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A B S T R A C T

Background. Limited health literacy (LHL) is associated with
multiple adverse health outcomes in chronic kidney disease
(CKD). Interventions are needed to improve this situation, but
evidence on intervention targets and strategies is lacking. This
systematic review aims to identify potential targets and strate-
gies by summarizing the evidence on: (i) patient- and system-
level factors potentially mediating the relation between LHL
and health outcomes; and (ii) the effectiveness of health literacy
interventions customized to CKD patients.
Methods. We performed a systematic review of peer-reviewed
research articles in Medline, Embase and Web of Science,
2009–19. We assessed the quality of the studies and conducted
a best-evidence synthesis.
Results. We identified 860 publications and included 48 studies.
Most studies were of low quality (n¼ 26) and focused on dialy-
sis and transplantation (n¼ 38). We found strong evidence for
an association of LHL with smoking and having a suboptimal
transplantation process. Evidence was weak for associations
between LHL and a variety of factors related to self-care
management (n¼ 25), utilization of care (n¼ 23), patient–
provider interaction (n¼ 8) and social context (n¼ 5). Six
interventions were aimed at improving knowledge, decision-
making and health behaviours, but evidence for their effec-
tiveness was weak.
Conclusions. Study heterogeneity, low quality and focus on
kidney failure largely impede the identification of intervention
targets and strategies for LHL. More and higher quality studies
in earlier CKD stages are needed to unravel how LHL leads to
worse health outcomes, and to identify targets and strategies
to prevent disease deterioration. Healthcare organizations need
to develop and evaluate efforts to support LHL patients.

Keywords: chronic kidney disease, health literacy, interven-
tion, systematic review

I N T R O D U C T I O N

In the last few decades, the number of people suffering from
chronic kidney disease (CKD) has steadily increased [1, 2].
In the USA, people between the ages 30 and 49 years have a
54% chance of experiencing CKD during the course of their
lives [3]. Often, kidney deterioration is almost unnoticeable, po-
tentially leading to end-stage kidney disease, which is associated
with high morbidity, mortality and economic burden [3].
The growing prevalence of CKD indicates a need to prioritize
the development of interventions to retard or prevent this dis-
ease [4].

About 25% of CKD patients experience limited health liter-
acy (LHL) [5]; this has been shown to be associated with worse
health outcomes [6], such as faster kidney deterioration [7, 8]
and higher mortality [9]. Health literacy (HL) is defined as the
degree to which individuals have the capacity to obtain, process
and understand basic health information and services needed
to make appropriate health decisions [10]. Previous systematic
reviews have summarized the evidence on predictors [5, 11]
and serious negative impact of LHL in CKD [6, 11]. However,
these did not address the available evidence on the mechanisms
by which LHL leads to worse health outcomes and how inter-
ventions can target these mechanisms to improve that situation.

The Pathway of Paasche-Orlow provides a theory of patient-
and system-level mechanisms which contain multiple
factors that might mediate the relation between LHL and health
outcomes [12]. Targeting these mediating factors with interven-
tions potentially improves the health of patients with LHL.
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Patient-level factors refer to the patients’ capacities for self-
management (e.g. medication adherence), utilization of care
(e.g. seeking and obtaining professional help) and patient–pro-
vider (P–P) interaction (e.g. effective communication).
However, these capacities highly depend on system factors,
such as health system complexity, the patient’s social context
and the capacities of the healthcare professional [12]. In other
research fields, LHL has been found to be associated with
several of these mediating factors [13–16], but the role of these
factors in CKD is unclear.

The first research agenda on CKD and HL [17] and the
European project Intervention Research On Health Literacy
among Ageing population (IROHLA) recommend that, to pre-
vent worse health outcomes, interventions should focus on both
patients and professionals [18, 19]. State-of-the-art interventions
should aim to inform and educate, teach skills, support behaviour
change, strengthen social and professional support, and facilitate
the involvement of individuals at a system level. Preferably,
such interventions should be customized to the patient’s specific
health context or environment [19]. Although in non-CKD
care settings, HL-tailored interventions have been found to be
effective in improving both patient [20–23] and professional
[24] capacities, for CKD it remains uncertain how interventions
can most effectively improve health outcomes of LHL patients.

