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Abstract

Background Breast cancer is the most prevalent cancer among women worldwide, causing over 400,000 cases

of premature death annually. Timely screening mammography (SM) could have prevented most death. Although SM
utilization varies across countries, few studies have examined country-level factors, and fewer explored their interac-
tion with individual-level factors. The study aims to analyze individual and country-level variables and their interaction
that determines SM utilization and variation between countries.

Methods Individual, country, and cross-level models are used to analyze the cross-sectional data from the SHARE
database for 26,672 women aged 50 or over, from 27 countries. Key individual variables investigated include quality-
of-life (QOL), psychological, and subjective-health status. Country-level variable included government health expendi-
ture (GHE) percentage of GDP, and organized screening programs. Models were adjusted for individual variables such
as age and education.

Results Self-reported SM utilization varied from 5 to 67% in the countries examined. On the individual level, higher
QOL, psychological, and subjective health status positively correlated with SM utilization, as did GHE and organized
programs on the country-level. Surprisingly, the interaction between individual and country-level variables shows
that while SM utilization positively correlates with higher psychological and subjective health status in high-GHE
countries, it negatively correlates in low-GHE countries, and only weakly positive correlates in mid-level GHE countries.

Conclusions Better individual well-being, both physical and psychological, increased SM utilization, as did higher
GHE and countrywide SM programs. The negative correlations in low-GHE countries and positive correlations in high-
GHE countries underscores disparities that need to be addressed.

Keywords Breast cancer, Depression, Health expenditure, Multilevel analysis, Quality of life, Screening
mammography, Subjective-Health
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cases could be avoided if all women had access to early
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detection [3]. Early breast cancer diagnosis increases
survival rates and reduces the need for challenging treat-
ments with severe side effects. Approximately 51.5%
of breast cancer patients over the age of 50 were diag-
nosed at an early stage in OECD countries between
2010 and 2014 (although there is significant variation
across countries) [4, 5]. The main tool for early diagno-
sis is screening mammography (SM) which involves an
X-ray exam of the breast and is considered the best way
to diagnose breast cancer at an early stage [6]. Accord-
ing to the United States Preventive Services Task Force,
SM is recommended biannually for women aged 40-74
[7]. Similarly, the European Union breast cancer guide-
lines recommend a biannual SM for women aged 50 to 69
while women aged 45-49 with average risk should screen
every 2-3 years and women aged 70-74 should screen
every 3 years [8].

Previous studies have examined potential factors that
affect SM utilization in women over 50, either at the
individual or country/health system level. These include
knowledge about SM [9-14], higher education and ver-
bal skills [9-11, 15, 16], socio-economic status, employ-
ment status and medical insurance coverage [9-11], age
and health status [11, 17], and quality-of-life [18], all of
which increase the likelihood of having SM. In contrast,
psychological factors such as anxiety, cancer fatalism,
embarrassment, mistrust, and fear reduce the likelihood
of having SM [9, 11, 18, 19]. While the difference in SM
utilization between countries is large, little research has
compared country-level determinants of SM utilization,
such as consumers’ side payments, which depend on,
among others, insurance coverage. Out-of-pocket pay-
ments and financing concerns were previously reported
to decrease SM utilization, [12, 18, 20-22] while the
elimination of out-of-pocket and cost-sharing, through
increased public health expenditure increases it [23,
24]. On the same note, organized national screening
programs were found to increase SM utilization and
decrease breast cancer mortality [15, 25, 26], with major
differences between high income countries and low and
middle income countries [26, 27].

The current study contributes to scientific literature by
adopting a two-level approach to analyzing SM utilization
between countries: the first level examines individual fac-
tors, while the second focuses on country-level factors.
At the individual level, we consider subjective well-being
factors as identified in the SHARE study, including an
individual’s quality of life, psychological well-being, and
health status. These factors may influence health-seeking
behaviors, potentially decreasing the likelihood of engag-
ing in preventive measures such as mammography.

At the country level, we include factors such as total
health expenditure, government health expenditure, and
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organized screening programs strategy; these factors are
expected to increase access to and utilization of preven-
tive services like SM. The opposing directions of effect at
the individual and country levels underscore the impor-
tance of cross-level interaction analysis to estimate the
inter-country variability of individual variables.

