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Abstract
Studies evaluating the association between human immunodeficiency virus (HIV) infection continuum of care outcomes 
[antiretroviral (ART) adherence, retention in care, viral suppression] and health literacy have yielded conflicting results. 
Moreover, studies from the southern United States, a region of the country disproportionately affected by the HIV epi-
demic and low health literacy, are lacking. We conducted an observational cohort study among 575 people living with HIV 
(PLWH) at the Vanderbilt Comprehensive Care Clinic (Nashville, Tennessee). Health literacy was measured using the brief 
health literacy screen, a short tool which can be administered verbally by trained clinical personnel. Low health literacy was 
associated with a lack of viral suppression, but not with poor ART adherence or poor retention. Age and racial disparities 
in continuum of care outcomes persisted after accounting for health literacy, suggesting that factors in addition to health 
literacy must be addressed in order to improve outcomes for PLWH.
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Introduction

Human immunodeficiency virus (HIV) infection remains 
an important public health problem both globally and 
in the United States (US) with over 900,000 persons 

aged ≥ 13 years of age estimated to be living with diagnosed 
HIV infection in the US [1]. In the US, Black people are 
more likely to be infected with HIV [2, 3] and once infected 
are less likely to adhere to medical appointments and achieve 
suppression of HIV replication with antiretroviral therapy 
(ART) [4, 5]. In addition to racial disparities there are also 
regional disparities in HIV health outcomes, with the highest 
rate of HIV diagnosis in the southern US (South) compared 
to other regions of the country [1, 4].

Low health literacy has been shown to be a barrier to 
improved linkage, retention in care, and uptake of ART, 
even during global scaleup of ART programs, particularly 
in sub-Saharan Africa [6]. In the US, low health literacy 
disproportionately affects populations and regions similarly 
to the HIV epidemic [7]. In the US, low health literacy is 
more common among Black persons, compared to White 
persons. Moreover, a higher proportion of persons in the 
South are estimated to have lower health literacy compared 
to persons in other regions of the US [8]. It is possible that 
HIV-related health disparities by race or other factors may 
be mediated in part by health literacy as is seen in other 
chronic illnesses including diabetes [9, 10]. In one previous 
study among people living with HIV (PLWH), the effect 
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of race on antiretroviral adherence was reduced 25% after 
adjustment for health literacy skills [11].

Studies evaluating the association of health literacy with 
important HIV continuum of care outcomes, including ART 
adherence [11–24], medical appointment adherence [25], 
and suppression of HIV viral replication [15, 23, 24], have 
yielded conflicting results. These studies of the association 
of health literacy and HIV continuum of care outcomes are 
difficult to compare due to differences in study settings, 
patient populations, tools used to measure health literacy, 
cutoffs used to categorize or define health literacy, as well 
as definitions for the HIV continuum of care outcomes of 
interest. None of these studies have utilized the Centers for 
Disease Control and Prevention (CDC) surveillance defini-
tions for retention in care or viral suppression [1]. Addition-
ally, none of these studies have used tools to measure health 
literacy that are brief, can be administered verbally, and have 
been validated when administered by clinical personnel dur-
ing routine clinical care.

Our objective was to measure the health literacy of 
PLWH in care at the Vanderbilt Comprehensive Care Clinic 
(VCCC), a primary medical home for HIV care located 
in the South—a region of the country disproportionately 
affected by both the HIV epidemic and low health literacy. 
We sought to overcome the limitations of previous studies 
by utilizing a brief, validated tool to assess health literacy 
administered during routine clinical care and by using defi-
nitions for HIV continuum of care outcomes commonly uti-
lized by the CDC. Additionally, we aimed to evaluate the 
association of health literacy levels with important HIV 
continuum of care outcomes in order to determine if inter-
ventions targeted to improve health literacy might improve 
the health of PLWH.

Methods

Patient Population

We conducted an observational cohort study among 
adult PLWH with ≥ 1 healthcare provider appointment at 
the VCCC in Nashville, Tennessee between 1 January 1998 
and 31 December 2012 (the study period). Patients were 
excluded if health literacy data, collected in inpatient and 
outpatient clinical settings between 1 October 2010 and 31 
December 2013, were not available in the electronic health 
record. Person-time was contributed from the date of the first 
HIV healthcare provider visit during the study period until 
date of death, date of loss to follow-up, or the date of the 
last HIV healthcare provider visit during the study period. 
Loss to follow-up was defined as the lack of a laboratory or 
healthcare provider visit during a calendar year period with-
out any subsequent laboratory or healthcare provider visits 

during the study period. Conversely, patients who re-entered 
care with observations in a later year were considered “not 
retained in care” during gaps in care and were included in 
population denominators during those years. All procedures 
performed in studies involving human participants were in 
accordance with the Ethical Standards of the Institutional 
and/or National Research Committee and with the 1964 Hel-
sinki Declaration and its later amendments or comparable 
ethical standards. For this type of study formal consent is 
not required.