This systematic review therefore aims to identify potential
targets and strategies by summarizing the evidence on: (i)
patient- and system-level factors that potentially mediate the re-
lation between LHL and health outcomes; and (ii) the effective-
ness of HL interventions that are customized to CKD patients.

M A T E R I A L S A N D M E T H O D S

We performed this systematic review in line with the principles
of Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [25].

Search strategy and eligibility

Two reviewers (M.D.B. and E.M.F.) developed the search
strategy and eligibility criteria with the support of two database
search experts from the University Medical Center Groningen.
After a pilot search to determine sensitivity and specificity, and
discussion with a third reviewer (A.F.W.), the strategy was final-
ized. The search strategy aimed to retrieve original English,
French or German peer-reviewed quantitative, qualitative and
intervention studies related to HL and CKD. The final search
strategy included a combination of CKD-specific terms, such as
‘chronic kidney’ or ‘dialysis’ and ‘renal transplant’ and HL

KEY LEARNING POINTS

What is already known about this topic?

• approximately 25% of chronic kidney disease (CKD) patients have low health literacy (LHL);
• CKD patients with LHL experience a faster disease progression and more comorbidities; and
• to improve health outcomes for CKD patients with LHL, interventions are needed, but an overview of promising inter-

vention targets and strategies is currently lacking.

What this study adds?

• this systematic review has identified a variety of factors, mostly related to self-care management and utilization of care,
which potentially explain why LHL patients experience worse health outcomes. Evidence was strong for an association of
LHL with smoking and having a suboptimal transplantation process;

• the few available HL-tailored interventions mainly used web-based strategies to inform and educate CKD patients. These
interventions gave weak evidence that they improved knowledge, decision-making and health behaviours in CKD patients
with LHL; and

• considerable research gaps remain. There are limited studies in earlier stages of CKD and thus on chances for prevention
of progression towards severe kidney disease in patients with LHL. In addition, studies that unravel the role of the health-
care professionals in the support of LHL patients are lacking.

What impact this may have on practice and policy?

• healthcare organizations should improve the support of patients with LHL to prevent worse health outcomes. Although
the best intervention strategies remain underexplored, web-based education was promising for improving patients’
knowledge and behaviours. Organizations could best start by implementing strategies that target smoking and the trans-
plantation process;

• especially in earlier stages of CKD, more research is needed to unravel the mechanisms by which LHL leads to worse
health outcomes. Additionally, research needs to develop and assess the effectiveness of HL-tailored interventions to im-
prove these outcomes; and

• this should lead to further unravelling of LHL-associated mediating factors and enable targeting them with health literacy
interventions, especially in earlier stages of CKD, to slow down and prevent the global rise of kidney disease.
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related terms, such as ‘literacy’ and ‘numeracy’. Details on the
search strategy are in Supplementary data, Table S1a–c.

Studies were eligible for inclusion if they: (i) included (a co-
hort of) any stage CKD patients aged �18 years and/or health-
care professionals; (ii) assessed HL using a validated screener or
questionnaire; (iii) gave results on associations of LHL with po-
tential mediating factors, derived from the Pathway of Paasche-
Orlow; or (iv) provided information on the development and
testing of interventions, customized to CKD and the needs of
LHL patients. We excluded studies that: (i) used educational
level as a measure of HL; (ii) focused solely on associations of
HL with knowledge or health outcomes; or (iii) developed or
validated HL screeners. Further information about the inclu-
sion and exclusion criteria can be found in Supplementary data,
Table S2.

Study selection

Two reviewers (M.D.B. and E.M.F.) performed a systematic
database search in Medline, Embase and Web of Science. They
used an Excel file with main author, year and title to guide study
selection. Both reviewers read titles and abstracts of all identi-
fied unique records to include studies that met the inclusion cri-
teria. Disagreements were solved by discussion. If there was still
uncertain about eligibility, then the reviewers read the full-text
publication and decided based on a new discussion.

