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ABSTRACT

Background. Limited health literacy is associated with
significant morbidity and mortality in the general population
but the relation of health literacy with long-term clinical
outcomes among adults with chronic kidney disease (CKD) is
less clear.
Methods. Prospective data from the Chronic Renal
Insufficiency Cohort (CRIC) Study (n = 3715) were used.
Health literacy was assessed with the Short Test of Functional
Health Literacy in Adults (dichotomized as limited/adequate).
Cox proportional hazards models were used to separately
examine the relations of health literacy with CKD progression,
cardiovascular event (any of the following: myocardial
infarction, congestive heart failure, stroke or peripheral
artery disease), and all-cause, cardiovascular and non-
cardiovascular mortality. Poisson regression was used to
assess the health literacy–hospitalization association. Models
were sequentially adjusted: Model 1 adjusted for potential
confounders (sociodemographic factors), while Model 2
additionally adjusted for potential mediators (clinical and
lifestyle factors) of the associations of interest.
Results. In confounder-adjusted models, participants with
limited (vs adequate) health literacy [555 (15%)] had an
increased risk of CKD progression [hazard ratio (HR) 1.34;
95% confidence interval (CI) 1.06–1.71], cardiovascular event
(HR 1.67; 95% CI 1.39–2.00), hospitalization (rate ratio 1.33;
95% CI 1.26–1.40), and all-cause (HR 1.54; 95% CI 1.27–
1.86), cardiovascular (HR 2.39; 95% CI 1.69–3.38) and non-

cardiovascular (HR 1.27; 95% CI 1.01–1.60) mortality. Addi-
tional adjustments for potential mediators (Model 2) showed
similar results except that the relations of health literacy with
CKD progression and non-cardiovascular mortality were no
longer statistically significant.
Conclusions. In the CRIC Study, adults with limited
(vs adequate) health literacy had a higher risk for
CKD progression, cardiovascular event, hospitalization
and mortality—regardless of adjustment for potential
confounders.

Keywords: chronic kidney disease, CVD, health literacy,
hospitalization, mortality

INTRODUCTION
Health literacy, the ‘degree towhich individuals have the capac-
ity to obtain, process and understand basic health information
needed to make appropriate health decisions’ [1], has a pivotal
role in the management of chronic kidney disease (CKD). It
entails an individual’s motivation to appraise and apply health-
related information. Limited health literacy is highly prevalent
in the USA, mainly among those with lower socioeconomic
status and older age [1]. In the general population, limited
health literacy has been associated with lower use of disease
prevention services [2], poorer chronic disease knowledge [3],
worse medication adherence [4], and higher hospitalization
and mortality rates [5]. Limited health literacy may contribute
to poor clinical outcomes through mechanisms that operate at
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KEY LEARNING POINTS

What is already known about this subject?
• The American Medical Association has previously defined health literacy as ‘the degree to which individuals
have the capacity to obtain, process and understand basic health information needed to make appropriate health
decisions.’

• Limited health literacy is associatedwith lower use of disease prevention services, poorer chronic disease knowledge, worse
medication adherence, and higher hospitalization and mortality rates in the general adult population.

• Whether adults with chronic kidney disease (CKD) and limited health literacy are disproportionally burdened with a
higher risk of adverse long-term outcomes than those with CKD and adequate health literacy is not clarified.

What this study adds?
• Participants with limited health literacy showed a higher risk of CKD progression, any cardiovascular event, higher risk
of hospitalization and a higher risk of mortality over approximately 4 years (as observed in confounder-adjusted models).

• When examining each cardiovascular event component separately, we observed that limited health literacy was associated
with a higher burden of congestive heart failure, stroke, myocardial infarction and peripheral artery disease.

What impact this may have on practice or policy?
• Limited health literacy should be furthered considered as a potential risk factor for CKD progression, a cardiovascular
event(s), mortality and hospitalization in adults with CKD.

