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A B S T R A C T

The association between numeracy proficiency and health outcomes has been the subject of several studies.
However, it is not known if this association is independent of educational attainment and literacy proficiency. In
this study, we used logistic regression to model numeracy proficiency as a predictor of self-rated poor health
after accounting for educational attainment and literacy proficiency. The prevalence of self-rated poor health
among 166,863 adults aged 16–65 years from 33 high- and upper middle-income countries was 24%. Compared
to those with the highest numeracy proficiency (level 4), the odds ratio of self-rated poor health for those with
the lowest numeracy proficiency (level 1) was 2.2 (95% CI 1.9–2.7) and attenuated to 1.8 (95% CI 1.5–2.1) and
1.5 (95% CI 1.1, 2.0), respectively, after sequential addition of self-education and literacy proficiency. For those
who were assessed to have low levels of both numeracy and literacy proficiency, the odds ratio of self-rated poor
health was 1.4 (95% CI 1.3 to 1.5), relative to those who had high levels of both numeracy and literacy pro-
ficiencies. Numeracy and literacy proficiencies show both independent and interdependent correlations with
poor self-rated health. Further, these associations varied by sociodemographic characteristics and across
countries. Policies aimed at improving numeracy and literacy may be beneficial in preventing adverse health
outcomes.

1. Introduction

Health literacy, the degree to which individuals have the capacity to
obtain, process, understand, and act on basic health information, is an
important determinant of population health and health inequalities
(Berkman et al., 2011; Chinn, 2011; Hibbard et al., 2007; Peters et al.,
2007). Those with lower levels of health literacy may face challenges
accurately comprehending and acting on health-related information,
obtaining preventive health services, and following treatment protocols
(Berkman et al., 2011; Chinn, 2011; Hibbard et al., 2007; Osborn et al.,
2013; Peters et al., 2007). A recent systematic review by Berkman et al.
found consistent evidence of associations between low health literacy
and increased hospitalizations, greater use of emergency departments,
lower utilization of preventive care (e.g., cancer screenings and vacci-
nations), worse health outcomes, and a higher risk of mortality
(Berkman et al., 2011). Further, the role of health literacy in patient

lives may be of increasing import as policymakers, health providers,
and insurers aim to place a greater share of health-related decision-
making onto consumers, with the hope of achieving gains in efficiency
and reducing overall healthcare costs (Hibbard et al., 2007). At the
same time, healthcare systems, insurance policies, and evidence of
provider quality and treatment efficacy are all becoming more complex
(Hibbard et al., 2007). Thus, consumers are being simultaneously
confronted with an increasingly complex healthcare ecosystem and
infosphere, with a growing necessity to effectively navigate it. Un-
fortunately, nationally representative surveys have found that many
individuals struggle with basic literacy questions (Berkman et al., 2011;
Hibbard et al., 2007). Upwards of a quarter of the U.S. population is
estimated to have limited health literacy and rates may be even higher
among the elderly, minorities, individuals of lower socioeconomic
status, and in other countries (Berkman et al., 2011). Thus, low health
literacy may also be a conduit for the production of social inequalities
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in health. Yet, the distinct components of literacy and their unique ef-
fects on health are still poorly understood.

While health literacy has been traditionally conceptualized as one's
ability to understand health information through the reading of print
materials, there is an increasing recognition that literacy may be
composed of facets other than reading comprehension, such as oral
communication, electronic literacy, and numeracy (Herndon et al.,
2011; Rothman et al., 2008; Rudd, 2017). Health numeracy, a related
but distinct component of health literacy, focuses on an individual's
capacity to understand and act on numeric information (Golbeck et al.,
2005). Health numeracy may play an important role in patients' abil-
ities to interpret quantitative information, appropriately weigh risks
and benefits of treatment options, and properly adhere to treatment
protocols (Herndon et al., 2011). As with health literacy in general,
health numeracy in particular may be of increasing importance as a
health input due to the ever-increasing magnitude and complexity of
numeric information within the healthcare ecosystem and society as a
whole. Further, as noted by Herndon et al., assessing numeracy skills
separately from reading comprehension may be important for identi-
fying appropriate targets for interventions (Herndon et al., 2011).
However, the joint and independent effects of health numeracy on
health outcomes are unclear.