Data extraction

The two reviewers then performed a full-text review of the
included publications and filled in a data extraction table in
Excel. Extracted data regarded study characteristics, study aims,
main results and conclusions. For each study, data on associa-
tions between LHL and mediating factors were sorted into dif-
ferent columns in the Excel file, based on the mechanisms in
the Pathway of Paasche-Orlow: self-care management, P–P in-
teraction and utilization of care. The extraction file also encom-
passed columns to extract data on LHL and the role of the
social context or competences of the healthcare professional,
which came from IROHLA Intervention model [18]. Clinical
health outcomes, such as kidney decline or blood pressure, were
in a different column in the file. This structure helped to unravel
the HL–mediators–health outcomes pathway. For intervention
studies, we added to the table information about the chosen
strategies and its effectiveness, also derived from IROHLA [18].

Quality assessment

M.D.B. and E.M.F. rated the methodological quality of the
included quantitative and intervention studies with the check-
list of Downs and Black [26] and three additional criteria from
the Effective Public Health Practice Project (EPHPP) Quality
Assessment Tool and Appraisal Tool for Cross-sectional studies
(AXIS) [27, 28]. Disagreements were solved in discussion
with a third reviewer, A.F.W. The EPHPP and AXIS criteria
were added to put more weight on potential participation
bias, because of known lower research participation of people
with LHL [29]. Qualitative studies were assessed with a check-
list, derived from the Cochrane Supplemental Handbook
Guidance [30].

Together, the tools provided 16 criteria for quantitative stud-
ies, 30 for intervention studies and 18 for qualitative studies
within four domains: (i) reporting; (ii) external validity; (iii) in-
ternal validity; and (iv) study participation. Each criterion could
be rated with 0, 1 or 2 points. The total rating for all criteria and
each independent domain was expressed as a percentage of the
total maximum score possible. Domains could be of low
(�50%), moderate (>50% and �75%) or high (>75%) quality.
Both the total and domain ratings were used to determine the
final study quality. A high-quality study had a total score >75%
and at least three domains with a high-quality rating. Details on
the rating system are in Supplementary File S3a.

Evidence synthesis

Following the quality assessment, M.D.B. performed an evi-
dence synthesis, which was checked by A.F.W. The synthesis
aimed to determine the strength of evidence regarding an asso-
ciation of LHL with a specific mediating factor or, regarding the
effectiveness of targeting a factor in interventions, based on
number and quality of studies reporting results. This method of
evidence synthesis is based on other publications [31, 32]. The
synthesis led to three levels of strength of evidence for the exis-
tence of an association or effective intervention target; (i)
strong: consistent findings in one high-quality study and at least
two moderate-quality studies; (ii) moderate: consistent findings
in at least three studies, of lower quality than (i); (iii) and weak:
inconsistent findings irrespective of study quality or less than
three studies available.

R E S U L T S

Figure 1 shows the PRISMA diagram of our systematic review.
The final search yielded 860 articles, written between 1987 and
2019. Forty-eight studies were eligible for inclusion. Main rea-
sons for exclusion were: (i) used educational level as measure-
ment for HL and (ii) study type.

Study characteristics

Figure 2 gives an overview of the main characteristics of the
included studies. We identified 38 cross-sectional, cohort or
mixed-method studies, 4 qualitative and 6 intervention studies,
all in the English language. Most studies had sample sizes<200
(n¼ 33), were conducted in the USA (n¼ 35), and focused
mainly on dialysis and transplant patients (n¼ 38). Only seven
studies measured multiple HL domains, instead of just func-
tional HL. Details on authors, year of publication, study popula-
tion, sample size and used HL screener are in Tables 1–3.

Quality assessment

Nine quantitative studies and one qualitative study were of
high quality. Nine quantitative studies, two qualitative studies
and one intervention study were of moderate quality. The other
26 studies were of low quality. The risk for external validity
bias was high: only two studies could fully ascertain the study
population was a good representation of the total population.
In 25 studies, participation bias was a risk: sample sizes were
often not justified or participation rates were low. Within the
domains reporting and internal validity, two criteria commonly
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caused risks of bias: (i) limited adjustment for confounders and
(ii) not reporting actual probability values (e.g. 0.035 rather
than 0.05). In qualitative studies, bias risks were often a conse-
quence of inappropriate methodology: studies did for example
not justify sampling procedure and data saturation. Most inter-
vention studies used weak non-randomized control study
designs, which led to low-quality ratings. Tables 1–3 show the
overall quality rating and Supplementary data, Table S3b–d
provide details on the domain ratings for each study.

