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Aims: Healthcare professionals rely on patients’ health literacy and numeracy when providing education to enable
self-management of diabetes. We review existing evidence for the impact of health literacy and numeracy on self-
care processes in adults with Type 1 diabetes mellitus (T1DM).
Methods: A systematic review and narrative synthesis was performed. Four electronic databases were searched
from inception to October 2015. Inclusion criteria included at least 70% adults (>17 years old) T1DM population,
measurement of health literacy or numeracy with validated score and measure of self-care.
Results: A total of 972 articles were identified. Three articles met the inclusion criteria. There was heterogeneity of
the studies although all studies used glycaemic control as the primary outcome. Six themes were identified, in
particular, the association between numeracy and glycaemic control (p= 0.004, p= 0.066) in T1DM. No association
was seen with health literacy.
Conclusions: Low numeracy appears to be associated with poorer glycaemic control in adults with T1DM, likely
reflecting the skills needed for conventional insulin dose adjustment in T1DM. This review calls for more work to
investigate this association further, aid identification and produce strategies to overcome low numeracy.
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Self-efficacy is an important psychological construct
associated with improved self-care abilities in chronic con-
ditions, such as asthma and diabetes.1 It can be defined as
the person’s confidence in their ability to perform certain
behaviours.2 Environmental and personal factors affect
self-care abilities. Healthcare professionals rely on ade-
quate literacy levels in their patients by providing written
information and printed resources to transfer knowledge
about diabetes and self-care.
Functional health literacy describes the ability to func-

tion in the healthcare environment. People with adequate
health literacy skills are able to build on the information
gained from their healthcare professional using the inter-
net, where there are multiple blogs, forums and infor-
mation sites with average reading age of 14 years.3

However, the mean national reading age in UK adults
is only 9 years and 25% of US citizens are functionally
illiterate.4,5 Illiteracy excludes individuals from improving
their own health literacy and self-efficacy. Low health lit-
eracy has been linked with reduced diabetes knowledge
and understanding of diabetes self-management, as well
as adverse clinical outcomes, such as retinopathy.6–9

Numeracy (ability to use numbers in daily life) is a sub-
skill of literacy10 that is particularly central to many
aspects of diabetes self-management. Health-related
numeracy, like health literacy, requires additional skills
to function in the healthcare system, such as interpreting

risk, multi-step operations and identifying appropriate
use of skill mix.11 Effective intensive insulin therapy to
manage Type 1 diabetes (T1DM) involves a multi-step
numerical process.10 First step is measuring and inter-
preting plasma glucose results then calculating the carbo-
hydrate content of a meal. Last step is calculating insulin
dosage, which relies on the first two tasks plus consider-
ation of insulin ratios and correction doses. This complex
numerical task involves several skills, including division,
converting units and multiplication of decimals that only
40% of people are able to do.11 The analysis of the infor-
mation provided to people living with T1DM shows the
content of an insulin dose adjustment task to be equival-
ent to level 2 –3 numeracy skill, the equivalent to higher
level high school.10 T1DM affects a cross-section of
society.12,13 Therefore, some people possess the skill
mix necessary to digest written and numerical infor-
mation, and make informed decisions about their daily
self-care, while others lack the skills and struggle with
these daily diabetes self-care decisions. This prevents
them fully benefiting from advances made in
healthcare.10,14

Clinically, there may be clues as to someone’s numeri-
cal ability. For example, people with lower levels of
numeracy leave school at an earlier age and have a
higher level of unemployment.15 However, educational
attainment and general literacy are insufficient measures

ORIGINAL ARTICLE International Diabetes Nursing, Vol. 13, 2016, 55–66

*Correspondence to: Sophie Harris, 2nd Floor Weston Education Centre, 10
Cutcombe Road, London SE5 9RJ, UK. Email: sophieharris1@nhs.net
© 2017 Foundation of European Nurses in Diabetes DOI 10.1080/20573316.2016.1274556

mailto:sophieharris1@nhs.net
mailto:sophieharris1@nhs.net


of health literacy or numeracy and validated scores are
needed.16 There is no current gold standard and nine
health literacy and three numeracy scores have been
identified.17 The short Test Of Functional Health
Literacy in Adults (sTOFHLA) and Rapid Estimate of
Adult Literacy in Medicine (REALM) are most com-
monly used, having been validated in different languages
and different patient groups, including people with dia-
betes. One diabetes-specific literacy and numeracy score
exists.18

Despite the increasing interest in health literacy and
numeracy and their influence on self-care of chronic con-
ditions, there is little evidence for their impact in T1DM.
T1DM is the exemplar of chronic conditions, requiring
high-level numerical skills with easily measurable surro-
gate end points for self-care ability.

