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ABSTRACT
Objective The objective of this cross- sectional study was 
to investigate the impact of socio- territorial characteristics 
on mammography and pap smear uptake according to the 
place of residence in the recommended age groups, and 
second outside the recommended age groups.
Setting and participants We used an existing dataset of 
1 027 039 women which combines data from the Health 
Insurance information systems, with census data from 
Midi- Pyrénées, France.
Primary and secondary outcome measures Our 
outcome was, for each woman, the uptake of the pap 
smear and the uptake of the mammography during the 
year.
Results A social gradient of screening uptake was found 
in the recommended age groups. This gradient was 
stronger in large urban areas:
(1) For mammography: decile 10 (the most deprived) vs 1 
(the least deprived), adjusted OR 0.777, 95% CI (0.748 to 
0.808) in large urban area; adjusted OR= 0.808 for decile 
1 to 0.726 for decile 10 in other areas vs decile 1 in urban 
areas;
(2) For pap smear: decile 10 vs 1 adjusted OR 0.66, 95%CI 
(0.642 to 0.679) in large urban areas; adjusted OR= 0.747 
for decile 1 to 0.562 for decile 10 in other areas vs decile 
1 in urban areas).
Screening rates were globally higher in large urban areas.
For mammography, the social and territorial disparities 
were higher outside the recommended age group.
Conclusions Offering a universal approach to every 
woman, as it is often the case in nationally organised 
screening programmes, is likely to be insufficient to ensure 
real equity in access. Developing global dataset combining 
health data and diverse socioeconomic data, at individual 
and contextual levels, could enable a better understanding 
of the mechanisms involved in this social gradient, and 
therefore, the development of targeted territorial actions to 
improve equity of access to healthcare.

INTRODUCTION
Breast and cervical cancers are among the 
most frequent cancers in women worldwide. 
They kill more than 600 000 and 300 000 
women, respectively, every year.1

For breast cancer in France, through the 
nationally organised screening programme, 
all women between 50 and 74 years old are 

offered a mammography every 2 years.2 
For cervical cancer, a national screening 
programme is progressively being imple-
mented.3 Before 2018, guidelines recom-
mended a pap smear every 3 years between 
25 and 65 years old.

In France, the participation rate is around 
50% for breast cancer screening and 60% 
for cervical cancer.4 Despite an universal 
health coverage policy, mammography and 
pap smear uptake, and therefore, breast 
and cervical cancer survival, vary consider-
ably with factors like socioeconomic position 
(SEP) and place of residence.5–8 This raises 
the question of the determinants of universal 
access, in particular physical accessibility 
(availability, reasonable reach), financial 
affordability (healthcare cost, transporta-
tion, time away from work) and sociocultural 
accessibility (perceived effectiveness, social 
and cultural factors).9 10 All these dimensions 
may be socially distributed and partly explain 
the inequalities of screening uptake.

Strengths and limitations of this study

 ► The use of health insurance data, merged with soci-
oterritorial information, allowed for a very powerful 
and comprehensive study on social inequalities in 
health (database of 2.5 million of individuals or 88% 
of the region’s total population).

 ► We used both individual and contextual variables 
to investigate the link between an ecological 
deprivation index and breast and cervical cancers 
screening.

 ► We performed a sequential regression (variables 
were successively added in the multivariable model) 
to investigate the role of each variable in the link be-
tween the ecological deprivation index and screen-
ing and studied the interaction between EDI and the 
type of place of residence.

 ► Our data covered only 1 year and we had a limited 
number of individual and contextual variables in our 
dataset.
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Disentangling underlying mechanisms leading to these 
inequalities is a first step to address them. However, 
further studies on this topic have been made difficult by 
the lack of large and representative dataset combining 
socioeconomic, territorial and healthcare data.11

We used French healthcare insurance reimbursement 
data, merged with socioterritorial information, to assess 
and investigate the influence of deprivation on mammog-
raphy and pap smear uptake, according to the place of 
residence, in the recommended age groups and second 
outside the recommended age groups. To this end, we 
investigated the role of variables indicating financial 
precarity, healthcare accessibility and adherence to the 
healthcare system.

METHODS
Study design
We used a dataset combining data from health insur-
ance information systems with census data, based on the 
address of residence. This dataset has been described in 
detail elsewhere.12

The health data was prospectively collected by the three 
main health insurance providers for 2012.

Population
This dataset included individuals who were beneficiaries 
of any of the three health insurance providers on the 31 
December 2012 in Midi- Pyrénées. The individuals with 
an incomplete address or with differences in the manage-
ment of their data were excluded. We obtained a base of 
2,574,310 subjects (88% of the region’s total population).

For this study, we focused on women over 20 years old 
(1 027 039 women), as cancers screening is rarely offered 
to women below that age.

Patient and public involvement
Patients or the public were not involved in the design of 
our study.

Collected variables
Main outcomes
Our outcome was, for each woman, the uptake of the 
pap smear and the uptake of the mammography. It was 
categorised as a binary variable for each screening test to 
discriminate the women who had at least one mammog-
raphy/pap smear during the year, and the other ones. 
Regarding mammography, we only included screening 
exams, but we could not differentiate between opportu-
nistic and organised screening.