The study objective is to identify individual/coun-
try characteristics that may increase SM utiliza-
tion, and which warrant attention from public health
policymakers.

Methods

The study used individual-level data and country-level
data. Individual-level data was obtained from the micro-
level Pre-Covid Wave 8 (2019-2020) of the Survey of
Health, Ageing and Retirement in Europe (SHARE,
Release 8.0.0) [28], a cross-sectional research established
for studying the effects of health, social, economic, and
environmental policies over the life-course of European
citizens. The data is based on interviews held between
October 2019 and March 2020 with 26,672 women aged
50+ from 27 countries.

Study participants—While medical guidelines suggest
performing SM for average-risk women until the age of
74 at different intervals, 14% of the participants in the
study who underwent SM were 75 years or older. As we
did not wish to ignore this age group, they were included
in the analysis. To make sure that our findings adhere
with other studies, focusing on women aged 50-69 (when
biannual SM is recommended), we ran a separate analy-
sis of this group (N=13,288). The results (Supplementary
Table 1) were consistent with those from the broader age
group, with minor variations observed.

Based on data from the SHARE Sample Management
System using Release 8.0.0 (SHARE, Release 8.0.0) [28],
the SHARE target population comprises all individu-
als aged 50 years and older at the time of sampling who
reside in their regular domicile within a SHARE coun-
try. Exclusions apply to individuals who are incarcer-
ated, hospitalized, or out of the country for the entire
survey period, as well as those unable to speak the
country’s language(s) or whose address is unknown. In
Wave 8, individuals born in 1969 or earlier were eligible
for an interview. The Wave 8 sample consisted of two
components: a longitudinal subsample and a refresh-
ment subsample. The longitudinal subsample included
respondents who had participated in any previous wave
of the study. The refreshment subsample, on the other
hand, consisted of new sample units drawn in Wave 8
to ensure representation of younger cohorts who were
not age-eligible in earlier waves (i.e., individuals born
between 1967 and 1969) and to offset sample size reduc-
tions due to attrition over the course of the SHARE panel.
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Country-level data—was obtained from the OECD
Health Statistics Library (OECD-stat) [29], a comprehen-
sive source of comparable statistics for the OECD, which
was merged with the SHARE data. Data was gathered for
2019 or the nearest available year. Country level breast
cancer screening program strategy (Country programs)
was evaluated based on data by Ponti and colleagues [30]
Willems and colleagues [16], Jolidon and collegues [24],
Tur-Sinai and Shaharabani [31] and Billiard and collegues
[32] to cover all the countries participating in the SHARE
study.

The outcome variable is a self-reported SM test, which
is a binary variable that takes a value of 1 if a respond-
ent reported having a mammogram during the two years
before the interview and 0 otherwise. The exposure vari-
ables included three indexes of individual well-being
from SHARE: The first is the CASP-12 index of qual-
ity-of-life (QOL) in older age, a theoretically grounded
measure of quality of life in older age. It is composed of
four subscales: Control, Autonomy, Self-realization, and
Pleasure, each presented as questions or statements on
a four-point Likert scale (“often,” “sometimes,” “rarely,
“never”). The resulting score ranges from 12 (poor
QOL) to 48 (high QOL) [33]. The second is the EURO-D
index of depression which was developed as a common
depression symptoms scale based on 12 metrics of late-
life depression: depression, pessimism, suicidality, guilt,
sleep, interest, irritability, appetite, fatigue, concentra-
tion, enjoyment, and tearfulness [34]. The resulting score
ranges from 0 (not depressed) to 12 (very depressed).
Our analysis used a reversed score, referred to as EURO-
Dr, in which 0 is very depressed and 12 is not depressed.
The third is the Subjective-Health index in which SHARE
participants are asked to rank their health between 1
(excellent) and 5 (poor). Our analysis used a reversed
score, referred to as SHr, in which 1 is poor health and 5
is excellent health.

Individual-level explanatory variables included the par-
ticipant’s age, years of education, number of chronic dis-
eases and unmet needs, a binary variable which takes a
value of 1 for individuals who reported at least one of the
following: (1) their household is able to make ends meet
only with great difficulty or with some degree of diffi-
culty; (2) during the past year they have kept their homes
cold in order to save on heating costs; or (3) they had
forgone care from a general practitioner or a specialist
physician, drug treatment, dental care, optical care, home
care, paid home help or some other medical care during
the previous year.

