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Purpose: Examine associations between health literacy and several medication self-

management constructs among a population of adults with uncontrolled hypertension.

Patients and Methods: Cross-sectional study of health center patients from the Chicago

area with uncontrolled hypertension enrolled between April 2012 and February 2015.

Medication self-management constructs—applied to hypertension medications, chronic con-

dition medications and all medications—included: 1) medication reconciliation, 2) knowl-

edge of drug indications, 3) understanding instructions and dosing, and 4) self-reported

adherence over 4 days (no missed doses). We determined associations between health

literacy and self-management outcomes using multivariable generalized linear regression.

Results: There were 1460 patients who completed screening interviews; 62.9% enrolled and

had complete baseline data collected, and were included in the analysis. Of 919 participants,

47.4% had likely limited (low), 33.2% possibly limited, and 19.4% likely adequate health

literacy. Compared to participants with likely adequate health literacy, participants with low

health literacy were less likely to have chronic medications reconciled (18.0% versus 29.6%,

p=0.007), know indications for chronic medications (64.1% versus 83.1%, p<0.001), and

demonstrate understanding of instructions and dosing (68.1% versus 82.9%, p=0.001). Self-

reported adherence to hypertension medications was higher among the low health literacy

group (65.6% versus 56.0%, p=0.010). In multivariable models, health literacy was strongly

associated with knowledge of drug indications, and understanding of instructions and dosing.

Conclusion: Low health literacy was associated with worse medication self-management in

several domains. However, non-adherence was greatest in the most health literate in unad-

justed analysis. Among a population of patients with uncontrolled hypertension, the drivers

of poor control may vary by health literacy.

Keywords: health literacy, hypertension, medication reconciliation, community health

centers

Introduction
Individuals with chronic health conditions like hypertension are often advised by clin-

icians to take multiple medications. Complex drug regimens can raise the risk of

medication self-administration errors. This risk may be greatest for people with low

health literacy.1 Low health literacy has been shown in a systematic review to be

associated with poorer health outcomes.2 A potential causal pathway connecting low
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health literacy to worse health outcomes may be through its

effects on medication self-management. For example, low

health literacy is associatedwith worsemedication self-admin-

istration skills,3–5 generally lower medical knowledge,6 and

with worse medication reconciliation.7 The relationship

between medication adherence and health literacy has been

inconsistent.8,9 Some studies have shown low health literacy

to be associated with worse medication adherence.10−13 While

others showed higher adherence among individuals with low

health literacy,14,15 or no association.16–19

Individuals with low health literacy may also be less

likely to have a shared understanding with clinicians of

which medications have been prescribed to control their

health condition. In other words, patients’ and clinicians’

active medication lists may not be reconciled. This can

occur when patients and their treating clinicians are inadver-

tently in disagreement about the intended prescription plan,

patients choose not to adhere to medication independent of

their clinicians, or the healthcare team has made errors.6,7,20

In this study, our objectives were to examine the relation-

ships between health literacy and several aspects of medica-

tion self-management: medication reconciliation, knowledge

of drug indications, understanding of medication instructions

and dosing, and self-reported medication adherence among

community health center patients enrolling in a clinical study

with uncontrolled hypertension. A conceptual schema con-

necting the self-management and medication reconciliation

concepts addressed here with chronic illness outcomes was

published previously.21 We hypothesized that these con-

structs would be associated with health literacy. We exam-

ined these relationships by performing a cross-sectional

analysis of baseline data collected from adults with uncon-

trolled hypertension receiving care at community health cen-

ters who enrolled in a randomized trial of two medication

self-management support strategies.21,22

Methods
We performed this study using baseline data from the

Northwestern and Access Community Health Network

Medication Education Study (NAMES). The design and

outcomes of this trial were previously reported.21,22

Northwestern University’s institutional review board

approved the study. Participants provided written informed

consent.

Setting
The study was conducted at 12 community health centers

in the Access Community Health Network (ACCESS) in

the Chicago, IL area. The study intervention materials

were in English, therefore, health centers with largely non-

English speaking patient populations were not included.