Main explanatory variables
In the absence of individual social data, social condition 
of the participants was approached by an ecological depri-
vation index, the European Deprivation Index.13 The 
EDI approaches SEP by measuring social deprivation as 
defined by Townsend as ‘a state of observable and demon-
strable disadvantage relative to the local community or 
the wider society to which an individual, family or group 

belongs’. To calculate the EDI, we used the aggregated 
unit for statistical information (‘IRIS’) corresponding 
to the person’s address. IRIS is the smallest geograph-
ical unit for which statistics are available in France, 
which represents about 2000 inhabitants. Each IRIS was 
assigned an EDI value, calculated with census data. We 
used an EDI presentation in deciles, calculated from all 
the IRISs of the region: decile 1 corresponds to the least 
deprived zones, decile 10 to the most deprived zones.

Covariates
We considered age as a potential confounder. As the 
association between this variable and the outcomes 
clearly appeared non- linear, we categorised it (into 5- year 
groups).

As an ecological index of deprivation, EDI is assumed to 
be capturing both intrinsic properties of the individuals 
in the area and contextual properties of the area.14 To 
explore the mechanisms involved in the link between EDI 
and screening uptake, we chose to study various factors, 
including one individual and one contextual:

 ► The Supplementary Universal Healthcare Coverage 
(CMU- C) is offered to individuals who earn less than a 
defined income threshold, to pay for their healthcare 
expenses. This characteristic was used as a proxy for 
individual financial precarity. Our hypothesis was that 
financial precarity, by limiting financial accessibility, 
was key in the link between deprivation and screening 
participation.

 ► Healthcare supply is a contextual property influ-
encing deprivation. We assumed that this factor could 
partly explain the link between EDI and screening 
uptake by measuring physical accessibility. Health-
care supply at IRIS level was approached by the 
Potential Localised Accessibility (PLA) to the general 
practitioner (GP). The PLA calculates the distance- 
weighted supply and the local demand, measured by 
the age- differentiated rate of access. It is interpreted 
as a medical density (number of full- time equivalents 
for 100 000 inhabitants).15

We assumed that the overall healthcare system adher-
ence could also explain part of the association between 
deprivation and screening uptake. Therefore, we used a 
binary variable that discriminates between the patients 
who had no designated referring physician (in most cases 
a GP) and the ones who had one. This health- seeking 
behaviour is a property of individuals but is likely to be 
influenced by both individual and contextual factors.16

Healthcare supply and transport facilities are very 
different in rural and urban areas.17–19 We assumed that 
the level of urbanisation of the place of residence could 
modify the social gradient of screening uptake. Based on 
the French National Institute of Statistics and Economic 
Studies’s 2010 zoning in urban areas, we built a variable 
to distinguish the large urban centres (more than 10 000 
jobs) and their suburbs (urban units in which at least 40% 
of the active residents work in the urban centre or in the 
towns attracted by it),20 from the rest of the region. In the 
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descriptive analysis, we differentiated among large urban 
areas between Toulouse metropolis, the regional capital 
which covers almost a quarter of the region’s population, 
and the other areas.

Our conceptual model showing how these variables 
interact is presented in figure 1.

Statistical analysis
To describe the sample, we performed univariate anal-
yses: we tested the association between the main explan-
atory variable and the outcomes, between each covariate 
and the outcomes, and between each covariate and the 
EDI.

We used a multivariable logistic regression model to 
analyse the association between EDI and the mammog-
raphy and pap smear uptake, adjusted for all the previ-
ously identified confounders and intermediate variables. 
We performed a sequential regression. The variables were 
successively added to the model following a predefined 
order: the main explanatory variable alone first, then the 
confounder, and lastly the intermediate variables (at an 
individual then at a contextual level).

We studied the interaction between EDI and the type 
of place of residence (large urban/other areas) in the 
model through a new variable: a 20- modal indicator with 
ten modalities (corresponding to the EDI deciles) per 
type of geographical area.

We undertook some age groups analyses to study 
women outside the recommended age groups (younger 
and older). For younger women, we focused on women 
aged 20–25 for pap smear and 40–50 for mammography. 
Our hypothesis was that social and territorial inequalities 
were higher for women outside the recommended age 
groups.

Since we used data that are systematically recorded 
by health insurance providers, we expected very little 

missing data. This was, therefore, negligible in light of 
the global sample size (around 0.01%): a complete case 
analysis could be used.

Statistical analyses were performed with R software (R 
V.64 3.0.2).21

RESULTS
Selected population in the recommended age groups for 
mammography (50–74 years old) and pap smear (25–65 
years old), were composed of 365 947 and 711 803 women 
respectively (table 1). Among these women, 31% had had 
at least one mammography during the year, and 29% at 
least one pap smear. Almost two- thirds of the population 
lived in large urban areas. A major part of the most disad-
vantaged women lived in the Toulouse metropolis (online 
supplemental tables A). Around 8% of the 25–65 women 
and less than 4% of the 50–74 had the CMU- C. 92% of 
the 25–65 women and 95% of the 50–74 had a designated 
referring physician.