• There is a need for targeted efforts to address and promote health literacy among adults with CKD, including, for example,
the use of language that facilitates effective communication between healthcare providers and patients.

both systematic and individual levels. For example, health lit-
eracy can influence one’s capacity to obtain access to resources
and navigate the healthcare system, as well as the efficacy and
quality of communication between the healthcare provider and
patient [6–8].

The significance of health literacy in populations living with
CKD has been increasingly recognized, partly because health
literacy is a potentially modifiable factor [5]. However, to
date, health literacy remains largely understudied in the CKD
population [9]. Research on the relationship of health literacy
with clinical outcomes has primarily focused on the end-stage
kidney disease (ESKD) population, with studies demonstrating
that limited or low health literacy is associated with increased
mortality [10], higher hospitalization rate [11] and missed
dialysis treatments [11]. Moreover, among adults enrolled in
the Chronic Renal Insufficiency Cohort (CRIC) Study, we
previously demonstrated that limited health literacy is cross-
sectionally associated with lower estimated glomerular filtra-
tion rate (eGFR), higher proteinuria, poorer blood pressure
(BP) control and higher self-reported cardiovascular disease
(CVD) [12].

To address critical gaps in the literature [5, 9], we analyzed
data from the CRIC Study to evaluate the prospective rela-
tionships of health literacy with the long-term outcomes of
CKD progression, cardiovascular events, hospitalization, and
all-cause, cardiovascular and non-cardiovascular mortality.
The growing burden of CKD represents a public health
crisis, with about 15% of the US adult population affected
by CKD [13]. Therefore, a better understanding of the
role of potentially modifiable risk factors, such as health
literacy, on adverse clinical outcomes is critical to inform
clinical and public health strategies to improve CKD-related
outcomes.

MATERIALS AND METHODS
Study population
The CRIC Study is an ongoing, prospective observational

study designed to examine risk factors for the progression of
CKD among racially diverse adults with CKD (as defined by
an eGFR of 20–70 mL/min/1.73 m2). Participants are followed
through annual in-person visits. Sampling design andmethods
have been previously described [14, 15]. The study protocol
was approved by the Institutional ReviewBoard at each partici-
pating site. All participants providedwritten informed consent.
For the present analysis, we included non-Hispanic Whites
and non-Hispanic Black CRIC participants who completed
the health literacy questionnaire [Short Test of Functional
Health Literacy in Adults (STOFHLA)]. Out of the 5499 CRIC
Study participants, we excluded 801 participants who were
of a race/ethnicity other than non-Hispanic White and non-
Hispanic Black, and 983 participants who did not complete
the STOFHLA. The final analytic sample of this study includes
3715 CRIC Study participants with self-reported race as non-
Hispanic White or non-Hispanic Black and data on health lit-
eracy. Other racial/ethnic groups, particularly Hispanics, were
not included in the current study due to the small sample size.
Supplementary data, Table S1 depicts the baseline character-
istics between participants included (n = 3715) and excluded
(n = 983) from the study. In this study, the baseline visit was
defined as year 5, i.e. the annual visit during which health liter-
acy was assessed. Participants were followed up until the time
of death, lost to follow-up due to withdrawal from the study or
until the year 2018 when the data were locked for analyses.

Health literacy
To assess health literacy, we used the STOFHLA, a

functional literacy assessment tool designed to measure
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an individual’s ability to read and understand materials
from healthcare settings [16]. The STOFHLA consists of
two functional health reading comprehension passages with
36-items. Per the Cloze procedure, every fifth to seventh word
was omitted in each passage. Interviewers asked participants to
select the correct missing words. Participants had a maximum
of 7 min for test completion. Total STOFHLA score (range:
0–36) is the number of correctly answered items. Based
on previous studies [12, 16], participants who were not
able to read were assigned a score of 0 and health literacy was
categorized as limited (score= 0–22) or adequate (score≥ 23).
The STOFHLA has adequate reliability and validity to identify
adults with limited health literacy regardless of race/ethnicity
and age, with a previous study [16] reporting that Cronbach’s
alpha was 0.97 for the 36 items in the two prose passages.

