanic
White #n = 32-166; non-Hispanic Black n = 9-58;
Hispanic/Latino n = 10-32).
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Table 3 | Association between sociodemographic factors and per-visit Hepatitis C testing rates in ambulatory care practice

between 2014-2019
Factor Number of tests performed (1000 s) [SEM] Total visits in 1000 s [SEM] % of total visits [SEM] p value (testing rate)
Gender 0.023
Male 11,973 [2308] 1,546,555 [40,712] 0.8% [0.1%]
Female 24,599 [4651] 2,177,400 [53,378] 1.1% [0.2%)]
Age 0.038*
Born before 1945 3333 [1026] 845,433 [27,171] 0.4% [0.1%]
Born 1945-1965 16,457 [2745] 1,622,115 [38,677] 1.0% [0.2%)]
Born 1965-1985 12,165 [4425] 893,099 [27,724] 1.4% [0.5%)]
Born 1985-2005 4618 [892] 363,308 [14,232] 1.3% [0.2%)]
Born after 2005 0[0] 0[0] 0.0% [0.0%]
Region 0.146
Northeast 4276 [959] 450,767 [21,846] 1.0% [0.2%]
Midwest 2602 [660] 429,582 [17,325] 0.6% [0.2%)]
South 10,890 [4756] 785,059 [34,673] 1.4% [0.6%)]
West 2977 [898] 507,472 [34,197] 0.6% [0.2%]
Race/Ethnicity <0.001
Non-Hispanic White 16,927 [2187] 2,673,532 [56,158] 0.6% [0.1%]
Non-Hispanic Black 7341 [1645] 364,484 [19,345] 2.0% [0.4%]
Hispanic 6165 [1645] 464,260 [29,628] 1.3% [0.3%)]
Other 6138 [2623] 221,678 [26,235] 2.8% [1.1%]
Insurance 0.027
Private 22,848 [3894] 2,154,271 [54,362] 1.1% [0.2%]
Medicare 5340 [1293] 249,727 [16,172] 0.6% [0.2%]
Medicaid 4322 [1509] 829,385 [30,459] 1.7% [0.6%]
MSA status 0.343
MSA 34,483 [6259] 3,421,607 [81,320] 1.0% [0.2%)]
Non-MSA 2089 [816] 302,348 [30,188] 0.7% [0.3%]

“This p value is calculated only based on four categories, excluding the “born after 2005” category since the count is 0. Specifically, no hepatitis C screening was done in this non-adult cohort.
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Fig. 5 | Percentage of HCV-related visits involving
substance-use disorder (SUD) stratified by birth
cohort. Bars show the percentage of visits with SUD
within each cohort; error bars represent 95% con-
fidence intervals derived from survey-weighted
variance estimation. Higher SUD prevalence was
observed among younger birth cohorts. # denotes
unweighted visit counts (before 1945 n = 42;
1945-1965 n = 561; 1965-1985 n = 185;

1985-2005 n = 44).
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those with Medicaid are less likely to utilize primary care as their usual
source of care and are more likely to visit the ER for non-urgent care'**".
One major barrier to improved HCV screening is the lack of insurance
coverage for HCV testing in the ER. ER-based HCV screening has been
shown to be cost-effective and has the opportunity to significantly reduce
future complications, particularly for vulnerable patients™.

Furthermore, while the ER can play a crucial role in caring for patients
with SUD and identifying HCV cases, SUD and HCV treatment often
require longitudinal outpatient management. As the prevalence of CHC
decreases in baby boomers and those with higher socioeconomic status, case
identification may increasingly rely on emergency care. Prior studies have
indicated significant patient attrition along the HCV care cascade, high-
lighting the need for structured linkage-to-care programs, particularly for
patients who primarily obtain care from the ER**. Ensuring effective
follow-up for these patients is essential for improving treatment uptake and
outcomes. Innovative approaches, such as integrating patient navigators
and expanding telemedicine-based follow-up, may enhance care continuity
and treatment initiation”. One recent study has shown high levels of
satisfaction with telemedicine and high levels of HCV treatment completion
amongst those enrolled in opioid treatment programs™. Additionally, tel-
emedicine may help mitigate non-financial barriers faced by underserved
populations™*”. It is critical to continue to implement strategies to mitigate
access barriers despite financial challenges that may be faced by healthcare
providers.