Strength of evidence for mediating factors

Table 1 summarizes the results on associations between
LHL, patient- and system-level factors and health outcomes. In
general, evidence was weak. Twenty-seven studies provided evi-
dence for an association of LHL with potential mediating fac-
tors. Evidence was only strong for an association with smoking
[7, 34, 50] and having a suboptimal transplantation process [39,
49, 58, 59, 67]. No studies explicitly assessed mediation.
However, four studies provided weak evidence for a potential
mediating role of factors related to self-care management [33,
36, 42] and utilization of care [66], finding independent associa-
tions with both LHL and health outcomes. Eleven studies found
no associations of LHL with the factors of their interest. Details
are in the following paragraphs.

Self-care management. Twenty-five studies gave generally
weak evidence for an association of LHL with a variety of medi-
ating factors related to self-care management. We found strong
evidence for an association of LHL and current smoking [7, 34,
50]. Three studies provided weak evidence for mediation, find-
ing associations of LHL with worse perceived CKD treatment
knowledge [42], less healthy lifestyle patterns [33] and choosing
to spend money on expenses other than medications [36], and,
additionally, associations of these mediating factors with health
outcomes. For other factors, evidence was weak or inconsistent.
LHL was associated with worse control of blood pressure [55,
61], lower medication adherence confidence [44, 53] and lower
quality of life [56]. For worse treatment and self-care knowledge
[7, 41–43, 49, 52, 53, 79], worse self-care behaviours [7, 40, 43,
51, 55], including lifestyle [40, 50, 51] and adherence problems
[8, 38, 46, 51, 53] some studies found an association with LHL,
while others did not. LHL was not associated with CKD
awareness [33, 47], treatment preferences [67], disaster pre-
paredness [57] and phosphate regulation [54]. According to
multidomain screeners, patients perceived self-care manage-
ment as their biggest HL challenge, especially in severe CKD
stages [37, 45, 80].

Utilization of care. Twenty-three studies provided generally
weak evidence for an association of LHL with factors related to
utilization of care. We found strong evidence that LHL is associ-
ated with a suboptimal transplant process, illustrated by a lower
likelihood of being wait-listed for [39, 58, 59], or referred to
[67] transplantation and ‘not knowing the next step in the
transplant process’ [49]. Connected to this, we found weak evi-
dence that LHL is more prevalent in non-waitlisted and de-
ceased donor patients compared with waitlisted and living
donor patients [34, 61]. For other transplant factors, such as

treatment preference [63, 67] or attending evaluations [49], no
HL associations were found. Furthermore, we found weak evi-
dence that LHL was associated with visiting the nephrologist
more often [8], problems using digital health information [64]
and missing dialysis [60, 66]. For associations of LHL with
higher rates of hospitalization [38, 46, 60, 62, 65] and more
emergency department visits [60, 62] studies confirmed and de-
nied HL associations. LHL was not associated with abbreviating
dialysis [60, 66]. According to multidomain HL screeners,
patients did not perceive utilization of care as a major challenge
[37, 45, 48].

P–P interaction. Eight studies gave weak evidence on factors
related to P–P interaction. CKD patients did not perceive en-
gaging with providers as their greatest HL problem [37, 42, 45].
However, in adolescents >18 years, one study showed that LHL
was associated with several behaviours related to communica-
tion [43]. Another study showed an association of these behav-
iours with perceived general health [68]. Healthcare
professional visits [49] and simple word choice [47] positively
influenced CKD awareness and knowledge. LHL was not asso-
ciated with provider satisfaction [42].

Other system factors. Five studies provided weak evidence
on associations of LHL with the social context. For an associa-
tion of LHL with reduced social support evidence was weak [35,
39, 44]. The social context was a strong and independent factor
influencing self-management behaviours [35] and medication
trade-offs [36]. There was no evidence regarding other Paasche-
Orlow-derived mechanisms, such as the HL competences of
professionals.

