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Objectives: This study evaluated mediating effects of the health status on the association

between socio-economic status (SES) and medicine use. It was hypothesized that more

privileged people show a reduced use of medicines, as compared with the underprivileged,

because of their superior health status. It was further hypothesized that people may apply

medication based on their type of health complaint (ill physical versus mental status).

Study design: Data were taken from the 2012 German Epidemiological Survey of Substance

Abuse, a nationally representative cross-sectional study of n ¼ 9084 individuals of the

German general population aged 18e64 years.

Methods: Direct and indirect effects of SES on weekly use of analgesics and sedatives/

hypnotics were examined by applying generalized structural equation modeling. Self-rated

physical and mental health statuses were considered as potential mediators. SES was

measured by using educational level as a proxy. All analyses were gender-stratified.

Results: Among men, both physical and mental health mediated the path from SES to the

use of analgesics and sedatives/hypnotics, respectively, with a stronger effect of physical

health on analgesic use and mental health on sedative/hypnotic use. These effects were

only partially found among women.

Conclusions: Social inequalities in health seem to have substantial impact on the prevalence

of medicine use. Identification and elimination of the reasons for poor health among

people of low SES may, therefore, not only help to reduce health inequalities directly. A

decline in the use of medicines would also result in less side-effects and a reduced number

of people with medicine-related misuse and addiction.

© 2019 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
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Introduction

The prevalence of medicine use as well as sales of medicines

have risen in the German general population and in other

European countries, a development that may have serious

consequences for public health.1,2 Evidence also points to-

ward an unequal distribution of the use of medicines across

the population. Several European studies have revealed a

strong negative association between socio-economic status

(SES) and the use of medicines, that is, the lower the SES, the

higher the use of medicines.1,3e6

Studies exploring socio-economic inequalities in the use of

medicines are rare. However, results suggest that other fac-

tors and, particularly, a person's health statusmay explain the

association between SES and medicine use. First, research

showed that the correlation of SES and medicine use dis-

appeared when analyses were adjusted for health.7 Second,

several studies indicate that health status strongly predicts

the use of medicines.1,8e10 People with an ill health status

might be either more prone to use medicines prescribed by a

physician ormay tend to use over-the-counter (OTC) products

to medicate themselves. At the same time, it is well known

that SES and health are positively correlated, that is, the

higher the SES, the better the health status.11,12

In accordance with these references, health status might

play a mediating role between SES and medicine use. How-

ever, studies examining this assumption are lacking so far. In

case of full mediation by individual health status, measures to

reduce inequalities in medicine use would have to focus on

the health status itself, with an emphasis on preventing ill

health among lower SES groups. On the other hand, if in-

equalities in medicine use were not fully explained by differ-

ences in health, SES would determine a person's health status

but also directly impact on the use ofmedicines. In this case, a

(complete) reduction of inequalities in medicine use would

not be reached by reducing health inequalities, and further

explorations of direct reasons for SES inequalities in medicine

use would be needed.

The aim of the present studywas to evaluate themediating

role of the health status between SES and medicine use. In

particular, it considered direct and indirect pathways from

SES to the use of two different classes of medicines most

prevalently used in the German population, namely analge-

sics and sedatives/hypnotics.13 Self-rated physical andmental

health statuses were considered as potential mediators be-

tween the paths from SES to analgesic or sedative/hypnotic

use. It was hypothesized that lower rates of medicine use

among people of higher SES, compared with higher rates of

medicine use among people of lower SES, are exclusively

attributable to their superior health status. Because patterns

of medicine use should strongly depend on self-perceived

complaints (physical and mental symptoms) and on the

intended effect of the drug, it was also hypothesized that

physical health should be of greater importance in the rela-

tionship between SES and analgesic use (as compared with

sedative/hypnotic use), whereas mental health should be of

greater importance in the relationship between SES and

sedative/hypnotic use.
Methods

Study design and sample

Data were taken from the 2012 German Epidemiological Sur-

vey of Substance Abuse, a nationally representative cross-

sectional study of n ¼ 9084 individuals drawn from the 18-

year-old to 64-year-old German-speaking population living

in private households in Germany (response rate: 53.6%). A

two-stage sampling approachwith oversampling younger and

undersampling older birth cohorts was applied to achieve a

representative sample of the German population (aged 18e64

years). Data collection was conducted from April to August

2012 using a mixed-mode design with paper-and-pencil

questionnaires, computer-assisted telephone interviews

(CATIs), and online questionnaires.14

Measures

Major outcome variables of the analytical model were weekly

analgesic use and weekly sedative/hypnotic use. Weekly

analgesic use was assessed by asking ‘During the last 30 days,

how often did you use analgesics (painkillers)?“, and by

providing five response categories (‘did not use it at all’, ‘less

frequent than once a week’, ‘once a week’, ‘several times a

week’, ‘daily’). A list of the most common pharmaceuticals

was provided to facilitate the allocation of a drug. Individuals

who used analgesics at least once a week in the last 30 days

were treated as weekly analgesic users; all others, i.e. non-

weekly users and non-users, were defined as the reference

group. Weekly sedative/hypnotic use (including anxiolytics)