There has also been a dramatic demographic shift among individuals
with hepatitis C, largely driven by the opioid epidemic as well as more
successful screening and elimination in the baby boomer population. How-
ever, it is concerning that the HCV testing rates may not reflect this
demographic shift. In 2021, the CDC estimated that rural areas had sig-
nificantly higher rates of HCV incidence (58 per 100,000) when compared to
urban areas (36 per 100,000)*. The same report found White patients and
male patients had higher rates of HCV. In this study, we found similar rates
of HCV testing in metropolitan and non-metropolitan areas. This may be the
result of persistent geographic disparities in access to care and patients often
need to travel further to obtain care”, as many specialists who treat patients
with CHC are more likely to be in urban areas”~". Additionally, we found a
significantly higher testing rate for Black patients (2.0%) when compared to
White patients (0.6%). While the exact reason for this is unclear, it is possible
that a larger proportion of White patients live in rural areas that have lower

geographic access to care. However, as noted earlier, Black patients were
more likely to obtain care at the ER, which may fragment care and reduce
linkage to outpatient treatment, even when identified as a case™.
Screening is a critical first step towards our goal of HCV elim-
ination, and there are many barriers that must be addressed as efforts
continue towards achieving this goal. One such barrier is access to
care. For example, as mentioned above, there are significant geo-
graphic disparities to access care, especially in areas that have been
most impacted by HCV in recent years. While not assessed in our
study, others have found that point of care (POC) HCV testing has
shown promise in other countries and was recently approved by the
FDA™. The implementation of POC HCV screening at community
centers, supervised consumption services, and non-clinical justice
settings could improve HCV screening rates, especially in at-risk
areas”>”". This study has several limitations. First, due to the cross-
sectional nature of NAMCS/NHAMCS, our study lacked longitudinal
information. This could lead to inaccurate estimations of testing as
we cannot account for individuals who previously underwent
screening; any bias in utilization would be expected to trend towards
the null in our analysis. However, to our knowledge, there are no
nationally representative surveys that provide longitudinal data on
this population. Additionally, the lack of longitudinal data prevents
us from better understanding the impact of different care utilization
practices on clinical outcomes. An additional limitation of this study
was that NAMCS/NHAMCS data estimate healthcare utilization
rather than true HCV prevalence. As such, visits by patients with
HCV may be under-identified due to reliance on ICD-9 and ICD-10
codes. Previous validation studies suggest these codes have moderate
sensitivity (50-70%) but high specificity, meaning some undiagnosed
or undocumented cases were likely missed. Likewise, NHAMCS does
not capture visits to freestanding urgent care centers that are not
affiliated with hospitals. As such, we may underestimate care utili-
zation, particularly among patients who seek low-cost, walk-in care
outside of traditional emergency or office-based settings. However,
cases were unlikely to have been systematically missing due to spe-
cific patient characteristics or visit type, mitigating concerns of
potential bias. This limitation underscores the need for future studies
using biomarker-based databases or electronic health records with
longitudinal follow-up. Finally, a critical transition in hepatitis C
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screening and management took place during this study period,
including widespread adoption of screening in baby boomers.
Regardless, our study serves to detail demographic shifts in usage
rates, including among younger individuals and those in rural areas
or with SUD who are less likely to seek care in commonly researched
settings. Lastly, our most recent data were from 2019, a year prior to
CDC’s updated recommendation of universal screening for HCV.
The onset of the COVID-19 pandemic has led to a halt in data
collection and the subsequent decision to discontinue NHAMCS
permanently. The future lack of public, nationally representative and
comparable data between care settings, however, adds to the
importance of this contemporary analysis of HCV care in the US.
Moving forward, it is critical to have updated HCV screening rates
and to evaluate the effect of universal HCV screening put forth
in 2020.

In this study using two large, nationally representative databases, we
estimated ambulatory care utilization for individuals with HCV. Our study
showed greater ER utilization among patients who were younger, Black, and
covered by Medicaid. Additionally, we found that HCV screening practices
did not address current patient demographic trends for those with HCV.
Policy and practice updates must be implemented to enhance providers
awareness of the current state of HCV infection in the United States and to
improve patient access to adequate screening and linkage to care. As efforts
continue toward the goal of HCV elimination, it is crucial for future research
and further initiatives to focus on at risk populations.

Data availability

The data analyzed in this study are publicly accessible from the National
Center for Health Statistics. Specifically, the National Ambulatory Medical
Care Survey (NAMCS) and the National Hospital Ambulatory Medical
Care Survey (NHAMCS) datasets (2010-2019) can be obtained through the
NCHS public-use data portal. Metadata, processed variables, and all
numerical source data underlying the figures in this paper are available at
Zenodo [https://zenodo.org/records/15333357]%.

Code availability

The R scripts used for curation, analysis, and visualization, along with
documentation, are openly available at Zenodo [https://zenodo.org/
records/15333357]%.
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