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ORIGINAL RESEARCH
Health Literacy and Treatment Satisfaction Among Patients
with Venous Thromboembolism
Matthew T. Mefford, PhD1 , Hui Zhou, PhD1,2, Dongjie Fan, MSPH3,
Margaret C. Fang, MD, MPH4, Priya A. Prasad, MD4, Alan S. Go, MD, PhD2,3,5,6,
Cecilia Portugal, MPH1, John M. Chang, MPH1, and Kristi Reynolds, PhD1,2

1Department of Research and Evaluation, Kaiser Permanente Southern California, Pasadena, CA, USA; 2Department of Health Systems Science,
Kaiser Permanente Bernard J. Tyson School of Medicine, Pasadena, CA, USA; 3Division of Research, Kaiser Permanente Northern California,
Oakland, CA, USA; 4Divison of Hospital Medicine, University of California, San Francisco, San Francisco, CA, USA; 5Department of Medicine and
Department of Epidemiology and Biostatistics, University of California, San Francisco, San Francisco, CA, USA; 6Departments of Medicine, Health
Research and Policy, Stanford University, Palo Alto, CA, USA.

BACKGROUND: Venous thromboembolism (VTE) treat-
ment requires complex management, and patients with
limited health literacy (HL) may perceive higher burden
and lower benefits associated with their treatment.
OBJECTIVE: To examine the association of HL with treat-
ment satisfaction among patients with VTE.
DESIGN: Retrospective cohort study
PARTICIPANTS: Kaiser Permanente Southern and
Northern California members who were taking oral anti-
coagulants (OAC) for incident VTE between 2015 and
2018 were surveyed.
Main Measures
HL was assessed using a 3-item HL assessment and di-
chotomized as having adequate or limited HL. High treat-
ment burden and low treatment benefit were defined as
Anti-Clot Treatment Scale (ACTS) scores below the 25th
percentile of the distributions for ACTSBurdens andBen-
efits survey components, respectively. Using Poisson re-
gression, multivariable adjusted risk ratios (RR) and 95%
confidence intervals (CI) were calculated for the associa-
tion of HL with high treatment burden and low treatment
benefits.
RESULTS: Among 2154 respondents, 397 (18.4%) had
limited HL. Patients with limited vs adequate HL were
older (47.9% vs 27.5% aged ≥ 75 years, p<0.001), more
likely to use a non-English language when discussing
their health (10.8% vs 1.7%, p<0.001), to have less than
high school education (10.1% vs 1.7%, p<0.001), and to
self-rate their health as fair or poor (47.6% vs 25.5%,
p<0.001). After multivariable adjustment, patients with
limitedHLweremore likely to have higher perceived treat-
ment burden (RR 1.24, 95% CI 1.07, 1.45) and lower
perceived treatment benefits (RR1.21, 95%CI 1.08, 1.37).
CONCLUSIONS: Limited HL was associated with lower
OAC treatment satisfaction, though absolute differences
in satisfaction scores were small. Further examination of
the intersection of HL with VTE treatment satisfaction
and compliance among older and non-English speaking
patients is warranted.
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H ealth literacy (HL) is an individual’s ability to obtain and
process health information needed to make health deci-

sions, and is fundamental to their quality of health care.1 A
2006 report from the US Department of Education National
Center for Education Statistics indicated that 12% of US adults
had proficient HL while nearly half of US adults have diffi-
culty interpreting and using healthcare information.2 Several
organization-level action plans have since been proposed to
improve HL screening and address barriers to healthcare ac-
cess and disease management caused by HL.3,4 Furthermore,
HL screening is important to understand the connection be-
tween a patient’s ability to understand complex health infor-
mation and how they manage their health. Higher levels of HL
have been associated with high levels of patient satisfaction
regarding provider communication and treatment.5,6 In con-
trast, low HL is associated with receiving fewer preventive
services, worse medication adherence and health outcomes,
and higher risk of death.7–10 Barriers to care including recog-
nition, management, and prevention are noted similarly
among cardiovascular, renal, diabetes, and mental health con-
ditions among individuals with low HL.11–14