Study outcomes
The primary outcomes of the present study were: (i) CKD

progression, (ii) cardiovascular event, (iii) hospitalization, (iv)
all-cause mortality, (v) cardiovascular mortality and (vi) non-
cardiovascular mortality. CKD progression was defined as
either a 50% decline from baseline eGFR or the development of
ESKD. GFRwas estimated annually using the CRIC estimating
equation which uses serum creatinine and cystatin C levels,
age, sex and race to predict measured GFR in the CRIC
cohort [17]. Incident ESKD was defined as the initiation of
chronic renal replacement therapy or kidney transplantation.
To determine ESKD, CRIC Study personnel conducted semi-
annual surveillance supplemented with the US Renal Data
System. The cardiovascular event outcome was defined as
the presence of myocardial infarction (MI), congestive heart
failure (CHF), stroke or peripheral artery disease (PAD).
Each component of the cardiovascular event outcome was
examined separately as a secondary outcome. Study personnel
queried participants every 6months by telephone or in-person
follow-up visits about hospitalizations, outpatient tests or
interventions. Hospital billing codes were reviewed to identify
any cardiovascular event. Two independent reviewers assessed
hospital records to adjudicate events using standardized
criteria [14]. Criteria for MI included a combination of chest
pain, electrocardiography abnormalities and elevated cardiac
biomarkers. As previously described [18], criteria for CHF
eventswas adapted from the FraminghamHeart Study [19] and
included a combination of clinical symptoms, radiographic
evidence of pulmonary congestion, physical examination of
heart and lungs, and, when available, central venous hemo-
dynamic monitoring data and echocardiographic imaging.
Two neurologists adjudicated cerebrovascular accidents [14].
PAD procedures were ascertained based on the International
Classification of Diseases, Ninth Revision, codes. Deaths were
ascertained from reports by next of kin, death certificates,
hospital records and linkage with the Social Security Death
Master File. When a death event occurred during hospital-
ization and medical records were obtained, the death event
was adjudicated by two physicians to determine whether
it was related to a cardiovascular event (heart failure, MI,
cerebrovascular, arrhythmia or other cardiovascular cause).

Both all cause-mortality and non-cardiovascular mortality
include unknown causes of death. For deaths that occurred
out of the hospital, the CRIC Study built a machine learning
algorithm using the National Death Index data to predict
whether the death event was cardiovascular-related [20]. The
SuperLearner algorithm utilizes the cross-validation approach
twice, first when estimating the probability of cardiovascular
mortality for individual models and second when combining
multiple probabilities via ensemble. This algorithm avoids
overfitting as much as possible. However, given that the
number of participants in the training data was still relatively
small, a certain degree of overfitting was unavoidable.

Statistical analysis
Descriptive statistics were computed for study covariates

according to health literacy level. Chi-square tests and analysis
of variance were used to detect statistically significant dif-
ferences in categorical and continuous variables, respectively,
across health literacy levels. Unadjusted event rates were
calculated as the number of participants reaching the event
divided by the total patient-year follow-up and were stratified
by health literacy level. Complete case analysis was used. A
series of Cox proportional hazard regression models were
used to estimate hazard ratios (HR) and 95% confidence
intervals (CIs) for the associations of health literacy with CKD
progression, cardiovascular event(s) and mortality. Poisson
regressionwas used to estimate rate ratios (RR) and 95%CIs for
the association betweenhealth literacy andhospitalization rate.
Adequate health literacy was defined as the reference group.

