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ABSTRACT
PURPOSE Primary care physicians have an important role in encouraging ade-
quate cancer screening. Disparities in cancer screening by socioeconomic status 
(SES) may affect presentation stage and cancer survival. This study aimed to 
examine whether breast, colorectal, and cervical cancer screening rates in women 
differed by SES and age, and whether screening rates and SES disparities changed 
after introduction of a primary care–based national quality indicator program.

METHODS This repeated cross-sectional study spanning 2002-2017 included 
all female Israeli residents in age ranges appropriate for each cancer screening 
assessed. SES was measured both as an individual-level variable based on exemp-
tion from copayments and as an area-level variable using census data. 

RESULTS In 2017, the most recent year in the study period, screening rates 
among 1,529,233 women were highest for breast cancer (70.5%), followed by 
colorectal cancer (64.3%) and cervical cancer (49.6%). Women in the highest 
area-level SES were more likely to undergo cervical cancer screening compared 
with those in the lowest (odds ratio = 3.56; 99.9% CI, 3.47-3.65). Temporal 
trends showed that after introduction of quality indicators for breast and colorec-
tal cancer screening in 2004 and 2005, respectively, rates of screening for these 
cancers increased, with greater reductions in disparities for the former. The qual-
ity indicator for cervical cancer screening was introduced in 2015, and no sub-
stantial changes have occurred yet for this screening. 

CONCLUSIONS We found increased uptake and reduced socioeconomic dispari-
ties after introduction of cancer screening indicators. Recent introduction of a 
cervical cancer screening indicator may increase participation and reduce dispari-
ties, as has occurred for breast and colorectal cancer screening. These findings 
related to Israel’s quality indicators program highlight the importance of primary 
care clinicians in increasing cancer screening rates to improve outcomes and 
reduce disparities.

Ann Fam Med 2021;19:396-404. https://doi.org/10.1370/afm.2715.

INTRODUCTION

Cancer is the leading cause of death in Israel.1 Early detection of 
some cancers can improve survival rates. Breast and colorectal 
cancers are the first and second most common cancers among 

women, respectively, and both malignancies have widely used guidelines 
for early detection.2 Cervical cancer incidence is relatively low in Israel 
(4.8 per 100,000 women); however, the incidence-to-mortality ratio is rel-
atively high (0.44), suggesting that diagnosis often occurs at an advanced 
stage.2 Population-level screening every 3 to 5 years can reduce cervical 
cancer mortality by 50%.3,4

Women in higher socioeconomic statuses (SESs) are more likely to 
participate in breast, colorectal, and cervical cancer screening,5 even in 
countries with universal access to health care,6-8 and disparities in mortal-
ity exist as well.9,10 Older women are more likely to undergo screening for 
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colorectal cancer, but less likely to undergo screening 
for breast and cervical cancers.11-13

Studies of the impact of implementing quality indi-
cators on SES disparities in cancer screening rates have 
had conflicting findings.14 Disparities in breast cancer 
screening decreased in Canada, but did not change in 
the United States. In contrast, cervical cancer screen-
ing disparities increased in Canada and New Zealand, 
but did not change in the United States.14

Israel provides universal health care coverage to all 
residents.15 The Israeli national program for Quality 
Indicators in Community Healthcare (QICH) continu-
ously measures the health care quality of preventive 
services, screening, treatment, and management of dis-
ease, to improve the quality of care provided.16 Most 
QICH indicators assess care provided by primary care 
physicians. Primary care physicians receive reminders 
during and between patient visits regarding patients in 
their care who have or have not undergone necessary 
tests, procedures, or treatments, as defined by QICH. 
Representatives of the Family Physicians’ Society also 
participate in QICH steering committee meetings to 
select appropriate, evidence-based indicators.

According to the National Academies of Sciences, 
Engineering, and Medicine, quality in health care com-
prises several elements, including effectiveness, safety, 
timing, suitability, efficacy, and equality.17 As such, one 
of the goals of the QICH program is to ensure efficacy 
and equality in the care provided, guaranteeing equal 
quality of care regardless of sex, age, or socioeconomic 
status. When the QICH program identifies areas that 
have major SES disparities, targeted interventions aimed 
at reducing these disparities can be implemented.