While the relationship between general health literacy and health
has been extensively researched, the role of health numeracy as a un-
ique contributor to specific health outcomes is less well understood
(Berkman et al., 2011; Herndon et al., 2011). The aforementioned
systematic review by Berkman et al. located far fewer numeracy studies
(22 studies of numeracy compared to 98 on literacy), and was unable to
come to a conclusion regarding the relationship between numeracy and
health outcomes due to the limited number of studies and incon-
sistencies in their results (Berkman et al., 2011). Likewise, a systematic
review of health literacy among Emergency Department (ED) patients
was only able to locate a single study that looked specifically at health
numeracy (Herndon et al., 2011). Of note, this study by Ginde et al.,
reported shockingly low measures of health numeracy among ED pa-
tients; e.g., one-third of patients were unable to understand how many
pills of a prescription should be taken (Ginde et al., 2008). In their
systematic review of health literacy and diabetes, Al Sayah et al. located
many studies on numeracy and intermediary outcomes (e.g., self-effi-
cacy, self-care, and ability to use computers), but few including ob-
jectives measures of health (Al Sayah et al., 2013). Of the four studies
including objective health outcomes (i.e., A1c measures), only one
identified a significant association with health numeracy (Al Sayah
et al., 2013). The authors also noted considerable heterogeneity in
confounding control – of these four studies; only two included any
adjustment for confounding (Al Sayah et al., 2013). We also conducted
our own review of the literature, uncovering 48 original research stu-
dies on numeracy and health, which we have summarized in the sup-
plementary materials (Appendix A). As with previous reviews, we ob-
served copious variation across studies in terms of methods and
findings. We also found that the majority of studies were conducted in
the U.S., primarily on non-representative samples, especially clinical
populations, thereby greatly limiting generalizability and precluding
the application of findings to countries with differing social, cultural,
and macroeconomic conditions.

Therefore, we estimated the relationship between health numeracy
and self-rated health among adults from 33 high and upper-middle-
income countries, utilizing nationally representative survey data from
the Programme for the International Assessment of Adult Competencies
(PIAAC). Additionally, in order to address ambiguity in the precise role
of numeracy as a correlate of health – vis-à-vis general health literacy –
we further estimated both the independent and synergistic effects of
numeracy and literacy in relation to poor self-rated health. It is our
hope that understanding the relative contributions to health of these
distinct components of health literacy may aid in the design of inter-
ventions to optimize the translation of health information into

improved population health, reduced inequalities in health, and re-
ductions in healthcare costs.

2. Methods

2.1. Sample

Data for this study derive from the Programme for the International
Assessment of Adult Competencies (PIAAC) (OECD, 2013). PIAAC is an
international survey of approximately 250,000 adults (aged
16–65 years) conducted by the Organization for Economic Cooperation
and Development (OECD), with the aim of collecting cross-national
data on adult proficiencies and utilization of key information-proces-
sing skills, including literacy, numeracy, and problem-solving (OECD,
2013). After removing individuals with missing responses on key study
variables, we were left with a final analytic sample of 166,863 parti-
cipants. Data was collected over the period 2011–2015 from the fol-
lowing 33 countries or national sub-regions: Australia, Austria, Belgium
(Flanders), Canada, Chile, the Czech Republic, Cyprus, Denmark, Es-
tonia, Finland, France, Germany, Greece, Ireland, Israel, Italy, Japan,
Korea, Lithuania, the Netherlands, New Zealand, Norway, Poland, the
Russian Federation (excluding the Moscow region), Singapore, the
Slovak Republic, Slovenia, Spain, Sweden, Turkey, the United Kingdom
(England and Northern Ireland), and the United States. Further details
regarding survey design, timeline, and implementation in each parti-
cipating region are published in a separate technical report (OECD,
2013).