Country-level variables included two OECD expendi-
ture measures [4], and the country breast cancer screen-
ing program strategy (Country programs) developed by
Willems and colleagues [16]. Total health expenditure
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(THE_of GDP) and government health expenditure
(GHE_of_GDP) were used as percentage of GDP. Coun-
try programs variable was ranked 2 when the programs
were nationally organized, providing universal coverage
to all eligible women; ranked 1 when the programs were
region based, and ranked 0 when there was no country
screening strategy, leading to opportunistic screening
behavior. While most countries in the SHARE study had
organized country programs, Austria, Portugal, Slovenia,
and Switzerland had regional country programs and the
Slovak Republic, Bulgaria and Romania had opportunis-
tic strategy. It is important to note the uneven distribu-
tion of screening programs: while 19,704 participants
lived in countries with organized programs, only 3,521
participants lived in countries with opportunistic screen-
ing programs, and 3,447 in countries with regional
screening programs.

As the findings for GHE and Country programs dem-
onstrated similar behavior in models 2 and 3, we used
ANOVA between groups analysis to look for their inter-
action, that demonstrated high and significant difference
between countries with opportunistic screening pro-
grams (average GHE =4.92% of GDP) and countries with
regional and organized programs (average GHE =7.06%
and 6.82% of GDP accordingly). These findings suggest a
positive correlation between the structure of screening
programs and government health expenditure, indicating
that more organized screening programs are associated
with higher health spending (Supplementary Table 2).

Missing data—Out of a total of N=26,672 women aged
50 and above, only #=181 women had missing data for
the SM question. For subjective health, there were n=51
missing values, and for EURO-D, n=2881 missing values.
The only variable with more than 5% missing data was
CASP (n=2,160), due to the absence of this variable for
Romanian. As a result, we excluded Romania from the
analysis of the CASP model, leaving us with 26 countries
in this model.

Statistical methods

We applied a multilevel approach using a data structure
consisting of individuals (level 1) nested within countries
(level 2). Three sequential equations were estimated for
each of the three models, one for each of the exposure
variables (CASP, EURO-Dr, and SHr):

Model-1: A fixed-effect estimation of individual-level
variables allowing for a random intercept by country.
Model-2: Model-1 with country-level variables added
to capture the fixed effect of healthcare expenditure/
screening program.

Model-3: Model-2 with the interaction of the expo-
sure variable and the country variable added. This



Hovav and Brammli-Greenberg International Journal for Equity in Health

makes it possible to examine within-country variabil-
ity according to the inter-country variability.

The analysis focused on two sources of variation in
addition to the fixed effects: intercept variation which
reflects the degree to which countries differ in the mean
value of SM rates; and variation in the slope of the
exposure variables. We adopted a cautious multilevel
approach to potential challenges associated with country
effects. Specifically, this involved focusing on randomly
selected women aged 50 and over, a representative coun-
try sample, and a harmonized final dataset. Furthermore,
the study encompasses 27 countries, with a sample size
for each country ranging from 300 to 1,700 women.
These features provide confidence in the validity of the
results.

The regression equations were GLM binomial with a
logit link and were estimated using restricted maximum
likelihood (REML) [35-37]. For each regression, we cal-
culated the random effect parameters, the adjusted intra-
class correlation (ICC), the Akaike Information Criterion
(AIC), and the ratio between the Marginal R-squared,
which measures only the variance of the fixed effects,
and the Conditional R-squared, which measures both the
fixed and random effects [35, 36]. The hypothesis that the
intercept variance is not significantly different from zero
was tested by comparing the -2 log-likelihood difference
between a model with a random intercept and one with a
non-random intercept. The variance of the random effect
slope and the correlation between the random intercept
and the random slope were calculated for Models 2 and
3. The analysis was performed using R Software (ver-
sion R—4.2.2) while the multilevel analysis was conducted
using several R-Packages (Supplementary Table 3) and
followed the customary procedure of analysis [36, 38].