Indicators assessing screening uptake of various 
cancers have been introduced gradually, beginning in 
2002. The indicator for breast cancer screening was 
introduced in 2004, the indicator for colorectal can-
cer screening in 2005, and the indicator for cervical 
cancer screening a decade later in 2015. In addition to 
the QICH program, national screening programs were 
introduced for breast cancer in the early 1990s and 
for colorectal cancer screening in 2005.18,19 The qual-
ity indicators for these cancers are under the direct 
responsibility and purview of primary care physicians. 

As women and men experience encounters with 
the health care system differently, and these dif-
ferences can affect the quality of care provided,20 
we focused specifically on cancer screening among 
women. The aim of our study was to assess whether 
there were SES and age disparities in breast, colorec-
tal, and cervical cancer screening rates among women. 
In addition, we assessed whether screening rates and 
SES disparities changed over time after introduction 
of the QICH program.

METHODS
Data Source
The QICH program monitors and evaluates the qual-
ity of community-based health care provided through 
Israel’s 4 health maintenance organizations (HMOs) 
using data originating from electronic health records, 
for the entire Israeli population.15 All QICH program 
indicators are calculated by the HMOs, using individ-
ual-level information, and then anonymized and aggre-
gated by sex, SES, and year, before they are merged 
into a national data set to calculate population-wide 
rates. Our study used the QICH data to assess cancer 
screening rates among women. Ethics approval and 
consent were not required because all data used were 
anonymized and aggregated.

Study Design and Population
This study had a repeated cross-sectional design. The 
study population included all Israeli women aged 35 
to 74 years, with complete membership in an HMO 
during a measurement year in the study period (2002-
2017). In 2017, the sample size was 1,529,233 women.

Outcome Measures
The study outcome measures were the percentages of 
women who underwent appropriate breast, colorec-
tal, and cervical cancer screening. Details are given in 
Supplemental Appendix 1, available at https://www.Ann 
Fam Med.org/lookup/suppl/doi.10.1370/afm.2715/-/DC1. 
In brief, for breast cancer screening, we assessed the per-
centage of women aged 50 to 74 years who had at least 
1 mammogram in the past 2 years. For colorectal cancer 
screening, we assessed the percentage of women aged 50 
to 74 years who had a fecal occult blood test performed 
during the past year or a colonoscopy during the past 
10 years. For cervical cancer screening, we assessed the 
percentage of women aged 35 to 54 years having Papani-
colaou (Pap) tests provided for free within the universal 
health basket of covered procedures and medications 
who had at least 1 Pap test performed in the past 3 years.

SES Measures
We assessed SES with 2 measures: an individual-level 
measure based on a single factor and an area-level mea-
sure (using individual postal code of residence) based 
on multiple factors.

The crude, dichotomous, individual-level SES 
measure was based on women’s exemption from copay-
ment when receiving health care. Under the National 
Health Insurance law, all Israeli residents are entitled 
to a unified basic set of health care services. Certain 
individuals, including older adults receiving additional 
pensions under the minimum income law, as well as 
dialysis patients and individuals with other disabilities 
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and illnesses,21 are given an exemption from copay-
ments for physician visits. Exemption status, available 
from 2002, is determined on an individual basis. It is 
not based solely on economic need, however, and is 
therefore only a crude measure of an individual’s SES.

The area-level SES measure, available from 2012, is 
based on small statistical areas used in Israel’s census.22 
The Central Bureau of Statistics uses information on 
demographics, education, employment, housing condi-
tions, and household income to define the small statis-
tical areas. The bureau uses factor analysis to obtain 
a robust and valid measure reflecting the multidimen-
sional nature of SES at the area level. As the latest data 
available from the bureau were from 2008, we used 
more recent data from the Points Location Intelligence 
Company (Points Business Mapping Ltd) to update the 
accuracy of the SES measure, using current commer-
cial, housing, and sociodemographic data.23 These data 
were grouped into 4 SES categories, ranging from 1 
(lowest) to 4 (highest). 

The area-level SES was correlated with the indi-
vidual-level SES (exemption status): comparing women 
in SES 4 with women in SES 1, the odds ratio (OR) of 
being exempt from copays was 3.5 among those aged 
younger than 65, compared with 
7.0 among those aged 65 and 
older. We did not find evidence 
of multicollinearity, however 
(variance inflation factor = 1.6). 