Models were sequentially adjusted for covariates measured
at baseline. Covariates were chosen a priori for each outcome
based on existing literature on the potential confounders
and mediators of the associations of interest [10–12]. For
all outcomes, Model 1 adjusted for sociodemographic factors
(i.e. clinical center sex, race/ethnicity, education and annual
household income), all of which are considered to be potential
confounders of the association between health literacy and
each clinical outcome (also known as total effect). Model 2
additionally adjusted for covariates that have been previously
proposed to be potential mediators of the association between
health literacy and each clinical outcome (also known as
residual effect); these potential mediators were clinical fac-
tors/prior disease [i.e. systolic BP, diabetes, urine protein to
creatinine ratio, and angiotensin-converting enzyme inhibitor
(ACEi)/angiotensin II receptor blocker (ARB) medication
use] and lifestyle factors [current smoking and body mass
index (BMI)]. Model 2 of the CKD progression outcome was
additionally adjusted for the following clinical covariates: prior
contact with a nephrologist, baseline eGFR and hemoglobin
A1C. Model 2 of both the cardiovascular event and mortality
outcomes additionally adjusted for the following clinical
covariates: baseline eGFR, hyperlipidemia, and aspirin and/or
statin medication use. Model 2 of the hospitalization outcome
additionally adjusted for the following clinical covariates: prior
contact with a nephrologist, hemoglobin A1C, hyperlipidemia,
and aspirin and/or statin medication use. Figure 1 depicts
the assumed potential confounders and mediators of the
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a) Model 1: Association between health literacy (exposure) and clinical outcomes adjusting for 

potential confounders (also known as total effect) 

b) Model 2: Association between health literacy (exposure) and clinical outcomes after adjusting 

for potential mediators (also known as residual effect) 

Health
 literacy

Clinical 
outcomes

Sociodemographic
factors

(Confounders)

(Exposure) (Outcome)(Total effect)

Health 
literacy Clinical 

outcomes

Sociodemographic 
factors

(Confounders)

(Exposure) (Outcome)(Total effect minus the effect of the potential mediators)

Potential mediators

FIGURE 1:Hypothesized association of health literacy with clinical outcomes, and potential confounders and mediators of this association
(simplified direct acyclic graph). Model 1 was adjusted for potential confounders of the association between health literacy and clinical
outcomes (also known as total effect). Model 2 additionally adjusted for potential mediators of the association between health literacy and
clinical outcomes (also known as residual effect). The clinical outcomes examined in this study were CKD progression, cardiovascular event(s),
hospitalizations and mortality. (a) The potential confounders of the association between health literacy and clinical outcomes include
sociodemographic factors (i.e. clinical center, sex, race/ethnicity, education and annual household income). (b) The potential effect mediators
of the association between health literacy and clinical outcomes include clinical factors/prior disease (i.e. systolic BP, diabetes, urine protein to
creatinine ratio, ACEi/ARB medication use, prior contact with a nephrologist, baseline eGFR, hemoglobin A1C, as well as hyperlipidemia, and
aspirin and/or statin medication use).

association between health literacy and clinical outcomes in
a simplified direct acyclic graph. In our secondary analysis,
we evaluated the association between health literacy and each
of the following cardiovascular events separately: MI, CHF,
stroke and PAD. Finally, sensitivity analysis was conducted
to examine the associations of health literacy with clinical
outcomes without adjustment for education. For all analyses,
SAS 9.4 (SAS Institute, Cary, NC, USA) was used and P < .05
was considered significant.

RESULTS
Baseline participant characteristics
Among the 3715 participants, 15% met our definition of

limited health literacy (Table 1). Compared with adequate
health literacy, participants with limited health literacy were
more likely to be older, male and non-Hispanic Black, and
had lower income and education. They were also more likely
to have ever visited a nephrologist. Participants with limited
health literacy (vs adequate) were significantly more likely to
be current smokers and to have diabetes, CVD, MI, stroke,
CHF and PAD, and higher systolic BP and hemoglobin A1C

levels. Those with limited health literacy (vs adequate) had
lower eGFR and higher urine protein to creatinine ratio.