2.2. Outcome: poor self-rated health

PIAAC surveys included a question to assess self-rated health, which
was asked as follows: “In general, would you say your health is: ‘ex-
cellent’, ‘very good’, ‘good’, ‘fair’, or ‘poor’?” (OECD, 2013). We col-
lapsed these responses in order to construct a binary ‘self-rated poor
health’ outcome variable. In accordance with prior research, and based
on the distribution of responses, we defined ‘poor’ self-rated health to
include both ‘fair’ and ‘poor’ health (Kakarmath et al., 2018). Corre-
spondingly, the ‘healthy’ reference category was defined as those who
responded ‘excellent’, ‘very good’, or ‘good’. Self-rated health has been
demonstrated to be a valid and reliable predictor of objective health,
including mortality (Farmer and Ferraro, 1997; Idler and Benyamini,
1997; Subramanian and Ertel, 2009). The association between self-
rated health and mortality is consistent across socioeconomic status,
but may vary by gender and ethnicity (Franks et al., 2003; Van
Doorslaer and Gerdtham, 2003).

2.3. Primary independent variable: numeracy proficiency

The PIAAC defines numeracy as: “the ability to access, use, interpret
and communicate mathematical information and ideas, in order to
engage in and manage the mathematical demands of a range of situa-
tions in adult life” (OECD, 2013). According to the PIAAC's conceptual
framework, numerate behavior is founded on the activation of several
enabling factors, which may include dispositional elements, such as: a)
numeracy-related beliefs and attitudes, b) practices and experiences,
and c) context/world knowledge – in addition to prototypical quanti-
tative aptitudes such as: d) mathematical knowledge and conceptual
understanding, e) adaptive reasoning, and f) mathematical problem-
solving and literacy skills (PIAAC Numeracy Expert Group, 2009).
Further, numerate behavior relies on the ability to leverage mathema-
tical information depicted in numerous ways to solve problems or
manage situations in a real context. Thus, the construct of numeracy
was operationalized and assessed through an index of 100 test items of
varying difficulty, covering four areas of mathematical content (“data
and chance”, “dimension and shape”, “pattern, relationships and
change”, and “quantity and number”), three response types (“identify,
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locate, access”, “act upon, use”, and “interpret, evaluate/analyze”), and
four contexts (work, school, community, and personal) (PIAAC
Numeracy Expert Group, 2009). Each participant responded to a subset
of items from the total pool of 100 items, following a computer-based
adaptive testing process (OECD, 2013) (OECD, 2013). This design al-
lowed for the efficient administration of a large number of tasks at all
proficiency levels. Evaluations of scoring systems found robust relia-
bility both within and between countries (PIAAC Numeracy Expert
Group, 2009).

Continuous Proficiency Scores represented on a 500-point scale
were calculated using Item Response Theory models based on prob-
abilities of correctly answering items of varying difficulties (PIAAC
Numeracy Expert Group, 2009). PIAAC categorized continuous profi-
ciency scores into a six-level categorical Proficiency Levels variable
(Table B.2 in Appendix B) (PIAAC Numeracy Expert Group, 2009). For
the purposes of this study, we re-coded the Proficiency Levels variable
from six to four categories according to the following criteria: ‘Below
Level 1’ and ‘Level 1’=1 (Score < 226 points); ‘Level 2’=2 (Score
226–276); ‘Level 3’=3 (Score 276–326); and ‘Level 4’ and ‘Level
5’=4 (Score > 326). This approach was taken in order to be con-
sistent with prior analyses published by OECD personnel, and based on
low cell counts in the extreme categories (Kakarmath et al., 2018).
More comprehensive descriptions of the PIAAC's conceptualization and
operationalization of the construct of numeracy (and literacy) are de-
scribed elsewhere (Kakarmath et al., 2018; OECD, 2013; PIAAC
Numeracy Expert Group, 2009).

