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Higher health literacy is associated with
better glycemic control in adults with
type 1 diabetes: a cohort study among

1399 Danes

Kasper Olesen,! Anne Louise F Reynheim,'? Lene Joensen,! Martin Ridderstrale,"®
Lars Kayser,2 Helle T Maindal,"* Richard H Osborne,?® Timothy Skinner,"®

Ingrid Willaing’

ABSTRACT

Aim Self-management of diabetes is influenced by a
range of factors including the ability to access, understand,
appraise, and use of health information in everyday

life, which can collectively be called health literacy. We
investigated associations between nine domains of health
literacy and HbA1c level in people with type 1 diabetes.
Methods A cross-sectional study was conducted with
1399 people with type 1 diabetes attending a Danish
specialist diabetes clinic. Health literacy was assessed
using the nine-domain Health Literacy Questionnaire.

The association between health literacy and HbA1c was
analyzed using linear regression with adjustment for age,
sex, educational attainment and diabetes duration.
Results Of the 1399 participants, 50% were women,
mean age was 54 years, and mean HbA1c was 61 mmol/
mol (7.8%). Higher health literacy scores were associated
with lower HbA1c levels across eight of nine health literacy
domains. This association remained significant after
adjusting for educational attainment. Among the domains,
‘Actively managing my health’ had the strongest impact
on HbA1c. This was in turn predicted by ‘Appraising health
information’, ‘Having sufficient information to manage
health’, and ‘Social support for health’.

Conclusions Higher health literacy levels are associated
with lower HbA1c regardless of educational background.
This study highlights the importance of healthcare
provision to respond to the health literacy levels of people
with diabetes and to the possible need to provide program
designed to enhance health literacy.

INTRODUCTION

Self-management of type 1 diabetes is a
complexand demanding task, drawing on time
as well as cognitive and emotional resources
of the individual.' Using these resources
effectively and efficiently requires individ-
uals to engage with healthcare professionals
regularly to update and adjust knowledge and
skills and to learn how to use new technolo-
gies and devices.” Therefore, understanding
health information and successful communi-
cation with healthcare providers is crucial for

Significance of the study

What is already known about this subject?

» Health literacy has increasingly been recognized as
critical to an individual’s resources and capability
to self-manage chronic conditions such as type 1
diabetes.

What are the new findings?

» Higher health literacy levels are linearly associated
with lower HbA1c in this large population of people
with type 1 diabetes.

» Educational attainment seems to play a minor role in
the associations between health literacy and HbA1c
level.

How might these results change the focus of

research or clinical practice?

» Effective interventions to enhance health literacy in
people with type 1 diabetes have potential to improve
active self-management and glycemic control.

self-management for people with diabetes.
The skills of understanding, appraising and
engaging with health information is also
important outside the relationships with the
diabetes care team, not least with increasing
information available through the internet
and social media.® Although guidelines and
standards for the comprehensibility of health
information and resources are being defined
worldwide, research continues to demonstrate
that much of the available health information
does not meet these standards.*

In this context, health literacy is increasingly
recognized as critical to our understanding of
an individual’s resources and capability to self-
manage chronic conditions. Health literacy
is defined as the ‘cognitive and social skills
which determine the motivation and ability
of people to gain access to, understand and
use information in ways which promote and
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maintain good health’.” Previous studies on the impor-
tance of health literacy in diabetes management have
been inconsistent.”® Some studies have found an associa-
tion between low health literacy and low HbAlc level,**
whereas others did not find such association.™® One
reason for the lack of consistency may relate to differ-
ences in measurement of health literacy, for example,
use of measures that focus on health-related literacy and
numeracy (ie, functional health literacy), rather than
the wider range of competencies that are necessary for
diabetes self-management. We use a multidimensional
measure of health literacy, including ability to read,
understand, and critically appraise health information
and ability to navigate the health system, communicate
and engage with healthcare providers. This measure
offers the opportunity to explore the relationship
between health literacy and diabetes management with
greater precision.