Rationale for the research question and method

A systematic review was conducted in order to review the
evidence for the effect of health literacy and numeracy on
self-care processes and to explore associated aspects of
their impact on people with diabetes.19 The review also
sought to consider potential areas for supportive inter-
vention to address the problem. Given the broad range
of the review, a narrative synthesis was used to organise
the extracted data into exploratory themes reflecting
these objectives.20 The synthesis seeks to identify
themes within the literature that are encompassed
within a developed narrative. Thematic consideration of
the relationships between the relevant data allows the
findings to be interpreted appropriate to the research
question.
A population, intervention, control, outcome approach

was used.21 The population studied was adults (18 years
or older) with T1DM. Studies with children were
excluded, as they are unlikely to be self-caring and have
not yet completed their education, so are expected to
have a lower level of numeracy. Their carers or parents
were also excluded, as the question concerns self-manage-
ment and not management by another. Where the popu-
lation was mixed (T1DM and T2DM or children and
adults), the study was included if more than 70% partici-
pants met the inclusion criteria, or results could be
extrapolated for this group. Studies with fewer than 20
people with T1DM were excluded.
The level of numeracy or health literacy (adequate

versus inadequate) was the intervention studied. Only
validated scores were included, while the assessment of
educational attainment or profession was excluded as
their association with numeracy is unclear.22

Additionally, educational standards vary globally
making it difficult to compare educational attainment
across studies. Educational attainment is often based on
graduation from a compulsory education system into
voluntary. For example, compulsory schooling ends at
age 16 in the UK with a General Certificate of
Secondary Education (GCSE) examination.23 In the

USA ninth grade, which marks this transition, falls
between 14 and 15 years old.

The outcome assessed self-care, for example, attend-
ance at clinic, vaccination rate, glycaemic control or
daily foot check. Glycated haemoglobin (HbA1c), a sur-
rogate marker for glycaemic control, is not normally dis-
tributed so is often dealt with using a lognormal
calculation, with median with interquartile ranges
reported. Where necessary the Hozo formula was used
to convert median and range into mean with standard
deviation to enable comparison.24

There is a complex relationship between education,
diabetes knowledge and self-care. Lower health literacy
is linked to lower diabetes knowledge and reduced self-
efficacy.25 Diabetes education increases knowledge;
however, health literacy may underpin the value of this
education for individuals with low health literacy.
Therefore, to enable exploration of the direct relationship
between health literacy and self-care, diabetes knowledge
was not included as either a measure of health literacy or
an outcome.

Methods

The search criteria were produced in an iterative manner.
Initial searches, based on previous Cochrane
Collaborative search terms, identified articles from
which keywords were identified and included in future
searches, until the search was felt to be comprehensive26

(Table 1). The search was limited to English language
articles. The protocol was registered on the
PROSPERO International prospective register of sys-
tematic reviews (ID CRD42015014278).

Two researchers (P.G.M. and S.M.H.) independently
searched four databases from inception to October
2015; Medical Literature Analysis and Retrieval System
Online (MEDLINE), PsycINFO, Excerpta Medica
dataBASE (EMBASE) and Health Management
Information Consortium (HMIC). Articles that were
not primary source were excluded. Conference papers
were included and authors contacted to provide further
information where possible.