Results
The sample consisted of 26,672 women aged 50 +residing
in 27 countries. Their mean age was 70.7 years with an
average of 11 years of education and 2 chronic diseases
(Table 1). The average scores of the exposure variables
were 37.2 for CASP, 9.2 for EURO-Dr, and 2.7 for SHr.
Almost 44% of participants reported having undergone
SM, with substantial variation between countries (from
5% in Romania to 67% in the Czech Republic, see Sup-
plementary Fig. 1). To eliminate the possibility that the
between-group variance is the result of only one or two
outlying countries, we examined the distribution of the
intercepts. The resulting plot (Fig. 1) shows that SM rates
varied across countries according to a random intercept
ranging from -3.0 to+1.3. As Romania and Bulgaria
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Table 1 Characteristics of the participants and their distribution
by country

Overall (N=26,672)
11,630 (43.9%)

37.16 (SD=6.2); (12;48)
9.24 (SD=2.35); (0;12)
2.74(SD=1.02); (1;5)
70.72 (SD=9.58); (50; 100)
10.96 (SD=4.11); (0;25)
9,310 (34.9%)

2.01 (SD=1.67); (0;14)

Characteristic:

Screening mammography =Yes
CASP-12 score (12-48)
EURO-Dr score (0-12)

SHr score (1-5)

Patient Age (years)

Years of education (years)
Unmet needs

Number of chronic diseases

Country Participants (% of study)
Austria 945 (3.5%)
Belgium 1105 (4.1%)
Bulgaria 540 (2.0%)
Croatia 669 (2.5%)
Cyprus 328 (1.2%)
Czech 1654 (6.2%)
Denmark 1170 (4.4%)
Estonia 1914 (7.2%)
Finland 619 (2.3%)
France 1446 (5.4%)
Germany 1532 (5.7%)
Greece 1715 (6.4%)
Hungary 473 (1.8%)
Israel 555 (2.1%)
Italy 1213 (4.5%)
Latvia 488 (1.8%)
Lithuania 895 (3.4%)
Luxembourg 520 (1.9%)
Malta 440 (1.6%)
Netherland 1053 (3.9%)
Poland 1153 (4.3%)
Romania 723 (2.7%)
Slovakia 543 (2.0%)
Slovenia 1465 (5.5%)
Spain 1209 (4.5%)
Sweden 1268 (4.8%)
Switzerland 1037 (3.9%)

Data are Mean (SD) (Minimum; Maximum) or n / N (%)

seemed to be outliers, we performed Rosner test for
outliers on the dataset which individual are grouped by
country. The test detected no outliers.

Next, we examined the SM rate by country. Figure 2
shows SM rates by country according to average CASP,
EURO-Dr, and SHr scores. As shown, the CASP-QOL,
EURO-Dr, and SHr scores positively correlate with SM,
suggesting that high SM rates are observed in countries
with high levels of individual well-being. This result
was validated in the estimation of Model-1.
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Fig. 1 Between country random intercept variation for Screening Mammography

Model 1 - Fixed effect estimation of individual-level
variables while allowing for a random intercept by country
The results for Model 1 (Table 2) show that the estimated
fixed effects of the individual-level variables were positive
and significant, indicating that the likelihood of under-
going SM increases with individual well-being. SHr sub-
jective-health score had an effect of OR=1.10 on a scale
of 1-5, CASP-QOL score had an effect of OR=1.04 on
a scale of 12-48, and the EURO-Dr psychological score
had an effect of OR=1.02 on a scale of 0-12 (scales are
not comparable).

The estimated between-country variance, which cap-
tures the country of residence’s contribution to the varia-
tion among women, was significant in all three equations.
The ICC variability score was 0.10 for CASP (26 coun-
tries), and 0.19 for EURO-Dr and SHr (27 countries) indi-
cating that the country of residence has a large effect on
the variation in SM rates.

The intercept coefficient for each country produced by
Model 1 of CASP, EURO-Dr and SHr, are presented in
Supplementary Fig. 2.

Model 2 - Fixed effect estimation of country-level variables
in addition to the individual-level variables while allowing

for a random intercept by country

Model-2 added three country-level covariates (THE,
GHE, and Country programs) to determine whether
either of them is a significant predictor of the SM
rate. Table 3 presents the estimation results (full mod-
els results are shown in Supplementary Table 4). Each
of the country-level covariates was added separately

given the high correlation between them. The estima-
tion results for model 2 with interaction terms between
GHE and Country programs presented in Supplemen-
tary Table 5.

