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Abstract

Objectives To quantify the association between income and antibiotic misuse including unprescribed use, storage of anti-
biotics and non-adherence.

Methods We identified pertinent studies through database search, and manual examination of reference lists of selected
articles and review reports. We performed a dose-response meta-analysis of income, both continuous and categorical, in
relation to antibiotic misuse. Summary odds ratios (ORs) and their 95% confidence intervals (CIs) were estimated under a
random-effects random effects model.

Results Fifty-seven studies from 22 countries of different economic class were included. Overall, the data are in agreement
with a flat linear association between income standardized to socio-economic indicators and antibiotic misuse (OR per 1
unit increment = 1.00, p-value =0.954, p-value non-linearity = 0.429). Data were compatible with no association between
medium and high income with general antibiotic misuse (OR 1.04; 95% CI 0.89, 1.20 and OR 1.03; 95% CI 0.82, 1.29).
Medium income was associated with 19% higher odds of antibiotic storage (OR 1.19; 95% CI 1.07, 1.32) and 18% higher
odds of any aspect of antibiotic misuse in African studies (OR 1.18; 95% CI 1.00, 1.39). High income was associated with
51% lower odds of non-adherence to antibiotic treatment (OR 0.49; 95% CI 0.34, 0.60). High income was also associated
with 11% higher odds of any antibiotic misuse in upper-middle wealth countries (OR 1.11; 95% CI 1.00, 1.22).
Conclusions The association between income and antibiotic misuse varies by type of misuse and country wellness. Under-
standing the socioeconomic properties of antibiotic misuse should prove useful in developing related intervention programs
and health policies.

Keywords Income - Antibiotics - Misuse - Meta-analysis - Dose-response

Introduction

The misuse of antibiotics is defined as the intake of these
drugs without medical advice (self-prescription) or their use
when prescribed by the physician but without compliance
with the physician’s instructions for treatment regimen in
terms of timing, dosage and duration [1, 2]. It is a salient
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of the individuals stop taking antibiotics upon improvement
[4]. Another review estimated that the mean use of leftover
antibiotics worldwide is 29%, and that of compliance with
antibiotic therapy is only 62% [5]. A recent meta-analysis of
studies from low- and middle- income countries found that
the pooled prevalence of non-prescribed use of antibiotics
is considerably high (78%) in these countries [6]. Antibiotic
misuse is also frequent in high- income countries, includ-
ing the United States where the prevalence of antibiotic use
without prescription is as high as 66% in some instances, and
that of storage of antibiotics for future use ranges between
14 and 48% [7].

Antibiotic resistance causes at least 700,000 annual
deaths worldwide [8], more than 35,000 in the United
States alone [9]. A similar record is registered in Europe
[10]. The impact of antibiotics resistance on the economy
is also expanding with disturbing figures [11]. By 2050, the
annual mortality rate from antibiotic resistance is projected
to exceed that of major causes of death like cancer and dia-
betes [8], and the provoked economic shortfalls will be as
large as that of the 2008—2009 global financial crisis [12].

Several determinants of antibiotic misuse have been iden-
tified. These are mainly sociodemographic, including female
gender, young adults and elderly, low educational level, dif-
ficult access to the healthcare system, unaffordability of the
cost of physicians visit and accessibility to antibiotics [7,
13, 14].

In 2012, a narrative review report about self-medication
with antibiotics in developing countries analysed data of five
studies and concluded that middle income is associated with
antibiotic misuse [15]. Studies that evaluated the association
of income with antibiotic misuse showed divergent results.
Some studies reported up to six-fold increased odds of mis-
use in high- income individuals [16, 17], while other studies
did not find any association [18-20], or detected lower odds
of misuse [21, 22]. It is also unclear whether the associa-
tion between income and antibiotic misuse holds at different
social classes and in regions with different levels of access
to healthcare and in which regulations about antibiotic dis-
pensing might vary. To the best of our knowledge, there is
no meta-analysis that evaluates the association of income
with antibiotic misuse worldwide.

To address this gap, we aimed in this study to carry out
a meta-analysis of the association of income with antibi-
otic misuse. We present analyses standardized for socio-
economic indicators.

Materials and methods
PRISMA guidelines were followed for the conduct and

reporting of this meta-analysis, and the study protocol was
registered in the PROSPERO database (ID: number deleted

@ Springer

for blinding purposes). The outcome, antibiotic misuse, was

defined as the use or purchase of non-prescribed antibiot-
ics to treat oneself or another person, storage of leftover
antibiotics, or nonadherence to the physicians’ instructions
regarding the dosage, timing and treatment duration. Storage
of antibiotics facilitates access to them and therefore is the
first step towards their use without prescription [23].