2.4. Secondary independent variable: general literacy

General literacy was defined by the PIAAC as: “understanding,
evaluating, using and engaging with written texts to participate in so-
ciety, to achieve one's goals, and to develop one's knowledge and po-
tential” (OECD, 2013). This concept of literacy was assessed through
100 test items of varying difficulty, consisting of two mediums (print
and digital), four contexts (work, school, community, and personal),
and three cognitive strategies (“access and identify”, “integrate and
interpret”, and “evaluate and reflect”) (OECD, 2013). As with the as-
sessment of numeracy, each participant only responded to a subset of
the 100 literacy questions, and was scored on a 500-point scale (OECD,
2013). Continuous Proficiency Scores were categorized into a four-level
categorical variable based on the same criteria and rationale described
above for numeracy.

2.5. Combination of numeracy and literacy proficiencies

We also created a categorical variable reflecting the combination of
numeracy and literacy proficiency scores, which will hereafter be re-
ferred to as ‘numeracy-literacy combination’. The numeracy-literacy
combination variable was defined as follows: a proficiency level of 3 or
higher in both numeracy and literacy proficiency was coded as ‘0’ (high
in both); proficiency level of 3 or higher in literacy, but level 2 or below
in numeracy was coded as ‘1’ (low in numeracy); proficiency level of 2
or below in literacy, but level 3 or higher in numeracy was coded as ‘2’
(low in literacy); and proficiency level of 2 or below in both numeracy
and literacy proficiency was coded as ‘3’ (low in both). This variable
was constructed in order to approximate the additive interaction of
literacy and numeracy within a single variable. The specific coding
scheme was based on distributions of the numeracy and literacy vari-
ables, study objectives, and theoretical considerations.

2.6. Covariates

The PIAAC survey included a background interview that asked re-
spondents a series of sociodemographic questions. From this section of
the survey we acquired a number of key variables to adjust for the
possibility of confounding, including age, gender, country of birth,

education, parents' education, employment status, and absolute in-
come. For this analysis, we re-coded employment status and country of
birth into dichotomous variables (employed at the time of survey: yes/
no; born in country where survey was administered: yes/no). Income
was divided into quintiles based on the distribution of sample data.
Participant and parental education variables were mapped onto the
International Standard Classification of Education (ISCED) levels by
PIAAC to allow for cross-country comparability (Schneider, 2013).

2.7. Statistical analysis

Distributions of poor self-rated health, numeracy and literacy pro-
ficiencies, and sociodemographic characteristics were summarized nu-
merically (descriptive statistics) and graphically (box plots). Bivariate
correlations of poor self-rated health by numeracy and literacy profi-
ciencies were calculated and presented via cross-tabulations and box
plots.

The independent and combined effects of numeracy (and literacy)
on poor self-rated health, adjusted for sociodemographic covariates,
were estimated using logistic regression. First, we modeled numeracy
proficiency alone as a predictor of self-rated poor health (Model 1).
Then, we sequentially adjusted for parental education (Model 2) and
participant education (Model 3) to assess the relative importance of
numeracy proficiency beyond educational attainment. Next, in Model
4, we assessed the robustness of the effect of numeracy proficiency on
poor self-rated health, after additional adjustment for literacy. To fur-
ther understand the interplay between numeracy and literacy profi-
ciencies, we used the numeracy-literacy combination variable as a
predictor of self-rated poor health, with high levels of both numeracy
and literacy set as the reference group. Lastly, we evaluated the pos-
sibility of variation in the association between the numeracy-literacy
combination variable and self-rated poor health by education and
gender via stratified models. All models adjusted for age, gender, em-
ployment, income, and country of birth. All models were estimated
using a SAS macro enabling computation of design based standard er-
rors, which take into account the complex sampling of persons within
countries and psychometric items within respondents using a jackknife
procedure (Denis, 2014).