Event rates and associations of health literacy with
clinical outcomes
CKD progression
During a median follow-up of 3.7 years [interquartile

range (IQR) 2.5–8.3], there were 591 CKD progression events.
The unadjusted CKD progression rate per 100 patient-years
was significantly higher among participants with limited
health literacy (6.7) versus adequate health literacy (3.6)
(Supplementary data, Fig. S1). In Model 1 (i.e. confounder-
adjusted model), adjusting for the sociodemographic factors,
limited health literacy (vs adequate) was associated with
an increased risk of CKD progression (HR 1.34; 95% CI
1.06–1.71). Upon additional adjustment for clinical factors
(Model 2), the association between health literacy and CKD
progression was no longer statistically significant (HR 1.05;
95% CI 0.81–1.35; Fig. 2).

Cardiovascular event
Over a median follow-up of 4.1 years (IQR 2.7–8.1), a

total of 831 participants experienced a cardiovascular event
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Table 1. Baseline characteristics of CRIC Study participants by health literacy level

Health literacy

Characteristics Adequate, n = 3160 (85.1%) Limited, n = 555 (14.9%)

Demographic characteristics
Age, years 62.4 ± 10.0 65.8 ± 8.3**
Male sex 1721 (54.5%) 352 (63.4%)**
Race

Non-Hispanic White 1779 (56.3%) 92 (16.6%)**
Non-Hispanic Black 1381 (43.7%) 463 (83.4%)

Annual household income ≤$20 000 627 (19.8%) 268 (48.3%)**
Less than high school education 236 (7.5%) 232 (41.8%)**
Has health insurance 3012 (96.9%) 24 (96.0%)

Medical history
Ever visited a nephrologist (yes vs no) 2325 (73.6%) 446 (80.4%)**
Smoked >100 cigarettes 1672 (52.9%) 345 (62.2%)**
Diabetes 1539 (48.7%) 372 (67.0%)**
Cardiovascular disease 1132 (35.8%) 304 (54.8%)**
Myocardial infarction 764 (24.2%) 183 (33.0%)**
Stroke 319 (10.1%) 130 (23.4%)**
Congestive heart failure 313 (9.9%) 114 (20.5%)**
Peripheral artery disease 218 (6.9%) 67 (12.1%)**

Medication use
ACEi or ARB 2097 (66.9%) 360 (65.5%)
Statins 1965 (62.7%) 366 (66.5%)
Aspirin 1574 (50.2%) 309 (56.2%)*

Clinical characteristics
BMI, kg/m2 32.5 ± 7.8 32.3 ± 7.7
Systolic BP, mmHg 125.5 ± 19.4 129.5 ± 21.7**
Hemoglobin A1C % 6.3 (1.4) 6.7 (1.7)**
Calcium, mg/dL 9.4 ± 0.5 9.4 ± 0.6
Phosphate, mg/dL 4.2 ± 1.2 4.5 ± 1.1
Total parathyroid hormone, pg/mL 90.1 ± 151.5 106.7 ± 95.2

Kidney function measurements
eGFR (mL/min/1.73 m2) 49.5 ± 15.6 46.0 ± 17.3**
Urine protein to creatinine ratio 0.1 (0.1–0.5) 0.3 (0.1–1.0)**

Note: Values for categorical variables are given as count (percentage); values for continuous variables are given as mean ± standard deviation or median (IQR).
SD, standard deviation; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blockers; BP, blood pressure; eGFR, estimated glomerular filtration rate.
*P < .01, ** P < .001.

(i.e. MI, CHF, stroke or PAD). The unadjusted cardiovascular
event rate per 100 patient-years was significantly higher among
those with limited health literacy (10.7) versus adequate (3.8)
(Supplementary data, Fig. S1). In Model 1, limited health
literacy (vs adequate) was associated with an increased risk
of a cardiovascular event (HR 1.67; 95% CI 1.39–2.00).
This association of limited health literacy (vs adequate) with
an increased risk of cardiovascular event persisted, albeit
attenuated, in the adjusted Model 2 (HR 1.50; 95% CI 1.22–
1.85). In secondary analyses of the individual components of
the cardiovascular event outcome, we observed that limited
health literacy was associated with a higher risk for MI (HR
1.54; 95%CI 1.08–2.18), CHF (HR1.37; 95%CI 1.06–1.77) and
stroke (HR 2.12; 95% CI 1.31–3.43); there was no association
of health literacy with PAD (HR 1.36; 95% CI 0.77–2.38) in the
fully adjusted Model 2; Fig. 2.