Another challenge in the literature on healthy literacy
is that the use of measures of literacy commonly report
strong associations between patient characteristics,
including educational attainment, income and health
literacy.” This is problematic as it makes it unclear whether
the measurement used to asses health literacy is just a
proxy measure of educational attainment, or contrib-
uting uniquely to the understanding of the challenges of
diabetes self-management and people’s engagement with
the healthcare professionals and educational resources.
A recent study has suggested that health literacy medi-
ates the association between educational attainment and
health behavior in people with diabetes.'” However, few
studies have examined the relationship between health
literacy and health outcomes across different socio-
economic groups. Thus, we sought to explore whether
health literacy was associated with self-management and
outcomes across different socioeconomic groups.

In addition, the majority of previous studies of health
literacy and diabetes management have focused on
people with type 2 diabetes; however, knowledge about
health literacy and HbAlc among people with type 1
diabetes remains scarce and inconsistent. Therefore,
we sought to investigate the association between each of
the nine domains of the Health Literacy Questionnaire
(HLQ) and HbAlIc level in a large population of people
with type 1 diabetes. We hypothesized that higher health
literacy was independently associated with lower levels of
HbAlIc as a marker for HbAlc level and that this result
would be consistent across groups with different levels of
educational attainment.

RESEARCH DESIGN AND METHODS

Study population

In May 2014, we invited all people receiving care at a
specialist diabetes clinic in Denmark to participate in
the study. A questionnaire was sent to all potential partic-
ipants. Participants were informed that they could also
complete the questionnaire online. Non-responders

received a reminder after lmonth, and potential
participants with a visual impairment registered in the
electronic patient record were contacted by phone and
offered assistance to complete the questionnaire. Among
3167 invited people with type 1 diabetes, 1425 (45%)
agreed to participate and completed the questionnaire.
Following written consent, we linked questionnaire data
to individual electronic patient records using a unique
identification code. Due to insufficient data on key vari-
ables, 26 people (2%) were excluded, leaving a study
population of 1399 participants.

Assessment of health literacy

Health literacy was assessed using the Danish version'® of
the HLQ." This instrument has been translated to over
20 languages and applied in over 30 countries. The HLQ
consists of nine individual scales, each with four to six
items (44 across all scales). Scores for each scale were
calculated for each respondent as the mean scores of the
four to six items comprising the scale. If responses were
missing on up to half of the items in a scale, the mean of
the remaining items was used to replace missing values.
If more than half of the items were missing, the entire
scale was regarded as missing.”’ The response option
for scales 1-b ranged from 1 (strongly disagree) to 4
(strongly agree), whereas scales 6-9 were rated on a scale
that ranged from 1 (cannot do) to 5 (very easy).

Assessment of HbA1c level

HbAlc values (mmol/mol) were routinely obtained and
recorded in the electronic patient record using routine
clinical measurement methods at each clinic visit in the
cohort under study, approximately every 3—-4 months.
To diminish potential effects of seasonal variation,?' the
mean of all available values for the past year (median
number of measures used=3) was used for each partici-
pant.

Assessment of other variables

Information on sex, age, diabetes duration, body mass
index (BMI), and registered visual impairment was
obtained from the electronic patient record. Age and
diabetes duration were included in the models as contin-
uous variables. Information on educational attainment
was obtained from self-reported questionnaires, in six
categories: primary school only, vocational school, higher
education (<3 years), higher education (3-4 years),
higher education (25 years), and a category comprising
‘other’ and missing data.

Statistical analyses

Descriptive statistics were used to analyze charac-
teristics of the study population:sex, age, diabetes
duration, educational attainment, BMI and HbAlc.
Analysis of non-responders was carried out based on
the available data from the electronic patient records.
Non-responders were compared with the study popu-
lation on sex, age, diabetes duration, BMI and HbAlc.
To investigate the associations between the health
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literacy scales and HbAlc levels, multiple linear regres-
sions were applied with each scale as independent
variable and HbAlc level as the outcome. Each scale
was initially tested in an unadjusted model; a second
model adjusted for age, sex and diabetes duration; and
a third model additionally adjusted for educational
attainment. Models were tested for normal distribu-
tion of residuals. Further regression analysis was then
undertaken using the same approach to determine the
predictors of the ‘Actively managing my health’ scale
of the HLQ. Residuals were approximately normally
distributed, and tests for linearity were not statistically
significant indicating that all associations were approx-
imately linear. All statistical analyses were performed
using SAS V.9.2. p Values <0.05 were considered statis-
tically significant.

