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Background: Numerous studies evaluated the association of education level with misuse of antibiotics by the gen-
eral population, yet divergent findings were reported. Therefore, a meta-analysis was conducted to summarize this

Methods: A categorical and continuous dose-response meta-analysis of the association of education level with
antibiotic misuse was undertaken. Summary odds ratios (ORs) and their 95% confidence intervals (Cls) were estimated

Results: The meta-analysis included 85 studies from 42 countries of different socioeconomic status. Compared to
low education (<9 years), medium education (>9-12 years) is associated with 20% lower odds of antibiotic misuse in
high-income countries (OR=10.80; 95% Cl 0.66, 0.97), while high education (> 12 years) is associated with 14% lower
odds of any aspect of antibiotic misuse (OR=0.86; 95% Cl 0.72, 1.03). The association is more pronounced in Middle
East (OR=0.64; 95% Cl 0.42, 1.00) and countries of lower-middle economies (OR=0.67, 95% Cl 0.41, 1.11). Inversely,
in Europe, high education is associated with 25% higher odds of antibiotic misuse (OR=1.25, 95% Cl 1.00, 1.58). Each
additional year of education was associated with 4% lower odds of any aspect of antibiotic misuse in lower-middle
economies (OR=10.96; 95% Cl 0.92, 1.00) and in Middle East (OR=0.96; 95% Cl 0.93, 1.00). Conversely, it was associ-
ated with 3% higher odds of antibiotic storage, a specific type of misuse (OR=1.03,95% CI 1.01, 1.06).

Conclusion: Individuals misuse antibiotics irrespective of their education level. Intervention programs to enhance
the proper use of antibiotics should target all communities independent of their education level.
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Background

Antibiotic resistance continues to represent an essential
public health problem despite efforts exerted worldwide
to reduce the causes of the resistance. It affects all regions
irrespective of the country socioeconomic status [1], and
cause heavy clinical, social and economic burdens. More
than 700,000 individuals die each year due to antibiotic
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resistant bacteria, and it is expected that the annual
mortality rate from antibiotic resistance will exceed that
of major diseases by 2050 [2]. Furthermore, projections
show that the economic shortfalls due to this problem
will increase and will soon be equivalent to those seen in
the 2008-2009 global financial downturn [3].

Antibiotic resistance is exacerbated by excessive use
of antibiotics in agriculture, food and feed chain, impre-
cise antibiotic prescription by physicians, and misuse of
antibiotics by the patients. Individuals tend to misuse
antibiotics by consuming these drugs without medical
prescription (self-prescription) or by using them based
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on medical advice but without adherence to the physi-
cian’s instructions such as modifying the prescribed dose,
truncating or prolonging the treatment duration or not
taking the antibiotics on time [4].

The use of antibiotics without prescription is salient
worldwide, with a pooled prevalence exceeding 75% in
low- and middle-income countries [5], and reaching 66%
in some regions of high-wealth countries such as the
United States [6].

Previous reports also indicated that more than one-
third of patients do not fully adhere to antibiotic treat-
ment regimen [7], around 50% cease their antibiotic
treatment upon improvement [8], and one-third store
antibiotic leftover for future use [7].

Besides determinants of antibiotic misuse such as
female gender, youth and old age, lack of access to health-
care facilities and easy access to antibiotics [6, 9], educa-
tional level was suggested to be associated with misuse.
Yet inconsistent findings exist regarding this association.
Several studies reported an association between low edu-
cation and antibiotic misuse [10]. Inversely, several other
studies reported that high education level is associated
with greater risk of antibiotic misuse [11], while some
studies failed to find any association [12] Accordingly,
to summarize those findings, we aimed in the present
study to carry out a systematic review and dose—response
meta-analysis of the association of education level with
antibiotic misuse.

Methods

We registered this systematic review and meta-
analysis in the PROSPERO database (Protocol ID:
CRD42021233425) and carried it out according to
PRISMA guidelines. The main outcome, antibiotic mis-
use in the general population, was defined as the occur-
rence of any of the following practices: unprescribed use
of antibiotics (self-medication), non-adherence to treat-
ment guidelines and storage of antibiotics leftover for
future use.