3. Results

3.1. Sample characteristics

The prevalence of self-rated poor health across all 33 countries and
national sub-regions was 24% (Median 19%; Interquartile range (IQR)
16 to 23%), ranging from 12% in Canada to 45% in the Russian
Federation and South Korea. Overall, only 11% (IQR: 8–14%) of par-
ticipants were assessed to be at the highest numeracy proficiency level
(level 4/5), ranging from under 2% in Turkey and Chile to approxi-
mately 20% in Finland, Japan and Sweden. (Fig. B.3 in Appendix B).
Numeracy and literacy proficiency scores were highly correlated with
one another, yielding an overall correlation coefficient of r=0.86,
which ranged from r=0.80 for the Czech Republic and the Russian
Federation to r=0.93 in Singapore (Table B.5 in Appendix B). For the
numeracy-literacy combined variable, the overall proportion of parti-
cipants in each category were as follows: 47% low in numeracy and
literacy, 9% low in numeracy but high in literacy, 7% high in numeracy
but low in literacy, and 35% high in both numeracy and literacy (Table
B.5 in Appendix B).

3.2. Numeracy and self-rated poor health: bivariate associations

Results from bivariate comparisons showed inverse relationships,
such that higher numeracy/literacy proficiency levels correlated with
lower prevalence of poor self-rated health. The prevalence of self-rated
poor health was highest at numeracy proficiency level 1 for all
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countries with an overall median (M) of 33% (IQR: 27–38%), ranging
from a low of 20% in Canada and Greece to a maximum of 68% in
South Korea (Fig. 1). On the other hand, for those with numeracy
proficiency level 4/5, the prevalence of poor-self rated health was only
10% (IQR: 12–15%). Bivariate correlations between self-rated poor
health and literacy showed a similar pattern, and have been described
in detail elsewhere (Kakarmath et al., 2017). As such, correlations be-
tween poor SRH and the numeracy-literacy combination variable also
followed an inverse relationship, albeit with some variation across
countries (Fig. 2).

3.3. Numeracy and self-rated poor health: multiple-adjusted associations

Estimates from logistic regression models showed that, after ad-
justment for age, gender, employment, income and country fixed effects
(Model 1), those with the lowest numeracy proficiency (level 1) had a
2.4 times greater odds [OR=2.4 (95% CI 2.0 to 2.8)] of self-rated poor
health compared to those with the highest numeracy proficiency (level
4) (Table B.6 in Appendix B). Further, a graded pattern was observed,
such that those in Level 2 had an odds ratio of 1.5 (95% CI 1.2 to 1.8)
and those in level 3 had an odds ratio of 1.2 (95% CI 1.0 to 1.4). After
additional adjustment for parental education (Model 2) and participant
education (Model 3), the odds ratio (for lowest vs. highest numeracy)

decreased sequentially to 2.2 (95% CI 1.9 to 2.7) and 1.8 (95% CI 1.5 to
2.1), respectively (Table B.6 in Appendix B). Upon further adjustment
for literacy proficiency (Model 4), the odds ratio further attenuated to
1.5 (95% CI 1.1, 2.0), but remained statistically significant at the 5%
level (Table 1). Further examination of this relationship via the nu-
meracy-literacy combination variable showed that, for individuals with
low levels in either numeracy or literacy, but moderate levels in the
other construct, the odds ratio was not significantly different from unity
(1.00) (Table 2). However, for those with low levels in both numeracy
and literacy proficiencies, the odds ratio of self-rated poor health was
statistically significant (p= .05) with an adjusted OR=1.4 (95% CI 1.3
to 1.5) (Table 2).

3.4. Variation in numeracy-self-rated poor health associations

The relationship between the numeracy-literacy combination vari-
able and poor self-rated health showed some slight variation by edu-
cation and gender, with odds ratios ranging from 1.6 (95% CI 1.2 to
2.0) for those in the lowest education category to 1.3 (95% CI 1.1 to
1.5) for those in the highest education level (Table B.7 in Appendix B),
and from 1.5 (95% CI 1.3 to 1.7), for males and 1.3 3 (95% CI 1.1 to
1.5) for females (Table B.8 in Appendix B). Fully adjusted odds ratios
also displayed some variation across countries, with country-specific
ORs ranging from 1.3 in Estonia and Flanders (Belgium) to 1.8 in
Austria, Germany and United States, and 1.9 in Israel. The association

Fig. 1. Prevalence of self-rated poor health by literacy and numeracy profi-
ciency levels in the Programme for the International Assessment of Adult
Competencies survey data from 33 high and upper middle income countries and
national sub-regions (2011–2015).