CASP QOL index positively and significantly corre-
lated with SM utilization for all country-level variables.
GHE had a lower, yet more significant fixed effect on
QOL. Compared with countries with opportunistic
breast cancer screening program strategy, both regional
screening program (OR=3.43) and organized screen-
ing program (OR=3.12) had a strong and significant
fixed effect on SM utilization.

Similarly, EURO-Dr psychological score positively
and significantly correlated with SM utilization for all
country-level variables. GHE had a higher more sig-
nificant fixed effect (OR=1.31) on SM utilization than
THE (OR=1.28). Both regional and organized country
programs had a strong, significant effect on SM utiliza-
tion (OR=7.12 and 5.92 accordingly).

Likewise, SHr health score positively and signifi-
cantly correlated with SM utilization for all country-
level variables. GHE had a higher and more significant
fixed effect (OR=1.30) on SM utilization than THE
(OR=1.27). Both regional and organized country pro-
grams had a strong, significant effect on SM utilization
(OR=6.99 and 5.98 accordingly).

Compared with model 1, there was a reduction of
ICC in all models: from 0.10 to 0.07-0.09 for CASP,
from 0.19 to 0.14-01.5 for EURO-Dr, and from from
0.19 to 0.14-01.5 for SHr, suggesting that country-
level variables explain some of the variation in SM rates
between individuals in different countries.
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Model 3 - Cross-level interactions between the individual
well-being variables and the country variables — GHE

and Country programs

Model-3 focuses on country-level variables represent-
ing government policy, GHE and country screening pro-
grams. The results for model-3 are illustrated in Figs. 3
and 4 and detailed in supplementary tables 6 and 7.

Figure 3 Panels 1A, 2A and 3A show the predicted
probabilities of undergoing SM according to CASP well-
being score for three values of GHE: 4% of GDP (low), 6%
of GDP (medium), and 9% of GDP (high). Panels 1B, 2B
and 3B show the converging lines of predicted probabili-
ties for undergoing SM for different well-being scores by
GHE.
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Table 2 Model 1 random intercept equations
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CASP QOL score (12-48)

EURO-Dr psychological score (0-12)

SHr subjective health (1-5)

Equation

Intercept

Age

Years of Education

Unmet needs

Chronic diseases

CASP QOL score

EURO-Dr psychological score
SHr subjective health score
Random Effect

Observations

Marginal R?/ Conditional R?

AIC
log-Likelihood

Odds Ratio

207.7 77 (13352 -323.12)

0.90 ™ (0.89-0.90)
1.03 7 (1.02-1.04)
089" (0.83-0.96)

1117 (1.09-1.13)
1.0477(1.03-1.04)

037
0.10
26 countries
24433
0.241/0319
27715122
-13823.7

country

Odds Ratio

7084 (447.52 - 1121.33)
0.90 ™ (0.89-0.90)

104" (1.03-1.04)

082" (0.77-0.88)

1.08™ (1.06 - 1.10)

1.027(1.00 - 1.03)

0.78
0.19
27 countries
25706
0.215/0.364
28795.741
-14364.3

country

Odds Ratio

593.58 " (378.22-931.55)
0.90 " (0.89-0.90)

10377 (1.03-1.04)

084" (0.78-0.89)

110 (1.08 - 1.12)

ok

110 (1.07 - 1.14)

0.75
0.19
27 countries
26478
0.226/0.371
29389.870
-14660.3

country

Three random intercept logistic multilevel equations, with the fixed effect of the individual-level characteristics and one source of variation in SM were estimated; 100,
intercept variation. The explanatory variables include the exposure variables and individual-level covariate variables. Romania was excluded from the CASP model,

leaving us with 26 countries in this analysis

“p<0.05
" p<0.01

p<0.001

Table 3 Model 2 random intercept and country-level covariates

CASP EURO-Dr SHr
OR (95%Cl) IcC OR (95%Cl) IcC OR (95%Cl) IcC
THE (% of GDP) 116" (1.03-1.30) 0.09 1.28" (1.09-1.49) 0.15 1277 (1.09-1.48) 0.15
GHE (% of GDP) 12177 (1.08-1.36) 0.07 13177 (1.11-1.53) 0.14 1307 (1.11-1.52) 0.14
Country programs—Regional 343" (154-7.65) 007 712" (2.85-17.79) 0.10 699" (2.85-17.11) 0.10
Country programs—Organized 3127 (1.69-5.72) 007 592" (3.06-11.45) 0.10 588" (3.08-11.22) 0.10