The more deprived the area of residence, the lower the 
breast and cervical cancers screening uptakes (p-<0.001) 
(table 1). Regarding age, the mammography rate seemed 
rather constant throughout the recommended ages. Pap 
smear uptake decreased a lot after 55 years old (from 
31% to 23% between the 45–50 and the 55–60 years old 
groups). Women with CMU- C had a lower screening 
uptake rate. We noticed a slight territorial gradient: the 
higher the GP density, the higher the mammography and 
pap smear uptake, except for the last two deciles. The 
women living in large urban areas had a higher screening 
rate than the ones living in the rest of the region. Women 
who had a designated referring physician had a higher 
screening rate (32% vs 5% for mammography, 31% vs 8% 
for pap smear, p<0.001).

Adding the interaction term between EDI and the type 
of place of residence (large urban/other areas) improved 
our models (better likelihood, p=0.0048 for mammog-
raphy uptake and 0.0040 for pap smear uptake). figures 2 
and 3 present the logistic regression of mammography 
and pap smear uptake in the recommended age groups: 
first the ORs associated with the variable combining EDI 
and the type of place of residence (large urban/other 
areas), then the result of the sequential adjustments, and 
lastly the final multivariable regression model.

For mammography (figure 2), an effect of European 
Depriivation Index (EDI) on mammography uptake 
was observed, through a social gradient: the screening 
uptake regularly decreased with increasing deprivation. 
This social gradient was mostly observed in large urban 
areas (decile 10 vs 1 adjusted OR 0.777, 95% CI (0.748 
to 0.808)). The social gradient was less strong in the 
other areas, where mammography rate was globally lower 
than in urban areas. Influence of financial precarity was 
corroborated by CMU- C impact on screening uptake 
(adjusted OR 0.644, 95% CI (0.618 to 0.671)). The terri-
torial gradient based on GP accessibility was confirmed. 
Adding this variable decreased only slightly the difference 

Figure 1 Conceptual model. Links between the studied 
variables assumed to explain the impact of deprivation on 
screening uptake, depending on the level of urbanisation. 
EDI, European Deprivation Index; CMU- c, Couverture 
Médicale Universelle- Complémentaire (Supplementary 
Universal Healthcare Coverage); GP, General Practitioner; 
PLA, Potential Localised Accessibility.
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Table 1 Sociodemographic characteristics of women

Total 50–74 years
N=365 947
N (%)

No 
mammography
n (%)
n=253 354 (69.23)

≥1 mammography
n (%)
n=112 593 (30.77)

Total
25–65 years
N=7 11 803
N (%)

No pap smear
n (%)
n=506 731 (71.19)

≥1 pap smear
n (%)
n=205 072 (28.81)

EDI   * *

  1 (best) 31 201 (8.53) 20 675 (66.26) 10 526 (33.74) 62 238 (8.74) 40 787 (65.53) 21 451 (34.47)

  2 34 826 (9.52) 23 263 (66.8) 11 563 (33.2)   70 952 (9.97) 47 640 (67.14) 23 312 (32.86)

  3 30 111 (8.23) 20 414 (67.8) 9697 (32.2)   60 763 (8.54) 41 703 (68.63) 19 060 (31.37)

  4 31 564 (8.63) 21 596 (68.42) 9968 (31.58)   60 572 (8.51) 42 269 (69.78) 18 303 (30.22)

  5 32 733 (8.94) 22 750 (69.5) 9983 (30.5)   65 031 (9.14) 46 072 (70.85) 18 959 (29.15)

  6 39 518 (10.8) 27 130 (68.65) 12 388 (31.35) 73 464 (10.32) 53 153 (72.35) 20 311 (27.65)

  7 38 825 (10.61) 27 107 (69.82) 11 718 (30.18) 72 276 (10.15) 52 119 (72.11) 20 157 (27.89)

  8 37 868 (10.35) 26 309 (69.48) 11 559 (30.52) 70 412 (9.89) 51 084 (72.55) 19 328 (27.45)

  9 42 390 (11.58) 29 998 (70.77) 12 392 (29.23) 82 232 (11.55) 60 646 (73.75) 21 586 (26.25)

  10 (worst) 46 911 (12.82) 34 112 (72.72) 12 799 (27.28) 93 863 (13.19) 71 258 (75.92) 22 605 (24.08)

Age (/5 years) * *

  25–30 years   –   –   – 82 413 (11.58) 56 617 (68.7) 25 796 (31.3)

  30–35 years   –   –   – 88 249 (12.4) 58 932 (66.78) 29 317 (33.22)

  35–40 years   –   –   – 85 200 (11.97) 57 150 (67.08) 28 050 (32.92)

  40–45 years   –   –   – 92 964 (13.06) 63 042 (67.81) 29 922 (32.19)

  45–50 years   –   –   – 94 291 (13.25) 64 872 (68.8) 29 419 (31.2)

  50–55 years 88 241 (24.11) 61 449 (69.64) 26 792 (30.36) 88 241 (12.4) 64 145 (72.69) 24 096 (27.31)

  55–60 years 83 126 (22.72) 57 836 (69.58) 25 290 (30.42) 83 126 (11.68) 64 120 (77.14) 19 006 (22.86)

  60–65 years 81 209 (22.19) 55 168 (67.93) 26 041 (32.07) 81 209 (11.41) 64 544 (79.48) 16 665 (20.52)