Literature search and study selection

We searched Medline, EMBASE, the five regional bib-
liographic databases of the World Health Organization
(WHO), the Conference Proceedings Citation Index-Sci-
ence, and the Open Access Theses and Dissertations until
January 2021. In Medline, we used the following search
term without any language, date or other restrictions:
(Socioeconomic Factors OR education) AND (antibi-
otic*) AND ((compliance) OR (adherence) OR (Nonpre-
scription Drugs / administration & dosage* [MeSH])
OR (misuse) OR (irrational use) OR (left-over)). We also
ran the search using related free-text words. Then, we
adapted the syntaxis to complete the search in the other
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databases. We manually checked the reference lists of
included studies and those of relevant review reports to
supplement the electronic search. The list of the exam-
ined review reports is provided in Additional file 3.

We included studies that (1) measured the association
between education and any aspect of antibiotic misuse
(i.e., unprescribed use of antibiotics for oneself or for
another person, non-adherence to antibiotic treatment
guidelines or storage of antibiotic leftover), (2) defined
the measured level of education, (3) reported odds ratio
(OR) or risk ratio (RR) and their 95% confidence intervals
(CIs) or sufficient data for their calculation. We excluded
from the meta-analysis studies that only compared stu-
dents according to their university year.

Data extraction and synthesis

We collected information on: (1) study source: author’s
last name and publication year, (2) settings and partici-
pants’ demographic characteristics, (3) study design, (4)
exposure: levels of education, (5) for each education level:
ORs and its 95% Cls, total number of participants, and
number of individuals who reported antibiotic misuse.
We extracted the ORs adjusted for the largest number of
variables, (6) restriction, adjustment, or matching vari-
ables, and (7) type of antibiotic misuse. In studies report-
ing more than one type of antibiotic misuse, we extracted
the data of all types of misuse, and treated each type of
misuse as a separate study unit in the dose—response
analysis. We contacted the authors to inquire about the
number of individuals who misused and those who did
not misuse antibiotics per each education level, when
needed.

In addition to data reported in the included studies,
we obtained the classification of countries wellness (low,
lower-middle, upper middle and high income) from the
World Bank [13] and used for geographic distribution the
classification by region of the World Health Organization
(African, Eastern-Mediterranean, European, Region of
the Americas, South-East Asia and Western Pacific) [14].

Dose definition

We defined the term “dose” as the level of education in
years. Education level classification varies between coun-
tries, hence, to standardize the education levels across
studies of different parts of the world, we transformed it
to years of education according to the education system
used in each country. We set the dose as the midpoint of
the upper and lower boundaries of each education level.

Statistical analysis
We performed a dose-response meta-analysis using
a one-stage mixed-effects model taking into account
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heterogeneity across studies [15]. We carried out cat-
egorical and continuous approaches.

Categorical approach

To facilitate tabular presentation of the summary
ORs, and in line with other studies, we further recat-
egorized education level into low (<9 years), medium
(>9-12 years), and high (>12 years) levels and used low
education level as a referent.

Continuous approach

We applied a linear function to estimate a summary OR
of antibiotic misuse associated with an increase of 1 year
of education. Then, we flexibly modelled education using
restricted cubic splines with 3 knots fixed at 10th, 50th
and 90th percentiles of its distribution, and tested depar-
ture of the second spline from linearity.

We undertook stratified dose—response analyses of the
level of education with antibiotic misuse. The analysis
was stratified by study design, type of antibiotic misuse,
geographic region, country wellness, methods of expo-
sure ascertainment, comparability (adjustment for age
and gender), and publication year, using 2015, the year
of publication by the World Health Organization of the
global action plan against antibiotic resistance, as a cut-
off limit [16].