Fig. 2. Prevalence of self-rated poor health by levels of numeracy-literacy
combination in the Programme for the International Assessment of Adult
Competencies survey data from 33 high and upper middle income countries and
national sub-regions (2011–2015).

Table 1
Association between numeracy, literacy and self-rated poor health in pooled
data from 33 high- and upper middle-income countries and national sub-re-
gions from the Programme for the International Assessment of Adult
Competencies survey (2011–2015).

Model 3
Odds ratio
(95% confidence
interval)

Model 3*
Odds ratio
(95% confidence
interval)

Model 4
Odds ratio
(95% confidence
interval)

Numeracy
proficiency

Level 0/1, lowest 1.8 (1.5, 2.1) 1.5 (1.1, 2.0)
Level 2 1.3 (1.0, 1.5) 1.2 (0.9, 1.5)
Level 3 1.1 (0.9, 1.3) 1.1 (0.9, 1.3)
Level 4/5, highest Reference Reference

Literacy proficiency
Level 0/1, lowest 1.9 (1.6, 2.2) 1.5 (1.2, 2.0)
Level 2 1.3 (1.1, 1.6) 1.2 (0.97, 1.5)
Level 3 1.2 (1.0, 1.4) 1.1 (0.9, 1.4)
Level 4/5, highest Reference Reference

All models adjusted for age, gender, education, parental education, employ-
ment status, income, country of birth, and country fixed effects.

Table 2
Effect of numeracy-literacy combination on self-rated poor health in pooled
data from 33 high- and upper middle-income countries and national sub-re-
gions from the Programme for the International Assessment of Adult
Competencies survey (2011–2015).

Model 6a

Odds ratio
(95% confidence
interval)

Model 7b

Odds ratio
(95% confidence
interval)

Numeracy-literacy
combination

High levels of both Reference Reference
Low in numeracy 1.2 (0.99, 1.4) 1.1 (0.9, 1.3)
Low in literacy 1.2 (0.93, 1.5) 1.1 (0.9, 1.4)
Low levels of both 1.6 (1.5, 1.8) 1.4 (1.3, 1.5)

a Model adjusted for age, gender, parental education, employment status,
income, country of birth, and country fixed effects.

b
Model adjusts for education in addition to all covariates from Model 6.
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between numeracy-literacy combination and self-rated poor health was
significant for those low in both numeracy and literacy proficiency in
19 out of 33 countries (Fig. 3; Table B.10 in Appendix B).

4. Discussion

4.1. Summary of findings and relation to current research

Our study advances the literature on literacy and health in three
important ways. First, we examined a particular component of literacy
known as numeracy, the extent to which individuals can comprehend
and act upon quantitative information, and its relationship to self-rated
health in a representative sample of adults from 33 upper- and upper-
middle- income countries. We observed that numeracy had an in-
dependent association with poor self-rated health, such that those with
the lowest level of numeracy had 50% greater odds of reporting poor
self-rated health compared to those with the highest numeracy level,
even after adjustment for education, parental education, and traditional
notions of literacy (related to reading comprehension). Further, there
was some evidence of a synergistic relationship between numeracy and
literacy in relation to poor SRH. In particular, a numeracy-literacy
combination variable showed the greatest correlation with poor SRH
for those with low levels of both numeracy and literacy, compared to
those with lower levels on just one of these constructs. Lastly, we il-
lustrated that there may be important heterogeneities in the numeracy-
SRH relationship – both by gender and education, as well as across
countries.