  65–70 years 64 794 (17.71) 44 289 (68.35) 20 505 (31.65) 16 110 (2.26)† 13 309 (82.61) 2801 (17.39)

  70–75 years 48 577 (13.27) 34 612 (71.25) 13 965 (28.75) –   –   –

CMU- C   * *

  No CMU- C 351 872 (96.15) 242 406 (68.89) 109 466 (31.11) 655 969 (92.16) 463 517 (70.66) 192 452 (29.34)

  CMU- C 14 075 (3.85) 10 948 (77.78) 3127 (22.22) 55 834 (7.84) 43 214 (77.4) 12 620 (22.6)

GP PLA   * *

  1 (worst) 11 427 (3.12) 8212 (71.86) 3215 (28.14) 18 607 (2.61) 13 784 (74.08) 4823 (25.92)

  2 13 767 (3.76) 9738 (70.73) 4029 (29.27) 24 385 (3.43) 17 816 (73.06) 6569 (26.94)

  3 14 455 (3.95) 10 195 (70.53) 4260 (29.47) 26 121 (3.67) 18 888 (72.31) 7233 (27.69)

  4 20 582 (5.62) 14 258 (69.27) 6324 (30.73) 37 307 (5.24) 26 610 (71.33) 10 697 (28.67)

  5 26 405 (7.22) 18 029 (68.28) 8376 (31.72) 49 815 (7) 35 139 (70.54) 14 676 (29.46)

  6 32 262 (8.82) 21 930 (67.97) 10 332 (32.03) 63 615 (8.94) 44 311 (69.65) 19 304 (30.35)

  7 50 863 (13.9) 34 371 (67.58) 16 492 (32.42) 98 949 (13.9) 68 782 (69.51) 30 167 (30.49)

  8 62 331 (17.03) 42 592 (68.33) 19 739 (31.67) 123 460 (17.34) 86 465 (70.03) 36 995 (29.97)

  9 64 131 (17.52) 44 615 (69.57) 19 516 (30.43) 127 253 (17.88) 90 793 (71.35) 36 460 (28.65)

  10 (best) 69 724 (19.05) 49 414 (70.87) 20 310 (29.13) 142 291 (19.99) 104 143 (73.19) 38 148 (26.81)

Urbanisation   * *

  Toulouse 
Metropole

72 919 (19.93) 49 978 (68.54) 22 941 (31.46) 180 030 (25.59) 123 038 (68.34) 56 992 (31.66)

  Large urban areas 150 755 (41.2) 102 663 (68.1) 48 092 (31.9) 302 563 (42.51) 211 072 (69.76) 91 491 (30.24)

  Other areas 142 273 (38.88) 100 713 (70.79) 41 560 (29.21) 229 210 (32.2) 172 621 (75.31) 56 589 (24.69)

RP   * *

  No 20 032 (5.47) 18 963 (94.66) 1069 (5.34) 57 596 (8.09) 52 948 (91.93) 4648 (8.07)

  Yes 345 915 (94.53) 234 391 (67.76) 111 524 (32.24) 654 207 (91.91) 453 783 (69.36) 200 424 (30.64)

*P<0.001
†Only 65 years women
CMU- c, Couverture Médicale Universelle- Complémentaire (Supplementary Universal Healthcare Coverage);; EDI, European Deprivation Index; GP, General 
Practitioner; PLA, Potential Localised Accessibility; RP, Referring Physician.
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between large urban and other areas. The link between 
mammography and having a designated referring physi-
cian was confirmed as well (adjusted OR 8.45, 95% 
CI (7.946 to 8.996)). Age had a very limited effect on 
mammography uptake. Sequential inclusion of all these 
variables in the model modified only slightly the link 
between EDI and screening uptake.

For pap smear (figure 3), a strong social gradient was 
observed. This gradient was slightly stronger in large 
urban areas (decile 10 vs 1 adjusted OR 0.66, 95% CI 
(0.642 to 0.679)) than in the rest of the region (adjusted 
OR=0.747 for decile 1 to 0.562 for decile 10 in other areas 
vs decile 1 in urban areas). Influence of financial precarity 
was corroborated by CMU- C impact on screening uptake 
(adjusted OR=0.669). The territorial gradient (based on 
GP accessibility) was confirmed but, as for mammography, 
adding this variable decreased only slightly the difference 
between large urban and other areas. The multivari-
able analysis confirmed the association between having 
a designated referring physician and pap smear uptake 
(adjusted OR 5.39 95% CI (5.227 to 5.557)). An effect 
of age on pap smear uptake was also found (adjusted OR 

0.59, 95% CI (0.574 to 0.601) for 55–60 years old women 
vs 25–30 women). Sequential inclusion of all these vari-
ables in the model modified only slightly the link between 
EDI and screening uptake.

We used the same approach for women outside the 
recommended age groups (figure 4 and online supple-
mental table B). Among younger women (40–50 years 
old for mammography and 20–25 for pap smear), both 
mammography and pap smear uptakes in the year were 
around 21%. Among women older than the recom-
mended age, participation rates were around 6% for 
both breast and cervical cancers. Figure 4 shows that the 
social gradient in mammography uptake was substan-
tially stronger in women between the ages of 40 and 50, 
and more so in large urban areas. For pap smear uptake, 
social gradient seemed less strong in younger women. 
Regarding GP accessibility, we observed a stronger territo-
rial gradient for older women, for both screening uptakes.