Hospitalization rate
Over a median follow-up of 4.2 years (IQR 3.1–8.2), there

were 12 103 hospitalizations. The unadjusted hospitalization
rate per 100 patient-years was about two times higher among
individuals with limited health literacy (113.8) compared to
adequate (60.1) (Supplementary data, Fig. S2). In Model 1,
limited health literacy (vs adequate) was associated with a

higher hospitalization rate (RR 1.33; 95% CI 1.26–1.40). Upon
additional adjustment in Model 2, limited health literacy (vs
adequate) remained significantly associated with a higher
hospitalization rate (Model 2: RR 1.23; 95% CI 1.16–1.30;
Fig. 2).

Mortality
During a median follow-up of 5.6 years (IQR 3.3–

8.4), there were 776 deaths from all causes, including 221
deaths from cardiovascular-related causes and 286 from non-
cardiovascular causes. Participants with limited health literacy
(vs adequate) had significantly higher all-cause mortality rates
(74.9 vs 30.5 per 1000 patient-years, P < .001). Similarly, par-
ticipants with limited health literacy (vs adequate) had signifi-
cantly higher cardiovascular-related mortality rates (2.8 vs 0.8
per 100 patient-years) and non-cardiovascular mortality (4.8
vs 2.3 per 100 patient-years) (Supplementary data, Fig. S1). The
risk of all-causemortality was higher among those with limited
health literacy (vs adequate) in Model 1 (HR 1.54; 95% CI
1.27–1.86) andModel 2 (HR1.29; 95%CI 1.03–1.62). Likewise,
the risk of cardiovascular-related mortality was higher among
those with limited health literacy inModel 1 (HR 2.39; 95% CI
1.69–3.38) and this association persisted after additional ad-
justments inModel 2 (HR 1.89; 95% CI 1.26–2.84). Finally, the
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FIGURE 2: Associations of limited health literacy (vs adequate health literacy) with clinical outcomes: CKD progression, cardiovascular event,
hospitalization and mortality, CRIC Study. (a) Model 1 (adjusted for potential confounders, also known as total effect): across all outcomes,
Model 1 adjusted for the sociodemographic factors (i.e. clinical center, age, sex, race, education and annual household income). (b) Model 2
(adjusted for potential mediators, also known as residual effect): Model 2 of the CKD progression outcome additionally adjusted for clinical
factors (i.e. systolic BP, diabetes, hemoglobin A1C, baseline eGFR, prior contact with a nephrologist, urine protein to creatinine ratio, and use of
ACEi/ARB medication) and lifestyle factors (i.e. current smoking and BMI). Model 2 of the cardiovascular event and mortality outcomes
additionally adjusted for systolic BP, diabetes, urine protein to creatinine ratio, baseline eGFR, hyperlipidemia, and use of ACEi/ARB, aspirin
and/or statin medication. Model 2 of the hospitalization outcome additionally adjusted prior contact with a systolic BP, diabetes, urine protein
to creatinine ratio, nephrologist, hemoglobin A1C, hyperlipidemia and use of ACEi/ARB, aspirin and/or statin medication. Cox proportional
hazard regression models were used to estimate hazard ratios (HR) for the associations of healthy literacy with failure time outcomes (CKD
progression, cardiovascular event and mortality). Poisson regression models were used to estimate rate ratios (RR) for the association between
health literacy and hospitalization.

risk of non-cardiovascular mortality was higher among those
with limited health literacy (vs adequate) inModel 1 (HR 1.27;
95%CI 1.01–1.60) but the associationwas no longer significant
when adjusting for potential mediators in the final model
(Model 2; Fig. 2).