Statistical Analysis
We report the percentages of 
women appropriately screened 
by age, individual-level SES 
(exemption status), and area-level 
SES for 2017. We used multivari-
ate logistic regression analysis to 
assess the association between 
the area-level SES and breast, 
colorectal, and cervical cancer 
screening, while adjusting for 
age and individual-level SES. In 
addition, we used multivariate 
models adjusting for age without 
adjusting for individual-level 
SES, to assess whether adjust-
ing for the latter substantially 
influenced our findings. As 
results were virtually the same 
in both models, we report the 
fully adjusted model, including 
individual-level SES. We further 
assessed whether SES disparities 
differed by age (Supplemental 

Appendix 2, available at https://www.Ann Fam Med.org/
lookup/suppl/doi.10.1370/afm.2715/-/DC1).

We used multivariate logistic regression models 
including age, calendar year (as a continuous variable), 
and individual-level SES to assess changes in cancer 
screening prevalence over time. Individual-level SES 
was used in this analysis, as the area-level SES measure 
was not available before 2012. Given that the 3 cancer 
screening quality indicators were introduced at differ-
ent times, the years included in the models differ by 
cancer type. To assess whether SES disparities changed 
over time, we considered interactions between SES and 
year, and when we found this interaction to be signifi-
cant, we stratified the analysis by exemption status.

Because of the large sample size, we based statisti-
cal significance on a P value of .001 and report 99.9% 
confidence intervals. We used Stata version 14.0 (Stata-
Corp LLC) to perform all analyses.

RESULTS
Cross-Sectional Associations
In 2017, our cohort included 826,757 women between 
the ages of 50 and 74 years, the recommended ages for 

Table 1. Sociodemographic Characteristics and Screening Prevalences 
of Women Aged 35-74 Years in Israel, 2017 (N = 1,529,233)

Characteristic
Women, 
No. (%)

Breast Cancer 
Screening,a %

Colorectal 
Cancer 

Screening,b %

Cervical 
Cancer 

Screening,c %

Total 1,529,233 (100) 70.5 64.3 49.6

Age-group, y     

35-39 243,001 (15.9) … … 51.3

40-44 244,601 (16.0) … … 51.5

45-49 214,874 (14.1) … … 50.1

50-54 193,338 (12.6) 68.7 55.2 44.5

55-59 190,668 (12.5) 69.9 62.2 …

60-64 148,113 (9.7) 71.9 66.8 …

65-69 178,259 (11.7) 73.5 70.8 …

70-74 116,379 (7.6) 67.0 69.2 …

Area-level SESd     

1 221,527 (15.0) 65.7 60.5 31.0

2 444,682 (30.1) 69.1 62.8 46.2

3 535,348 (36.2) 72.3 65.5 57.1

4 275,567 (18.7) 72.9 67.2 62.2

Individual-level SESe    

Exempt 256,667 (16.8) 68.5 64.8 37.4

Not exempt 1,272,566 (83.2) 71.2 64.1 51.0

SES = socioeconomic status.

a Percentage of women aged 50-74 years who had at least 1 mammogram in past 2 years.
b Percentage of women aged 50-74 years who had a fecal occult blood test during past year or a colonoscopy 
during past 10 years.
c Percentage of women aged 35-54 years having Pap tests provided for free within the universal health basket of 
covered procedures and medications who had at least 1 Pap test performed in past 3 years.
d Higher values indicate more favorable SES. Missing for 52,109 women (3.4% of total sample).
e Based on copayment exemption.
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breast and colorectal cancer screening, while 895,814 
women were between the ages of 35 and 54 years, 
the recommended ages for cervical cancer screening 
(Table 1). The screening rate among eligible women 
in 2017 was highest for breast 
cancer at 70.5%, followed by 
colorectal cancer at 64.3% and 
cervical cancer at 49.6%.

The odds of screening in 
2017 increased as the area-level 
SES increased for all 3 cancers 
assessed, after adjusting for 
age and individual-level SES 
(Table 2). Breast and colorectal 
cancer screening showed modest 
but statistically significant SES 
disparities between the lowest 
and highest SES levels (OR = 1.36 
and 1.27, respectively) with a 
monotonic increase per SES 
level. We found a dramatic gradi-
ent in cervical cancer screening, 
where women in SES 4 had 3.6 
times the odds of being screened 
compared with women in SES 1 
(OR = 3.56; 99.9% CI, 3.47-3.65). 