Literature search and study selection

Medline, EMBASE, Conference Proceedings Citation Index-
Science, the Open Access Theses and Dissertations, and the
five regional bibliographic databases of the World Health
Organization (WHO) were searched since their inception
until January 2021. The following search syntax was applied
in Medline: (Socioeconomic Factors OR income) AND
(antibiotic*) AND ((drug storage [MeSH]) OR (compli-
ance) OR (adherence) OR (Nonprescription Drugs/admin-
istration & dosage* [MeSH]) OR (misuse) OR (irrational
use) OR (left-over)) and adapted for the other databases.
We complemented our search by using free text words as
follows: antibiotics AND (misuse OR "unprescribed use"
OR leftover OR "adherence to treatment") AND (income
OR "socioeconomic status" OR "socioeconomic level"). The
reference lists of related reviews [3-7, 13—15, 24, 25] and
those of included studies were manually checked to supple-
ment database searches. The search was carried out without
any language or date restrictions.

Studies that met the following criteria were included: (1)
reporting at least two levels of income with defined bounda-
ries as an exposure, and (2) providing Odds Ratio (OR) or
Risk Ratio (RR) and their 95% Confidence Interval (CI) as
a measurement of the association of income and misuse of
antibiotics by the general population, or sufficient data for
their calculation.

Data extraction and synthesis

From each included study, we extracted: (1) general study
characteristics: author’s last name and year of publication,
study period, participants characteristics (age and gender),
and country where the study took place, (2) exposure: levels
of monthly income, (3) measures of association: for each
income level: number of subjects who practiced antibi-
otic misuse, total sample size, adjusted ORs and 95%Cls,
and restriction, adjustment, or matching variables. When
adjusted ORs were not provided, the crude estimates were
registered, and (4) Type of antibiotic misuse: use without
prescription, non-adherence, and storage of antibiotic lefto-
ver. When data was were provided for more than one type
of antibiotic misuse, we extracted the data of all types of
misuse. When the number of events of antibiotic misuse per
income level was not available, we contacted the authors to
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request this information, but no reply was received [26-28].
We then deemed the number of events missing for those
studies. We also inquired about the reference group used in
a sub-analysis of one study [29], but due to lack of answer,
we did not consider that subgroup.

We standardized the income to country-specific socio-
economic indicators using two approaches. In the first
approach, income was standardized to gross domestic prod-
uct (GDP) per capita based on purchasing power parity
(PPP) [30]. PPP is a currency conversion rate that is used to
equalise the purchasing power of different monetary units.
It allows to compare standards of living and economic pro-
ductivity between countries [31]. In the second approach, the
income level was standardized to the adjusted net national
income per capita, expressed in US dollars [30]. The histori-
cal country-specific values of PPP, GDP per capita based
on PPP, and adjusted net national income per capita were
extracted from their specific portals in the World Bank
[31-33].

Besides data reported in the studies, the classification of
countries by economy [34], geographic distribution [35], and
literacy rate [36] was obtained.

Statistical analysis

Studies included in this meta-analysis presented income cat-
egorized into 2 to 6 levels, with an average of 3 levels. As
an estimate of the dose, we used the midpoint assigned to
an estimated contrast given the upper and lower boundaries
of the income.

We carried out dose—response meta-analysis of income
standardized to: (1) gross domestic product (GDP) per cap-
ita based on (PPP) and (2) adjusted net national income per
capita.

The dose-response meta-analysis was performed using a
one-stage mixed-effects model taking into account hetero-
geneity across studies [37, 38].

We first used a linear function to estimate a summary
OR of antibiotic misuse associated with an increase of 1
unit in income. We next flexibly modelled income using
restricted cubic splines with 3 knots fixed at 10th, 50th and
90th percentiles of its distribution. Tests of hypothesis about
the regression coefficients of the dose—response model were
conducted using a large sample Wald-type test. To facilitate
tabular presentation of the summary odds ratios, we further
categorized income into tertiles using the lowest as referent.

We stratified the dose—response analysis by type of
antibiotic misuse (unprescribed use, storage of leftover,
non-adherence); WHO geographic classification, country
economy (low wealth, lower-middle wealth, upper—middle
wealth and high-wealth); literacy rate (>90%, < 90%); expo-
sure ascertainment (use of pretested or validated question-
naire; untested questionnaire or not reported); comparability

(control for age, sex, educational level and household size;
incomplete control); and publication year (<2015,>2015).
In 2015, WHO published the global action plan to combat
the problem of antibiotic resistance [39].