Sensitivity analysis
Finally, sensitivity analysis examining the association of

limited health literacy with clinical outcomes without adjust-
ment for education showed similar results to our main analysis
(Supplementary data, Table S2). For instance, we observed that
all the associations of health literacy with clinical outcomes
were significant in Model 1 with and without adjustment for
education. Further, the strength of the associations observed
in the confounder-adjusted model without adjustment for
education was similar to the strength of the association
observed in the confounder-adjusted model with adjustment
for education.

DISCUSSION
Among a large and diverse cohort of adults with CKD, we
found that limited health literacy was prospectively associated
with increased risk of CKD progression, a cardiovascular
event, hospitalization and mortality (including all-cause, car-
diovascular and non-cardiovascular) in confounder-adjusted
models. The statistical significance and strength of these

associations remained largely unchanged when additionally
adjusting for potential mediators, with the exception of the
relations of health literacy with CKD progression and non-
cardiovascular mortality which were no longer statistically
significant in the secondmodel (a finding that is not surprising
since the confounder-adjusted models were approaching non-
statistical significance). Further, in secondary analyses, when
examining each of the cardiovascular event components sepa-
rately, we observed that limited health literacy was associated
with a higher burden of MI, CHF, stroke and PAD in
confounder-adjusted models (Model 1); the association be-
tween health literacy and PAD was not statistically significant
when additionally adjusting for potential mediators (Model 2).
Taken together, our findings extendprevious evidence from the
general population to suggest the role of limited health literacy
as a potential risk factor for a cardiovascular event(s),mortality
and hospitalization among adults with CKD.

To our knowledge, most of the evidence on the associations
of health literacy with clinical outcomes in adults with CKD
has been cross-sectional and largely focused on CVD risk
factors. For example, in our cohort, we previously reported
the cross-sectional association of limited health literacy with
higher levels of systolic BP, low-density lipoprotein cholesterol,
hemoglobin A1c and higher self-reported CVD prevalence
[12]. Similarly, in a smaller sample of CKD dialysis patients,
limited health literacy was cross-sectionally associated with
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both higher diastolic BP and mean arterial pressure [21].
Additionally, there is evidence in non-CKD populations
demonstrating the associations of limited or low health literacy
with a higher burden of CVD risk factors such as worse blood
pressure control [22], poorer glycemic control [23], a greater
buildup of plaques in carotid arteries [24] and higher CVD
risk [24]. As such, our study extends previous evidence from
both CKD and non-CKD populations to demonstrate that
health literacy is prospectively related to a higher risk for a
cardiovascular event in the CKDpopulation (even after adjust-
ing for a comprehensive array of sociodemographic, clinical,
and lifestyle factors). Further, our findings contribute to
addressing knowledge gaps identified by the American Heart
Association [6] on whether health literacy is prospectively
associated with the incidence of a cardiovascular event in
populations living with chronic conditions.

Our findings on the relationship of health literacy with a
higher risk for hospitalization and all-cause and cardiovascular
mortality, regardless of adjustments, confirm previous studies
showing that limited health literacy is associated with a
higher hospitalization rate [6, 25–27], 30-day hospital read-
mission after MI [28], and all-cause mortality in hospital and
community-based non-CKD cohorts [29]. Among the ESKD
population, research has similarly shown that limited health
literacy is associated with higher emergency department usage
and ESKD hospitalization [11], missed dialysis treatments [11]
and increased all-cause mortality [10]. Our finding on the
higher hospitalization risk among adults withCKDand limited
health literacy is of particular public health relevance given the
well-established higher rates of hospitalization among adults
with CKD [30, 31] and well-documented high economic costs
of CKD-related hospitalizations [32, 33], compared with the
general population.