All titles of articles were read; non-relevant articles and
duplicates were removed. Remaining article abstracts
were read and potentially relevant articles retrieved and
reviewed in full. Those not meeting the inclusion criteria
on reading the full article were discarded27 (Figure 1).
Any disagreements between the two reviewers were dis-
cussed with a third author (H.M.). All studies meeting
the inclusion criteria were hand-searched for additional
relevant articles. Authors of included studies and
experts in the field were contacted to recommend
further articles or provide information about ongoing
work.28

Data were collected independently from each eligible
study by two authors (S.M.H. and H.M.), using variables
defined a priori (Table 2). Authors that had not clearly
described their study population or did not present
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separate results for participants meeting our inclusion cri-
teria were contacted for additional information. Study
bias was assessed at study level using a critical appraisal
tool, with high -risk studies excluded.29

Authors used narrative synthesis to identify themes
individually and then met to discuss these and their
interpretation of the data, refining the themes to allow
the research question to be addressed. Where possible, a
scoring system was sought using the validation papers
for each score to identify a universal equivalent score to
enable comparison.17 Where this was not possible, the
scores were converted to equivalent educational attain-
ment level.

Results

The initial search identified 972 studies, after reviewing
titles and abstracts, 40 papers were thoroughly assessed
leaving three peer-reviewed studies that met the inclusion

criteria for review (Appendix). The included studies are
summarised in Table 2.

Study designs
All three studies used English- speaking adults (18–65
years old) with at least 1 year of diagnosis from USA
and UK. The USA- based studies recruited participants
from across primary and specialist care, and included a
mixed population of both T1DM and T2DM. The
UK- based study recruited individuals with T1DM only
from specialist care.

All three studies used a cross-sectional survey design,
meaning that association, but not causation, can be inter-
preted. Response rates varied from 17 to 64% with
sample sizes ranging from 112 to 398 participants
(mean 234 participants). All study surveys collected
demographic- and diabetes- specific measures, as well
as formally assessing numeracy and/or literacy levels.
One study used the UK Skills for Life assessment tool,
a score used within the British education system but not
validated for use in healthcare. The other studies used a
diabetes- specific measure of numeracy and health lit-
eracy, the Diabetes Numeracy Test (DNT). Other
measures, REALM and Wide Range Achievement Test
(WRAT), were also used in one study. All studies used
these scores to determine the influence of health literacy
and numeracy on diabetes outcomes, using recent
HbA1c (within 3–6 months of study). All of the studies
used multivariate modelling to adjust for covariates,
such as age, sex and type of diabetes.

The identification of only three studies and the use of
different scoring systems between studies made narrative
synthesis the optimal analytic tool.30 Six main themes
were highlighted:

• Measures of numeracy and health literacy.
• Numeracy and glycaemic control.
• Numeracy and diabetes type.
• Numeracy and self-care.
• Literacy and glycaemic control.
• The impact of socio-economic factors.

Measures of numeracy and health literacy
The use of different scoring systems has made direct com-
parison difficult. For example, the skills for life score was
originally categorised according to Level 2 numeracy.
Level 2 numeracy in the British education system is not
equivalent to American ninth grade, as it is an above
average achievement, achieved at an older age than in
the USA system (16 years versus 14 years).23 This incon-
sistency of scoring was dealt with by converting DNT
scores into quartiles (G1–4), based on reported results
of the entire study population. These quartiles were
then compared with other validated scores in order to
draw direct comparisons across the studies. Fourteen
per cent of participants achieving greater than ninth
grade numeracy on WRAT fell into G1–2 of DNT.
Therefore, G1 DNT was considered equivalent to less
than ninth grade numeracy and G3 was considered

Table 1 Example search terms used to identify relevant
articles in databases.

EMBASE classic + EMBASE search 23 October 2015

Search term Result

Health literacy/ 4127
Numeracy.mp 933
(health and literacy).mp 9953
‘rapid estimate of health literacy’.mp 1
‘test of functional health literacy’.mp 368
‘Hebrew health literacy test’.mp 1
‘newest vital signs’.mp 5
‘short assessment of health literacy’.mp 15
‘wide range achievement test’.mp 439
‘nutritional literacy’.mp 8
‘literacy assessment for diabetes’.mp 5
‘single item numeracy screener’.mp 0
‘demographic assessment’.mp 39
‘brief estimate’.mp 8
‘diabetes numeracy’.mp 19
‘medical data interpretation’.mp 7
‘subjective numeracy’.mp 41
‘numeracy test’.mp 36
(diabet$ adj2 litera$).mp 482
(diabet$ adj2 numera$).mp 37
1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or