Quality appraisal

As all studies retrieved were eventually of cross-sectional
nature, we appraised the quality of the studies using the
Newcastle—Ottawa Scale for cross-sectional studies [40].
One point was given for the fulfilment of each of the follow-
ing criteria: (1) well- defined target population; (2) reported
response rate; (3) well described and appropriate statisti-
cal analysis; (4) justified sample size; (5) studies adjusted,
matched or restricted for age, sex, educational level and
household size; (6) use of previously tested or validated
questionnaire; and (7) outcome ascertainment carried out
using external assessment in addition to self-reporting.
When information on a specific criterion was not given, it
was graded with O point. The grades across items were then
summed to obtain a quality score of a maximum of seven
points. Two epidemiologists (NM and AF) carried out the
quality assessment, and disagreements were resolved by
referring to a third epidemiologist (BT).

Publication bias

Publication bias was checked visually using funnel plot and
formally through Egger’s test [41], and the trim-and-filltrim
and fill method [42].

Results
Literature search and study

Figure 1 represents the flow diagram of the selection of stud-
ies about income level and misuse of antibiotics. One thou-
sand four hundred fifty-three publications were identified
from the literature search, out of which 314 were selected
for full- text review (Fig. 1). Fifty-one studies published
between 2001 and 2021 met our inclusion criteria (Table 1).
Five studies provided data for several types of misuse [20,
27, 28, 43, 44]. We treated each type of misuse as a sepa-
rate study, making a total of 57 studies introduced in the
dose-response analysis. All studies were of cross-sectional
design. They involved a total population of 51,008 individu-
als from 22 countries and 18,094 events of antibiotic misuse.
Forty-nine studies were published in English, one in Spanish
[45] and one in Croatian [46].
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Income level and antibiotic misuse: continuous
analysis

Overall, the data from these 57 studies were compatible
with a flat linear association between income stand-
ardized to GDP per capita based on PPP and antibiotic
misuse (OR 1.00; p-value =0.954, p-value non-linear-
ity =0.452). Similar results were obtained for the asso-
ciation of income standardized to adjusted net national
income per capita and antibiotic misuse (OR 1.00;
p-value =0.940).

As a graphical presentation of the trend, Fig. 2 shows
the estimated summary odds ratio of antibiotic misuse
conferred by income standardized to GDP per capita
based on PPP.
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Income level and antibiotic misuse: categorical
and stratified analysis

In the categorical approach of income standardized to GDP
per capita based on PPP, overall, as compared to low (1st
tertile), no association between income and general anti-
biotic misuse was observed: medium income (2nd tertile):
OR 1.04; 95% CI 0.89, 1.20, and high income (3rd tertile):
OR1.03; 95% CI 0.82, 1.29 (Table 2).

Stratified analysis revealed that medium income was
associated with 19% higher odds of storage of antibiotics
(OR1.19; 95% CI 1.07, 1.32),); nonetheless, we did not
observe any significant association between high income
and this type of misuse (OR 1.04; 95% CI 0.92, 1.17). It
is noteworthy to mention that storage of antibiotics was
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2.0009  p-value noniineariy = 0.429 -

1.500 -7
1.250 -7

1,000 E=====

Odds Ratio
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0.5004 TS~

50 100 150 200 250
Income level standardized to GDP per capita based on PPP

o

Fig.2 Trend of the association of income level standardized to GDP
per capita based on PPP and antibiotic misuse. Solid line represents
the linear trend. Long-dashed line represents the non-linear restricted
cubic spline approach. Short-dashed lines represents 95% CI

evaluated in five studies carried out in China [20, 27, 28,
43, 44] and in a sixth study that was undertaken in Aus-
tralia but involved Chinese immigrants [22]. High income
was associated with 51% lower odds of non-adherence
to antibiotics treatment (OR 0.49, 95% CI 0.34, 0.70)
(Table 2). When restricting the analysis to low-wealth
countries, high- income individuals were at 11% higher
odds of antibiotic misuse than those with low income in
upper—middle wealth countries (OR 1.11; 95% CI 1.00,
1.22) (Table 2). Our findings also suggested an associa-
tion between medium-income medium income level and
antibiotic misuse in African countries (OR 1.18; 95%
CI 1.00, 1.39) (Table 2). After 2015, the odds of misuse
of antibiotics in medium- income individuals increased
when compared with studies undertaken until 2015
(OR i1 2015 0.95; 95% CI 0.75, 1.20 and OR 4, 2015 1.12;
95% CI 0.99, 1.26). Similar findings were obtained for
high- income individuals (OR, 20150-91; 95% CI 0.62,
1.35 and OR 4, 2015 1-15; 95% CI 0.93, 1.41) (Table 2).