Venous thromboembolism (VTE) is a common cardiovascular
condition in the US that confers significant morbidity and mor-
tality.15,16 Treatment for VTE includes therapeutically dosed
anticoagulation for a fixed period, often an initial course of 3–6
months, followed by longer-term use depending on the complex-
ity of a patient’s condition, recurrent VTE episodes, or high-
predicted risk of subsequent VTE.17 Treatment options include
the oral vitamin K antagonist, warfarin, which requires frequent
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monitoring via blood tests and potential dose changes, and direct
oral anticoagulants (DOACs), which are fixed-dose regimens.
Although DOACs do not require routine laboratory monitoring,
like warfarin they can increase the risk of bleeding, and optimal
management of VTE with either regimen requires a clear under-
standing of these risks. A prior study showed that low HL was
associated with a greater likelihood of reporting significant bar-
riers to VTE care including medication or healthcare costs,
transportation issues, or social support.18 However, it is unknown
if HL influences patient perceptions of their VTE treatment. If
patients with lower HL perceive their treatment as burdensome,
this may increase the likelihood of treatment nonadherence and
adverse outcomes. The goal of the current study was to examine
the association between HL and perceptions of treatment satis-
faction, as assessed by the Anti-Clot Treatment Scale© (ACTS),
among patients with VTE.

METHODS

Data Access

Anonymized data that support the findings of this study may
be made available from the investigative team in the following
conditions1: agreement to collaborate with the study team on
all publications,2 provision of external funding for administra-
tive and investigator time necessary for this collaboration,3

demonstration that the external investigative team is qualified
and has documented evidence of training for human subjects
protections, and4 agreement to abide by the terms outlined in
data use agreements between institutions.

Setting

We included adults enrolled in Kaiser Permanente Southern
California (KPSC) and Kaiser Permanente Northern Califor-
nia (KPNC), two large, integrated healthcare delivery systems
providing care for >9million individuals, and is representative
of the sociodemographically diverse population of Califor-
nia.19,20 Members’ receipt of outpatient, inpatient, laboratory,
and pharmacy services are tracked in each site’s electronic
health record (EHR) system. Services performed outside of
KP-owned facilities are systematically tracked through sub-
mitted billing claims. The institutional review boards at KPSC
and KPNC reviewed and approved the current study.

Study Population

Adults ≥18 years of age, who completed an initial treatment
course (e.g., 3 months) of warfarin or DOAC after an incident
diagnosis of acute VTE that occurred between January 1, 2010,
and December 31, 2018, were identified (n=39,605). Incident
VTE was defined as a clinical encounter associated with a
primary or secondary discharge diagnosis of VTE according to
the International Classification of Diseases Ninth Revision (ICD-
9) or Tenth Revision (ICD-10), and without a prior VTE diagno-
sis or oral anticoagulant prescription in the 4 years prior.

Anticoagulant prescriptions were identified from health plan
outpatient pharmacy dispensing databases (warfarin andDOAC).
Data on subject demographics (age, sex, race/ethnicity, preferred
language, income, and education) were obtained from the EHR.
This cohort has been described in detail previously.21 A subset of
patients who had their incident VTE diagnosis between January
1, 2015, and June 30, 2018, were invited to complete a survey on
anticoagulant treatment satisfaction (n=12,737). The survey was
completed in English, Spanish, and Mandarin via a mailed
questionnaire or by telephone and included the ACTS, a validat-
ed 17-item patient-reported scale.22 Patients were asked to com-
plete the ACTS only if they had been taking anticoagulants
within the past 4 weeks, to prevent recall bias. The surveys also
asked about patients’ income, education, self-rated health, and
HL. Overall, 5017 patients responded to the survey; respondents
and non-respondents were similar with respect to baseline demo-
graphic characteristics (data not shown). After excluding patients
who were missing information to determine health literacy status
(n=251), whowere not taking anticoagulants in the 4 weeks prior
to survey administration (n=2604), or who answered less than
50% of ACTS questions (n=12), the final analytic sample was
2154 (Fig. 1).