Data Collection

Demographic, laboratory, appointment, health literacy/edu-
cation, and medication adherence data were extracted from 
the electronic health record. Demographic data included age 
at enrollment (years), birth sex, patient self-reported race/
ethnicity, HIV transmission risk factor, year of enrollment 
into HIV care, and socioeconomic status (SES, categorized: 
very low, low, not low, or unknown based on utilization 
of health insurance services with distinct income eligi-
bilities). Patients were categorized “low SES” if receiving 
Ryan White services [income eligibility threshold in TN 
of ≤ 400% of the federal poverty level (FPL)] [26]. Patients 
were categorized “very low SES” if receiving Medicare or 
Medicaid (income eligibility threshold in TN of ≤ 250% of 
the FPL) [27]. Patients were categorized “not low SES” if 
using private or commercial insurance or with self-pay sta-
tus. Prior work has noted a relationship between SES and 
poor HIV-related outcomes when using insurance data as a 
proxy for SES [28, 29]. SES was assessed the year prior to 
the year in which outcomes were determined (i.e., lagged) to 
avoid reverse causation. HIV transmission risk was catego-
rized as male-to-male sexual contact (MSM), injection drug 
use (IDU), heterosexual contact (Hetero), or other/unknown 
(including perinatal infection); these categories were mutu-
ally exclusive, and multiple risks were collapsed according 
to a hierarchy in which IDU took precedence over MSM, and 
MSM took precedence over other risk factors. This hierarchy 
was based on the putative strengths of potential confounding 
effects of the dominant behavioral exposures, with IDU at 
greater risk of poorer ART adherence and therefore poorer 
virologic control than MSM in prior studies [5, 25]. Labo-
ratory data included CD4+ lymphocyte (CD4) values and 
dates, HIV-1 RNA viral load (VL) values and dates. Labo-
ratory measures were collected as part of routine clinical 
care. Appointment data included dates of completed HIV 
healthcare provider primary care visits.

Health literacy was assessed with the brief health literacy 
screen (BHLS) [30]. The three-item measure asks patients 
to report their level of confidence filling out medical forms, 
their need for assistance in reading hospital materials, and 
their understanding of written medical information, each 



on a five-point response scale. Scores for this measure can 
range from 3 to 15, with higher scores representing higher 
health literacy. The BHLS was administered orally by nurs-
ing staff during any admission to Vanderbilt University Hos-
pital or at any visit to Vanderbilt Internal Medicine Primary 
Care Clinics as a part of the standard intake process begin-
ning in 2011 [31] BHLS scores were assessed in this study 
as the average value of within-individual scores for each 
patient with ≥ 1 available BHLS score. We have validated 
this measure as a reliable indicator of health literacy in inpa-
tient and outpatient settings at Vanderbilt University [30, 
31]. There is also evidence that BHLS scores are stable in 
adulthood, allowing us to explore the relationship between a 
single average score per patient and the outcome during the 
entire study period [30–34]. The responses were recorded in 
the electronic health record and the mean score during the 
period of data collection was used in the analysis.

Antiretroviral adherence was measured using a brief ques-
tionnaire [35] modified from previously validated question-
naires [36, 37]. Using consecutive sampling at routine clinic 
visits, with the questionnaire administered once per patient 
per visit, patients were first asked, “Are you on antiretroviral 
therapy (ART)?” and secondly, “In the past week (7 days), 
how many times have you missed it?” Responses to the first 
question were recorded in the electronic health record cate-
gorically as “yes” or “no”. Responses to the second question 
were recorded in the electronic health record as a continuous 
measure from 0 to 7, as the responses naturally followed 
this pattern.

Study Outcome Definitions

Healthcare provider visit dates were used to determine reten-
tion in care and retention was defined as ≥ 2 healthcare pro-
vider visits in the calendar year of interest > 90 days apart [5, 
38, 39]. Viral suppression was defined as ≥ 1 VL, with the 
last VL in the calendar year of interest < 200 copies/mL [5, 
38, 39]. Patients with missing VL data during the calendar 
year of interest were not included in the viral suppression 
denominator in that respective calendar year. For the pur-
poses of this study, ART adherence was assessed among 
those receiving ART during the year and was categorized as 
“None missed” if the answer was 0 and “Any missed” if the 
answer was ≥ 1. This coding was consistent with prior work 
published in this cohort [35] and maximized the contrast 
between maximally adherent patients and their comparator 
group. To simplify interpretation of relative risks (RRs) in 
regression modeling, with values > 1 implying adverse asso-
ciations and < 1 implying protective associations, outcomes 
were coded in the negative; that is, the regression outcomes 
were properly lack of ART adherence, lack of retention in 
care, and lack of viral suppression.