Suggestions for intervention targets. Table 2 provides an
overview of the four qualitative studies, which offer suggestions
for intervention targets within different Paasche-Orlow-derived
mechanisms. Patients indicated that a lack of knowledge [69–
71] and symptoms [70], perceived disease seriousness [70] and
struggles to find information [71] influence self-care manage-
ment in earlier CKD stages. A lack of knowledge [69, 71, 72]
and time [70, 72], perceived hierarchy [72], difficult language
[69, 71] and insufficient information [70–72] were barriers for
effective P–P interaction and treatment decision-making. To
improve that situation, patients suggested easier language [69–
71], peer support [69] and the role of social support [69, 71].

Intervention effectiveness and strategies

Table 3 summarizes the approach and main results of the six
included intervention studies, of which five were led in dialysis
or transplant patients. Since the study quality was often low, we
only retrieved weak evidence for intervention effectiveness. The
interventions targeted multiple mediating factors, and were able
to improve knowledge [73, 74, 76, 81], decision-making [73, 76]
and self-care behaviours [75, 81], also specifically in patients
with LHL [73, 75, 77].

The interventions mainly used digital, visual strategies [73,
76–78] and targeted patients. Specific interventions targeting
professionals were absent. The interventions aimed to educate
and teach skills [73–78], especially to support treatment

HL interventions for CKD patients 1211
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decision-making [73, 75, 76, 78]. Two interventions on lifestyle
[75] and sun-cancer protection [77] also aimed to support
behavioural change. One study showed that implementation of
a decision-making tool into consultations also strengthened
professional support [73]. Several interventions had strategies
of customization to the context, for example, by adapting the
content to individual clinical information [73, 76] or cultural
background [77]. Co-development by patients and professio-
nals proved effective in improving comprehensibility, content
and satisfaction with the interventions [74, 76, 78].

D I S C U S S I O N

Evidence on patient- and system-level mediating factors and ef-
fectiveness of interventions is generally weak, which impairs the
identification of promising intervention targets and strategies.
We found strong evidence for an association of LHL with a
suboptimal transplant process and smoking. We retrieved only
weak evidence for a variety of other factors that potentially
mediate the relation between LHL and health outcomes.
Moreover, we found weak evidence that HL-tailored interven-
tion strategies were effective in improving knowledge, decision-
making and health behaviours.

We retrieved strong evidence for an association of LHL with
having a suboptimal transplant process [39, 49, 58, 59, 67] and
smoking [7, 34, 50]. Since both factors relate to behaviours that
have a negative effect on health outcomes in the general CKD
population [81, 82], we consider them important targets for
interventions. Our review adds LHL as an important factor neg-
atively influencing the chance to receive a kidney transplant,
next to the patients’ knowledge and beliefs, which were known
to cause disparities in transplant access [83]. Our findings also
support the results in other organ transplant settings that
patients with LHL use care differently. For example, they need
more emergency care [84], make less use of preventive services
[85] and miss follow-up appointments more often [86]. Our re-
view also strengthens the evidence from non-CKD studies,
which show that LHL is associated with current smoking [87,
88], less knowledge about smoking, lower risk perceptions [89]
and difficulties in stopping smoking [90]. In the general
CKD population, patients are often unaware that smoking is
a risk factor for kidney deterioration [91]. Our findings sug-
gest that patients with LHL have reduced knowledge or lower
ability to change behaviour. Customized interventions, par-
ticularly to support the transplantation process and stopping
smoking, are needed to improve the outcomes of patients
with LHL.

We found only weak evidence for a variety of factors that
potentially mediate the relation between LHL and health
outcomes. This impedes the drawing of strong conclusions on
targets for interventions in CKD. Even though studies on HL in
other diseases like diabetes and cardiovascular disease showed
strong associations of LHL with mediating factors, such as
knowledge, P–P communication, medication adherence and
self-care behaviours [92, 93]. A potential explanation for our
weak evidence could lie in our separate assessment of various
mediating factors, instead of lumping them together. For

example, we found separate associations of LHL with knowl-
edge of medication [44, 46], lifestyle [7], disease [42], transplant
[44, 49] and cardiopulmonary resuscitation [52]. We think that
these factors are too heterogeneous to combine validly.
However, one could argue that these studies together offer
strong evidence for an association of LHL with knowledge.
CKD studies should further examine the role of mediation in
high-quality studies to unravel the mechanisms leading from
LHL to health outcomes.