 
 N Model 1 LogLik Model 2 LogLik Model 3 LogLik Model 4 LogLik Model 5 LogLik 
  Tot= 

365947 
OR (95%CI) -225465 OR (95%CI) -225373 OR (95%CI) -225160 OR (95%CI) -225115 OR (95%CI) -220891 

Combined EDI 
and large 
urban/other 
areas 
 
EDI (deciles)  
in large 
urban areas 

1* 2 719 1  1  1  1  1  
2 5 896 0.981 (0.948,1.016) 0.982 (0.948,1.016) 0.983 (0.95,1.018) 0.983 (0.949,1.018) 0.976 (0.942,1.011) 
3 10 112 0.967 (0.931,1.005) 0.968 (0.932,1.006) 0.971 (0.934,1.009) 0.968 (0.932,1.007) 0.962 (0.925,1) 
4 13 232 0.933 (0.897,0.97) 0.934 (0.898,0.971) 0.939 (0.902,0.976) 0.934 (0.897,0.971) 0.927 (0.891,0.965) 
5 12 730 0.889 (0.856,0.924) 0.89 (0.857,0.925) 0.897 (0.863,0.933) 0.9 (0.865,0.936) 0.897 (0.862,0.933) 
6 19 906 0.928 (0.893,0.965) 0.929 (0.894,0.966) 0.936 (0.901,0.973) 0.932 (0.896,0.969) 0.927 (0.891,0.964) 
7 20 092 0.849 (0.816,0.883) 0.85 (0.817,0.884) 0.858 (0.825,0.892) 0.861 (0.826,0.896) 0.864 (0.83,0.9) 
8 20 741 0.872 (0.837,0.908) 0.873 (0.838,0.909) 0.885 (0.85,0.922) 0.893 (0.857,0.931) 0.895 (0.858,0.933) 
9 20 679 0.838 (0.807,0.871) 0.84 (0.809,0.872) 0.855 (0.823,0.888) 0.86 (0.827,0.895) 0.867 (0.833,0.903) 

10 16 166 0.733 (0.708,0.759) 0.734 (0.709,0.76) 0.763 (0.737,0.79) 0.771 (0.742,0.801) 0.777 (0.748,0.808) 
 
 
 
EDI (deciles)  
in other 
areas 

1 28 482 0.782 (0.718,0.853) 0.783 (0.718,0.854) 0.784 (0.719,0.855) 0.811 (0.743,0.884) 0.808 (0.74,0.882) 
2 28 930 0.841 (0.791,0.893) 0.842 (0.792,0.894) 0.845 (0.795,0.897) 0.861 (0.81,0.915) 0.855 (0.804,0.91) 
3 19 999 0.814 (0.775,0.855) 0.814 (0.775,0.855) 0.817 (0.778,0.858) 0.838 (0.798,0.881) 0.834 (0.793,0.877) 
4 18 332 0.829 (0.793,0.866) 0.829 (0.793,0.867) 0.833 (0.797,0.871) 0.845 (0.808,0.883) 0.84 (0.803,0.879) 
5 20 003 0.777 (0.742,0.813) 0.777 (0.742,0.813) 0.78 (0.746,0.817) 0.797 (0.761,0.835) 0.794 (0.758,0.832) 
6 19 612 0.831 (0.799,0.864) 0.832 (0.801,0.866) 0.838 (0.805,0.871) 0.847 (0.815,0.881) 0.846 (0.813,0.881) 
7 18 733 0.816 (0.785,0.848) 0.817 (0.786,0.85) 0.824 (0.792,0.857) 0.834 (0.801,0.867) 0.829 (0.797,0.863) 
8 17 127 0.824 (0.793,0.857) 0.825 (0.794,0.858) 0.833 (0.802,0.866) 0.846 (0.813,0.88) 0.842 (0.809,0.876) 
9 21 711 0.751 (0.722,0.78) 0.751 (0.722,0.781) 0.762 (0.733,0.792) 0.767 (0.737,0.798) 0.767 (0.737,0.799) 

 10 30 745 0.702 (0.672,0.732) 0.703 (0.674,0.734) 0.718 (0.688,0.75) 0.729 (0.698,0.762) 0.726 (0.694,0.759) 
             
Age (y.o) 50-55* 88 241   1  1  1  1  
 55-60 83 126   1.006 (0.985; 1.027) 1.002 (0.982; 1.023) 1.002 (0.982; 1.023) 0.997 (0.977; 1.018) 
 60-65  81 209   1.088 (1.066; 1.111) 1.077 (1.055; 1.099) 1.077 (1.055; 1.1) 1.066 (1.044; 1.088) 
 65-70  64 794   1.07 (1.047; 1.094) 1.052 (1.029; 1.076) 1.052 (1.029; 1.076) 1.035 (1.012; 1.058) 
 70-75  48 577   0.938 (0.916; 0.961) 0.919 (0.897; 0.942) 0.919 (0.897; 0.942) 0.897 (0.875; 0.919) 
             