Ethics approval

The study was approved by the Danish Data Protection
Agency (protocol number H-2-2014-FSP38) and was
undertaken in accordance with the Declaration of Helsinki.
All participants provided written informed consent.

Results

Table 1 shows the characteristics of the study population
and the mean HbAlc in related subgroups. Half of the
1399 respondents were women, and the majority had a
tertiary education (table 1. A group of 654 participants
(47%) were overweight or obese (BMI>25), while 15
participants (1%) were underweight (BMI<18.5). Of
the respondents, 1075 (77%) had an HbAlc level above
53mmol/mol (7.0%). The highest HbAlc levels were
present in those with lower educational attainment.

Table 1 Characteristics of the study population and mean (SD) HbA1c
Mean HbA1c
Characteristic No. % mmol/mol (SD) % (SD)
Sex
Male 702 50.2 60 (11.0) 7.7 (1.0)
Female 697 49.8 62 (11.3) 7.8 (1.0)
Age
18-39years 282 20.2 62 (13.1) 7.8(1.2)
40-59years 560 40.0 62 (11.5) 7.8(1.1)
60-79years 515 36.8 60 (9.7) 7.7 (0.9)
80-91years 42 3.0 63 (10.9) 7.9 (1.0)
Diabetes duration
0-9years 209 15.0 62 (14.9) 7.8(1.4)
10-19years 309 22.1 62 (10.7) 7.9 (1.0)
20-29years 278 19.9 62 (11.5) 7.8(1.1)
30-39years 285 20.4 61 (9.9) 7.7 (0.9)
40-49years 202 14.5 60 (9.5) 7.6 (0.9)
50-75years 115 8.2 58 (8.9) 7.5 (0.8)
Educational attainment
Undergoing education 11 0.8 4 (12.7) 8.0 (1.2)
Primary or secondary 66 4.9 5(12.2) 8.1 (1.1)
Postsecondary 524 38.8 2(11.3) 7.8 (1.0)
Short tertiary 154 11.4 61 (10.7) 7.7 (1.0)
Bachelor or equivalent 323 23.9 1(10.9) 7.7 (1.0)
Master 274 20.3 8 (10.0) 7.5(0.9)
BMI (kg/m?)
Under weight (BMI<18.5) 15 1.1 9 (11.5) 8.5(1.1)
Normal weight (BMI 18.5-25) 724 52.3 1(11.4) 7.7 (1.0)
Overweight (BMI 25-30) 485 35.0 61 (10.9) 7.7 (1.0)
Obese (BMI>30) 160 11.6 3 (10.8) 7.9 (1.0)
All participants 1399 100.0 1(11.2) 7.8(1.0)

BMI, body mass index.
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Table 2 Distribution of HLQ scores

Scale Range Mean score SD

1: Feeling understood and supported by healthcare providers 1-4 2.98 0.61
2: Having sufficient information to manage health 1-4 3.07 0.49
3: Actively managing my health 1-4 2.94 0.52
4: Social support for health 1-4 2.96 0.59
5: Appraisal of health information 1-4 2.77 0.54
6: Ability to actively engage with healthcare providers 1-5 3.87 0.61
7: Navigating the healthcare system 1-5 3.54 0.62
8: Ability to find good health information 1-5 3.87 0.59
9: Understanding health information well enough to know what to do 1-5 3.90 0.57

HLQ, Health Literacy Questionnaire.

According to the available electronic patient record
data, people who did not respond to the questionnaire
were significantly more likely to be younger (mean age: 46
vs 54), to be male (58% vs 50%), to have shorter diabetes
duration (mean years: 22 vs 25), and had lower HbAlc
level (mean: 65 vs 61 mmol/mol) (data not shown).

Table 2 shows the distribution of HLQ) scores and mean
score in each domain. Relatively low scores of health
literacy were observed in the domains ‘Appraisal of health
information’ and ‘Navigating the healthcare system’. The
scores across domains are not directly comparable due
to differences in numbers of response categories and
different difficulty levels of the included items.