In sensitivity analyses, lack of ART adherence was alter-
nately defined as missing ≥ 2 doses in the prior 7 days (vs. 
missing ≤ 1 dose), and lack of retention in care was alter-
nately defined as the incidence of missed visits in each year, 
defined using billing data available between 2003 and 2012 
and treating “No Show” appointments as missed visits while 
excluding “Cancelled” appointments.

Statistical Analysis

Chi square and Wilcoxon rank sum tests were used to com-
pare categorical and continuous variables, respectively. 
Modified Poisson regression was used to estimate adjusted 
RRs and 95% confidence intervals (95% CIs) for lack of 
ART adherence, lack of retention in care, and lack of viral 
suppression [40]. A generalized estimating equation was 
used to account for multiple outcomes per individual over 
time. In sensitivity analysis for the incidence of missed vis-
its, Poisson regression with robust standard errors was used 
to estimate adjusted incidence rate ratios (IRR)s. The mul-
tivariate regression models were adjusted for age at enroll-
ment (years), birth sex, race/ethnicity, HIV transmission 
risk factor, year of enrollment into HIV care, educational 
attainment (years), SES, calendar year of analysis, and time 
from enrollment (in years). Continuous variables, including 
BHLS scores, were modeled using restricted cubic splines 
with three or four knots [41]. All tests were two-tailed and 
considered statistically significant if p < 0.05. Statistical 
analyses were conducted using Stata 14.0 software (Stata-
Corp, College Station, TX).

Results

There were 575 individuals with BHLS scores measured 
during the study period. The average BHLS score was 12.5 
(standard deviation 3.00), and the median was 13.5 [inter-
quartile range (IQR) 11, 15] (Fig. 1). Those with below-
average BHLS scores were significantly older (median age 
of 40, IQR 34, 46 years old) than those with above-average 
BHLS scores (median age of 38, IQR 32, 45 years old). 
They were also disproportionately more likely to have het-
erosexual transmission risk (45%) and less likely to be MSM 
(39%) compared to those with above-average scores (32 and 
52%, respectively), more likely to be of Black race (51 vs. 
41%) and less likely to be White (42 vs. 54%), and were 
more likely to have very low (36 vs. 27%) and less likely to 
have high (48 vs. 55%) SES (p < 0.05 each). They also had 
significantly fewer median years of education (12, IQR 12, 
14) compared to those with above-average scores (13, IQR
12, 15). The two groups did not significantly differ by sex,
year of enrollment at clinic, median baseline CD4 or  log10
VL (Table 1).



Among these 575 individuals with measured BHLS 
scores, 524 individuals (contributing 1598 person-years) 
were eligible for the ART adherence outcome, 508 (contrib-
uting 3463 person-years) for the retention outcome, and 574 
(contributing 3618 person-years) for the viral suppression 
outcome (Fig. 2). In the fully adjusted models, BHLS score 
was significantly associated with neither poor ART adher-
ence nor with lack of retention in care (Tables 2, 3), though 
lower BHLS score was indeed associated with higher risk 
of poor viral suppression (RR = 1.09, 95% CI 1.01–1.19, for 
score of 9 vs. 13.5; Table 4).   

For each outcome, younger age was significantly 
associated with poorer outcomes compared to older 
age (RR = 1.84, 95% CI 1.15–2.94; RR = 1.77, 95% CI 
1.26–2.47; RR = 1.28, 95% CI 1.05–1.57 for 20 vs. 40 year-
olds at risk of poor ART adherence, retention in care and 
viral suppression, respectively; Tables 2, 3, 4). Female sex 
was significantly associated with a decreased probability 

Fig. 1  Violin plot for distribution of BHLS scores of the study popu-
lation

Table 1  Demographic characteristics of the study population, by person-years contributed in each category (among N = 575 individuals)