Total health expenditure as a proportion of GDP (THE), government health expenditure as a proportion of GDP (GHE) and Country breast cancer screening program
strategy (Country programs: Opportunistic (Base), Regional, Organized). For each of the exposure models the left columns show Odds Ratios and 95% Confidence
Intervals for each of the regression models. The right columns show the adjusted intraclass correlation (ICC) of each of the regression models. All models were
adjusted for individual-level covariates and exposure variables CASP, EURO-Dr, and SHr. For the full models see Supplementary Table 5

“p<0.05
“p<0.01
" p<0.001

(See figure on next page.)

Fig. 3 Multilevel models with random intercept, country-level covariates, cross-level interactions between individual variables and GHE. A logistic
multilevel model for three individual well-being exposures variables: CASP, EURO-Dr and SHr. Government health expenditure as a proportion

of GDP (GHE_of_GDP). Panels A show the predicted probabilities to perform SM along the well-being variables score for three values of GHE: 4%
of GDP (low), 6% of GDP (medium), and 9% of GDP (high). Panels B plots show the converging lines of predicted probabilities for performing SM
by well-being variable different scores along GHE. For the full models see Supplementary Table 4
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Figure 4 Panels 1A, 2A and 3A show the predicted prob-
abilities of undergoing SM according to well-being score
for three values of Country programs: 0 (opportunistic), 1
(regional), and 2 (organized). Panels 1B, 2B and 3B show
the converging lines of predicted probabilities for under-
going SM for different Country programs scores.

Cross-level interactions of individual well-being variables
and GHE (Fig. 3 and supplementary Table 4)

Both CASP and GHE positively affect the likelihood of
undergoing SM. Figure 3-1A and 1B show that SM rates
increase with a country’s health expenditure level, par-
ticularly as the CASP score rises. This trend is consist-
ent across levels of health expenditure, with low-CASP
women in high-expenditure countries showing higher
SM rates than high-CASP women in low-expenditure
countries. The interaction variable between CASP
and GHE levels was not significant, indicating that the
increase in SM with the increase in CASP scores is not
affected by GHE levels. These findings are illustrated also
in Fig. 3-1A and 1B, where SM rates follow almost par-
allel lines when plotted against CASP scores and GHE
levels.

The interaction between better psychological status
(higher EURO-Dr) and GHE (Fig. 3-2A and 2B) revealed
notable findings: women in low-expenditure countries
have lower SM rates than women in mid- and high-
expenditure countries (Fig. 3-2A) as shown in model 2.
However, while SM rates increase with EURO-Dr scores
in high-expenditure countries, they are not associated
in mid-expenditure countries, and in low-expenditure
countries, SM rates decrease with EURO-Dr scores
(Fig. 3-2B). Nonetheless, SM rates increase with health
expenditure overall, albeit with varying intensity depend-
ing on the EURO-Dr. Notably, a tipping point is observed
at 6% GHE where the trend lines converge.

The interaction between better subjective health status
(higher SHr) and GHE is demonstrated in Fig. 3-3A and
3B. Figure 3-3A illustrates that SM rates are lower in low-
expenditure countries than in mid- and high-expenditure
countries. Conversely, SM rates increase with SHr scores
in mid- and high-expenditure countries, while in low-
expenditure countries SHr scores negatively correlate
with SM rates. Similarly, Fig. 3-3B shows that at higher

(See figure on next page.)
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levels of subjective health, SM rates increase with GHE,
albeit with varying slopes. Notably, the convergence of
trend lines occurs at a government health expenditure of
5%, indicating a tipping point at that level.

Cross-level interactions of the individual well-being variables
Country programs (Fig. 4 and supplementary Table 8)

The cross-level interactions of the individual well-being
variables and country SM programs (Country programs)
are presented in Fig. 4 and resemble the interactions
observed with GHE, though the effects for Country pro-
grams are smaller. Both CASP and Country programs
positively affect the likelihood of undergoing SM. Fig-
ures 4-1A and 1B show that SM rates increase with a
country’s screening program strategy level. This trend
is consistent across levels of Country programs (Fig. 4-
1A), with low-CASP women in regional (score=1) and
organized (score=2) program countries showing higher
SM rates than high-CASP women in countries with
opportunistic strategy (score=0). The interaction vari-
able between CASP and Country programs levels was not
significant, indicating that the increase in CASP scores is
not affected by the increase in country’s screening pro-
gram strategy levels. These findings are also illustrated
in Fig. 4-1B, where SM rates follow almost parallel lines
when plotted against CASP scores and Country pro-
grams levels.