Table 2 Meta-analysis of the

“. ¢ Number of Medium income OR  High income OR (95% CI)
association of income level studies (95%CI)
represented as units of GDP
per capita based on PPP with All studies 57 1.04 (0.89, 1.20) 1.03 (0.82, 1.29)
antibiotic misuse Type of misuse
Use without prescription 43 1.06 (0.87, 1.28) 1.07 (0.84, 1.37)
Storage of antibiotics 6 1.19 (1.07, 1.32) 1.04 (0.92, 1.17)
Non-adherence 3 1.10 (0.89, 1.35) 0.49 (0.34, 0.70)
Country economy
Low 16 1.02 (0.83, 1.24) 0.90 (0.59, 1.37)
Lower-middle 11 1.14 (0.73, 1.80) 0.92 (0.46, 1.84)
Upper-middle 25 1.17 (0.91, 1.49) 1.11 (1.00, 1.22)
High 5 0.90 (0.44, 1.85) 1.04 (0.33, 3.28)
WHO Region
African 14 1.18 (1.00, 1.39) 0.96 (0.67, 1.38)
Eastern Mediterranean 17 0.92 (0.65, 1.32) 0.95 (0.58, 1.57)
South-East Asian 6 1.11 (0.62, 2.00) 1.53 (0.81,2.92)
Western Pacific 16 0.99 (0.82, 1.20) 1.05(0.92, 1.19)
Survey year
Until 2015 29 0.95 (0.75, 1.20) 0.91 (0.62, 1.35)
After 2015 28 1.12 (0.99, 1.26) 1.15 (0.93, 1.41)
Literacy rate
<90% 20 1.03 (0.82, 1.29) 1.02 (0.68, 1.54)
>90% 37 1.09 (0.93, 1.28) 1.02 (0.84, 1.23)
Pre-tested or validated questionnaire
No 10 1.02 (0.51, 2.06) 0.90 (0.34, 2.36)
Yes 47 1.06 (0.91, 1.24) 1.04 (0.85, 1.27)
Adjustment
Incomplete 47 1.09 (0.95, 1.24) 1.05 (0.84, 1.31)
Complete 10 0.90 (0.71, 1.15) 0.60 (0.30, 1.23)
Quality Score
Lower quality (<3 points) 24 0.99 (0.75, 1.31) 1.09 (0.72, 1.66)
Higher quality (>3 points) 33 1.04 (0.86, 1.25) 1.03 (0.81, 1.31)
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No meaningful difference in the odds of antibiotic misuse
by medium- and high- income individuals was observed
when countries were grouped according to literacy rate
(Table 2).

The categorical approach of income standardized to net
national income per capita showed similar results to that
of income standardized to GDP per capita based on PPP
(data not shown).

Methodological characteristics of the studies

Restricting the analysis to those studies that used pretested
or validated questionnaires did not yield any substantial
modification in the pooled OR estimates (OR . iym 1-06;
95% CI1 0.91, 1.24 and ORy;,;, 1.04; 95% CI 0.85, 1.27)
(Table 2).

Studies that incompletely controlled for sex, age, educa-
tional level and household size showed higher pooled esti-
mates than those with complete control of those variables
in medium income (OR;;complee 1095 95% C10.95, 1.24
and OR 10 0.90; 95% CI 0.71, 1.15) and in high income
(OR;pcompler, 1:05; 95% CI 0.84, 1.31 and OR 0.60;
95% C10.30, 1.23) (Table 2).

No notable difference was observed between pooled
estimates from studies with lower-quality (<3 points) and
those from studies with higher-quality score (> 3 points)
(Table 2).

complete

Publication bias
The funnel plot (Fig. 3) and Egger’s test of the null

hypothesis (p-value =0.39) did not suggest evidence of
publication bias. These findings were further confirmed by
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Fig.3 Funnel plot of studies about income and antibiotic misuse

the Trim-and-Fill analysis that did not yield to the addition
of any study.

Discussion

Antibiotic resistance is an internationally growing multifac-
eted emergency that has been exacerbated by antibiotic mis-
use and has left devastating impact at the clinical, health and
socio-economic levels. If not controlled, antibiotic resistance
will convert into the major cause of death in 2050 [8].