Percents may not sum to 100 due to rounding
p-y Person-years, IQR interquartile range, MSM men who have sex with men, IDU injection drug use, Hetero heterosexual contact, VCCC  Van-
derbilt Comprehensive Care Clinic
*P-values from bivariate modified Poisson regression with a generalized estimating equation to account for multiple outcomes per individual (a
test for trend across categories for categorical variables)
a Some individuals were missing data: N = 17 individuals had missing education data (n = 8 among those with above-average BHLS scores, and 
n = 9 among those with below-average BHLS scores), N = 1 individual had missing CD4+ lymphocyte count, and N = 1 individual had missing 
HIV-1 viral load

Characteristics High health literacy 
(BHLS ≥ 12.5)
N = 2378 p-y

Low health literacy 
(BHLS < 12.5)
N = 1629 p-y

P values*

Age (years), median (IQR) 38 (32, 45) 40 (34, 46) 0.03
Male sex, number (%) 1776 (75) 1120 (69) 0.28
Race/ethnicity, number (%)
 White, non-Hispanic 1292 (54) 679 (42) Ref.
 Black, non-Hispanic 985 (41) 835 (51) 0.05
 Hispanic 56 (2) 79 (5) 0.07
 Other/unknown 45 (2) 36 (2) 0.99

Years of education, median (IQR) 13 (12, 15) 12 (12, 14) <0.01
HIV transmission risk factor, number (%)
 MSM 1225 (52) 633 (39) Ref.
 IDU 328 (14) 210 (13) 0.47
 Hetero 756 (32) 725 (45) < 0.01
 Other/unknown 69 (3) 61 (4) 0.22

Socioeconomic status
 Not low 1296 (55) 788 (48) Ref.
 Low 83 (3) 49 (3) 0.44
 Very low 649 (27) 579 (36) < 0.01
 Unknown 350 (15) 213 (13) 0.13

Year of enrollment into HIV care at the VCCC, median (IQR) 2002 (2000, 2006) 2003 (2000, 2006) 0.50
Baseline CD4 + lymphocyte count (cells/mm3), median (IQR) 309 (135, 510) 321 (133, 544) 0.41
Baseline HIV-1 viral load  (log10 copies/mL), median (IQR) 4.45 (3.53, 4.94) 4.24 (3.46, 4.89) 0.15



of poor retention compared to males (RR = 0.67, 95% CI 
0.52–0.88; Table 3), though sex was associated with neither 
poor ART adherence nor poor viral suppression (Tables 2, 
4). Both those with IDU and heterosexual transmission risk 
had greater likelihood of poor retention compared to MSM 
individuals (RR = 1.65, 95% CI 1.19–2.28; RR = 1.46, 95% 
CI 1.10–1.94 for IDU and Hetero risk, respectively; Table 3), 
though, as with sex, there was no significant difference by 
transmission risk with respect to poor ART adherence or 
viral suppression outcomes (Table 4).

In turn, those of Black race were at increased risk of poor 
retention in care (RR = 1.34, 95% CI 1.06–1.68), and poor 
viral suppression compared to Whites (RR = 1.28, 95% CI 
1.14–1.44; Tables 3, 4), though not of poor ART adher-
ence. Those with higher baseline CD4 and  log10 VL were at 
increased risk of poor viral suppression alone (RR = 1.07, 
95% CI 1.05–1.09; RR = 1.18, 95% CI 1.11–1.25; Table 4), 
but not of poor ART adherence or poor retention in care 
(Tables 2, 3).

Finally, individuals with very low SES (either Medi-
care or Medicaid insurance) were more likely to have poor 
ART adherence responses (RR = 1.47, 95% CI 1.14–1.90; 
Table 2) and poor viral suppression (RR = 1.30, 95% CI 

1.16–1.45; Table 4) than those with not low SES; those 
with low SES (receiving Ryan White services) were actu-
ally at lower risk of poor viral suppression (RR = 0.62, 
95% CI 0.44–0.88; Table 4).

In sensitivity analysis restricting the definition of poor 
ART adherence to those missing ≥ 2 doses in the prior 
7 days, multivariable regression yielded substantively 
similar results to the primary analysis, though in this 
case, Black race (RR = 1.51, 95% CI 1.00–2.27) and IDU 
(RR = 1.74, 95% CI 1.02–2.97) were significantly associ-
ated with poorer ART adherence. In sensitivity analysis 
relying on missed visits to define poor retention in care, 
covering a shorter span of the study period than the pri-
mary analysis, results were again substantively similar to 
the primary analysis, with the notable exception of esti-
mates for BHLS score. Lower literacy scores were in fact 
associated with higher adjusted incidences of missed vis-
its at scores just below the median (IRR = 1.06, 95% CI 
1.00–1.13, for score of 11 vs. 13.5). More recent year of 
care was also associated with an increased likelihood of 
missed visits (IRR = 1.38, 95% CI 1.14–1.68, comparing 
2010–2003).