CMU-C No* 351 872     1  1  1  
 Yes 14 075     0.659 (0.633; 0.686) 0.659 (0.633; 0.687) 0.644 (0.618; 0.671) 
             
GP PLA 
(deciles) 

1* 11 427       1  1  
 2 13 767       1.023 (0.968; 1.081) 1.013 (0.958; 1.072) 
 3 14 455       1.027 (0.972; 1.084) 1.018 (0.964; 1.076) 
 4 20 582       1.068 (1.015; 1.124) 1.054 (1.002; 1.11) 
 5 26 405       1.111 (1.058; 1.167) 1.102 (1.048; 1.158) 
 6 32 262       1.118 (1.066; 1.173) 1.103 (1.051; 1.158) 
 7 50 863       1.14 (1.089; 1.194) 1.126 (1.075; 1.18) 
 8 6 2331       1.143 (1.092; 1.195) 1.126 (1.076; 1.179) 
 9 64 131       1.106 (1.057; 1.157) 1.096 (1.047; 1.148) 
 10 69 724       1.081 (1.033; 1.132) 1.081 (1.032; 1.132) 
             
Referring 
physician 
 
 
 
  

No* 20 032         1  
Yes  345 915         8.45 (7.946; 8.996) 

           
           

 

 

Figure 2 Mammography uptake in recommended age group: multivariable logistic regression models (mammography 
uptake=30.77%).
*Reference category.
CMU- c, Couverture Médicale Universelle- Comprélmentaire (Supplementary Universal Healthcare Coverage); EDI, 
European Deprivation Index; GP, general practitioner; PLA, potential localised accessibility.
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DISCUSSION
Our study highlighted a link between deprivation and 
breast and cervical cancers screening uptake, in and 
outside the recommended age groups. This link follows 
a social gradient across all socioeconomic levels. The 
gradient was stronger in large urban areas. The succes-
sive inclusion of variables indicating financial precarity, 
healthcare accessibility and adherence to the health-
care system decreased only very slightly the association, 
suggesting that these variables explain a very limited 
extent of the link between EDI and screening uptake. The 
social and territorial disparities in mammography uptake 
were lower in the recommended age group than outside.

The main strength of our study is its power and 
comprehensiveness, achieved by using health insurance 
data. Using both individual and contextual variables to 
investigate the link between an ecological deprivation 
index and screening uptake is original. Another original 
aspect is the exploration of screening uptake outside the 
recommended age groups and the observation of two 
different implementation modes for national recom-
mendations (with and without a screening programme). 

Our study also has limitations. As our data covered only 
1 year, we could not differentiate between women who 
had screening tests every year (more often than recom-
mended) and the ones who had it every 2 and 3 years as 
recommended. It raises the question of excess screening 
and its link with SEP. In our dataset, pap smears prescribed 
for diagnostic purposes could not be distinguished from 
those performed in a screening context. The limited 
number of individual and contextual variables in our 
dataset restrained our capability to disentangle what 
could be explained by contextual and individual proper-
ties in the associations we observed with EDI. The same 
difficulty limited the exploration of financial, physical 
and sociocultural accessibility mechanisms involved in 
the social gradient.

We complemented existing literature on social inequal-
ities in access to mammography and pap smear. The link 
between deprivation and screening participation was 
found in numerous countries all over the word, irrespec-
tive of the local healthcare policy. In the USA, where no 
centrally organised cancer screening programme exists, 
this link was repeatedly reported at an individual and at 

 
  N Model 1 LogLik Model 2 LogLik Model 3 LogLik Model 4 LogLik Model 5 LogLik 
  Total= 711803 OR (95%CI) -424737 OR (95%CI) -420964 OR (95%CI) -420368 OR (95%CI) -420310 OR (95%CI) -411557 
Combined 
EDI and large 
urban/other 
areas 
 
EDI (deciles) 
in large urban 
area 

1* 4 741 1   1    1  1    1  
2 9 906 0.945 (0.923,0.968) 0.936 (0.914,0.959) 0.939 (0.917,0.962) 0.929 (0.907,0.952) 0.922 (0.899,0.945) 
3 16 889 0.918 (0.894,0.942) 0.902 (0.879,0.927) 0.908 (0.884,0.932) 0.897 (0.873,0.921) 0.889 (0.865,0.913) 
4 21 643 0.887 (0.863,0.912) 0.878 (0.854,0.902) 0.886 (0.862,0.91) 0.878 (0.854,0.903) 0.873 (0.849,0.898) 
5 20 561 0.833 (0.811,0.855) 0.816 (0.795,0.838) 0.826 (0.804,0.848) 0.817 (0.795,0.839) 0.816 (0.794,0.839) 
6 31 816 0.793 (0.772,0.815) 0.781 (0.76,0.803) 0.792 (0.771,0.814) 0.78 (0.759,0.802) 0.781 (0.759,0.803) 
7 31 628 0.801 (0.78,0.823) 0.788 (0.766,0.81) 0.8 (0.778,0.822) 0.791 (0.769,0.813) 0.805 (0.782,0.828) 
8 32 394 0.806 (0.784,0.829) 0.788 (0.766,0.81) 0.806 (0.783,0.828) 0.801 (0.778,0.824) 0.81 (0.787,0.834) 
9 33 163 0.735 (0.716,0.754) 0.716 (0.698,0.735) 0.738 (0.719,0.758) 0.729 (0.709,0.749) 0.748 (0.727,0.769) 