Given the varied nature of the literature on numeracy and health,
our findings of a significant, inverse relationship are in accordance with
some prior studies, but in discord with others. A majority of studies find
significant correlations with subjective measures of general health (e.g.,
SRH), however variation exists in the persistence of these associations
after adjustment for covariates (Berkman et al., 2011). For example,
inline with results from the present study, Yamashita and Kunkel found
that higher numeracy was positively associated with self-rated good
health, after adjusting for general literacy and education in an analysis
of the Adult Literacy and Life skills (ALL) survey data from 5 high-
income countries (Yamashita and Kunkel, 2015). On the other hand, a
study by Prins and Monnat found that numeracy was associated with

better self-rated health in the United States after adjusting for demo-
graphic and health background characteristics, but this association was
not significant after additional adjustment for socioeconomic status
(Prins and Monnat, 2015). It is possible that our findings from 33
upper- and upper-middle- income countries more closely align with the
study by Yamashita and Kunkel because they included five additional
high-income countries, as opposed to just the U.S. If this is the case, it
would indicate a divergence in the role of numeracy as a determinant of
health, or in the way in which it is related to health, between the U.S.
and other developed countries. We did not find any prior studies ex-
amining an interaction between numeracy and literacy, however a
study by Szrek et al. demonstrated effect modification of numeracy and
enrollment in prescription drug insurance by characteristics of the in-
surance plan (e.g., size) (Szrek and Bundorf, 2014). These results, as
ours do, suggest an ability of the numeracy-health relationship to be
modified by external factors – and hence, a more nuanced relationship
that needs to be understood via further inquiry.

4.2. Strengths and limitations

Our study has several important strengths. First, few studies have
examined the independent and interdependent associations between
numeracy and health, especially in large general populations outside of
the U.S. clinical setting. The PIAAC sample is representative of the
general population of 33 upper- and upper-middle- income countries
and national sub-regions. Our study presents the first nationally gen-
eralizable analysis of the numeracy-health relationship for many of
these countries. Second, the PIAAC used a comprehensive and stan-
dardized assessment of numeracy that was shown to be both valid and
reliable across all countries allowing for cross-country comparisons. In
addition to estimating the relationship between numeracy and self-
rated health, our study also included a comprehensive presentation of
the distributions of numeracy and literacy proficiency levels for all 33
countries. Third, the large sample size allowed us to adjust for several
important confounders, investigate the possible additive effects of nu-
meracy and literacy, and examine variation in these relationships by
sociodemographic characteristics and across countries.

Nonetheless, the present study is not without limitations. First and
foremost, inferring a causal association between numeracy and self-

Fig. 3. Association between numeracy, literacy and self-rated poor health in 33 high and upper middle income countries and national sub-regions from the
Programme for the International Assessment of Adult Competencies survey (2011–15).
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rated poor health is not possible due to the cross-sectional nature of our
study design. We attempted to address the issue of confounding by
adjusting for important variables related to both numeracy and health,
however it is still possible that we omitted an important confounder(s),
either measured or unmeasured. There is also the potential for reverse
causation – i.e., that poor health, either real or perceived, is influencing
(lowering) numeracy proficiency levels. We think it is less likely that
self-rated poor health causes lower numeracy in the age groups in-
cluded in this study, but it is still a possibility. Secondly, the outcome
measure, self-rated health, is a subjective and general measure of per-
ceived health. Self-rated health may be partially confounded by nega-
tive thoughts and perceptions, although prior studies have found SRH
to be a rigorous marker of physical health. Still, the all-encompassing
nature of SRH presents a limitation in our ability to interpret results and
identify possible mechanisms. Third, while our measure of numeracy
(and literacy) was derived from a robust assessment, we were unable to
examine different facets of numeracy and whether their relationships to
health were similar or disparate from our overall numeracy measure.
Finally, the degree of correlation (~80%) between literacy and nu-
meracy may add a level of ambiguity to our findings depending on the
source of this correlation. It is possible that numeracy and literacy are
measuring a shared underlying construct(s), such as general ability,
knowledge, or intelligence. However, we posit that the majority of this
correlation is due to the identical format of numeracy/literacy assess-
ments (i.e., short, computer-based textual questions with machine
scorable response formats) and their practical limitations (PIAAC
Numeracy Expert Group, 2009). While both scenarios are plausible,
prior studies have shown that even though there may be a correlation,
numeracy is getting at something distinct from literacy (Rothman et al.,
2008). Indeed, models adjusted for literacy still showed a significant
association between numeracy and health, suggesting at least some
independent effect due to the concept of numeracy. Nonetheless, ad-
ditional research teasing out this issue is needed.