Table 3 shows the associations between HLQ domain
scores and HbAlc level. Higher HLQ scores were
significantly associated with lower levels of HbAlc in all
domains except in ‘Feeling understood and supported by
healthcare providers’. Those results remained significant
in unadjusted as well as analyses adjusted for age, sex,
diabetes duration and educational attainment. A partic-
ular strong association was observed between high scores
and the domain ‘Actively managing my health’ and low
levels of HbAlc (b=-4.95, 95% CI -6.06 to —3.84). More-
over, when combining all HLQ) scales into one mutually
adjusted regression model, only the association between
high score on ‘Actively managing my health’ and low
HbAIc level was statistically significant (data not shown).

This analysis was repeated by examining the association
within each educational group (table 4). This confirmed
that high level of ‘Actively managing my health’ was
associated with low HbAlc for each level of educational
attainment.

However, the domain ‘Actively managing my health’ is
a consistently robust predictor of HbAlc, as these items/
this domain reflect whether an individual is a more active
self-manager of their diabetes. Therefore, we examined
the relationship between the other domains in the heath
literacy measure and active management, as this would
provide insights into what facets of health literacy are
likely to be most important for diabetes services. In an
adjusted model, three domains were significantly predic-
tive of ‘Actively managing my health’: ‘Having sufficient

information to manage health’ (b=0.21), ‘Social support
for health’ (b=0.11), and ‘Appraisal of health informa-
tion’ (b=0.40).To checkif these associations are consistent
across educational groups, regressions were run sepa-
rately for each level of education (table 5). All three
measures were largely predictive of ‘Actively managing
my health’ across four education groups. In all education
attainment groups, ‘Appraisal of health information’ was
the strongest and most consistent predictor of ‘Actively
managing my health’. Approximately 10% of partici-
pants, relatively consistently across education groups, did
not agree that they could appraise health information.
Similarly, 10% of respondents indicated that they were
not able to understand health information. This estimate
showed substantial variation across educational groups,
with up to 23% of the lowest education group struggling
to understand health information.

We also stratified the data on diabetes duration (0-10
years; 10-30 years; 30+ years) and tested the associations
in each stratum. Overall associations were persistent
across all strata. However, the analyses showed a tendency
to stronger associations among newly diagnosed people
(data not shown).

DISCUSSION AND CONCLUSION
In this large population of people with type 1 diabetes,
we found that across all levels of educational attainment
and diabetes duration, difficulty in appraising health
information is a robust predictor of effectively managing
diabetes in terms of HbAlc. In addition, understanding
health information and getting support for health were
also significant predictors of active management of
health in four of the five education attainment groups.
The strength of these associations across groups of
different educational attainment indicates that there is
a path from these skills to active self-management and
diabetes outcomes (figure 1), which points to a key issue
for diabetes care professionals.

Given the developing context for type 1 diabetes care,
such new technologies for monitoring blood glucose and
medication administration, it would seem that the ability
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Table 3 Linear regression results of associations between HLQ scale scores and HbA1c. Unadjusted and adjusted models
representing the estimated difference in HbA1c for a one unit change in HLQ score. Values shown in bold are statistically
significant