Participants
We recruited participants from February 2012 through

February 2015. Full eligibility criteria have been pre-

viously published.21,22 In short age, participants were eli-

gible if they were 18 years of age or older, said they used

three or more medications used for any purpose, had an

enrollment visit blood pressure ≥130 mm Hg systolic or

≥80 mm Hg diastolic with diabetes or ≥135 mm Hg

systolic or ≥85 mm Hg diastolic without diabetes, were

responsible for administering their own medications, and

were able to communicate in English. We recruited

patients with a hypertension diagnosis identified from

electronic health record (EHR)-generated lists who had

three or more medications (clinicians could indicate who

should not be contacted). We also recruited participants

from health center waiting rooms. Of the 1460 patients

who participated in the screening assessment, 124 (8.5%)

did not meet eligibility criteria based on their survey

responses, 347 (27.5%) did not meet blood pressure cri-

teria, 69 (4.7%) were eligible but declined to enroll, and 1

enrolled but had missing data. The remaining 919 (62.9%)

patients had complete baseline data collected, and were

included in this analysis.

Outcomes and Measures
Research assistants administered in-person assessments at the

health centers. Questions assessed socio-demographic charac-

teristics, medical conditions and participant-reported out-

comes. We used the Newest Vital Sign to assess health

literacy. We grouped participants into 3 categories based on

a score of 0 to 6: likely limited (0 or 1), possibly limited

(2 or 3) and likely adequate (4 or greater).23

We assessed medication reconciliation by making

direct comparisons of the medications reported by partici-

pants with the active medication list in the EHR

(EpicCare, Epic Systems Corporation, Verona, WI) from

the same date.7,22 The physicians who performed these

comparisons were blinded to patient identity and charac-

teristics. We classified the patient-reported and EHR med-

ication lists as reconciled or not reconciled for three

categories of medications: 1) antihypertensive medica-

tions, 2) all not-as-needed chronic prescription medica-

tions (not including non-systemic medications and

including daily aspirin), and 3) all medications (chronic,
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as-needed and over-the-counter medications). We exam-

ined medication outcomes in these three categories

because the first is most directly tied to the clinical reason

participants were included (uncontrolled hypertension);

the second represents chronic disease management overall

including related chronic illnesses like hypercholesterole-

mia, diabetes and other chronic conditions; and the third

provides insight into patients’ and clinicians’ understand-

ing of all medications used including important as-needed

medications that may impact chronic illness care (such as

non-steroidal anti-inflammatory drugs).

Blinded physicians assessed participants’ knowledge of

medication indication. Participants were considered to not

know the indication for a medication if they said they did

not know the reason why they took a medication or pro-

vided a reason that was classified as probably or definitely

incorrect.24 General answers (e.g., “Hydrochlorothiazide is

for my heart”) that referred to the correct organ system or

disease process (e.g., “Metformin is for blood sugar”) were

classified as correct whereas statements like, “Amlodipine

is a blood thinner” or “Atorvastatin is to help with sleep”

were classified as incorrect.

We assessed understanding of medication instructions

and dosing by comparing prescription instructions to par-

ticipants’ mock demonstration of the way they use each

medication including the dosing quantity and dosing

frequency.22 We used binary classifications (full under-

standing of all medications in that category vs not) with

the above three medication categories. For each medica-

tion, we asked participants to demonstrate the times of day

and the number of pills taken using beads that they placed

onto a tray with boxes representing each hour of the day.

This objective assessment of patients’ understanding and

proper dosing of prescribed regimens has been validated

and used extensively in prior health literacy research

studies.1,25,26 In addition, poorer performance on this task

has been found to be significantly associated with more

inadequate medication adherence and adverse healthcare

outcomes.5,27

We measured medication adherence for the prescription

medications participants indicated that they were taking by

using a 4-day assessment of pills taken divided by pills

prescribed (always including at least one weekend day)

from the Patient Medication Adherence Questionnaire

(PMAQ),28,29 and classified each participant as having full

adherence or not full adherence for each of the three study

medication categories.

For each medication self-management measure, we used

a binary classification (perfect performance vs not perfect

performance). We did this because: 1) lack of understanding

or lack of knowledge for any medication in the category

may be indicative of important self-management limita-

tions, and 2) this classification approach enabled us to

make straightforward comparisons across individuals

using different numbers of medications.