The individual-level SES measure 
showed almost no association with 
breast and colorectal cancer screening, 
after adjusting for area-level SES and 
age (OR = 1.09 and 1.02, respectively), 
whereas cervical cancer screening 
increased modestly with individual-
level SES (OR = 1.43; 99.9% CI, 
1.39-1.47).

The odds of screening also dif-
fered by age. Older women were more 
likely to be screened for colorectal 
cancer compared with younger women 
(OR60-69 vs 50-59 = 1.54; 99.9% CI, 1.52-
1.57; OR70-74 vs 50-59 = 1.58; 99.9% CI, 
1.54-1.62) (Table 2). Older women, 
however, were less likely to undergo 
screening for cervical cancer (OR50-54 

vs 35-39 = 0.75; 99.9% CI, 0.74-0.76) and 
for breast cancer (OR70-74 vs 50-59 = 0.90; 
99.9% CI, 0.88-0.92). 

Stratifying our analyses by age-
group, we found that area-level SES 
disparities for breast and colorec-
tal cancer screening were more 
pronounced among older women 
compared with younger women (Sup-
plemental Table 1, available at https://

www.Ann Fam Med.org/lookup/suppl/doi.10.1370/
afm.2715/-/DC1). Among women aged 50 to 59, those 
in SES 4 were 1.3 times more likely to be screened for 
breast cancer compared with those in SES 1, whereas 

Table 2. Associations Between Sociodemographic Characteristics 
and Cancer Screening Among Women in Israel, 2017

Characteristic

Breast Cancer 
Screening, OR 

(99.9% CI)

Colorectal Cancer 
Screening, OR 

(99.9% CI)

Cervical Cancer 
Screening, OR 

(99.9% CI)

Age-group, y    

35-39 …  …  Ref

40-44 … … 0.99 (0.98-1.01)

45-49 … … 0.95 (0.93-0.96)

50-54 … … 0.76 (0.75-0.78)

Age decile or 
quintile, y

   

50-59 Ref Ref …

60-69 1.17 (1.15-1.19) 1.54 (1.52-1.57) …

70-74 0.90 (0.88-0.92) 1.58 (1.54-1.62) …

Area-level SES    

1 Ref Ref Ref 

2 1.15 (1.12-1.18) 1.06 (1.04-1.09) 1.92 (1.87-1.96)

3 1.33 (1.29-1.36) 1.18 (1.15-1.21) 2.91 (2.85-2.98)

4 1.36 (1.32-1.40) 1.27 (1.23-1.30) 3.56 (3.47-3.65)

Individual-level SESa   

Exempt Ref Ref Ref 

Not exempt 1.09 (1.07-1.11) 1.02 (1.00-1.04) 1.43 (1.39-1.47)

OR = odds ratio; Ref = reference group; SES = socioeconomic status.

Note: All models were adjusted for age, area-level SES, and individual-level SES (copayment exemption).
a Based on copayment exemption.

Figure 1. Trends in screening rates over time for breast, colorectal, 
and cervical cancer among all eligible women.

Note: The indicator for breast cancer screening was introduced in 2004, the indicator for colorectal cancer 
screening in 2005, and the indicator for cervical cancer screening in 2015.
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among women aged 70 to 74, 
those in SES 4 were 2.0 times 
more likely to be screened for 
breast cancer compared with 
those in SES 1. Colorectal can-
cer screening also showed a 
more pronounced SES gradient 
among women who were older. 
In contrast, SES disparities in 
cervical cancer screening did not 
show substantial differences by 
age-group and were only slightly 
more pronounced in women aged 
35 to 44 compared with those 
age 45 to 54.

Temporal Trends
The breast cancer screening 
rate increased by 9% per year 
during 2002-2017 (OR = 1.09; 
99.9% CI, 1.10-1.10) and the 
colorectal cancer screening rate 
increased by 6% per year during 
2003-2017 (OR = 1.06; 99.9% CI, 
1.06-1.06), following introduction 
of the QICH program, which 
initially focused on these cancers 
(Figure 1). The cervical cancer 
screening quality indicator was 
introduced only in 2015 and the 
rate of screening for this cancer 
has not yet changed substantially 
(OR = 1.03; 99.9% CI, 1.03-1.03). 