Quality assessment

We appraised the quality of the studies included in the
meta-analysis using the Newcastle-Ottawa Scale for
cohort and cross-sectional studies [17, 18]. Two epidemi-
ologists (AF and NM) performed the quality assessment,
and disagreements were resolved by consensus through
discussion with a third epidemiologist (BT). Seven crite-
ria were evaluated. The following five criteria were com-
mon to cohort and cross-sectional designs: (1) justified
sample size; (2) application of previously tested or vali-
dated questionnaire to ascertain education level; (3) use
of external assessment in addition to questionnaire to
ascertain antibiotic misuse; (4) described and appropri-
ate statistical analysis; and (5) adjustment, matching or
restriction for age and gender. Additionally, we evaluated
two criteria that were specific to study design. For cohort
studies we checked (1) if the study sample was repre-
sentative of the general population and (2) if the response
rate was more than 50%. For cross-sectional studies we
examined (1) if the study population was defined; (2) if
the response rate was reported. We gave one point for the
fulfilment of each of the seven criteria, and then summed
those points to obtain a quality score of a maximum of
seven points. When the information on an item was
absent in the publication, this item scored zero point.
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Publication bias
We checked publication bias visually using funnel plot,
and formally through Egger’s test [19] and the trim and
fill method [20].

Results

Literature search and study selection

Out of 1458 identified studies, 85 fulfilled the inclusion
criteria and were included in the meta-analysis (Fig. 1).
The general characteristics of the included studies are
summarized in Table 1 and Additional files 1 and 2 and
their references are provided in Additional file 3. Out of
all contacted authors to inquire about missing data in
Table 1, three answered our inquiry [21-23]. Eighty-three
studies were of cross-sectional design and the remaining
two studies were cohort studies. They encompassed a
total population of 85,789 subjects, out of whom 24,579
had misused antibiotics as follows: use without prescrip-
tion (N=15,780), storage of antibiotics (N=6077), non-
adherence to antibiotic treatment regimen (N =2293)
and several concomitant types of misuse (N=429).
When studies provided data for several types of misuse,
each type was treated as a separate study, making a total
of 94 studies introduced in the dose—response analysis.
The studies were published between 2000 and 2021 and
originated from 42 different countries. All studies were
published in English, except five that were available in
Croatian, Italian, and Spanish.

Education level and antibiotic misuse

Overall association

Compared to low education level (<9 years), overall,
medium education (>9-12 years) is not associated with
antibiotic misuse (OR =0.94; 95% CI 0.83, 1.06) (Table 2).
Nonetheless, high education level (>12 years) is associ-
ated with 14% lower odds of antibiotic misuse, albeit with
large confidence intervals (OR=0.86; 95% CI 0.72, 1.03)
(Table 2). In the continuous approach, the data accords
well with a flat linear association between education and
antibiotic misuse (OR=10.99; 95% CI 0.97, 1.00) (Table 2
and Fig. 2).

Subgroup analysis

Type of misuse

The categorical and continuous approaches revealed
that education level is not associated with unprescribed
antibiotics use (OR of 1-year increment =0.99; 95% CI:
0.97, 1.00) or non-adherence to treatment regimen (OR
of 1-year increment=0.99; 95% CI 0.96, 1.03). None-
theless, high education level is associated with 41%
higher odds of storage of antibiotics (OR =1.41; 95% CI
1.22, 1.64), compared to low education. The association
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Fig. 1 Flow diagram of the selection of studies on the association of education level and misuse of antibiotics

with antibiotic storage was also observed for medium
education level, yet with smaller magnitude (OR=1.17;
95% CI 0.93, 1.48) (Table 2). These findings are in line
with that of the continuous approach in which 1-year
increment in education is associated with 3% higher
odds of antibiotics storage (OR=1.03; 95% CI 1.01,
1.06) (Table 2). The association of education with sev-
eral concomitant types of antibiotic misuse could not
be determined using the categorical approach due to
insufficient observations, yet the continuous approach
showed that each 1-year increase in education is

associated with 9% lower odds of antibiotic misuse in
general (OR=0.91; 95% CI 0.87, 0.95) (Table 2).

Country economy

In high-wealth countries, the odds of antibiotic misuse
are 20% lower in individuals with medium education
than in those with low education level (OR=0.80; 95%
CI 0.66, 0.97). In countries with lower-middle economy,
high education is associated with 30% reduced odds of
antibiotic misuse, compared to low education (OR=0.70;
95% CI; 0.44, 1.13). Moreover, in these countries, each
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