10 26 469 0.616 (0.601,0.631) 0.602 (0.588,0.618) 0.643 (0.627,0.659) 0.636 (0.619,0.653) 0.66 (0.642,0.679) 
 
 
 
EDI (deciles) 
in other area 

1 57 497 0.723 (0.678,0.773) 0.735 (0.688,0.785) 0.737 (0.69,0.787) 0.749 (0.701,0.801) 0.747 (0.699,0.799) 
2 61 046 0.703 (0.671,0.738) 0.72 (0.686,0.755) 0.724 (0.69,0.759) 0.731 (0.697,0.767) 0.732 (0.697,0.768) 
3 43 874 0.685 (0.659,0.711) 0.704 (0.677,0.731) 0.707 (0.681,0.735) 0.715 (0.688,0.744) 0.716 (0.689,0.745) 
4 38929 0.667 (0.644,0.69) 0.684 (0.661,0.709) 0.69 (0.666,0.714) 0.693 (0.669,0.718) 0.693 (0.669,0.718) 
5 44470 0.628 (0.606,0.651) 0.645 (0.623,0.669) 0.65 (0.627,0.674) 0.655 (0.631,0.679) 0.659 (0.635,0.683) 
6 41648 0.608 (0.59,0.627) 0.626 (0.607,0.645) 0.632 (0.613,0.652) 0.631 (0.611,0.651) 0.637 (0.617,0.657) 
7 40648 0.619 (0.6,0.638) 0.637 (0.618,0.657) 0.647 (0.628,0.668) 0.646 (0.626,0.666) 0.648 (0.628,0.669) 
8 38018 0.591 (0.574,0.61) 0.61 (0.591,0.629) 0.621 (0.602,0.641) 0.62 (0.601,0.64) 0.622 (0.603,0.642) 
9 49069 0.559 (0.542,0.577) 0.573 (0.556,0.591) 0.588 (0.57,0.607) 0.582 (0.564,0.601) 0.59 (0.571,0.609) 

10 67394 0.524 (0.506,0.542) 0.533 (0.516,0.552) 0.556 (0.537,0.575) 0.552 (0.533,0.572) 0.562 (0.542,0.582) 

Age (y.o) 25-30* 82413   1  1  1  1  
 30-35  88249   1.084 (1.062; 1.106) 1.08 (1.059; 1.103) 1.081 (1.059; 1.104) 1.06 (1.038; 1.082) 
 35-40  85200   1.063 (1.042; 1.085) 1.056 (1.035; 1.078) 1.057 (1.035; 1.079) 1.021 (1; 1.043) 
 40-45  92964   1.031 (1.01; 1.052) 1.021 (1; 1.042) 1.021 (1.001; 1.042) 0.963 (0.944; 0.984) 
 45-50  94291   0.988 (0.968; 1.008) 0.975 (0.955; 0.995) 0.975 (0.956; 0.996) 0.906 (0.888; 0.925) 
 50-55 88241   0.826 (0.809; 0.843) 0.811 (0.794; 0.828) 0.812 (0.795; 0.829) 0.749 (0.733; 0.765) 
 55-60 83126   0.655 (0.64; 0.669) 0.641 (0.627; 0.655) 0.641 (0.627; 0.656) 0.587 (0.574; 0.601) 
 60-65  81209   0.573 (0.56; 0.586) 0.558 (0.545; 0.57) 0.558 (0.546; 0.571) 0.507 (0.496; 0.519) 
 65 16110   0.468 (0.448; 0.488) 0.454 (0.434; 0.474) 0.454 (0.435; 0.474) 0.413 (0.395; 0.431) 

CMU-C No* 655969     1  1  1  
 Yes 55834     0.696 (0.681; 0.711) 0.695 (0.681; 0.71) 0.669 (0.655; 0.684) 
GP PLA 
(deciles) 1* 18607       1  1  
 2 24385       0.966 (0.925; 1.01) 0.951 (0.909; 0.994) 
 3 26121       0.982 (0.941; 1.026) 0.97 (0.928; 1.013) 
 4 37307       1.004 (0.965; 1.046) 0.989 (0.95; 1.031) 
 5 49815       1.01 (0.971; 1.05) 0.991 (0.952; 1.03) 
 6 63615       1.033 (0.994; 1.073) 1.017 (0.978; 1.056) 
 7 98949       1.049 (1.011; 1.088) 1.031 (0.993; 1.069) 
 8 123460       1.086 (1.048; 1.126) 1.068 (1.03; 1.108) 
 9 127253       1.056 (1.018; 1.095) 1.046 (1.009; 1.086) 
 10 142291       1.03 (0.993; 1.069) 1.049 (1.011; 1.088) 
 
Referring 
physician 

No* 57596         1  
Yes  654207         5.389 (5.227; 5.557) 

            

 