Fig. 2  Population selection 
diagram for analyses of ART 
adherence, retention in care, and 
viral suppression outcomes



Discussion

In this population of PLWH in the South, lower health lit-
eracy significantly increased the likelihood of not achiev-
ing viral suppression; further, age and racial disparities 
in viral suppression persisted even after accounting for 

health literacy differences. Though other demographic 
and clinical factors were again associated with poor ART 
adherence and poor retention in care, similar to prior work 
in this and other high-income settings [42–48], health lit-
eracy was apparently only associated with viral suppres-
sion in this population.

Table 2  Modified Poisson 
regression model for lack of 
ART adherence among N = 524 
individuals contributing 1598 
person-years

Bold estimates are statistically significant (p < 0.05). BHLS score, age, education, and year of enrollment 
were continuous variables modeled using restricted cubic splines with four knots. As these numbers com-
prised < 5% of the total study sample, missing data were not imputed in the adjusted model, as they were 
not seen to be a source of significant bias
MSM men who have sex with men, IDU injection drug use, Hetero heterosexual contact
a Some individuals were missing data: N = 16 individuals had missing education data, N = 1 individual had 
missing CD4+ lymphocyte count, and N = 1 individual had missing HIV-1 viral load

Characteristics Unadjusted relative risk  
(95% confidence interval)

Adjusted relative 
risk (95% confidence 
interval)

BHLS score
 7
 9
 11
 13.5

1.15 (0.87, 1.52)
1.15 (0.96, 1.37)
1.14 (1.00, 1.29)
Ref.

1.01 (0.73, 1.40)
1.05 (0.86, 1.28)
1.08 (0.96, 1.23)
Ref.

Age (years)
 20
 30
 40
 50
 60

2.04 (1.29, 3.21)
1.19 (0.91, 1.54)
Ref.
1.02 (0.83, 1.25)
1.04 (0.62, 1.74)

1.84 (1.15, 2.94)
1.16 (0.88, 1.53)
Ref.
0.99 (0.80, 1.23)
0.97 (0.57, 1.65)

Female sex (vs. male) 1.26 (0.95, 1.67) 0.89 (0.61, 1.29)
Race/ethnicity
 White, non-Hispanic
 Black, non-Hispanic
 Hispanic
 Other/unknown

Ref.
1.46 (1.12, 1.92)
1.40 (0.79, 2.49)
1.06 (0.54, 2.09)

Ref.
1.23 (0.93, 1.63)
1.51 (0.85, 2.70)
1.19 (0.61, 2.32)

Education (years)a

 8
 12
 14
 16
 20

1.02 (0.70, 1.48)
Ref.
0.74 (0.57, 0.98)
0.57 (0.42, 0.78)
0.36 (0.17, 0.75)

0.97 (0.64, 1.46)
Ref.
0.79 (0.60, 1.04)
0.64 (0.46, 0.88)
0.44 (0.21, 0.90)

HIV transmission risk factor
 MSM
 IDU
 Hetero
 Other/unknown

Ref.
1.55 (1.04, 2.30)
1.33 (0.99, 1.77)
1.69 (1.01, 2.84)

Ref.
1.16 (0.76, 1.75)
1.01 (0.70, 1.47)
1.58 (0.91, 2.72)

Socioeconomic status
 Not low
 Low
 Very low
 Unknown

Ref.
0.88 (0.50, 1.52)
1.65 (1.30, 2.09)
1.75 (1.03, 2.99)

Ref.
0.91 (0.54, 1.54)
1.47 (1.14, 1.90)
1.79 (1.02, 3.13)

Year of enrollment at VCCC 
 2000
 2003
 2005
 2010

1.14 (0.94, 1.38)
Ref.
0.98 (0.80, 1.19)
0.83 (0.59, 1.17)

1.10 (0.91, 1.34)
Ref.
0.98 (0.79, 1.21)
0.86 (0.60, 1.23)

Baseline CD4+ lymphocyte count (per 
100 cells/mm3)a

1.01 (0.97, 1.06) 1.01 (0.96, 1.06)

Baseline HIV-1 viral load  (log10 copies/
mL)a

0.98 (0.89, 1.09) 0.98 (0.87, 1.10)



One strength of this study is the use of the BHLS tool 
to measure health literacy. This tool is brief, can be admin-
istered verbally, and has been validated for administration 
by clinical personnel during routine clinical care [30]. In 
2004, the National Academy of Medicine recommended the 
assessment of health literacy be incorporated into health care 

information systems and data collection [49]. Our medical 
center is relatively unique in having accomplished this, ena-
bling population based studies in a variety of areas [50–52]. 
The use of the BHLS tool for this purpose allows for larger-
scale studies of associations of health literacy with important 
health outcomes as well as the evaluation of system-level 