Outcomes

The primary outcome of interest was anticoagulant treatment
satisfaction measured by the ACTS. The ACTS is divided into
two sub-scales, ACTS Burdens (assessing challenges with treat-
ment) and ACTS Benefits (assessing confidence and reassurance
in treatment) scales. ACTSBurdens is reverse coded on a 5-point
Likert scale and is the sum of 12 items (score range 12 to 60).
ACTS Benefits is coded from 1 to 5 and is the sum of 3 items
(score range 3 to 15). Higher scores denote greater satisfaction
with treatment. We calculated the ACTS scores according to the
developers’ guidelines.22 Given ACTS score distributions were
skewed, we created categories of “high burden” and “low bene-
fit,” defined as scores below the 25th percentile of the analytic
population distribution of the Burdens and Benefits scales (score
≤48 and score ≤9, respectively), consistent with prior studies.23

Exposure

Health literacy was assessed using 3 questions from the patient
survey that included1 “How often has someone (like a family
member, friend, hospital clinic worker, or caregiver) helped
you read hospital or other medical materials?” with the re-
sponse options of “None of the time,” “A little of the time,”
“Some of the time,” “Most of the time,” and “All of the time”2;
“How often do you have problems learning about your medical
condition because of difficulty understanding written informa-
tion?” with the same response options as the first question;
and3 “How confident are you filling out forms by yourself?”
with the response options of “Extremely,” “Quite a bit,”
“Somewhat,” “A little bit,” and “Not at all.” For each of these
questions, response options were scored from 0 to 4, with
higher scores representing lower HL. The scores from each of
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these 3 questions were summed (score range 0 to 12) and the
summed score was categorized into “adequate health literacy”
(score 0 to 2) and “limited health literacy” (score ≥3). This
method of dichotomization has been previously identified to
optimally distinguish between limited and adequate HL.24–26

Covariates

Age at the time of survey administration (≤54, 55–64, 65–74,
75–84, ≥85 years), sex, and race/ethnicity (non-Hispanic [NH]
white, NH black, Hispanic, Asian/Pacific Islander/Multiple/Oth-
er/Unknown), VTE type, and treatment typewere collected from
the EHR. Survey-collected covariates included preferred lan-
guage (English, Other/Unknown)when talking or learning about
own health, education (less than high school [HS], HS graduate
or graduate equivalency degree, some college/technical school,
bachelor’s degree, graduate degree, unknown/missing), house-
hold income (<$15k, $15k–$25k, $25k–$35k, $35k–$50k,
$50k–$65k, $65k–$80k, $80k–$100k, $100k–$150k,
>$150k), marital status (married, not married but committed,
widowed, single/divorced/separated, missing), and self-rated
health (excellent, very good, good, fair, poor, missing).

Statistical Analysis. Baseline characteristics of patients who
completed their survey were compared between patients with
adequate and limited HL. Chi-square statistics were calculated to
test for differences in categorical variables by HL status. Fre-
quencies of responses to each HL question and mean (standard
deviations) and median (25th and 75th percentile) ACTS Bur-
dens and Benefits scores were calculated overall and compared
by HL status using the Student’s t-test for mean differences and
theWilcoxon rank-sum test for median differences. To determine
the association between HL status and low perceived treatment

benefits, we used Poisson regression with robust standard errors
to estimate relative risks (RR) and 95% confidence intervals (CI)
sequentially adjusted for covariates of interest. Model 1 adjusted
for age, sex, and race/ethnicity. Model 2 adjusted for model 1
covariates plus self-rated health. Given the complexity of warfa-
rin vs DOAC treatment management, to test if the association
between HL and low perceived treatment benefit was confound-
ed or different by treatment type, model 3 adjusted for model 2
covariates plus treatment type. In a stratified analysis, the associ-
ation for HL and low treatment benefit was conducted for those
taking DOAC and warfarin, separately. Analyses were repeated
as described above to calculate adjusted RR and 95% CI for the
association between HL status and high perceived treatment
burden. In a sensitivity analysis, we repeated these methods
limiting the study population to individuals who noted English
as their preferred language to determine if removing language as
a potential barrier to the exchange of health information between
patients and providers would appreciably change our findings.
Finally, we calculated mean differences and 95% CI for the

association between HL status and the ACTS Benefits Scale
and ACTS Burden Scale, separately using a generalized linear
model following sequential adjustment as described previous-
ly. All statistical tests were 2-sided and p<0.05 was considered
statistically significant. All analyses were conducted using
SAS Enterprise Guide 7.1 (Cary, NC).