was assessed accordingly. Weekly use was chosen as a mea-

sure of medicine use in this study because weaker indicators

(e.g. monthly use) are unlikely to vary by SES.6

SES is acting as exposure variable and was assessed by

using educational level as a proxy. The highest educational

level achievedwas categorized into three groups, based on the

International Standard Classification of Education: low (less

than primary, primary, and secondary I), medium (secondary

II, post secondary/non-tertiary), and high (tertiary I and II or

higher) education.15 Individuals currently attending a school

of general education were excluded. In the statistical analysis,

SES was dummy-coded with the highest status acting as the

reference category. To simplify the outputs of a complex sta-

tistical model, tables and figures show results for the com-

parison of the extreme SES groups only (i.e., low versus high

SES is shown,medium versus high SESwas also estimated but

is not shown).

Potential mediators between SES and medicine use were

self-rated physical and mental health. It was assessed by

asking ‘How would you rate your current health status?’ and

‘How would you rate your current mental well-being?’,

respectively. Five-point Likert scales were dichotomized into

good (very good, good) and ill (fair, poor, very poor) health,16

whereas the former group was defined as the reference cate-

gory. Self-rated health has been evaluated as a strong and

consistent predictor of mortality and functional health

decline.17
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To control for potential confounder effects, age (contin-

uous, 18e64 years), marital status (married, unmarried),

regional distribution (East Germany, West Germany, Berlin;

dummy-coded), and interview mode (paper-and-pencil ques-

tionnaire, CATI, online questionnaire; dummy-coded) were

included as covariates.

Statistical analyses

A mediation analysis was applied to explore possible mech-

anisms through which an exposure and an outcome might be

associated.18 Three paths are relevant for the investigation of

mediating effects: the direct, the indirect, and the total effect.

The model of this study suggests four direct effects (from low

and medium SES to analgesic and sedative/hypnotic use,

respectively), eight indirect effects (from low andmedium SES

to analgesic and sedative/hypnotic use through physical and

mental health, respectively), and two total effects (sum of

direct and indirect effects, one for analgesic use and one for

sedative/hypnotic use) (Fig. 1).

Full mediation is indicated if the indirect effect is statis-

tically significant, whereas the direct effect is non-

significant. To quantify the strength of a full mediation,

the proportion of the total effect mediated by health is

indicated in the output. If both the indirect and the direct

effect are statistically significant, there is evidence for par-

tial mediation. The requirements for a mediation analysis
Fig. 1 e Pathway model for evaluation of mediating effects of s

between SES and weekly analgesic or sedative/hypnotics use. S

P ¼ physical health (2 groups; ref.: good physical health status)

status); A ¼ weekly analgesic use (2 groups; ref.: non-weekly a

ref.: non-weekly sedative/hypnotic use); ref. ¼ reference group.
are not fulfilled if an indirect and/or a total effect, or a single

path of an indirect path, is statistically non-significant.18

To evaluate mediating effects statistically, generalized

structural equation modeling (GSEM) was applied.19 Models

were fitted by using the maximum likelihood method,

assuming logit link functions and Bernoulli distribution for

binary outcomes. For reasons of clarity in a complex GSEM

and to enable comparability of estimates between pathways

and across the models, only binary variables were included in

themodel, allowing a consistent reporting of odds ratios (ORs)

(with corresponding 95% confidence intervals).

Because numerous studies showed extensive gender dif-

ferences in the use of medicines and medical service in gen-

eral,20,21 analyses were stratified by gender. Data were

statistically weighted to account for the disproportionate

sampling and differences in sociodemographic characteristics

between the sample and the German adult population in 2012.

Statistical analyses were carried out with Stata 14 (Stata Corp

LP, College Station, TX).
Results

Sample description

Characteristics of the study sample are shown in Table 1. The

mean (standard deviation) age of the total sample was 42.3
elf-rated physical and mental health status on the relation

ES ¼ socio-economic status (3 groups; ref.: high SES);

; M ¼ mental health (2 groups; ref.: good mental health

nalgesic use); S ¼ weekly sedative/hypnotic use (2 groups;
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Table 1e Characteristics of the study sample, 18-year-old
to 64-year-old men and women (total n ¼ 9084).