Table 3  Modified Poisson 
regression model for lack of 
retention in care among N = 508 
individuals contributing 3463 
person-years

Bold estimates are statistically significant (p < 0.05). BHLS score, age, education, and year of enrollment 
were continuous variables modeled using restricted cubic splines with four knots. As these numbers com-
prised < 5% of the total study sample, missing data were not imputed in the adjusted model, as they were 
not seen to be a source of significant bias
MSM men who have sex with men, IDU injection drug use, Hetero heterosexual contact
a Some individuals were missing data: N = 16 individuals had missing education data, N = 1 individual had 
missing CD4+ lymphocyte count, and N = 1 individual had missing HIV-1 viral load

Characteristics Unadjusted relative risk  
(95% confidence interval)

Adjusted relative 
risk (95% confidence 
interval)

BHLS score
 7
 9
 11
 13.5

0.99 (0.78, 1.26)
1.00 (0.86, 1.16)
1.01 (0.91, 1.13)
Ref.

1.10 (0.84, 1.43)
1.08 (0.92, 1.27)
1.06 (0.96, 1.17)
Ref.

Age (years)
 20
 30
 40
 50
 60

1.94 (1.38, 2.72)
1.39 (1.10, 1.76)
Ref.
0.70 (0.57, 0.85)
0.48 (0.28, 0.81)

1.77 (1.26, 2.47)
1.33 (1.06, 1.67)
Ref.
0.65 (0.53, 0.80)
0.39 (0.22, 0.68)

Female sex (vs. male) 1.01 (0.80, 1.29) 0.67 (0.52, 0.88)
Race/ethnicity
 White, non-Hispanic
 Black, non-Hispanic
 Hispanic
 Other/unknown

Ref.
1.40 (1.11, 1.77)
0.77 (0.37, 1.61)
0.70 (0.31, 1.54)

Ref.
1.34 (1.06, 1.68)
0.72 (0.37, 1.42)
0.74 (0.31, 1.74)

Education (years)a

 8
 12
 14
 16
 20

0.91 (0.67, 1.24)
Ref.
0.97 (0.76, 1.24)
0.85 (0.65, 1.11)
0.62 (0.26, 1.46)

0.95 (0.71, 1.27)
Ref.
1.06 (0.85, 1.33)
1.01 (0.78, 1.31)
0.86 (0.44, 1.69)

HIV transmission risk factor
 MSM
 IDU
 Hetero
 Other/unknown

Ref.
1.41 (1.02, 1.95)
1.34 (1.05, 1.73)
1.66 (0.95, 2.92)

Ref.
1.65 (1.19, 2.28)
1.46 (1.10, 1.94)
1.93 (1.21, 3.08)

Socioeconomic status
 Not low
 Low
 Very low
 Unknown

Ref.
0.60 (0.37, 0.98)
0.97 (0.82, 1.15)
1.85 (1.52, 2.25)

Ref.
0.67 (0.42, 1.05)
0.98 (0.82, 1.17)
1.80 (1.47, 2.19)

Year of enrollment at VCCC 
 2000
 2003
 2005
 2010

0.98 (0.82, 1.16)
Ref.
0.96 (0.80, 1.14)
0.72 (0.51, 1.03)

0.84 (0.72, 0.99)
Ref.
1.01 (0.87, 1.18)
0.82 (0.58, 1.17)

Baseline CD4+ lymphocyte count (per 100 
cells/mm3)a

1.03 (1.00, 1.07) 1.02 (0.98, 1.05)

Baseline HIV-1 viral load (copies/mL)a 1.02 (0.93, 1.11) 0.97 (0.89, 1.07)



interventions designed to address health literacy-related 
barriers.

Studies of interventions to improve health literacy among 
PLWH are lacking. A recent systematic review of health 
literacy interventions for PLWH identified several studies 
evaluating interventions aimed to improve ART adherence, 

although none had a significant impact potentially due 
to methodologic issues. However, there were significant 
improvements in knowledge, behavioral skills, and e-Health 
literacy following interventions. Additional research assess-
ing the efficacy of interventions aimed to improve health 
literacy among PLWH are needed [53].