RESULTS

Baseline Characteristics

Among 2154 patients, a majority were ≥65 years of age (61.4%),
male (57.1%), NH white (71.3%), and over half of VTE types
identified were pulmonary embolism (54.6%) (Table 1). In total,

Patients participating in VTE survey 
electronically, by telephone, or mail
N=5,017

Excluded for missing health literacy score
N=251

Patients in VTE survey with health 
literacy scores
N=4,766 Excluded for:

No active anticoagulant treatment within 4 weeks 
prior to the date of survey administration –

N=2,604

Answering less than 50% of questions on the 
ACTS Benefits or Burden scale - N=12

Patients with non-missing and complete 
ACTS Benefit and/or Burden Scale 
scores

N=2,154

Adequate Health Literacy    

N=1,757

Limited Health Literacy

N=397

Fig. 1 Participant flow chart. Abbreviations: ACTS, Anti-Clot Treatment Scale; VTE, venous thromboembolism
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397 (18.4%) were categorized as having limited HL. The distri-
bution of patient responses to HL questions is listed in Table S1.
Patients with limited vs adequate HLweremore likely to be older
(18.9% vs 5.8% ≥85 years of age, respectively, p<0.001), less

likely to be NH white (62.2% vs 73.4%, respectively, p<0.001),
and less likely to choose English as their preferred language for
discussing health information (89.2% vs 98.3%, respectively,
p<0.001) (Table 1). Patients with limited HL also had lower

Table 1 Baseline Characteristics by Health Literacy Status in Adults with Incident VTE Treated with Oral Anticoagulation

Overall Adequate Literacy Limited Literacy p-value

N= 2154 N=1757 N= 397

Age at survey, years, n (%)
≤ 54 373 (17.3) 322 (18.3) 51 (12.8) <0.001
55–64 458 (21.3) 398 (22.7) 60 (15.1)
65–74 649 (30.1) 553 (31.5) 96 (24.2)
75–84 497 (23.1) 382 (21.7) 115 (29.0)
≥ 85 177 (8.2) 102 (5.8) 75 (18.9)

Male, n (%) 1231 (57.1) 997 (56.7) 234 (58.9) 0.42
Race/ethnicity, n (%)
NH White 1536 (71.3) 1289 (73.4) 247 (62.2) <0.001
NH Black 215 (10.0) 170 (9.7) 45 (11.3)
Hispanic 229 (10.6) 162 (9.2) 67 (16.9)
Asian/Pacific Islander /Multiple/Other/Missing 174 (8.1) 136 (7.7) 38 (9.6)

Index year, n (%)
2015 597 (27.7) 487 (27.7) 110 (27.7) 0.62
2016 781 (36.3) 627 (35.7) 154 (38.8)
2017 537 (24.9) 444 (25.3) 93 (23.4)
2018 239 (11.1) 199 (11.3) 40 (10.1)

Survey completion
Partial 20 (0.9) 13 (0.7) 7 (1.8) 0.05
Complete 2134 (99.1) 1744 (99.3) 390 (98.2)

Preferred language, n (%)
English 2081 (96.6) 1727 (98.3) 354 (89.2) <0.001
Other/unknown 73 (3.4) 30 (1.7) 43 (10.8)

Education, n (%)
Less than high school 69 (3.2) 29 (1.7) 40 (10.1) <0.001
High school graduate or equivalent 293 (13.6) 184 (10.5) 109 (27.5)
Some college or technical school 859 (39.9) 712 (40.5) 147 (37.0)
Bachelor’s degree 474 (22.0) 425 (24.2) 49 (12.3)
Graduate degree 405 (18.8) 368 (20.9) 37 (9.3)
Unknown/missing 54 (2.5) 39 (2.2) 15 (3.8)