13 or 14 or 15 or 16 or 17 or 18 or 19 or 20
11 332

Exp insulin dependent diabetes mellitus 86 036
‘insulin-depend$ diabet$’ or ‘insulin depend$ diabet$’ or

‘insulin depend$ diabet$’.mp
238 917

‘type 1 diabet$’ or ‘type1 diabet$’ or ‘type-1 diabet$’.mp 44 888
‘type I diabet$’ or ‘typeI diabet$’ or ‘type-I diabet$’ 7964
Child adj2 diabet$.mp 742
Acidos$ adj2 diabet$.mp 1300
Labil$ adj2 diabet$.mp 203
Keto$ adj2 diabet$.mp 11 018
Juvenile$ adj2 diabet$.mp 5423
Autoimmune$ adj2 diabet$.mp 4409
(Auto and immune$) adj2 diabet$.mp 302
(Sudden and onset) adj2 diabet$.mp 194
22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or

32 or 33
260 979

21 and 34 446
Limit 35 to (human and English language and (adult 18–64

years or aged 65+ years)
210
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Figure 1 PRISMA flow diagram of the selection of studies.

Table 2 Selected characteristics of three studies included in this review.

Study Population Design and allocation
Numeracy and HL, biometric
and demographic measures Analysis and results

S. Marden et al. ‘Poor
numeracy skills are
associated with
glycaemic control in
Type 1 diabetes’
Diabetic Medicine 29,
662–669 (2012)

Adult (18–65 years) Type
1 attending secondary
care clinic, UK; Sample
population similar to
clinic population

Cross-sectional survey
using random number
generator Stopped
recruiting at 112
according to the
sample calculator. 17%
response rate

UK skills for life (SFL)/adult
core curriculum (40
literacy, 25 numeracy
measures), 1–2 h to
complete; HbA1c within 3
months; Educational
attainment; Index of
Multiple Deprivation
(IMD) score; Attendance
at structured education

Categorised SFL score; Level
1 (L1) or Level 2 (L2) 75%
<L2 literacy 47% <L2
numeracy; Mean HbA1c;
not associated with
literacy, but associated
with numeracy after
adjustment Parsimonious
model found numeracy
associated with HbA1c,
age, age left school

S. Zaugg et al. ‘Diabetes
Numeracy and Blood
Glucose Control:
Association with Type
of diabetes and source
of care’ Clinical
Diabetes 32(4), 152–157,
2014

Mixed (T1&T2) adult
population with
>1 year diagnosis
English speaking
primary and secondary
care, USA

Cross-sectional survey
study 194 recruited
according to the
sample calculator. Not
powered for T1.
Recruited at clinic
appointment. No
mention of allocation
or response rate.

Demographic data
(supplemented by
records); Disease duration
and type; Most recent
HbA1c; Care provider
(primary and secondary
care) DNT-15

Mean ANCOVA with post-
hoc analysis adjusting for
variables. Higher DNT
associated with secondary
care and educational
attainment; DNT negative
correlated with HbA1c for
T1 group

K. Cavanaugh et al.
‘Association of
numeracy and diabetes
control’ Ann Int Med
2008; 148; 737–746

Mixed (T1&T2) adult
(18–65 years)
population with
>1 year diagnosis
English speaking
primary and secondary
care USA Excluded
blind/partial sighted/
dementia $20 incentive

Cross-sectional study 615
identified; 398
completed; (64%
response rate)

Demographics; Treatment
Disease duration and
type; HbA1c within last 6
months; BMI; Summary of
diabetes self-care
activities; Perceived
diabetes self-management
scale REALM WRAT-3 DNT
Diabetes knowledge test

Median and IQR DNT
percentage; Quartile of
DNT; REALM and WRAT
categorised to ninth
grade; GLM log-HbA1c
and DNT with adjustment;
High DNT associated with
greater perceived self-
efficacy High DNT
association with lower
HbA1c (non-significant)

Information includes details of the study population, methods and design, outcomes measure, analysis and results, conclusion and limitations taken
from the study authors and authors of this review. Health literacy (HL), Diabetes numeracy test (DNT), Skill for life (SFL), Glycated Haemoglobin
(HbA1c), Structured education (SE), Type 1 diabetes (T1), Type 2 diabetes (T2), Primary care ( first care), Secondary care ( second care), Rapid estimate
of adult literacy measure (REALM), Wide range achievement test (WRAT), Analysis of covariance (ANCOVA), Generalised linear model (GLM), Body
mass index (BMI).
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equivalent to level 2 numeracy in the British education
system. Therefore, the Skills for Life scores was tabulated
either side of the DNT mean (G2–3) (Table 3).