Male Female

n % n %

Sample size 3929 50.8 5155 49.2

Age (years)

18e24 987 12.6 1154 12.4

25e34 639 19.2 954 18.4

35e44 559 19.4 874 20.8

45e54 855 27.7 1075 26.2

55e64 886 21.2 1098 22.3

Socio-economic status (SES)

low 464 13.2 575 14.1

medium 2267 61.0 3074 61.4

high 1042 25.8 1299 24.5

Marital status (unmarried) 2104 47.4 2455 41.4

Physical health (ill) 962 29.0 1296 28.1

Mental health (ill) 1044 30.1 1612 33.3

Weekly analgesic use 530 16.3 961 20.7

Weekly sedative/hypnotic use 105 3.3 216 5.0

n ¼ number of cases; % ¼ percent; n is unweighted; % is weighted.
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(13.1) years; 50.8% were male. SES groups were distributed

similarly across gender; approximately 25% of male and fe-

male respondents were ascribed to the highest SES and

approximately 15% to the lowest. Ill physical health was
Fig. 2 e Single path correlations; 18-year-old to 64-year-old me

confidence intervals (CIs, in parentheses) are shown for significa

shown; measurement models for associated errors and covaria

mode) are estimated but not shown; SES ¼ socio-economic stat

ref.: good physical health status); M ¼ mental health (2 groups; r

groups; ref.: non-weekly analgesic use); S ¼ weekly sedative/h

use); ref. ¼ reference group; n.s. ¼ non-significant.
reported by 29.0% of male respondents and 28.1% of female

respondents. A slightly higher proportion reported an ill

mental health status (male: 30.1%; female: 33.3%). Analgesics

were used at least once a week in the past 30 days by 16.3% of

men and 20.7% of women; weekly sedative/hypnotic use was

reported by 3.3% of men and 5.0% of women.

Mediating effects

Fig. 2 shows single path correlations for male respondents.

The likelihood for exhibiting ill physical health was signifi-

cantly higher among male respondents of low SES as

compared with those of high SES (OR ¼ 2.23). A slightly lower

likelihood was found for the path from low SES to mental

health (OR¼ 1.70). Ill physical healthwas associatedwith 3.04-

fold increased odds for analgesic use, whereas the odds were

increased by a factor of 1.7 regarding mental health. The

effect of SES on analgesic use was statistically non-significant,

that is, no direct effect was indicated. Table 2 suggests that

39.8% of the total effect on analgesic use could be explained by

the indirect effect of low SES through physical health,

whereas 12.6% was due to the indirect effect of low SES

through mental health. Concerning sedatives/hypnotics,

increased odds were found for men reporting ill physical

(OR ¼ 2.35) and mental (OR ¼ 10.75) health (Fig. 2). Full
n (n ¼ 3695). Odds ratios (OR) and corresponding 95%

nt paths only; effects for medium SES are estimated but not

tes (age, marital status, regional distribution, interview

us (3 groups; ref.: high SES); P ¼ physical health (2 groups;

ef.: good mental health status); A ¼ weekly analgesic use (2

ypnotic use (2 groups; ref.: non-weekly sedative/hypnotic

https://doi.org/10.1016/j.puhe.2018.12.018
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Table 2eDirect, indirect, and total effects of SES on analgesic and sedative/hypnotic use, 18-year-old to 64-year-old tomen
and women (total n ¼ 9084).

Analgesics Sedatives/hypnotics

OR 95% CI Proportion of total
effect mediated

OR 95% CI Proportion of total
effect mediated

Male

Direct effect n.s. n.s.

Total effect 9.38 (3.70e23.79) 40.19 (5.81e277.81)

Indirect effect (low SES)

Physical health 2.44 (1.57e3.80) 39.8% 1.98 (1.11e3.55) 18.6%

Mental health 1.33 (1.06e1.65) 12.6% 3.52 (1.50e8.28) 34.1%

Female

Direct effect n.s. n.s.

Total effect 2.73 (1.35e5.55)

Indirect effect (low SES)

Physical health 2.09 (1.45e3.03) 73.5% 1.74 (1.22e2.48)

Mental health n.s. n.s.