Total annual household income, n (%)
< $15,000 83 (3.9) 46 (2.6) 37 (9.3) <0.001
$15,000–$25,000 144 (6.7) 102 (5.8) 42 (10.6)
$25,001–$35,000 142 (6.6) 101 (5.7) 41 (10.3)
$35,001–$50,000 196 (9.1) 163 (9.3) 33 (8.3)
$50,001–$65,000 199 (9.2) 162 (9.2) 37 (9.3)
$65,001–$80,000 203 (9.4) 166 (9.4) 37 (9.3)
$80,001–$100,000 220 (10.2) 193 (11.0) 27 (6.8)
$100,001–$150,000 296 (13.7) 271 (15.4) 25 (6.3)
>$150,000 244 (11.3) 229 (13.0) 15 (3.8)
Declined to answer 343 (15.9) 271 (15.4) 72 (18.1)
Missing 84 (3.9) 53 (3.0) 31 (7.8)

Marital status, n (%)
Married 1316 (61.1) 1092 (62.2) 224 (56.4) <0.001
Not married but committed 100 (4.6) 85 (4.8) 15 (3.8)
Widowed 217 (10.1) 153 (8.7) 64 (16.1)
Single, divorced, or separated 478 (22.2) 397 (22.6) 81 (20.4)
Missing 43 (2.0) 30 (1.7) 13 (3.3)

Self-reported health status, n (%)
Excellent 118 (5.5) 112 (6.4) 6 (1.5) <0.001
Very good 486 (22.6) 444 (25.3) 42 (10.6)
Good 905 (42.0) 745 (42.4) 160 (40.3)
Fair 496 (23.0) 364 (20.7) 132 (33.2)
Poor 141 (6.5) 84 (4.8) 57 (14.4)
Missing 8 (0.4) 8 (0.5) 0 (0.0)

VTE type, n (%)
Pulmonary embolism 1177 (54.6) 970 (55.2) 207 (52.1) 0.25
Lower extremity DVT 826 (38.3) 663 (37.7) 163 (41.1)
Upper extremity DVT 68 (3.2) 52 (3.0) 16 (4.0)
Other VTE/unknown 83 (3.9) 72 (4.1) 11 (2.8)

Initial treatment, n (%)
Warfarin 1208 (56.1) 956 (54.4) 252 (63.5) 0.001
DOAC 946 (43.9) 801 (45.6) 145 (36.5)

Abbreviations: API, Asian/Pacific Islander; DOAC, direct oral anticoagulant; DVT, deep vein thrombosis; NH, non-Hispanic; VTE, venous
thromboembolism
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levels of education (37.6% vs 12.2% with high school degree or
less, respectively, p<0.001), annual household income (9.3% vs
2.6% with <$15,000, respectively, p<0.001), and were more
likely to report lower self-rated health (47.6% vs 25.5% reporting
fair or poor health, respectively, p<0.001). A higher proportion of
VTE patients with limited vs adequate HL were taking warfarin
(63.5% vs 54.4%, respectively, p=0.001) to treat their VTE.
Mean and median ACTS Benefit and Burden scores are

listed in Table 2. Overall mean ACTS Benefit and Burden
scores were 10.3 (out of a maximum score of 15) and 51.6 (out
of a maximum score of 60), respectively. Patients with limited
vs adequate literacyHL had a lower mean ACTSBenefit score
(9.6 vs 10.4, respectively, p<0.001) and ACTS Burden score
(50.1 vs 52.0, respectively, p=0.004). Median differences in
ACTS Benefit and Burden scores were similarly lower among
patients with limited HL. Unadjusted and multivariable ad-
justed mean differences are presented in Table S2. After
multivariable adjustment for age, sex, race/ethnicity, self-
rated health, and treatment type, adults with limited HL had
statistically significantly lower ACTS Benefits scores (differ-
ence = −0.5, 95% CI −0.8, −0.1) and ACTS Burden scores
(difference = −1.3, 95% CI −2.1, −0.4).
In unadjusted analysis, limited HL was associated with a