Numeracy and glycaemic control
Numeracyand glycaemic control appear to be linked,with
the strength of this relationship varying from clear statisti-
cal significance to simple trend.31,32 Marden et al.31 found
a statistical difference in mean HbA1c values for partici-
pants above and below level 2 numeracy (68 ±
13 mmol/mol (8.4± 1.2%) versus 77± 18 mmol/mol
(9.2± 1.7%) p= 0.004). This result is corroborated by
Cavanaugh et al.,11 who found a 10% decrease in DNT
correlating to a 0.09% increase in HbA1c (95% CI 0.01–
0.16%, p= 0.027).

Numeracy according to diabetes type
This review specifically wished to examine the effect of
numeracy on glycaemic control in people with T1DM.
However, the inclusion of two studies using mixed popu-
lations has allowed identification of the difference
between individuals with T1DM compared with
T2DM. Cavanaugh et al. reported a negative association
between numeracy and glycaemic control in those with
T1DM. Although clinically relevant, it was not statisti-
cally significant due to inadequate sample size. Zaugg
et al. reported an interaction effect between the type of
diabetes and the DNT15 score, finding a negative corre-
lation between numeracy level and glycaemic control in
T1DM, after adjusting for gender and level of education
( p= 0.043).32

These findings suggest that sufficient numeracy is more
important for those with T1DM. The study’s authors
remarked upon the greater level of numeracy required
to achieve good glycaemic control in T1DM compared
with T2DM, due to the numerical requirements (deci-
mals, fractions, percentages and converting units of
measure) associated with carbohydrate counting and

administering the correct dose of insulin.31,32 Higher
numeracy levels were seen in those with T1DM compared
with T2DM. However, no association between DNT
score and insulin use was found within a mixed
population.11

Numeracy and self-care
Only one study examined the effect of numeracy on other
measures of self-care. In Cavanaugh et al.’s, mixed popu-
lation higher numeracy was associated with higher levels
of diabetes-specific knowledge ( p= 0.001) and greater
self-efficacy (9 –12.5%, p= 0.003).

Literacy and glycaemic control
The link between literacy and glycaemic control in
T1DM is less convincing than that of numeracy. Only
Marden et al. specifically examined this relationship,
independent of numeracy, and found no significant vari-
ation in mean HbA1c between the two groups above and
below level 2 literacy (8.6 ± 1.3% (70± 15 mmol/mol)
compared with 8.8± 1.6% (73± 17 mmol/mol) ( p=
0.56)). Moreover, Cavanaugh et al. report no association
despite finding low literacy to be associated with lower
DNT scores ( p= 0.001) and the afore mentioned effect
of numeracy on glycaemic control.

The impact of socio-economic factors
Recognition of the complex interplay of demographics
and socio-economic factors with glycaemic control
resulted in all the studies considering such influences
within their study design; either by controlling for covari-
ates to reliably determine the true relationship between
glycaemic control and health literacy and numeracy
levels or by exploring how the factors themselves relate.
While all of the studies considered age, gender and edu-
cational attainment, Cavanaugh et al. and Marden
et al. explored socio-economic status.

Table 3 Results of self-care outcomes according to health literacy or numeracy score extrapolated from all studies
included in systematic review.