Statistical Analysis
We used descriptive statistics to compare characteristics of

participants with likely limited, possibly limited and likely

adequate health literacy (χ2 test for categorical variables,

and parametric and non-parametric tests for normal and

non-normally distributed continuous variables as appropri-

ate). We used multivariable generalized linear regression

with a logit link to assess the independent relationships

between health literacy and medication self-management

outcomes. Models included age, sex and number of medi-

cations within an examined category as fixed effects and

health center as random effects. We did not include educa-

tional attainment or income in the primary models because

they were highly correlated with health literacy, their inclu-

sion might represent over-adjustment, and could lead to an

underestimation of the relationships between health literacy

and the factors we examined.2 Addition of education and

income categories to the models was tested in a sensitivity

analysis. P values of <0.05 were used to assess statistical

significance. All analyses utilized SAS v 9.4 (SAS Institute

Inc., Cary, NC).

Results
Among the 919 included participants, 436 (47.4%) had

likely limited health literacy, 305 (33.2%) had possibly

limited health literacy, and 178 (19.4%) had adequate

health literacy. Mean age was 52.3 years, 67.9% were

female, and 87.1% were black. Approximately two-thirds

completed a high school education or less and 74.6%

reported annual household income of less than $20,000.

Age, race/ethnicity, educational attainment, and income

varied by health literacy category. Blood pressures, the

number of medications used, and diabetes prevalence

were similar in each health literacy group (Table 1).

In bivariate comparisons, participants with limited health

literacy had the lowest rates and those with adequate health

literacy had the highest rates of medication reconciliation,

knowledge of medication indications, and demonstrated

understanding of medication instructions and dosing for
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each of the three medication categories examined—hyper-

tension medications, all chronic condition medications, and

all medications (Table 2). Self-reported medication adher-

ence for hypertension medications was also associated with

health literacy category but was highest in the group with

limited health literacy (65.6% full adherence) and lowest in

the group with adequate health literacy (56.0% full adher-

ence, P = 0.01) (Table 2).

In multivariable adjusted models (Table 3), likely lim-

ited health literacy was associated with lower odds of

knowing medication indications, and demonstrating correct

understanding of medication instructions and dosing for

each of the three medication categories compared to ade-

quate health literacy (P ≤ 0.02 for each). The group with

possibly limited health literacy was less likely to know

medication indications (all three comparisons, P ≤ 0.04 for

each), and less likely to demonstrate correct understanding

of instructions and dosage (all chronic disease medications

and all medications) compared to adequate health literacy

(P < 0.04). In the multivariable models, the relationships

Table 1 Participant Characteristics Overall and Stratified by Health Literacy

Total (N = 919) Health Literacy P-value

Likely Limited

(N = 436)

Possibly Limited

(N = 305)

Adequate

(N = 178)

Age, Mean (SD) in years 52.3 (9.7) 54.1 (9.6) 51.4 (9.4) 49.4 (9.7) <0.001

Female, n (%) 624 (67.9) 294 (67.4) 199 (62.3) 131 (73.6) 0.16

Race/Ethnicity, n (%)

Black 800 (87.1) 404 (92.7) 260 (85.3) 136 (76.4) <0.001

White 32 (3.5) 3 (0.7) 15 (4.9) 14 (7.9)

Hispanic 45 (4.9) 10 (2.3) 19 (6.2) 16 (9.0)

Other/Refused 42 (4.6) 19 (4.4) 11 (3.6) 12 (6.7)

Education, n (%)

Less than Grade 12 295 (32.1) 198 (45.4) 78 (25.6) 19 (10.7) <0.001

Grade 12 or GED 324 (35.3) 153 (35.1) 119 (39.0) 52 (29.2)

College 1 year to 3 years 253 (27.5) 76 (17.4) 92 (30.2) 85 (47.8)

College 4 years or more 46 (5.0) 8 (1.8) 16 (5.3) 22 (12.4)

Refused 1 (0.1) 1 (0.2) 0 (0) 0 (0)

Income, n (%)

$9999 or less 438 (47.7) 225 (51.6) 152 (49.8) 61 (34.3) <0.001

$10,000 - $19,999 247 (26.9) 117 (26.8) 72 (23.6) 58 (32.6)