Regression
Domain Adj. R2 coefficient SE (95 % CI) p Value
1. Feeling understood and supported by healthcare
providers
Model 1 0.000 0.00 0.49 (-0.95 to 0.96) 0.998
Model 2 0.012 0.14 0.49 (-0.82 to 1.11) 0.769
Model 3 0.035 0.27 0.49 (-0.69 to 1.22) 0.486
2. Having sulfficient information to manage my
health
Model 1 0.012 -2.56 0.61 (-3.75 to -1.36) <0.001
Model 2 0.023 -2.45 0.61 (-3.64 to -1.25) <0.001
Model 3 0.041 -2.07 0.61 (-3.26 to -0.88) <0.001
3. Actively managing my health
Model 1 0.061 -5.34 0.56 (—6.45 to -4.25) <0.001
Model 2 0.073 -5.34 0.56 (-6.44 to -4.23) <0.001
Model 3 0.086 -4.95 0.57 (—6.06 to -3.84) <0.001
4. Social support for health
Model 1 0.003 -1.28 0.51 (-2.28 to -0.03) 0.012
Model 2 0.016 -1.17 0.51 (-2.16 to -0.18) 0.021
Model 3 0.038 -1.05 0.50 (-2.03 to -0.07) 0.029
5. Appraisal of health information
Model 1 0.008 -1.99 0.56 (-3.08 to -0.90) <0.001
Model 2 0.022 -2.05 0.56 (-3.14 to -0.96) <0.001
Model 3 0.040 -1.51 0.56 (-2.61 to -0.42) 0.005
6: Ability to actively engage with healthcare
providers
Model 1 0.013 -2.16 0.49 (-3.11 to -1.20) <0.001
Model 2 0.024 -1.98 0.49 (-2.94 to -1.24) <0.001
Model 3 0.043 -1.67 0.49 (-2.63 to -0.72) <0.001
7. Navigating the healthcare system
Model 1 0.011 -1.90 0.48 (-2.84 to -0.96) <0.001
Model 2 0.021 -1.70 0.48 (-2.65 to -0.76) <0.001
Model 3 0.039 -1.27 0.49 (-2.22 to -0.32) 0.006
8. Ability to find good health information
Model 1 0.013 -2.17 0.50 (-3.15 to -1.19) <0.001
Model 2 0.026 -2.32 0.50 (-3.31 to -1.34) <0.001
Model 3 0.041 -1.71 0.51 (-2.72 to -0.70) <0.001
9. Understanding health information well enough to
know what to do
Model 1 0.021 -2.86 0.52 (-3.89 to -1.84) <0.001
Model 2 0.032 -2.87 0.52 (-3.90 to -1.85) <0.001
Model 3 0.045 -2.19 0.54 (-3.25 to -1.13) <0.001

Model 3: adjusted for sex, age, diabetes duration, and educational attainment.
Model 2: adjusted for sex, age, and diabetes duration.
Model 1: unadjusted.

HLQ, Health Literacy Questionnaire.
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Table 4 Predictors of ‘Actively managing my health’ stratified by educational attainment. Results from adjusted linear

regressions (n=1333)

Regression
Educational attainment Domain coefficient SE 95% Cls p Value
Primary or secondary Having sufficient information to 0.034 0.069 (-0.102 to 0.169) 0.627
(n=241) manage my health
Social support for health 0.156 0.053 (0.052 to 0.259) 0.003
Appraisal of health information 0.435 0.058 (0.320 to 0.549) <0.001
Postsecondary Having sufficient information to 0.251 0.056 (0.140 to 0.361) <0.001
(eg, carpenter and farmer; manage my health
n=381) Social support for health 0.053 0.044 (-0.033 t0 0.139)  0.228
Appraisal of health information 0.404 0.051 (0.305 to 0.504) <0.001
Tertiary (non-master) Having sufficient information to 0.313 0.049 (0.216 to 0.410) <0.001
(eg, nurse and policeman; manage my health
n=447) Social support for health 0.087 0.039 (0.010t0 0.164)  0.026
Appraisal of health information 0.372 0.042 (0.290 to 0.454) <0.001
Master Having sufficient information to 0.168 0.054 (0.061 to 0.274) 0.002
(eg, engineer and lawyer; manage my health
n=266) Social support for health 0.176 0.045 (0.087 t0 0.265)  <0.001
Appraisal of health information 0.385 0.046 (0.296 to 0.475) <0.001

to understand and appraise health information is critical.
If we further add the challenges arising from conflicting
messages and information provided on the web and other
sources™ as well as from different health professionals,™
then the importance of understanding and appraising
health information becomes even more relevant. If
more than 10% of the respondents in the current study,
where higher educational groups were over-represented,
struggle with these skills, this is an issue that needs to be
addressed. Our finding emphasizes two key issues for
type 1 diabetes care. The first is the need to ensure that
resources provided match people’s literacy and health
literacy capabilities. As researchers continue to docu-
ment the failure of educational resources to meet these
needs or standards,” this is clearly a priority for diabetes
care teams to address. In addition, if individuals are
struggling with appraising health information, diabetes
educational services in all their forms, from one-on-one
consultations through to structured group program,
need to engage individuals with pedagogical approaches
that are responsive to the individual health literacy skills
and capabilities. Second, one might consider providing
basic health literacy program for people with diabetes.