Study Author
Score used
Reported p -value Group 1 Group 2 Group 3 Group 4

Marden et al. 2012
Diabetic Medicine 29(5); 662–9
Skills for life (numeracy)
p= 0.004

Mean HbA1c 9.2 ± 1.7%
(77± 18 mmol/mol)
n= 53

Mean HbA1c 8.4± 1.2%
(68± 13 mmol/mol)
n= 59

Zaugg et al. 2014 Clinical
Diabetes 32(4); 152–7 DNT15

Mean HbA1c 9.45±
3.03% (79.8±
33.2 mmol/mol) n= 4

Mean HbA1c 8.39±
1.62% (68.2±
17.6 mmol/mol) n= 15

Mean HbA1c 8.13±
1.4% (65.4±
15.3 mmol/mol) n= 25

Mean HbA1c 7.6±
0.89% (59.6±
9.7 mmol/mol) n= 15

Cavanaugh et al. 2008 Annals of
Internal Medicine 148; 737–46
DNT score p= 0.066

Median HbA1c 8.8% IQR
6.9–10.3%
n= 3
Mean HbA1c 8.7±
1.0025% (71.6±
10.8 mmol/mol)

Median HbA1c 8.1%
IQR 7.3–8.7%
n= 6
Mean HbA1c 8.05±
0.453% (65±
4.4 mmol/mol)

Median HbA1c 7.5%
IQR 7.1–9.1%
n= 13
Mean HbA1c 7.8±
0.629% (61.7±
6.9 mmol/mol)

Median HbA1c 7.1%
IQR 6.5–8.0%
n= 33
Mean HbA1c 7.175±
0.375% (54.9±
4.1 mmol/mol)

p-values taken from primary source; statistical significance taken as p< 0.05. Mean HbA1c calculated from reported median.
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Numeracy appears to be independently associated with
glycaemic control after controlling for socioeconomic
factors. Linear regression modelling of glycaemic
control with numeracy and health literacy when adjusted
for age, gender, socio-economic deprivation (based on
postcode), educational attainment and duration with dia-
betes showed that numeracy alone had a significant
association (standardised coefficient β −0.17 (−1.18 to
−0.07) p= 0.027).31 Despite Cavanaugh et al. using a
mixed population, their regression analysis corroborates
this, with modest association between HbA1c and DNT
score, after adjusting for demographic and health factors.
Having found a correlation between numeracy and gly-

caemic control, Cavanaugh et al. explored characteristics
associated with lower DNT scores. They found lower
scores in individuals of older age, non-white ethnicity,
lower educational attainment and lower socio-economic
status.11 Although older age was associated with lower
numeracy levels, there appeared to be an inverse relation-
ship with glycaemic control, both in a mixed population
with HbA1c decreasing by 0.17% for every 5-year
increase in age (CI 0.10% to 0.24%; p= 0.001) and in a
T1DM- only population.11,31

Educational attainment appeared to influence glycae-
mic control, with those who left school at 18 achieving
better glycaemic control than those that left at 16.31

Zaugg et al.32 did not report a link between glycaemic
control and education, but found a correlation between
the highest level of education completed and the DNT-
15 scores ( p= 0.004), after adjusting for gender, type of
diabetes and age.

Discussion

Despite only identifying three eligible studies, six themes
were identified via narrative synthesis. Specifically, higher
numeracy levels were associated with greater glycaemic
control in adults with T1DM. This may reflect the
nature of skills required to achieve success with carbo-
hydrate counting and insulin dose adjustment associated
with complete insulin deficiency seen in T1DM.
The lesser degrees of insulin deficiency seen in T2DM
may mean less precision is needed to achieve glycaemic
control, accounting for the weaker effect of numeracy
in this group of individuals.
Alternatively, the regularity with which people with

T1DM use skills for dose adjustment may mean that
numeracy improves overtime. This is supported by
mixed population studies finding a higher proportion of
people with T1DM in the top quartile of numeracy
score along with the increased self-efficacy and diabetes
knowledge found in those with greater numeracy.11,33

Cross-sectional study design means causality is uncertain,
and can only be hypothesised at this stage.
In an era of increasingly collaborative patient-centred

care, the ability to navigate the healthcare system, under-
stand instructions and compute health choices are impor-
tant skills for self-management. It is surprising that

insufficient evidence to support the effect of health lit-
eracy exists, possibly due to inadequate number of
studies. Previous studies have found a relationship
between health literacy and glycaemic control, with a
trend seen in T1DM.22