The interaction variable between psychological status
(EURO-Dr) and Country programs (Fig. 4-2A and 2B)
was also mixed: women in countries with opportunis-
tic screening programs had lower SM rates than women
in countries with regional and organized (Fig. 4-2A), as
established in model 2. However, while SM rates increase
with EURO-Dr scores in organized program countries,
they are not associated in regional program countries,
and in opportunistic screening program countries SM
rates decrease with EURO-Dr scores. Nonetheless, Fig. 4-
2B demonstrates that SM rates increase with Country
program overall, albeit with varying intensity depending
on the EURO-Dr. Notably, a tipping point is observed at
1.0 (Reginal program) where the trend lines converge.

The interaction between better subjective health
(higher SHr) and Country programs is demonstrated in
Fig. 4-3A and 3B. Figure 4-3A illustrates that SM rates
are lower in opportunistic program countries than in

Fig. 4 Multilevel models with random intercept, country-level covariates, cross-level interactions between individual variables and Country
Programs. A multilevel logistic model for three individual well-being exposures variables: CASP, EURO-Dr and SHr. Country breast cancer screening
program strategy (Country programs): Panels A plots show the predicted probabilities to perform SM along the well-being variables score for three
values of Country-programs: Opportunistic (0), Regional (1), and Organized (2). Panels B plots show the converging lines of predicted probabilities
for performing SM by well-being variables different scores along Country programs. For full models see Supplementary Table 8
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mid- and high-expenditure countries. Conversely, as
SM rates increase with SHr scores organized program
countries, they are not associated in reginal program
countries, and in decreasing in opportunistic program
countries. Similarly, Fig. 4-3B shows that at higher levels
of subjective health, SM rates increase with Country pro-
grams, albeit with varying slopes. Notably, the conver-
gence of trend lines occurs at a Country program’s value
of 1.0 (regional) indicating a tipping point at that level.

Between groups analysis of GHE and Country programs
(Supplementary Table 2)

As GHE trends and Country program trends demon-
strated similar behavior in models 2 and 3, we conducted
a between-groups ANOVA analysis (Supplementary
Table 2). The mean GHE in countries with opportunis-
tic programs was 4.92% of GDP, compared to 7.06% and
6.82% in countries with regional and organized pro-
grams, respectively, with the differences being highly sig-
nificant (P<0.001).

Discussion

The study analyzed individual and country-level variables
that influence SM utilization and variation across coun-
tries. While prior research focused mainly on individual
factors that influence SM rates [9-16], this study looked
at individual variables such as quality of life, depression,
subjective health, at country-level variable such as health
expenditure [12, 18, 20-22] and mammography screen-
ing programs [15, 25, 26], and at their interactions. The
study employed three models to assess individual, coun-
try-level, and interaction effects on SM rates.

As in previous studies [17-19], it was shown that QOL
(CASP), subjective psychological status (EURO-Dr), and
subjective health status (SHr) have a strong and signifi-
cant fixed effect on SM performance, indicating that SM
is more commonly undergone among women with higher
QOL, psychological, and subjective health status. Educa-
tion and chronic diseases also had a positive fixed effect
on SM rates, while age had a negative effect, which is
also in line with literature [9-11, 17]. The country-level
expenditure variables, namely total health expenditure
(THE) and government health expenditure (GHE), dem-
onstrated a significant effect in all the models. GHE had
a higher OR than THE, suggesting that public health
expenditure has a larger effect on the likelihood of under-
going SM. Moreover, the reduction in intraclass correla-
tion observed across the models indicates that a country’s
total health expenditure goes a long way in explaining
the variation in SM rates. The analysis of country screen-
ing program strategies (Country programs) in the study
also demonstrated a significant effect on SM utilization.
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Women in countries without a national screening pro-
gram were much less likely to undergo SM compared to
those in countries with regional or organized national
programs, as previously reported [16, 24].