In our study, there was no association between health
literacy at baseline and CKD progression over time in the fully
adjusted model (including sociodemographic, clinical and
lifestyle factors). Such a null finding is consistent with a pre-
vious study [34] reporting that lower educational attainment,
a variable that has been previously related to health literacy,
is not associated with a higher risk of CKD progression (in
fully adjusted models) among adults with moderate to severe
CKD in the Study of Heart and Renal Protection (SHARP)
[34].While the potential reasons for our null finding are largely
unknown, it is important to note that selection bias (e.g. our
sample of participants with low educational attainment and
high levels of risk factors) has been proposed as a potential
explanation for the lack of association between health literacy
and CKD progression. Other potential reasons for the lack
of association between health literacy and CKD progression
include that other types of health literacy (such as numeracy
and nutrition) may have a more important role in CKD
progression than functional health literacy (assessed in our
study with the STOFHLA). Other potential explanations for
the above null findings include that there was an overall high
achievement of the CKDmanagement guidelines in our cohort
[35]—given that CRIC cohort participants were recruited from
various well-recognized clinical centers. Finally, in the present
study, there was no difference in health insurance coverage and

ACEi orARBmedications across health literacy levels, and par-
ticipants with limited health literacy were more likely to have
visited a nephrologist than those with adequate health literacy.

Various mechanisms may help to explain the strong asso-
ciations of health literacy with higher risk for a cardiovascular
event, hospitalization and mortality in patients with CKD. For
instance, patients with limited health literacy (vs adequate)
may experience difficulty when trying to navigate the complex
healthcare system, communicatewith healthcare providers and
maintain self-care regimens [7]—all of which can contribute
to poor CKD management [36]. It has been previously shown
that interventions to improve health literacy can promote
increased access to health information, improve disease self-
management skills, and enhance communication techniques
between physicians and patients [37, 38]. Our study findings
and evidence on health literacy interventions suggest that
programs to address limited health literacy in CKD patients
could be considered as strategies to improve clinical health
outcomes in future studies.

This study has multiple strengths including that the study
design was prospective and we had a relatively large sample of
non-Hispanic White and Black participants. The CRIC Study
has detailed characterizations of a wide range of carefully
adjudicated and well-validated outcomes. Limitations of our
study include that the STOFHLA only measured functional
health literacy; thus, we did not examine other health literacy
aspects such as conceptual knowledge on CKD and numeracy
[39]. However, the reading comprehension portion of the
STOFHLA that we used in our study has been previously
demonstrated to have adequate reliability and validity and has
been shown to be strongly correlated with other measures
of overall health literacy such as the Rapid Estimate of
Adult Literacy in Medicine (REALM) [16]. Additional study
limitations are that medical history and medication use were
self-reported and there may be residual confounding due to
the observational nature of our study. Finally, we were not
able to evaluate health literacy in all CRIC Study participants
since the STOFHLA was included in the CRIC Study in year
5. As such, our findings may not be generalizable to all CRIC
Study participants. Low health literacy is recognized as a
distinct and stronger predictor of health outcomes than age,
income, employment status, education level or race/ethnicity
[40]. Moreover, it has been shown that higher educational
attainment (i.e. years of education) does not necessarily equate
to higher or adequate levels of health literacy [41], in part,
because of the varying degree of quality of schooling and the
health-related content of schooling across different educational
settings. Therefore, in accordance with previous research
[42], we conceptualized (a priori) education as a potential
confounder of the association between health literacy and
clinical health outcomes. Our post-hoc sensitivity analysis
demonstrated that findings with and without adjustment for
education were similar, which highlights the importance of
not only examining years of education but also the quality
of education within the context of health literacy. However,
we recognize that education may also be conceptualized as an
upstream factor that determines health literacy; thus, further
research is needed to elucidate the causal pathways of the
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association amongst education, health literacy and health
outcomes.

In summary, we found that patients with CKD and
limited health literacy are disproportionally burdened by
a higher risk for CKD progression, a cardiovascular event,
hospitalization and mortality compared with patients with
CKD and adequate health literacy—regardless of adjustment
for potential confounders of these associations. Our findings
underscore the need for targeted efforts to address limited
health literacy among CKD patients. Future studies should
consider whether interventions targeting the improvement of
health literacy among patients with CKD are associated with
improvement in clinical outcomes.
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