Michie et al.34 hypothesise that behavioural change is
due to the interaction between three components: capa-
bility, opportunity and motivation (COM-B model).
Numeracy appears relevant to ‘opportunity’ referring to
‘factors that lie outside the individual that make the be-
haviour possible’, including physical, mental and social
aspects of the individual’s thought process. We suggest
poor numeracy has a detrimental effect on the ability to
achieve target glycaemic control. To effectively improve
self-care in individuals with low numeracy, the COM-B
framework suggests interventions using education, per-
suasion and incentivisation.34

The British ‘Skills for Life’ survey in 2003 found over
half the nation had an average reading age of a 9-year-
old.5,35 Similarly, 25% of American adults are function-
ally illiterate.4 Improving individual numeracy has
become of increasing importance to national govern-
ments, with the British government announcing plans
to raise the functional literacy and numeracy of the
working population to 95% by 2020. The economic argu-
ment for investing in up-skilling the nation is strong, with
13% increase in earnings for those who attend a basic
mathematics course. Additionally, the government
could reduce public health spending, as those with low
health literacy have more hospital admissions (31.5
versus 14.9%).36

Healthcare professionals offer an alternative strategy.
The American Medical Association recommend further
education and funding for current and future healthcare
professionals to gain skills to appropriately communicate
with patients with limited literacy.4 Language choice and
communication are fundamental to deploy persuasive
and incentivising techniques during the consultation.
Through continuous professional development, skills
can be learned to enable more comprehensive communi-
cation with patients with low literacy, such as making
their instructions more interactive and asking patients
to do, write, say or show to prove understanding.37

Fewer than 5% of healthcare professionals currently
check their patients’ understanding of their medical con-
sultation.38 However, the healthcare professional’s knowl-
edge of their patients’ numeracy or literacy ability alone
appears to be insufficient to improve self-care in diabetes,
and tailored education is necessary.39 A randomised con-
trolled trial reports the use of diabetes educational
materials and methods tailored to an individual’s needs
versus standard educational methods. Both groups saw
an improvement in HbA1c, which was significantly
greater in the group receiving tailored education (−1.5
versus −0.8%, p= 0.005) at 3 months, but no longer sig-
nificant at 6 months (−1.05 versus −0.9%, p= 1).40

A third strategy absolves the need for individual
numerical skills via use of technology, for example
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insulin bolus calculators (either integrated with glucose
metres or as smartphone applications), which automati-
cally calculate appropriate insulin dose according to an
algorithm and parameters defined by an individual’s dia-
betes specialist.41–44 These have been shown to improve
adherence by overcoming some of the motivational com-
ponents of good glycaemic control, such as fears of hypo-
glycaemia, but have not yet been trialled specifically in
people with reduced numeracy.45 These technologies
need to be user- friendly, seamlessly communicating
between glucometer and calculator with potential for
digitalised carbohydrate portion estimation in the
future. As poor numeracy is associated with reduced
use of more complicated insulin pump functions such
as dual wave boluses,46 further work is needed to
ensure health inequalities are not widened by inadver-
tently restricting technology use to the health literate.47

Demographics, such as educational attainment,
employment status, age and ethnicity, could be con-
sidered as other factors associated with ‘opportunity’
and therefore impact on glycaemic control. These
factors may also be clues to poor numeracy, but are insuf-
ficiently correlated to absolve the need for assessment.4

The lack of gold standard assessment for numeracy has
limited our review, as different numeracy and literacy
tests were used, making cross referencing and comparison
of studies difficult. Additionally, comparison was made
between two different health systems: the USA insur-
ance-based system has a greater number of adults with
diabetes receiving diabetes education than the UK insur-
ance-based system (57% in 2010 versus 5.3% 2014–
2015).48,49 Despite this, we found a relationship
between numeracy and HbA1c, making these results gen-
eralizable to other populations.

Conclusion

Numeracy is associated with glycaemic control in people
with T1DM, likely due to the degree of precision required
in those with complete insulin deficiency. Further work is
necessary to confirm this association, as well as define
tools to appropriately identify those with lower numeracy.
Interventions focusing on education, persuasion and
incentivization need to be developed to enable those
with low numeracy to achieve glycaemic targets.
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