The interaction between individual and country vari-
ables in the third model (Figs. 3 and 4) led to particularly
interesting results for both the EURO-Dr psychological
score and the SHr health score. While SM rates positively
correlated with the QOL score at all GHE levels and
Country programs scores, and positively correlated with
GHE and Country programs scores at all QOL scores [17,
18], this was not the case for the EURO-Dr and the SHr
scores. Thus, while SM rates positively correlated with
better psychological status and better subjective health
in high GHE countries (9% of GDP), they negatively cor-
related with those variables in low GHE countries (4% of
GDP) and had only a weak positive correlation in mid-
level GHE countries (6% of GDP). Similar findings were
found for Country programs scores, showing positive
correlation for organized screening programs, negative
correlation for opportunistic screening and only a weak
positive correlation for regional programs.

Likewise, SM rates positively correlated with GHE and
with Country programs in the case of both EURO-Dr and
SHr; however, the correlation coefficient varied signifi-
cantly between respondents according to their levels of
psychological and health status. Thus, while respondents
with good health or psychological status were less likely
to undergo SM in low GHE countries, those in mid-level
and high GHE countries were more likely to have it. The
trend lines merged at a GHE level of 5.8% of GDP for
EURO-Dr and 5.0% of GDP for SHr. Similarly, the trend-
lines merged around a score of 1.0 for Country programs,
namely regional screening programs.

The study findings indicate that while SM rates among
women in countries with generous healthcare expenditure
and organized screening programs increase with psycho-
logical and physical health, they decrease in less gener-
ous countries. This phenomenon has not been previously
reported, and there are various possible explanations for its
existence. One is the social-ecological cancer care model
[3]. According to this model, women are often excluded
from policy-making regarding cancer prevention and
treatment, leading to opportunistic screening behavior;
they tend to suffer more from gender and cancer stigma at
the sociocultural level [3, 16]; women may have less access
to healthcare services, lack sufficient cancer support and
awareness among family and friends, and suffer more from
low health literacy, awareness, and financial resources on
the individual level [3, 36, 39]. Furthermore, ‘breast con-
flict; a woman’s unpleasant feeling towards her breasts,
may constitute an individual-level factor influencing SM
rates [40]. This effect may vary according to women’s
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religiosity and social status across countries. Murphy and
colleagues analyzed theories of health behavior that can
explain SM rates and concluded that the subjective norms
of family and friends as well as a doctor’s recommenda-
tions serve as influential barriers to SM utilization on the
interpersonal and health system levels [41]. These factors
can vary according to the generosity of a country’s health-
care and therefore may explain our findings.

The study’s limitations: First, the individual-level
data is self-reported, which may have been a source of
reporting bias that exaggerated low QOL, psychologi-
cal status and health status. Nonetheless, the large and
diverse population included in SHARE is likely to miti-
gate this problem. Second, there is a possibility of recall
error in the case of retrospective data. However, the
quality of the SHARE data is assessed (including con-
sistency) before being released to users [28]. Third, the
analysis did not control for the cultural norms and prac-
tices of subgroups in the population (i.e., minorities), a
factor that future studies should consider. Fourth, it is
important to explore country-level variables other than
health expenditure and country programs which are
linked to an individual’s decision to engage in preventa-
tive actions. Finally, there are other variables worthy of
study, such as genetic endowment, which may poten-
tially impact SM utilization.

Conclusions

This is one of the first studies to use a multiple-country
database to compare SM utilization patterns accord-
ing to the generosity of a country’s healthcare. The
study concurs with previous research, demonstrating
on the individual level that women with better quality
of life, psychological well-being, and overall health sta-
tus are more likely to utilize SM. On the country level,
the study shows that higher GHE and organized screen-
ing programs have a positive effect as well, as previously
reported. Contrastingly, the cross level interaction dem-
onstrated negative correlations of psychological well-
being and overall health with SM in low-GHE countries
and positive correlations in high-GHE countries, with
similar results regarding country screening programs,
underscoring disparities that need to be addressed.
The incidence of breast cancer is expected to rise as life
expectancy increases; therefore, greater attention should
be focused on SM practices, especially in lower-GHE
countries, and future research should strive to better
understand the factors that explain differences in SM uti-
lization between countries.
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