We found significant positive 
interactions between exemp-
tion status and year for breast 
cancer screening (P <.001). The 
rate increased among all women 
(Figure 2), but the magnitude 
of increase per year was greater 
among those exempt from copay-
ments (OR = 1.08; 99.9% CI, 
1.08-1.08) than among those 
nonexempt (OR = 1.05; 99.9% 
CI, 1.05-1.05). During the study 
period, screening rates among 
exempt women nearly reached 
those of women not exempt. 
Rates of colorectal cancer screen-
ing did not differ considerably by 
exemption status and increased 
similarly in both groups (exempt 
OR = 1.06; 99.9% CI, 1.05-1.06; 
nonexempt OR = 1.07; 99.9% 

Figure 2. Trends in screening rates over time, by individual-level 
socioeconomic status (exemption status) and age.

Note: The indicator for breast cancer screening was introduced in 2004, the indicator for colorectal cancer 
screening in 2005, and the indicator for cervical cancer screening in 2015.
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CI, 1.06-1.07). We did not find significant interac-
tions between exemption status and year for cervical 
cancer screening (P = .002). Cervical cancer screening 
rates have been available for only the past 5 years, 
and these rates have remained largely stable over time 
(OR = 1.03; 99.9% CI, 1.02-1.03), with no reduction in 
SES disparities. 

DISCUSSION
In this population-based study, women in lower SESs 
were less likely to undergo cancer screening after 
adjusting for age and year. Substantial SES dispari-
ties were found for cervical cancer screening. Older 
women were more likely to undergo colorectal cancer 

screening, but less likely to 
be screened for cervical and 
breast cancer. Rates of breast 
and colorectal cancer screening 
improved markedly over time. 
We detected substantial attenu-
ation of individual-level SES dis-
parities that initially emerged for 
breast cancer, but major dispari-
ties for cervical cancer screening 
remained.

Breast Cancer Screening
Rates of breast cancer screen-
ing in Israel have increased over 
time and are now higher than 
the Organisation for Economic 
Co-operation and Development 
average (69.6% vs 60.8%).24 Israel 
implemented a national system-
atic breast cancer screening pro-
gram in 1995, yet breast cancer 
screening rates were still more 
than 10% higher among women 
not exempt from copayments at 
the beginning of our measure-
ments in 2002. The introduction 
of this screening quality indicator 
created pressure on health care 
organizations to increase partici-
pation rates for their members as 
well as to decrease disparities.25 
Results concerning the annual 
performance rate indicators are 
published each year26 and are pre-
sented to the HMOs, who adopt 
various strategies to improve 
screening rates and address dis-
parities.27 The 4 HMOs have 

undertaken various efforts, including sending mobile 
mammography units to outlying towns to improve 
access, and multilevel intervention programs to reduce 
disparities.25,28 One HMO introduced a combined 
top-down and bottom-up approach. The top-down 
approach included reporting screening rates within the 
organization, using a computerized promotion system, 
and calling noncompliant members, while the bottom-
up approach analyzed local barriers to health care 
services, including social norms and accessibility, and 
implementation of tailored solutions based on identi-
fied needs.29 Additionally, resources were preferentially 
allocated to populations at risk, and health profession-
als were trained to understand cultural differences 
that may hinder the provision of health care services. 

Figure 2. Trends in screening rates over time, by individual-level 
socioeconomic status (exemption status) and age. (continued)

Note: The indicator for breast cancer screening was introduced in 2004, the indicator for colorectal cancer 
screening in 2005, and the indicator for cervical cancer screening in 2015.
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Another HMO implemented the use of personal 
invitation letters for mammography screening, with 
follow-up telephone calls, as this practice was found to 
increase screening participation threefold.25

A study of Israeli primary care physicians found 
that more than one-half reported that they made 
changes in their practices in the wake of the qual-
ity indicator monitoring, including increasing their 
outreach to women regarding the importance of 
breast cancer screening.30 Since these efforts were 
undertaken, the SES disparities have significantly 
diminished.