OR ¼ odds ratio; 95% CI ¼ 95% confidence interval (a¼0.05); n.s. ¼ non-significant; SES ¼ socio-economic status

Three groups; reference group: high SES; controls: age, marital status, regional distribution, interview mode; measurement models for asso-

ciated errors and covariates are estimated but not shown; indirect effects for medium SES are estimated but are not shown.
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mediation on the effect of low SES on sedative/hypnotic use

was indicated for bothmediators; 18.6% of the total effect was

attributable to physical health and 34.1% to mental health

(Table 2).
Fig. 3 e Single paths correlations, 18-year-old to 64-year-old wo

confidence intervals (CIs, in parentheses) are shown for significa

shown; measurement models for associated errors and covaria

mode) are estimated but not shown; SES ¼ socio-economic stat

ref.: good physical health status); M ¼ mental health (2 groups; r

groups; ref.: non-weekly analgesic use); S ¼ weekly sedative/hy

use); ref. ¼ reference group; n.s. ¼ non-significant.
Fig. 3 shows single-path correlations for women.

Compared with high SES, women of low SES had 1.75-fold

increased odds for an ill physical health status. In turn,

women with ill physical health exhibited 3.74-fold increased
men (n ¼ 4834). Odds ratios (OR) and corresponding 95%

nt paths only; effects for medium SES are estimated but not

tes (age, marital status, regional distribution, interview

us (3 groups; ref.: high SES); P ¼ physical health (2 groups;

ef.: good mental health status); A ¼ weekly analgesic use (2

pnotic use (2 groups; ref.: non-weekly sedative/hypnotic

https://doi.org/10.1016/j.puhe.2018.12.018
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odds for analgesic use. No direct effect of SES on analgesic use

was indicated. Full mediation on the effect of low SES on

analgesic use through physical health was indicated; 73.5% of

the total effect could be explained (Table 2). Ill mental health

was associated with increased odds for both analgesic

(OR ¼ 1.36) and sedative/hypnotic use (OR ¼ 4.85) (Fig. 3). An

indirect effect of low SES on the use of sedatives/hypnotics

through physical health was indicated (OR ¼ 1.74) (Table 2).

However, because SES and mental health were not correlated

(Fig. 3), mediating effects could not be assumed.
Discussion

The present study evaluated mediating effects on the

pathway from SES to weekly analgesic and sedative/hypnotic

use by self-rated physical and mental health status, respec-

tively. Among men, both physical and mental health medi-

ated the path from SES to analgesic and sedative/hypnotic

use, with a stronger effect of physical health on analgesic use

and mental health on sedative/hypnotic use. Inconsistent

results were found among women.

Amongmen, pathways from low SES to both analgesic and

sedative/hypnotic use were fully mediated by both physical

and mental health, respectively. This suggests that socio-

economic inequalities in medicine use are rather attribut-

able to health inequalities than to differences in SES.

Although strong associations between SES and health,11,12

and in turn, between health and the use of medicines have

repeatedly been shown,1,8,9,10 evidence for mediating effects

of health was lacking so far. Moreover, no direct effect was

observed between SES and medicine use, and high pro-

portions of the total effects can be explained by mediating

effects of health in the statistical models. In total (low plus

medium SES and physical plus mental health), mediating ef-

fects explained 76.6% of analgesic use and 74.5% of sedative/

hypnotic use. Health inequalities therewith seem to be the

major driving force for differences in medicine use by SES. No

third variables which might lead to SES differences in medi-

cine use, such as willingness to use medicines at a given

health status or impaired affordability ofmedicines,22 seem to

be involved to a substantial degree. Identification and elimi-

nation of the reasons for poor health among people of low SES

may, therefore, help to reduce health inequalities. One well-

known reason is an elevated likelihood of engaging in un-

healthy behavior such as smoking, episodic heavy drinking,

and diminished physical activity.11,12 Accordingly, efforts to

improve health among individuals of low SES should already

start at the prevention level and make sure that preventive

measures reach all socio-economic levels. Schools, work-

places, or neighborhoods are examples of places with a socio-

economic segregation and, therefore, potential outlets to

reach individuals of low SES.23

Similar conclusions can only partially be drawn for

women. Physical health fully mediated the association be-

tween low SES and analgesic use, with no statistically sig-

nificant direct effect from SES to analgesic use and a high

proportion of medicine use being mediated (73.5%). However,

mediating effects by mental health on both analgesic and

sedative/hypnotic use could not be observed. This result was
unexpected and is not in accordance with the literature. For

instance, based on a cross-sectional sample of the UK

household population, a strong relationship between educa-

tional level and prevalence of neurotic disorders was found

for men and women24 and similar findings were reported in

other European studies.25,26 Findings of the present study are

corroborated by one study only, revealing a lacking associa-

tion between family affluence score and girls' self-rated

mental health.27 One explanation for this inconsistency

could be found in different measurements of mental health.

The latter and the present study used a self-rated assess-

ment, whereas the other studies used clinical diagnoses.