higher risk of having low perceived treatment benefits com-
pared with patients who had adequate HL (RR 1.34, 95% CI
1.19, 1.50) (Table 3). After multivariable adjustment, the RR
of limited HL for low perceived treatment benefits was 1.21
(95% CI 1.08, 1.37). Similarly, in unadjusted analysis, com-
pared with adequate HL, limited HL was associated with
having high perceived treatment burden (RR 1.43, 95% CI
1.22, 1.68). After multivariable adjustment, the RR of limited
HL for having a high perceived treatment burden was 1.24
(95% CI 1.07, 1.45). These results were consistent when
stratified by DOAC users (Table S3) and warfarin users
(Table S4). In a sensitivity analysis limited to patients who
preferred using English to communicate about their health
information (n=2081) and controlling for age, sex,
race/ethnicity, self-rated health, and treatment type, patients
with limited HL were more likely to have low perceived
treatment benefits (adjusted RR 1.22, 95% CI 1.08, 1.38)
and high perceived treatment burdens (adjusted RR 1.20,
95% CI 1.01, 1.42) compared with those who had adequate
HL, which is consistent with the overall study population
(Table S5).

DISCUSSION

Among a diverse patient population with incident VTE and
recent OAC therapy use in KPSC and KPNC, those with
limited HL were older and less likely to be NH white, and
had lower levels of education and household income. These
patients were also less likely to choose English as their pre-
ferred language to communicate about health information.
After adjustment for patient demographic characteristics,
self-rated health, and treatment type, patients with limited
HL perceived less benefit and a higher burden of their treat-
ment (i.e., lower overall treatment satisfaction) compared with
patients with adequate HL, though the absolute magnitude of
differences was small. This was consistent overall, and among
the subset of patients who chose English as their preferred
language.
According to a 2003 National Assessment of Adult Litera-

cy, 36% of 30,000 households surveyed by the US Depart-
ment of Education were identified as having basic or below-
basic HL skills.27 The prevalence of limited HLwas higher for
individuals with low educational attainment, older aged indi-
viduals, racial/ethnic minorities, and people with chronic dis-
eases.28 This is consistent with observations from the current
study where imbalances by age, race/ethnicity, education, and
income were detected among VTE patients with limited vs
adequate HL. For patients with VTE, the risk of recurrent

Table 2 ACTS Benefit and Burden Scores by Health Literacy Status

Overall Adequate literacy Limited literacy p-value

ACTS Benefit Scale N=2146 N=1753 N=393
Mean (std) 10.3 (3.0) 10.4 (3.0) 9.6 (3.2) <0.001
Median (25th, 75th percentile) 11.0 (9.0, 12.0) 11.0 (9.0, 12.0) 9.0 (8.0, 12.0) <0.001

ACTS Burden Scale N=2149 N=1754 N=395
Mean (std) 51.6 (8.0) 52.0 (7.7) 50.1 (9.3) 0.004
Median (25th, 75th percentile) 54.0 (48.0, 58.0) 54.0 (49.0, 58.0) 53.0 (45.0, 58.0) 0.004

Abbreviations: ACTS, Anti-Clot Treatment Scale; Std, standard deviation

Table 3 Relative Risk and 95% Confidence Intervals for the
Association Between Perceived Low Treatment Benefit and High

Treatment Burden

Limited vs.
adequate
health literacy

p-value

Low treatment benefit
Unadjusted 1.34 (1.19, 1.50) <0.001
Model 1: age, sex, race/ethnicity 1.34 (1.20, 1.51) <0.001
Model 2: model 1 + self-rated
health

1.22 (1.08, 1.37) 0.001

Model 3: model 2 + anticoagulant
type

1.21 (1.08, 1.37) 0.002

High treatment burden
Unadjusted 1.43 (1.22, 1.68) <0.001
Model 1: age, sex, race/ethnicity 1.53 (1.30, 1.78) <0.001
Model 2: model 1 + self-rated
health