Table 4  Modified Poisson 
regression model for lack 
of viral suppression among 
N = 574 individuals contributing 
3618 person-years

Bold estimates are statistically significant (p < 0.05). BHLS score, age, education, and year of enrollment 
were continuous variables modeled using restricted cubic splines with four knots. As these numbers com-
prised < 5% of the total study sample, missing data were not imputed in the adjusted model, as they were 
not seen to be a source of significant bias
MSM men who have sex with men, IDU injection drug use, Hetero: heterosexual contact
a Some individuals were missing data: N = 17 individuals had missing education data, N = 1 individual had 
missing CD4+ lymphocyte count, and N = 1 individual had missing HIV-1 viral load

Characteristics Unadjusted relative risk  
(95% confidence interval)

Adjusted relative 
risk (95% confidence 
interval)

BHLS score
 7
 9
 11
 13.5

1.17 (1.02, 1.33)
1.11 (1.03, 1.21)
1.06 (1.00, 1.12)
Ref.

1.14 (0.99, 1.30)
1.09 (1.01, 1.19)
1.05 (1.00, 1.11)
Ref.

Age (years)
 20
 30
 40
 50
 60

1.62 (1.32, 1.98)
1.19 (1.05, 1.36)
Ref.
0.85 (0.76, 0.94)
0.70 (0.52, 0.94)

1.28 (1.05, 1.57)
1.14 (1.01, 1.28)
Ref.
0.83 (0.75, 0.92)
0.67 (0.52, 0.87)

Female sex (vs. male) 1.27 (1.12, 1.44) 1.00 (0.86, 1.17)
Race/ethnicity
 White, non-Hispanic
 Black, non-Hispanic
 Hispanic
 Other/unknown

Ref.
1.38 (1.21, 1.56)
1.09 (0.80, 1.48)
1.17 (0.76, 1.80)

Ref.
1.27 (1.13, 1.43)
1.14 (0.86, 1.51)
1.46 (1.00, 2.12)

Education (years)a

 8
 12
 14
 16
 20

1.08 (0.94, 1.24)
Ref.
0.90 (0.78, 1.04)
0.83 (0.71, 0.97)
0.72 (0.42, 1.23)

1.11 (0.96, 1.28)
Ref.
0.94 (0.84, 1.06)
0.92 (0.80, 1.05)
0.88 (0.63, 1.24)

HIV transmission risk factor
 MSM
 IDU
 Hetero
 Other/unknown

Ref.
1.37 (1.15, 1.64)
1.27 (1.10, 1.45)
0.94 (0.68, 1.30)

Ref.
1.15 (0.95, 1.39)
0.99 (0.84, 1.16)
0.90 (0.68, 1.20)

Socioeconomic status
 Not low
 Low
 Very low
 Unknown

Ref.
0.59 (0.41, 0.86)
1.32 (1.18, 1.47)
2.01 (1.79, 2.26)

Ref.
0.62 (0.44, 0.88)
1.30 (1.16, 1.45)
1.96 (1.72, 2.24)

Year of enrollment at VCCC 
 2000
 2003
 2005
 2010

1.18 (1.08, 1.28)
Ref.
0.94 (0.86, 1.04)
0.88 (0.75, 1.03)

1.04 (0.96, 1.13)
Ref.
1.02 (0.93, 1.11)
1.05 (0.90, 1.24)

Baseline CD4+ lymphocyte count (per 
100 cells/mm3)a

1.05 (1.04, 1.07) 1.07 (1.05, 1.09)

Baseline HIV-1 viral load  (log10 copies/
mL)a

1.12 (1.06, 1.18) 1.18 (1.11, 1.25)



Although we did find an association of low health lit-
eracy with a lack of viral suppression, we did not see similar 
associations with poor ART adherence or a lack of reten-
tion in clinical care. It is possible that our definitions of 
these outcomes may have impacted our findings. Review of 
pharmacy refill records, Medical Equipment Management 
Systems caps, pill counts, or monitoring of serum drug 
levels would have allowed a more objective assessment of 
adherence. However, these types of adherence measurement 
tools are either costly or not easily conducted as part of rou-
tine clinical care. When our definition of self-reported ART 
adherence was made less stringent, our findings with respect 
to health literacy were unaltered, though racial and transmis-
sion risk factor disparities became statistically significant.

Similarly, a previous study examined the use of a less 
stringent measure of retention in care and instead utilized 
missed visits as the retention in care outcome of interest. 
This study found that despite being classified as retained 
in care using the definition recommended by the CDC, that 
PLWH who missed even one visit had a higher risk of all-
cause mortality [54]. When we utilized missed visits in place 
of the CDC’s retention in care outcome, we observed similar 
inferences as in our primary analysis. Even so, the magni-
tude and pattern of the point estimates in the adjusted model 
between health literacy and lack of retention were in the 
same direction as those between health literacy and the lack 
of viral suppression, even if not statistically significant. This, 
despite the fact that retention and viral suppression metrics 
are not always strongly correlated, and retention measures 
may not discriminate the presence of viral suppression very 
well [55]. This pattern in our findings lends credence to the 
relationship between health literacy and success at accessing 
and remaining in care while realizing the benefits of proper 
HIV care, even if our study was not adequately powered to 
detect all of the nuances of these relationships.