Colorectal Cancer Screening
Screening for colorectal cancer reduces both inci-
dence of and mortality from the disease, by enabling 
detection and removal of precancerous polyps.31,32 In 
Israel, participation rates in colorectal cancer screen-
ing have substantially increased over time. As rates 
have increased, there has been a substantial decrease 
in incidence of colorectal cancer and an increase in the 
percentage of people with early-stage cancer (in situ 
and stage 1) at diagnosis.19

Our findings of limited SES disparities are sup-
ported by a study in France that found smaller SES 
disparities in colorectal cancer screening compared 
with those for breast and cervical cancer screening.5 
Similarly, in countries that have organized screen-
ing, women with less education were less likely to 
undergo breast cancer screening; however, these dis-
parities were smaller for colorectal cancer screening.33 
To adhere to colorectal cancer screening guidelines, 
individuals can undergo a colonoscopy once every 10 
years, whereas adherence for breast cancer screening 
guidelines requires undergoing mammography every 2 
years, and cervical cancer screening requires undergo-
ing a Pap test every 3 years. It is therefore possible that 
it is easier for individuals from lower SESs to adhere to 
colorectal cancer screening guidelines compared with 
breast or cervical cancer screening guidelines.

Cervical Cancer Screening
Cervical cancer screening can reduce morbidity and 
mortality by 50%.3,34 Moreover, most cervical cancer 
occurs in women not routinely screened.35 We found 
considerable SES disparities for cervical cancer screen-
ing, similar to those found in countries with universal 
access to screening.11,36,37 SES disparities also exist in 
cervical cancer mortality, even with universal access,38 
indicating that offering screening is insufficient in 
overcoming disparities. The introduction of a nation-
wide organized screening program in Israel, similar to 
the existing breast and colorectal cancer screening pro-
grams, may reduce these substantial SES disparities.

Several strategic quality improvement methods 
have been implemented to increase screening rates in 
Israel. Physician audit and feedback, which is effective 
in increasing breast, colorectal, and cervical cancer 
screening,39 is performed by routinely holding meet-
ings with physicians to review individual and group 
performance and to consider improvement ideas.40 
Automatic computer reminders, proven effective in 
increasing mammography and Pap test participation 
rates,41 were added to physicians’ systems. Nurses and 
clerical staff were involved in follow-up and monitor-
ing, to reduce the burden on physicians. The Israeli 
HMOs work intensively to provide operational support 
to improve quality, using a broad range of managerial 
tools, including physician staff support, patient trans-
portation services, coaching, and training.40

Strengths and Limitations
A strength of our study was its population-based 
design, which precluded sampling errors or selection 
biases. In addition, the data were checked at 3 levels—
an internal audit by each HMO, a QICH program 
directorate data audit, and an external process audit—
ensuring high quality of the data.26 

The limitations of our study include the use of 
aggregated data, which required us to assess women’s 
screening behaviors separately for each cancer site, 
and we were unable to determine whether women 
were screened for multiple cancers. As our study had a 
repeated cross-sectional design, we were unable to fol-
low women over time and assess correlations between 
their participation in screening programs and their 
outcomes, and to assess whether individual women’s 
participation in screening programs changed over time. 
We included only women and are therefore unable to 
generalize these findings to men. Finally, our area-level 
SES measure was limited. We were unable to tease 
apart the impact of important covariates such as mari-
tal status, education level, smoking, chronic disease, 
and subjective health status. A recent study based 
on QICH data assessed the contribution that factors 
such as body mass index, diabetes, hypertension, and 
smoking had on colorectal cancer screening rates.42 
Although these factors were statistically significantly 
associated with reduced screening rates, their contribu-
tions to screening rates were small.

Conclusions
Between 2002 and 2017 and in concert with imple-
mentation of screening quality indicators, breast and 
colorectal cancer screening rates improved in Israel, and 
SES disparities in breast cancer screening diminished. 
A cervical cancer screening indicator has only recently 
been added; inclusion of this indicator may act as a 
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catalyst toward both improving participation rates and 
reducing SES disparities. Our study demonstrates that 
universal health coverage does not directly translate 
into equitable health care, and additional barriers exist 
that hinder cancer screening performance. Efforts are 
required to implement interventions that reach the most 
vulnerable subgroups to combat health inequalities.
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