$20,000 or more 161 (17.5) 42 (9.6) 64 (21.0) 55 (30.9)

Refused 73 (7.9) 52 (11.9) 17 (5.6) 4 (2.3)

Insurance

Medicaid 463 (50.4) 221 (50.7) 155 (50.8) 87 (48.9) 0.90

Medicare 184 (20.0) 98 (22.5) 59 (19.3) 27 (15.2) 0.11

Private/Managed Care 100 (10.9) 47 (10.8) 35 (11.5) 18 (10.1) 0.89

Self-pay/Other/Refused 163 (17.7) 78 (17.9) 51 (16.7) 34 (19.1) 0.80

English speaker, n (%) 890 (96.8) 425 (97.5) 293 (96.1) 172 (96.6) 0.55

Marital Status, n (%)

Married/Partner 191 (20.8) 82 (18.8) 66 (21.6) 43 (24.2) 0.30

Not Married 728 (79.2) 354 (81.2) 239 (78.4) 135 (75.8)

N of self-reported medications, Median (IQR) 5 (4, 6) 5 (4, 6) 5 (4, 6) 4 (3, 6) 0.24

Diabetes mellitus, n (%) 393 (42.8) 186 (42.7) 135 (44.3) 72 (40.5) 0.71

Enrollment blood pressure, Mean (SD) in mm Hg

Systolic 145.5 (17.4) 145.3 (16.7) 146.1 (18.2) 144.8 (17.8) 0.65

Diastolic 88.7 (12.1) 87.6 (12.2) 90.0 (11.8) 89.3 (12.2) 0.08

Abbreviations: SD, standard deviation; GED, General Educational Development; IQR, interquartile range.
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between health literacy and medication reconciliation were

attenuated and not statistically significant. Compared to

adequate health literacy, the group with limited health lit-

eracy had higher self-reported adherence for hypertension

medications (OR 1.38, 95% CI 0.93 to 2.05) and all chronic

condition medications (OR 1.47, 95% CI 1.00 to 2.16), but

these differences were not statistically significant at the pre-

specified level.

Intra-class correlation coefficients (ICC) (representing

the degree to which there was similarity of outcomes within

clinics) was low for most medication management out-

comes (Supplemental Table 1) except for medication recon-

ciliation of all chronic condition medications (ICC = 0.12)

and reconciliation of all medications (ICC 0.16).

In the sensitivity analyses that included education and

income in the models, the associations between health lit-

eracy and medication self-management outcomes changed

little (Supplemental Table 2). In this model, likely limited

health literacy was associated with reduced likelihood of

having hypertension medications reconciled compared to

adequate health literacy, and several comparisons of the

possibly limited health literacy group to other groups were

no longer statistically significant (Supplemental Table 2).

Discussion
Among this group of uncontrolled hypertension patients at

Chicago-area community health centers who self-reported

the use of at least three medications, there were several

notable findings. First, the prevalence of limited health

literacy was very high (only a fifth of participants had

adequate health literacy and almost half had likely limited

health literacy as assessed by the Newest Vital Sign). This

prevalence is substantially higher than what has been

reported in several other populations and is similar to

prior studies conducted in safety net clinical settings.3,7,30

These high prevalences support the notion that health

literacy best practices should be widely and routinely

adopted, particularly in safety-net settings.

Second, there were large differences in several medica-

tion self-management outcomes by health literacy, particu-

larly knowledge of drug indications, and understanding of

medication instructions and dosage. Our findings are con-

sistent with the associations between health literacy and of

knowledge of drug indications, ability to identify one’s own

medications, and to demonstrate proper usage of medica-

tions that have been observed in prior studies.3,5,7

In contrast, medication adherence based on self-

reported recall of recent use of the chronic medications

patients’ currently report taking in this population of com-

munity health center patients with uncontrolled hyperten-

sion was lowest in the group with adequate health literacy.