In agreement with HL interventions in other populations
[20, 23, 94] and general CKD educational interventions [95,
96], our review gave weak evidence that CKD HL interventions
were effective to improve knowledge [73, 74, 76, 81], decision-
making [73, 76] and self-care behaviours [75, 81]. However, the
included six interventions were unable to detect long-term be-
haviour change and an effect on health outcomes, and mostly
used online or digital intervention strategies. Since patients
with LHL also have more problems with technology [97], the ef-
fectiveness of the current strategies remains questionable.
Research in other populations concludes multi-component
interventions are the most successful to support people with
LHL and emphasizes the importance of aiming at the health
system [23, 98]. Our included qualitative studies [69–72], in
which patients explicitly requested easier, non-medical lan-
guage in consultations and inclusion of the social network, indi-
cate other promising intervention strategies. Healthcare
organizations and researchers should therefore develop and test
a broader range of CKD interventions, targeting both patients
and the health system, to bridge the barriers of LHL patients.

We identified several important research gaps. Most studies
focused on dialysis and transplant patients. There is very little
evidence on the improvement of outcomes of LHL patients in
earlier stages of CKD, and thus on the prevention of progres-
sion towards severe kidney disease. Moreover, most studies are
from the USA. The results from these studies should be con-
firmed for other parts of the world, as findings may be influ-
enced by culture and specific characteristics of the health
system. Finally, interventions that target the capacities of
healthcare professionals are totally lacking.

Our review is, to our knowledge, the first to unravel associa-
tions of LHL in CKD with a specific intervention focus; previ-
ous reviews have instead focused on predictors and prevalence
of LHL in CKD [5, 11] or on associations of LHL with outcomes
[6, 11]. Our review has a number of strengths. The first strength
is our inclusion of several study designs to provide a complete
overview of potential intervention targets and strategies. The
second is its comprehensive search strategy, used to search three
databases. The study selection, data extraction and quality as-
sessment were set up and reported according to PRISMA guide-
lines. A third strength is our use of the Pathway of Paasche-
Orlow and the IROHLA model, offering a theory-based ap-
proach to summarize the evidence and to identify research
gaps.

This review also has limitations. The first is our use of two
different quality assessment tools, possibly resulting in differen-
ces in quality rating between quantitative and qualitative stud-
ies. However, because we used a strict classification system to
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increase comparability, we expect no major biases. The second
limitation is that we did not ask for grey literature and excluded
several study types. We therefore might have missed informa-
tion, but since we still provide an extensive overview, it is our
opinion that such additional evidence would not greatly affect
our conclusions. The third limitation is that we could not assess
the effects of the way of measuring HL. Most studies measured
functional HL, the ability to read and understand written and
oral health information. Broader definitions and measures of
HL, which include communication and critical literacy and
contextual factors, have become more common only recently.
The used measure may affect the associations found with medi-
ating factors, for which we could not account.

Our findings imply that healthcare organizations need to
take action. Although the best intervention strategies remain
underexplored, organizations could best start with targeting
smoking behaviour and transplantation processes. The web-
based strategies that we identified are promising for improving
knowledge and decision-making, and need further implementa-
tion in healthcare settings. Additionally new strategies need
to be developed. Policy makers should seek ways to simplify
navigation in the health system to improve care access.

We found high-quality studies to be scarce. This shows a
need for larger cohort and intervention studies to unravel the
mechanisms by which LHL leads to worse health outcomes and
to assess the effectiveness of HL-tailored interventions to im-
prove these outcomes. Such research should include studies on
earlier stages of CKD in various parts of the world to find ways
to prevent kidney deterioration among people with LHL.
Additionally, research is needed to adapt the activities of
healthcare organizations to the needs of patients with LHL, for
example, by strengthening the communication capacities of
professionals. This may help to better inform patients with
LHL and improve communication between these patients and
professionals [99].

