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INTRODUCTION

Black patients are at higher risk than white patients of having
liver diseases such as viral hepatitis, cirrhosis, and hepatocel-
lular carcinoma 1. Abnormal liver tests occur frequently in the
primary care setting, suggesting possible early or previously
undiagnosed liver diseases. Current guidelines recommend

repeating liver tests as an initial step in response to abnormal-
ities 2–4. As such, prompt follow-up of abnormal tests may
offer the potential to diagnose and treat liver disease early,
reducing the risk of progression to cirrhosis 5,6. Little is known
about the associations of race with follow-up patterns after
initial abnormal liver tests. This was the first study that exam-
ined the black-white differences in follow-up testing after the
initial abnormalities in primary care.

METHODS

This was a retrospective study of administrative data of pri-
mary care services provided at the Medical University of

Table 1 Mean Statistics (Proportion) of Patients at Index Abnormal Liver Testing

Sample Patients with index abnormal
liver tests

Patients with follow-up liver tests
ordered within 90 days post index
tests

Race Black White P-value Black White P value

Sample size (897) (958) (442) (417)
(Dependent variable)
Follow-up test ordered* 0.493 0.435 < 0.05 N/A N/A
Follow-up test completed† N/A N/A 0.772 0.648 < 0.0001

(Independent variables)
Male 0.324 0.386 < 0.05 0.310 0.350 0.21
Age 0.33 0.22

Age < 50 0.246 0.246 0.249 0.249
50 ≤Age < 65 0.351 0.322 0.319 0.269
Age ≥ 65 0.403 0.432 0.432 0.482

Medicaid enrollment status 0.190 0.067 < 0.0001 0.204 0.074 < 0.0001
Status of abnormality by type of liver test

BILI 0.264 0.254 0.60 0.299 0.237 < 0.05
ALT 0.346 0.410 < 0.05 0.385 0.484 < 0.05
AST 0.657 0.603 < 0.05 0.708 0.686 0.48
ALK 0.180 0.099 < 0.0001 0.213 0.139 < 0.05

Primary care physician attribution < 0.0001 < 0.0001
Faculty 0.198 0.465 0.179 0.439
Non-university provider 0.310 0.391 0.326 0.391
Resident 0.492 0.144 0.496 0.170

Distance (miles) from patient residence to university < 0.05 < 0.05
Distance < 5 0.314 0.304 0.310 0.293
5 ≤Distance < 10 0.293 0.230 0.308 0.235
10 ≤Distance < 30 0.269 0.340 0.253 0.353
Distance ≥ 30 0.124 0.126 0.129 0.120

Year 0.79 0.65
April 2012–M arch 2013 0.271 0.267 0.285 0.247
April 2013–March 2014 0.259 0.254 0.262 0.271
April 2014–March 2015 0.263 0.253 0.249 0.261
April 2015–March 2016 0.207 0.227 0.204 0.221

*Status of follow-up liver tests ordered within 90 days post index testing
†Status of follow-up liver tests completed within 180 days post ordered follow-up testing
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South Carolina from 2012 to 2016. We constructed a biracial
sample of patients (either black or white) with at least one
abnormal liver test result. Liver test abnormality was defined
as having at least one abnormal test out of a set of four tests:
abnormal bilirubin (BILI) > 1.2 MG/DL, abnormal alanine
aminotransferase (ALT) > 45 IU/L, abnormal aspartate amino-
transferase (AST) > 34 IU/L, or abnormal alkaline phospha-
tase (ALP) > 150 IU/L. The index abnormal liver test for a
given patient was defined as the first recorded abnormality
during the study period. We further excluded patients without
at least one set of four normal tests prior to the index.
Two binary dependent variables were the status of the

follow-up liver tests ordered within 90 days post the index
abnormality, and the status of the follow-up liver tests com-
pleted within 180 days post the order of a repeated liver test.
The key independent variable was a biracial indicator. Other
demographic, socioeconomic, and primary care physician
(PCP) attribution variables were also included. The main
analysis applied multivariable logistic regression models, in
which the unit of analysis was a unique patient, for examining
the associations of race with follow-up.

RESULTS

Among the full sample of 1856 patients with abnormal liver
tests during the study period, 49.3% of 897 black patients had
an order for follow-up liver tests within 90 days after the index

abnormality compared to 43.5%of 958white patients (Table 1).
In the subsample of 859 patients with an order for follow-up
testing within 90 days after the index abnormality, 77.2% of
442 black patients completed the follow-up testing within
180 days of the order compared to 64.8% of 417white patients.
We performed a descriptive analysis of the potential inter-

actions of race and PCP attribution (Fig. 1). In the full sample,
the difference in the proportion of white patients with a follow-
up order between resident and faculty groups (15.8 percentage
points) was four times that observed in black patients (3.9
percentage points). In the subsample, the difference in the
proportion of white patients completing the test between res-
ident and faculty groups (22.1 percentage points) was approx-
imately twice as large as the difference (11.5 percentage
points) among black patients.
Regression analysis of the full sample showed no associa-

tion of race with the likelihood of an order for follow-up liver
testing (P = 0.45). However, our subsample analysis showed
that black patients were more likely than white patients to
complete follow-up tests (OR = 1.42, P < 0.05).

DISCUSSION

Our study found no association of race with follow-up orders
after an initial abnormal liver test. However, black patients
were more likely to complete orders for follow-up testing in
primary care within a single institution. (Of note, this

Fig. 1 Follow-up patterns (proportion) after index liver test abnormality by race and primary care physician attribution (faculty vs. resident). Blue,
white patients seen by faculty; green, black patients seen by faculty; gray, black patients seen by resident; red, white patients seen by resident.
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associational study did not try to isolate the impact of race as
the genetic determinant from the impact of race as socioeco-
nomic and cultural determinants.)
Our study suggested patients with a resident PCPweremore

likely to have and complete an order for follow-up than those
patients with a faculty PCP. Some combination of race and
PCP attribution may play a role in ordering follow-up tests, an
observation enduring to order completion. Potentially contrib-
uting factors include differences in relationships, communica-
tion, trust, the frequency of in-person visits, and understanding
of care access barriers. This interaction of race and PCP
attribution may warrant additional investigation into overuse
or underuse of liver tests by physician experience.
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