This finding may be due to several factors. This study

included only uncontrolled hypertensive patients so all

patients had some reason for being uncontrolled. It seems

Table 2 Medication Self-Management Outcomes by Health Literacy*

Likely Limited Possibly Limited Adequate P-value

n/N % n/N % n/N %

Medications reconciled

Hypertension 164/433 37.9 140/302 46.4 90/176 51.1 0.005

All chronic condition medications 78/433 18.0 62/302 20.5 52/176 29.6 0.007

All medications 28/433 6.5 26/302 8.6 21/176 11.9 0.081

Knowledge of medication indication

Hypertension 281/369 76.2 212/269 78.8 149/168 88.7 0.003

All chronic condition medications 264/412 64.1 202/292 69.2 147/177 83.1 <0.001

All medications 171/436 39.2 148/305 48.5 116/178 65.2 <0.001

Understanding of medication instructions and dosing

Hypertension 283/365 77.5 220/266 82.7 146/166 88.0 0.013

All chronic condition medications 275/404 68.1 208/288 72.2 145/175 82.9 0.001

All medications 251/430 58.4 199/302 65.9 135/178 75.8 <0.001

Medication adherence, 4-day recall

Hypertension 242/369 65.6 170/269 63.2 94/168 56.0 0.010

All chronic condition medications 232/411 56.5 155/291 53.3 81/176 46.0 0.069

Note: *Numbers do not always equal total number of participants in each health literacy category in cases where no ACCESS record was available (medication

reconciliation), no patient-reported medications could be identified in the medication category, dosing instructions were not available, or due to non-response.
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plausible that those with lower health literacy may have

had inadequate disease control due to inadvertent errors in

following prescribed regimens (inadvertently omitting

medications intended by their clinicians or not taking

medications at the prescribed frequency) but believed

they were taking their medications correctly. Errors of

this nature would more readily identified in the measures

of medication reconciliation or demonstrated understand-

ing of medication instructions and dosing that were used in

this study, or in measures of refill adherence used in some

prior studies that used pharmacy fill data or objective

medication monitoring systems. Several prior studies

have distinguished between intentional and unintentional

nonadherence. Lindquist and colleagues found in older

adults following discharge, those with low health literacy

were less likely to intentionally not adhere to discharge

medications but had had more unintentional non-

adherence due to medication discrepancies resulting from

errors.15 More recently Fan and colleagues observed

among adults with type 2 diabetes that low health literacy

was associated with unintentional non-adherence, but was

not significantly associated with intentional non-adherence

(though the ability of this study to detect such an

association was limited by the study’s size).13 An alter-

native explanation of this finding is that health literacy

may be negatively associated with the likelihood of pro-

viding socially desirable survey responses about medica-

tion use. Nevertheless, the observed differences in the

examined aspects of medication self-management exam-

ined here suggest that drivers of inadequate chronic dis-

ease control may differ across the health literacy spectrum.

A third notable finding is the very low level of medica-

tion reconciliation in this population across the health

literacy spectrum. Chronic disease medications reported

by patients with adequate health literacy matched the

medical record less than a third of the time. The entire

medication list almost never matched. Feasible strategies

to improve medication reconciliation are needed. There

was a graded relationship between medication reconcilia-

tion and health literacy in unadjusted analyses that was

attenuated after adjustment and accounting for site-level

effects. This, along with the high ICCs for the medication

reconciliation measures at the site level suggest that prac-

tice variations among participating health centers may be

a more important driver of this medication management

construct than the other constructs we examined.

Table 3 Adjusted Relationships of Medication Self-Management Outcomes by Health Literacy*

Likely Limited vs Adequate Possibly Limited vs

Adequate

Likely Limited vs Possibly

Limited

Adjusted Odd

Ratio (CI)

P Adjusted Odd

Ratio (CI)

P Adjusted Odd

Ratio (CI)

P

Medications reconciled

Hypertension 0.72 (0.49, 1.06) 0.094 0.94 (0.64, 1.38) 0.74 0.77 (0.56, 1.05) 0.10

All chronic condition medications 0.79 (0.50, 1.25) 0.32 0.74 (0.47, 1.16) 0.18 1.07 (0.72, 1.60) 0.73

All medications 0.69 (0.35, 1.36) 0.28 0.80 (0.42, 1.51) 0.49 0.87 (0.48, 1.56) 0.63

Knowledge of medication indication

Hypertension 0.51 (0.29, 0.90) 0.020 0.54 (0.31, 0.96) 0.037 0.94 (0.63, 1.40) 0.76