In conclusion, despite the call for urgency in the research
agenda on CKD and HL in 2009 [17], effective intervention tar-
gets and strategies are still lacking. We urgently need funding
agencies, policy makers, researchers and healthcare professio-
nals to take the lead in efforts to improve the health outcomes
of CKD patients with LHL. This should lead to unravelling of
the mechanisms and targeting of LHL-associated mediating fac-
tors with HL interventions, especially in earlier stages of CKD,
to slow down and prevent the global rise of kidney disease.

S U P P L E M E N T A R Y D A T A

Supplementary data are available at ndt online.

F U N D I N G

This research was conducted independently by the research
team, but supported by funding from the Dutch Kidney
Foundation. The research was funded by the Behavioural and
Social Research Call, grant number: 17SWO06.

A U T H O R S ’ C O N T R I B U T I O N S

M.D.B. and A.F.W. designed the study in line with PRISMA
guidelines. The first search strategy was developed by E.M.F.

and M.D.B. in close cooperation with the database search expert
from the Department of Health Sciences and the database
search expert from the Medical Library of the University
Medical Center Groningen. M.D.B. and E.M.F. discussed the
search strategy with A.F.W., and both E.M.F. and M.D.B. pilot-
tested the strategy independently to determine specificity and
sensitivity. After the first pilot-test, the search strategy was again
discussed with A.F.W. and adapted, omitting terms related to
‘education’. After a second pilot-test, E.M.F., M.D.B. and
A.F.W. decided that this would be the final search strategy.
E.M.F. then developed a draft of an Excel file, which was
checked and adapted by M.D.B. and then discussed with
A.F.W. Using this Excel file, E.M.F. and M.D.B. independently
screened title and abstract for all results. They discussed dis-
agreements, and when still uncertain, consulted with A.F.W.,
E.M.F. and M.D.B. together developed a second Excel file for
data extraction, which was discussed and adapted with A.F.W.,
E.M.F. and M.D.B. again performed an independent data ex-
traction and discussed results to check for disagreements.
M.D.B. performed the quality assessment and evidence synthe-
sis, which were checked by E.M.F. or A.F.W. M.D.B. set up
drafts of the article, which were discussed four times with
A.F.W., S.A.R., G.N. and R.W. All authors added comments to
the publication for each of the four discussion moments and
did in-text suggestions for improvement. After consent from all
authors above, the final publication was submitted by M.D.B.
The results presented in this article have not been published
previously in whole or part, except in abstract form.

C O N F L I C T O F I N T E R E S T S T A T E M E N T

None declared.

(See related article by Lameire and Vanholder. Health literacy
problems of kidney patients. Nephrol Dial Transplant 2021; 36:
1155–1157)

R E F E R E N C E S

1. Hill NR, Fatoba ST, Oke JL et al. Global prevalence of chronic kidney dis-
ease - A systematic review and meta-analysis. PLoS One 2016; 11: e0158765

2. Jha V, Garcia-Garcia G, Iseki K et al. Chronic kidney disease: global dimen-
sion and perspectives. Lancet 2013; 382: 260–272 https://doi.org/10.1016/
S0140-6736(13)60687-X

3. Hoerger TJ, Simpson SA, Yarnoff BO et al. The future burden of CKD in
the United States: a simulation model for the CDC CKD Initiative. Am J
Kidney Dis 2015; 65: 403–411

4. Hemmelgarn BR, Pannu N, Ahmed SB et al. Determining the research pri-
orities for patients with chronic kidney disease not on dialysis. Nephrol Dial
Transplant 2016; 32: 847–854

5. Taylor DM, Fraser SDS, Bradley JA et al. A systematic review of the preva-
lence and associations of limited health literacy in CKD. Clin J Am Soc
Nephrol 2017; 12: 1070–1084

6. Taylor DM, Fraser S, Dudley C et al. Health literacy and patient outcomes
in chronic kidney disease: a systematic review. Nephrol Dial Transplant
2018; 33: 1545–1558

7. Devraj R, Borrego M, Vilay AM et al. Relationship between health literacy
and kidney function. Nephrology (Carlton) 2015; 20: 360–367