1.26 (1.08, 1.48) 0.003

Model 3: model 2 + anticoagulant
type

1.24 (1.07, 1.45) 0.006
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thrombotic events is 5–7% per year,29 largely dependent on
patient factors.30 Ensuring these individuals receive adequate
education pertaining to the risks and benefits or treatments,
and understand the care and management required for their
condition is of the upmost clinical importance. Prior studies
have noted that patient knowledge of anticoagulants was
positively associated with better therapy maintenance, and
insufficient education regarding anticoagulants was predictive
of major bleeding events; however, findings have been
mixed.31–34 For patients with limited HL, this can be challeng-
ing given a general apprehension to express misunderstanding
to their healthcare providers.35 Given the complexity of VTE
care, screening for HL, asking about language preferences,
and providing simple, easy to follow treatment instructions
may improve outcomes.36,37

ACTS scores in the current study were lower than a
prior study based on the EINSTEIN randomized clinical
trial (RCT).22 Patients from RCTs may be different from
the general population due to stringent selection criteria,
highlighting the importance of conducting evaluations in
real-world settings. Overall, limited HL was associated
with lower treatment satisfaction as measured by the
ACTS Benefits and Burdens scales. In prior studies, low
treatment satisfaction and low HL were associated with
greater anticoagulant treatment noncompliance or worse
persistence.38,39 Nonadherence to anticoagulant treatment
has been associated with higher healthcare expenditures
and adverse outcomes including hospitalization and
death.40,41 However, a prior study found that HL was not
associated with differences in anticoagulation adherence.34

Though measures of adherence and subsequent outcomes
including bleeding, recurrent VTE, or death were not ex-
amined for the current study, this is important in future
studies.
In the current study, we observed no differences in the

association of HL and perceived treatment benefits or
burdens between patients receiving warfarin vs DOACs.
However, we observed a higher proportion of VTE pa-
tients with limited HL taking warfarin. It is possible that
individuals with limited HL have more comorbidities in-
cluding kidney disease that led to preferential use of war-
farin. While comorbidities were not assessed in the current
study, this may be important for future evaluations. Prior
studies have indicated that adherence to warfarin is low in
many patients, and that warfarin users were less satisfied
with their treatment compared to DOAC.42,43 Adherence to
DOACs among patients with new-onset VTE is higher,
with a prior observational study reporting adherence over
90% after 18 months.44 Discussing the benefits of OAC
treatment as prescribed is important to avoid potential
adherence-related complications regardless of treatment
type.

Strengths of the current study include participation from
patients in two large, diverse integrated healthcare delivery
systems. We used validated survey instruments to assess both
HL and perceptions of treatment benefit and burden. We also
acknowledge some limitations. Patients included in the study
were insured and results may not be fully generalizable to less-
insured populations. Patients who were not actively taking
anticoagulant treatment within 4 weeks prior to the survey
administration were excluded. Some eligible patients declined
or did not respond and it is possible that this group of individ-
uals may be different with respect to HL. However, the survey
was offered by mail and telephone, and a larger portion of
individuals with limited vs adequate HL completed via tele-
phone (16% vs 7%, respectively). Next, individuals with
worse disease or more comorbidity while on anticoagulation
may have more difficulty with treatment and less satisfaction,
though comorbidities and outcomes were not available for this
study. There is no research examining ACTS validity across
varying levels of HL. Despite this, scores in the current study
are similar among patients with adequate and limited HL and
individuals excluded for missingness were minimal. We did
not collect length of anticoagulation therapy use or measure
adherence to VTE treatments, and can only speculate how HL
and treatment satisfaction may impact patient compliance.
Finally, there is the potential for unmeasured confounding.
However, for the association of HL with treatment benefit and
treatment burden, we calculated E-values of 1.71 and 1.79,
respectively, which suggests there is a low likelihood any
unmeasured confounders were missed to explain away the
RR observed in our main analysis.
In conclusion, limited HL is associated with lower antico-

agulant treatment satisfaction. Further examination of the in-
tersection of HL with VTE treatment satisfaction and compli-
ance among older, less educated, and non-English speaking
patients is warranted.
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