There were several limitations in our analysis. First, we 
may have misclassified our retention outcome, as it is pos-
sible that individuals we classified as not retained actually 
received clinical care at a site outside of our cohort, however 
briefly. This is an inherent limitation in observational data 
unlinked to surveillance sources with complete reporting, 
though our overall proportion retained in this cohort has, 
in general, been higher than populations living with HIV 
across the state of Tennessee, perhaps mitigating this con-
cern [43, 56].

Second, our ART adherence outcome was based on self-
report in a nurse-administered survey, which may lead our 
measure to suffer from social desirability bias, wherein 
those actually missing ART doses may have been less likely 
to report missed doses due to the presence of healthcare 
workers [57, 58]. If this bias were equally distributed across 
health literacy levels, the resulting non-differential misclas-
sification of the outcome might explain the apparent lack of 

association between BHLS score and poor ART adherence, 
coincident with the significant association between BHLS 
score and poor viral suppression (which would not suffer 
from the same biases as the ART adherence outcome).

Third, it is possible that our inferences were biased due to 
unmeasured confounding. There are numerous other poten-
tial confounders that may be associated with health literacy 
and HIV continuum of care outcomes including mental ill-
ness, substance use, characteristics of one’s community, 
or socioeconomic factors such as employment, income, 
or housing. For example, a previous study of the associa-
tion between literacy and medical adherence among PLWH 
found that perceived social stigma mediated this relation-
ship [18]. Further, there were no HIV-specific aspects of 
health literacy captured in the literacy measure that we used. 
Though the BHLS has been previously validated in both 
inpatient and outpatient populations at Vanderbilt University 
[30, 31], there may be unique factors present among PLWH 
in the same setting which rendered the measure less able 
to capture potential confounders of the health literacy–HIV 
outcome relationship. Therefore, future studies of the asso-
ciation between health literacy and HIV outcomes as well 
as strategies to improve health literacy may need to address 
additional factors, such as perceived stigma, and capture data 
on disease-specific aspects of health literacy. That said, it 
appears unlikely that the significant associations detected 
between health literacy and lack of viral suppression are 
merely artefactual, as that particular outcome is less prone 
to measurement error than the others, and the association 
between health literacy and lack of viral suppression was 
similar in direction, magnitude, and significance both in uni-
variate and in multivariable models accounting for demo-
graphic, educational, clinical, socioeconomic, and temporal 
factors.

Finally, our study inferences may not be as generalizable 
to populations outside of Tennessee, in populations that are 
not clinically engaged, in culturally distinct populations, 
or in resource-limited settings such as sub-Saharan Africa. 
Though our clinical population does exhibit diversity by age, 
race, HIV transmission risk, and rural versus urban resi-
dence, our measure of health literacy should be validated in 
other populations before inferences may be presumed to be 
externally valid.

Despite these potential limitations, our study made use 
of a carefully followed clinical population with rich longi-
tudinal data on critical HIV care continuum benchmarks in 
a region of great concern—the South. While findings from 
our cohort may not be fully generalizable to PLWH residing 
in southern states outside of Tennessee, we do believe that 
examining these relationships in a population that is receiv-
ing care within the South is of value and provides a substan-
tive contribution to the literature. We leveraged the longi-
tudinal nature of these data by using appropriate regression 



techniques and modeled the relationship between health lit-
eracy and these outcomes as flexibly and rigorously as pos-
sible, making every attempt to minimize confounding and 
secular trends by including demographics, years of formal 
education, SES, and year of cohort entry. We also suspect 
that our inferences are not subject to large selection biases, 
as the only outcome which suffered attrition from > 10% of 
the eligible exposed population was retention in care, and 
even so, the attrition was only 12% (Fig. 2).

Conclusions

Based on  the findings from this population, addressing 
health literacy alone may not be sufficient to narrow particu-
lar demographic and clinical disparities in retention and viral 
suppression outcomes, which remain stubbornly associated 
with inferior outcomes in North America. However, address-
ing health literacy may yield marginal benefits among all 
groups, and may yet improve overall patient engagement in 
care and long-term individual- and population-level health 
outcomes- a worthy goal indeed.
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