8. Ricardo AC, Yang W, Lora CM et al. Limited health literacy is associated
with low glomerular filtration in the Chronic Renal Insufficiency Cohort
(CRIC) study. Clin Nephrol 2014; 81: 30–37

9. Cavanaugh KL, Wingard RL, Hakim RM et al. Low health literacy associates
with increased mortality in ESRD. J Am Soc Nephrol 2010; 21: 1979–1985

HL interventions for CKD patients 1219

https://doi.org/10.1016/S0140-6736(13)60687-X
https://doi.org/10.1016/S0140-6736(13)60687-X


10. Institute of Medicine. Health Literacy: A Prescription to End Confusion.
Washington, DC: The National Academies Press, 2004

11. Fraser SDS, Roderick PJ, Casey M et al. Prevalence and associations of lim-
ited health literacy in chronic kidney disease: a systematic review. Nephrol
Dial Transplant 2013; 28: 129–137

12. Paasche-Orlow MK, Wolf MS. The causal pathways linking health literacy
to health outcomes. Am J Health Behav 2007; 31: 19–26

13. von Wagner C, Steptoe A, Wolf MS et al. Health literacy and health actions:
a review and a framework from health psychology. Health Educ Behav
2009; 36: 860–877

14. Al Sayah F, Williams B. An integrated model of health literacy using diabe-
tes as an exemplar. Can J Diabetes 2012; 36: 27–31

15. Ishikawa H, Yano E, Fujimori S et al. Patient health literacy and patient–
physician information exchange during a visit. Fam Pract 2009; 26: 517–523

16. DeWalt DA, Boone RS, Pignone MP. Literacy and its relationship with self-
efficacy, trust, and participation in medical decision making. Am J Health
Behav 2007; 31: 27–35

17. Devraj R, Gordon EJ. Health literacy and kidney disease: toward a new line
of research. Am J Kidney Dis 2009; 53: 884–889

18. Geboers B, Reijneveld SA, Koot JAR et al. Moving towards a compre-
hensive approach for health literacy interventions: the development of
a health literacy intervention model. Int J Environ Res Public Health
2018; 15: 1268

19. Meijering LB, The IROHLA Consortium. Understanding Health Literacy
and the Development of an Intervention Model. Groningen, The
Netherlands: Universitair Medisch Groningen, 2013

20. Sheridan SL, Halpern DJ, Viera AJ et al. Interventions for individuals with
low health literacy: a systematic review. J Health Commun 2011; 16: 30–54

21. Kim SH, Lee A. Health-literacy-sensitive diabetes self-management inter-
ventions: a systematic review and meta-analysis. Worldviews Evid Base Nurs
2016; 13: 324–333

22. Koops R, Jagt V, Hoeks JCJ et al. Comprehensibility of health-related
documents for older adults with different levels of health literacy: a system-
atic review comprehensibility of health-related documents for older adults
with different levels of health literacy: a systematic review. J Health
Commun 2016; 21: 159–177

23. Berkman ND, Sheridan SL, Donahue KE et al. Health literacy interventions
and outcomes: an updated systematic review. Rockville (MD): Agency for
Healthcare Research and Quality (US). Evidence Reports/Technology
Assessments 2011; 199: 143–158. Available from: https://www.ncbi.nlm.nih.
gov/books/NBK82434/

24. Kaper MS, Sixsmith J, Koot JAR et al. Developing and pilot testing a
comprehensive health literacy communication training for health pro-
fessionals in three European countries. Patient Educ Counseling 2018;
101: 152–158

25. Moher D, Liberati A, Tetzlaff J et al. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement (reprinted from Annals
of Internal Medicine). Ann Intern Med 2009; 151: 264–269

26. Downs SH, Black N. The feasibility of creating a checklist for the assessment
of the methodological quality both of randomised and non-randomised
studies of health care interventions. J Epidemiol Commun Health 1998; 52:
377–384

27. Evans N, Lasen M, Tsey K. A Systematic Review of Rural Development
Research: Characteristics, Design Quality and Engagement with
Sustainability. Cham, Switzerland: Springer, 2015

28. Downes MJ, Brennan ML, Williams HC et al. Appraisal tool for cross-
sectional studies (AXIS). BMJ Open 2016; 6: 1–7
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