This would not be program focused on diabetes manage-
ment information, skills and competencies as such, but
rather focused on the basic skills and capabilities needed
to understand and appraise health information. This in
itself may result in substantial health gains for those who
are clearly struggling to understand how to manage their
diabetes most effectively.

Health literacy is also related to the health and informa-
tion demands of affected people. As diabetes progresses,
the need for information, support, and navigation of the
healthcare system increases. However, people with type
1 diabetes may also improve their health competencies
following their diagnosis resulting in improved HLQ
scores. Our analyses included adjustment for age and
diabetes duration, as well as sex and education, which
did not substantively change the estimates. This could
either mean that the above-mentioned mechanisms were
not present in our study population or that they were
compensating for each other, remaining invisible.

A strength of this study is the large sample. The medi-
cally certified data on HbAlc allowed for analyses of
clinical relevance, which could not have been obtained
from self-reported data. Moreover, use of medical records

Table 5 Associations between ‘Actively managing my health’ and HbA1c stratified by educational attainment. Results from

linear regressions (n=1333)

Educational attainment Regression coefficient SE 95% Cls p Value
Primary or secondary -7.0 1.54 (-10.02 to —4.07) <0.001
Postsecondary (eg, carpenter and farmer) -5.9 1.07 (-7.99 to -3.86) <0.001
Tertiary (non-master) -2.7 0.95 (-4.56 to —0.82) 0.005
(eg, nurse and policeman)

Master (eg, engineer and lawyer) -3.9 1.19 (-6.24 to —-1.55) 0.001
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provided data free of bias related to self-reporting. This
is a particular strength in studies of health literacy, as
health literacy may influence self-reported health infor-
mation of morbidity and introduce non-differential bias,
that is, inaccurate reporting of morbidity depending on
the level of health literacy.

A limitation of this study was the moderately low
response rate. As often seen in questionnaire-based
research, non-responders tend to be relatively younger,
male and with lower HbAlc.** We sought to include all
people registered at the clinic in the study regardless of
factors such as age, vision impairment, language barriers,
and disease status. Even though assistance was offered
to people with vision impairment, disadvantaged partici-
pants, including people with low literacy, may have been
less likely to take part. While the findings are expected to
have internal validity, care needs to be taken when extrap-
olating the results to wider populations, particularly
overestimation of health literacy may be a risk. Self-re-
porting, which can be regarded as a limitation, was used
to measure health literacy and other variables including
education. While some aspects of health literacy can be
measured using direct testing, namely functional health
literacy (eg, health-related reading ability), many aspects
concern a person’s own perception and experiences
related to their ability, and of interactions with healthcare
personal and the healthcare system, cannot be obtained
without self-reports. The HLQ has been shown to have
strong psychometric properties and to be useful in
studies of health outcomes also in a Danish setting.'? *>*°
The accuracy of our measurement of educational attain-
ment was also potentially reduced by self-report. Due
to the large age span among the participants and the
secular increase in education level in the national
population, a correlation between age and educational
attainment is expected. Moreover, as categorization of
education results is a substantial simplification, the full

Suggested pathways from health literacy domains to diabetes outcomes

impact of education may not be fully represented in our
analysis. Caution should be taken when interpreting the
adjusted estimates as they may be influenced by residual
confounding of educational effects despite the attempt
to adjust for this. Regardless of these limitations, the
comprehensive data and clinically certified outcomes
were useful in establishing associations between health
literacy and HbAlc level.

To our knowledge, this is the first study to analyze the
association between comprehensive health literacy and
HbAlc level in a large population of people with type 1
diabetes. The findings suggest a range of potential inter-
vention points to improve services for people with type
1 diabetes and for improving self-management support
strategies. Improvements in health literacy among disad-
vantaged groups have the potential to improve HbAlc
level and prevent future mortality and morbidity related
to type 1 diabetes.

In conclusion, this study provides evidence for a linear
association between health literacy and HbAlc level in
people with type 1 diabetes, regardless of their educa-
tional background. The HLQ) identifies potential targets
for improving diabetes management program, including
skills development (eg, support for active self-manage-
ment and having and appraising health information)
as well as indicators for improving the responsiveness
of services provided to people with type 1 diabetes (eg,
quality and availability of materials). Development and
implementation of tailored interventions to improve
health literacy are likely to improve future diabetes
management.
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