Assessments of health status (i.e., self-rated versus clinically

diagnosed) were found to vary substantially depending on the

type of measurement.28,29 Physicians may focus on objective

symptoms and diagnoses when assessing a patient's health

status, whereas respondents may focus on subjective symp-

toms, functional limitations, and quality of life.29 Regarding

somatoform health complaints, a physician may attribute

them to mental concerns, whereas a patient would rather

rate them as physical complaints. Considering that women

tend to somatizemore thanmen,30 self-ratingmay contribute

to an inflation of the number of women with ill physical

health, which might, in turn, lead to greater SES differences

in women's physical health status compared with mental

health status. Besides, an indirect SES-effect on sedative/

hypnotic use through physical health was found among

women but no statistically significant total effect. Mediating

effects could not be deduced here. This implies that sedative/

hypnotic use is equally distributed across SES groups and that

females of the study sample were using sedatives/hypnotics

independently of their SES. Certainly, to properly evaluate

these findings and to draw sound conclusions, further in-

vestigations are needed.

It was further hypothesized that physical health is of

greater importance in the relationship between SES and

analgesic use (as compared with sedative/hypnotic use),

whereas mental health should accordingly be of greater

importance in the relationship between SES and sedative/

hypnotic use. The present study corroborates this hypothesis

for men. Nearly 40% of the effect of low SES on analgesic use

was mediated by physical health but less than 13% by mental

health only. Regarding sedative/hypnotic use, an inverse

pattern was found. Thus, it seems that men of the study

sample used analgesics or sedatives/hypnotics as per their

type of health complaints, regardless of the individual's SES.

For women, no conclusions can be drawn because of a lacking

mediating effect of mental health on medicine use.

Methodological considerations

Educational level was used as it is known as a reliable proxy

for SES and has been revealed to be a good predictor of self-

reported health.31,32 Education is also supposed to be fairly

stable beyond early adulthood33 and has become the most

commonly used SES measure in epidemiological studies.31

It has been refrained from adjusting the GSEM for other

potential SES indicators such as income or occupational

prestige. The study's aim was not to explore pathways from

education itself to medicine use but from socio-economic

https://doi.org/10.1016/j.puhe.2018.12.018
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status to medicine use. In other words, education was used as

one possible proxy for SES.34 The use of a three-level measure

of SES instead of two levels (low versus high) was chosen for

the analyses to prevent loss of information and deceptions of

group differences due to large group sizes. This approach

follows the majority of social epidemiological studies and

methodological recommendations.12,15

Owing to inconsistent and unexpected findings among

women in this study and a lack of comparable studies

focusing on this issue, further investigations are needed to

draw sound conclusions. Beyond themediator analysis, future

research might also address moderating effects of SES on

health, that is, ill health might lead to different patterns of

medicine use, depending on SES.4 It has been shown that

healthy men of lower SES were more likely to use OTC drugs

than those of high SES, whereas, among those with ill health,

high SES individuals were more likely to use prescribed

medicines.35,36

Strength

A major strength of this study is the evaluation of mediating

effects by applying GSEM. The statistical power of GSEM is

remarkably higher than that of the standard regression

method, missing data are not handled by list-wise deletion,

and a simultaneous consideration of all indicators and path-

ways is possible through GSEM.18 Another plus is the high-

quality data source, characterized by a large sample size and

a standardized data collection.14

Limitations

It was not possible to distinguish between prescribed andnon-

prescribed/OTC medicine use because of the lacking infor-

mation in the data. Several international studies indicated

that socio-economic inequalities in medicine use substan-

tially vary in this respect. In Austrian samples, individuals of

higher SES were more likely to use non-prescribed medicines,

whereas those of lower SES rather used prescribed medi-

cines.36,37 A Danish study showed a declining prevalence of

prescribed medicine use by SES, whereas no association was

found for OTC drugs.38

Conclusions about causal relationships are limited

because of the cross-sectional study design. Poor health

could also lead to a lower SES, which would change the

order of SES and health. However, a stronger causal relation

from SES to health, rather than vice versa, is supported by

the literature.11

Conclusions

As per the latest estimates for Germany, about 1.5e1.9 million

people are addicted to medicines.39 This study showed that

social inequalities in health seem to have substantial impact

on the prevalence of medicine use in the population. Identi-

fication and elimination of the reasons for poor health among

people of low SES may, therefore, not only help to reduce

health inequalities directly. A decline in the use of medicines

would also result in less side-effects and a reduced number
of people with medicine-related misuse and addiction.

Inconsistent findings among women, however, showed that

further investigations are needed to draw sound conclusions

and public health implications.
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