To the best of our knowledge, this is the first meta-anal-
ysis that assesses the dose-response association between
income level and misuse of antibiotics. Our results agree
well with the hypothesis of no association between income
level and misuse of antibiotics. Subgroup analyses reveal a
dose-response association of medium- and high- income
levels with specific types of antibiotic misuse, i.e., storage
of drug leftover and non-adherence, country wealth, geo-
graphic region and study period.

Our primary findings suggest that the odds of misuse of
antibiotics do not differ between poor and wealthy people.
This is in line with the fact that both low- and high- income
individuals tend to self-medicate. On the one hand, under
constrained financial resources, especially in less devel-
oped economies where access to health facilities is limited,
self-medication is the only available option of healthcare
[47]. By self-medicating, individuals with low income avoid
expenses of medical consultation and subsequent lab tests.
Low- income households report forgone care more often
than those with high- income level [48]. They often cut
-back basic needs and take less medication than prescribed,
due to cost [49, 50], explaining therefore the observed higher
likelihood of adherence to treatment by high- income than
by low- income individuals. On the other hand, people with
high- income level tend to medicate themselves as they have
easier access to sources of information including internet
to seek health information [51], can afford purchasing non-
reimbursed medicines, and have more social support that
increases their access to unprescribed medicines including
through sharing with families and friends [52].

Our dose-response meta-analysis also showed that
medium- income individuals have higher odds of storing
antibiotic leftover than those with low income. This could be
related to higher financial affordability by medium-income
medium income individuals to purchase and store antibi-
otics. Our results also show a higher likelihood of misuse
by high-income individuals in upper-middle wealth coun-
tries. Consistent with our findings, an earlier report about
the economy of self-medication in general, indicated that
the demand for self-medication declines with rising the
income level of high- income individuals, but increases with
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increasing the income of low-income individuals, resulting
in a null pooled effect between income and self-medication
[47].

We also reported that medium- income individuals in
Africa have higher chances of antibiotic misuse, probably
due to the poor enforcement of antibiotic dispensing regula-
tions in those regions.

We observed a marginal increase in the odds of misuse
of antibiotics by medium- income and high- income indi-
viduals after 2015 than before this period. This could be
related to two main motives;: first, as concluded by WHO
in its report Global Spending on Health, the expenditure
on health is growing faster than economies, leading to a
doubling of the out-of-pocket spending and very large dif-
ferences between high- and low-wealth countries concern-
ing health expenditure [53], second, not all countries have
developed and implemented sufficient measures to control
the dispensing of antibiotics, and thus people with greater
financial resources continued using antibiotics without pre-
scription. A recent review report indicated that more than
half of the antibiotics worldwide are dispensed without pre-
scription [54]. Consequently, the WHO placed a new urgent
call to control antibiotics resistance crisis on 2019 [55].

The findings of this meta-analysis are unlikely to be
affected by publication bias as revealed by the negative result
of Egger’s test and the trim-and-fill analysis that did not sug-
gest imputation of any additional study.

This meta-analysis suffers from several limitations. All
eligible studies were of cross-sectional design, which, theo-
retically, limited any causal inference. However, income is
a relatively stable variable through time and, which miti-
gates this limitation. Furthermore, only one-fifth of included
studies performed a complete control for socio-demographic
variables, and higher OR estimates were obtained from stud-
ies with incomplete adjustment than in studies with complete
adjustment. This reveals that our findings could be overesti-
mated due to incomplete adjustment. Additional studies that
control adequately for all potentially related socio-demo-
graphic variables are needed to confirm our results. Also,
one-sixth of studies did not employ a pretested or validated
questionnaire to ascertain the exposure and the outcome.
However, this was unlikely to affect our results as constrain-
ing the analysis to the remaining studies did not introduce
any change in the overall effect.

Our analysis was based on random-effect models to
account for heterogeneity between studies [56-58]. Het-
erogeneity was expected in our study due to difference in
the defined levels of income, period of antibiotic use (for
example, use in the past month [59], past 3 months [60]
and past year [61]), and settings. Experts in meta-analysis
emphasize that heterogeneity is the expectation in any meta-
analysis rather than the exception [62] and that no amount
of heterogeneity is considered unacceptable as long as the

@ Springer

inclusion criteria are clearly defined and the data are cor-
rectly analysed [56].

Understanding the socioeconomic properties of antibiotic
misuse is crucial to develop related intervention programs
and health policies, yet addition of high-quality studies that
control for socio-demographic and socio-economic indica-
tors are needed to confirm our findings.
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