All chronic condition medications 0.48 (0.30, 0.77) 0.0025 0.54 (0.33, 0.87) 0.012 0.89 (0.64, 1.25) 0.51

All medications 0.37(0.25, 0.54) <0.0001 0.53 (0.36, 0.79) 0.0017 0.69 (0.51, 0.94) 0.019

Understanding of medication instructions

and dosing

Hypertension 0.53 (0.31, 0.91) 0.021 0.72 (0.40, 1.27) 0.25 0.74 (0.49 1.11) 0.14

All chronic condition medications 0.47 (0.29, 0.74) 0.001 0.57 (0.35, 0.92) 0.022 0.82 (0.58, 1.16) 0.26

All medications 0.44 (0.29, 0.68) 0.0002 0.63 (0.40, 0.97) 0.038 0.70 (0.51, 0.97) 0.034

Medication adherence, 4-day recall

Hypertension 1.38 (0.93, 2.05) 0.11 1.29 (0.86, 1.92) 0.22 1.08 (0.77, 1.51) 0.67

All chronic condition medications 1.47 (1.00, 2.16) 0.051 1.31 (0.89, 1.93) 0.17 1.12 (0.82, 1.54) 0.47

Notes: *Numbers do not always equal total number of participants in each arm in cases where no ACCESS record was available (medication reconciliation), no patient-

reported medications could not be identified in the category, or due to non-response. CI: 95% confidence interval. All models use adequate health literacy category as the

reference group. Models include age, sex, and number of medication as fixed effects and health center as random effects.
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Fourth, about half of this population could not provide

an accurate indication for all of their prescription medica-

tions. While this was lowest among those with low health

literacy, a third of individuals with adequate health literacy

could not provide even a basic indication for each pre-

scription medication. The lack of knowledge of drug indi-

cations for one or more medications in this population is

much greater than the rate of 13.5% found in a population

assessed using similar methods that was of higher socio-

economic status, and used an average of 3.8 medications

per person.12 This suggests that there is a need for clin-

icians and health systems to find better ways to help ensure

that patients understand why they use their medications.

This study has several important strengths. First, we

studied a large number of individuals, including many with

low health literacy and drew from 12 different health centers

from across a large greater metropolitan area. Second, we

measured multiple constructs related to medication self-

management. These two factors enabled us to observe dif-

ferences in potential drivers of poor hypertension control

that appear to vary across the health literacy spectrum.

There are also several limitations that should be noted.

Since all participants came from one network of health

centers in a single metropolitan area, and were selected

based on the clinical trial entry criteria, these findings may

not be generalizable to other settings, to patients with well-

controlled hypertension, or to patients using fewer medi-

cations. Because this study did not include individuals

whose hypertension was well controlled, we are not able

to examine relationships between health literacy, medica-

tion self-management and blood pressure outcomes. We

cannot exclude the possibility that health literacy was

associated with individuals’ willingness to report medica-

tion non-adherence. The measure of adherence did not

distinguish intentional from unintentional non-adherence,

and, to our knowledge, its reliability has not been assessed

in the same population as the one studied here. Lastly,

participants with lower health literacy were less likely to

be able to identify the name or indication of the medica-

tions they used. Therefore, some measures of hypertension

medication self-management likely had a higher propor-

tion of missing data in the lower health literacy groups.

Conclusion
Among community health center patients with uncon-

trolled hypertension, limited health literacy was highly

prevalent and strongly associated with worse medication

self-management in several domains. In the unadjusted

analysis, non-adherence based on self-report of skipped

doses appeared greatest in the most health literate suggest-

ing that principle drivers of inadequate chronic disease

control (among a population who all have uncontrolled

hypertension) may differ across the health literacy spec-

trum. Medication reconciliation—agreement between

patients’ self-reported medication list and the medication

list in the EHR—in this population was low.

Although much remaining work is needed to determine

how to best support chronic disease care across the health

literacy spectrum, there are important implications for

current practice. Care processes that meet the information

needs of all patients should be routinely applied. Methods

that may be employed might include use of information

technology, the use of verbal or pictographic information

exchange, education of family members or caregivers, or

the use of other educational resources or healthcare team

members.31,32 Clinicians and healthcare staff need to have

a high level of awareness to detect and address low health

literacy, medication errors and reconciliation problems.
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