Future studies should also examine the independent and inter-
dependent relationships between overall and sub domains of numeracy
and various, objective measures of health. They should utilize more
rigorous study designs (e.g., longitudinal data) whenever possible.
Additionally, future research may benefit from further examination of
mediation and moderation of the numeracy-health relationship. Results
from our study indicate that education and literacy might operate as
either or both mediators and moderators. However, a more formal
analysis of the role of these (and other) variables is needed. Further,
more applied research is needed in order to develop numeracy and
literacy interventions, and to evaluate their efficacy and cost-effec-
tiveness. Emphasis should be placed on improving numeracy and lit-
eracy proficiencies in countries with below-average proficiency levels,
and to examining whether differential effectiveness exists based on
countries with different cultures and economies.

4.3. Implications for health policy and practice

The findings from our study offer important insights from a policy
perspective. There is a noticeable shift across countries towards greater
patient involvement in health-related decision-making (Hibbard et al.,
2007). Given the ubiquity of quantitative information within the
healthcare system, and its increasing scale and complexity, it is essen-
tial that patients have the capability to successfully navigate this in-
formation so that they may make appropriate decisions regarding their
health. Likewise, it is imperative for health professionals to understand
the relationships between numeracy and health in order to facilitate
patients' abilities to use health information. Indeed, our analyses
showed substantial variation in numeracy proficiency levels across
countries, and considerable room for improvement among all countries.
Thus, interventions aimed at improving population levels of numeracy
may be successful in improving population health and reducing in-
equalities in health. Interventions may operate at multiple levels to

address discrepancies in numeracy proficiencies, for example, national
or local policies, hospital or health organizations, or among providers
themselves (Batterham et al., 2016). Further research is needed to de-
velop and evaluate the precise form of such interventions, but our
current findings may offer some direction for their development.

For example, findings from our analyses suggest that numeracy has
both independent and interdependent correlations with health. That is,
numeracy was significantly associated with poor self-rated health, over
and above adjustments for education, literacy, and other covariates. At
the same time, numeracy-health associations were marginally atte-
nuated upon adjustment for education and literacy. Further, results
from the numeracy-literacy combination variable showed that numer-
acy's association with health might be amplified by literacy. Taken
together, these findings indicate that national and local polices aimed at
improving general education may help to reduce inequities in health
mediated by numeracy proficiency. Likewise, interventions by health-
care organizations and providers that aim to specifically enhance pa-
tients' abilities to navigate textual health information (e.g., online
training programs) may prevent poor health outcomes through litera-
cy's effect on numeracy. Nonetheless, given our findings as a whole, we
recommend that interventions should ideally address both literacy and
numeracy for the greatest potential to prevent poor health outcomes.

4.4. Conclusions

Our study found evidence for an inverse, graded association be-
tween numeracy and self-rated health, such that lower levels of nu-
meracy correlated with greater odds of poor self-rated health. This as-
sociation was robust to adjustment for sociodemographic factors,
notwithstanding marginal attenuation upon controlling for education
and literacy. Further examination showed evidence of a positive sy-
nergistic relationship between numeracy, literacy, and poor SRH. Thus,
lower levels of numeracy may adversely affect self-rated health – both
independently and interdependently along with literacy. These asso-
ciations may be partially mediated or moderated by education and
literacy. Future studies are needed to make causal inference and to
assess the influence of numeracy on specific health outcomes. Lastly,
there was considerable variation across countries in numeracy and lit-
eracy proficiencies and their correlations with SRH. Thus, despite the
need for further investigation with more rigorous study designs, our
findings indicate that investments into improving numeracy and lit-
eracy proficiencies are needed, and that policies and interventions
aimed at doing so may have great potential to improve population
health and minimize health inequalities.
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