Figure 3 Pap smear uptake multivariable logistic regression models in recommended age group (Pap smear uptake=28.81%).
*Reference category.
CMU- c, Couverture Médicale Universelle- Comprélmentaire (Supplementary Universal Healthcare Coverage); EDI, 
European Depriivation Index; GP, general practitioner; PLA, potential localised accessibility
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an area levels.22–25 In most Western European countries, 
nationally organised screening programmes are in place. 
The studies conducted there also showed an impact of 
SEP.26–28 In France, the lack of individual socioeconomic 
variable in healthcare datasets has made it difficult to 
obtain large and representative evidence. A few cohort 
studies have been conducted, but were limited by the rela-
tively small sample size.7 29 30 Using healthcare insurance 
reimbursement data merged with sociodemographic 
information made it possible to assess the impact of socio-
territorial inequalities in larger studies, more representa-
tive of the French population.31

Our study tried to identify some of the mechanisms 
involved in the link between deprivation and screening 
uptake. One of our hypotheses was that deprivation leads 
to limitations of the three dimensions of healthcare 
accessibility: financial, physical and sociocultural. We 
used CMU- C to explore the effect of financial precarity in 
the link between deprivation and screening uptake and 
GP PLA, a proxy for healthcare supply, to reflect phys-
ical accessibility. Our result suggests that the association 
between deprivation and screening uptake is very slightly 
influenced by these variables. This could be due to the 
choice of variables used in our model. CMU- C may not be 

enough precise to measure financial accessibility. GP PLA 
is a good proxy for physical accessibility to primary care, 
but maybe not to specialty care. Regarding sociocultural 
accessibility, no truly relevant variable was available in our 
dataset. Our results showed that the overall adherence to 
the healthcare system, approached by having a referring 
physician, only modified slightly the link between EDI 
and screening uptake. However sociocultural accessibility 
covers several concepts. Using psychological models, R. 
Crockett explained that the most deprived people focus 
more on present time.32 They concentrate on the inconve-
nience of the screening rather than on the possible long- 
term benefits. A measure of this mechanism, the fear of 
the result, language barriers or cultural representations33 
could be better proxies for sociocultural accessibility.

However, our study suggests that having a referring 
physician has a substantial direct impact on pap smear 
and mammography uptake. This key role of primary care 
providers was observed in other countries, like the USA 
and Canada.34 35 The improvement in screening uptake 
in people with a referring physician could be due to the 
direct role of the physician in overcoming the barriers to 
screening. This result might also be explained by another 
phenomenon linked to healthcare access: the patient’s 
understanding of and capacity to navigate the healthcare 
system.

We confirmed territorial disparities in screening access. 
Large urban areas had higher participation rates than 
the rest of the region. These rural/urban disparities were 
observed in several studies in Western Europe and North 
America.17–19 28 36 37 The social gradient also appeared 
generally stronger in large urban areas. But even in the 
other areas, the most deprived populations had a lower 
screening access. These results corroborate the assump-
tion that the social gradient is stronger if the healthcare 
supply is sufficient, but access to care of the most deprived 
remains lower whatever the place.

We observed that the social and territorial disparities 
in mammography uptake were lower inside the recom-
mended age group than for younger women. We did 
not observe the same trend for pap smear uptake. This 
difference could be explained by the nationally organised 
screening programme in place for breast cancer at the 
time of data collection but not for cervical cancer. Some 
studies suggested that tools used in the breast cancer 
screening programme might help decrease inequal-
ities of access,38 39 but other showed that a national 
programme, with the exact same actions for every women, 
while improving overall participation rates, could also 
increase the social gradient in uptake.40 Pap smear and 
mammography uptake also appeared very high in women 
younger than the recommended age. While the social 
gradient within the recommended age groups is likely 
to be explained by a low uptake in deprived populations, 
its existence among younger and older women may indi-
cate an overuse of screening in high SEP populations.41 
Regarding women older than the recommended age, 
we observed a higher effect of territorial disparities on 

Figure 4 Mammography and pap smear uptake and 
combined variable EDI in large urban/other areas by age 
group, MIDI Pyrénées region, 2012. Results from a logistic 
model adjusted for EDI by age, CMU- C, GP PLA, having an 
official referring physician. Data from models 5 (figures 2 and 
3) for the recommended age groups.
EDI, European Deprivation Index; CMU- c, Couverture 
Médicale Universelle- Complémentaire (Supplementary 
Universal Healthcare Coverage); GP, General Practitioner; 
PLA, Potential lLcalised Accessibility.
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screening uptake (rural/urban disparities and effect of 
GP accessibility). This suggests that older women could 
have more difficulty adapting to territorial barriers.

Developing global dataset combining health data and 
diverse socioeconomic data, at individual and contextual 
levels, could enable a better understanding of the mech-
anisms involved in this social gradient, and therefore, the 
development of targeted territorial actions to improve 
equity of access to healthcare.
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Supplementary material  

Tables A: Characteristics of women in recommended age groups for gynaecological 

screening programmes in Midi Pyrénées 

 

Characteristics of women between 50 and 74 y.o. (recommended age group for mammography)  

N= 365 947 

 Toulouse Metropolis Other large urban area Other area 

 n= 72919 (19.93%) n= 150755 (41.2%) n= 142273 (38.88%) 

 n (%) n (%) n (%) 

Mammography    
No Mammography 49978 (68.54) 102663 (68.1) 100713 (70.79) 

≥ 1 in the year 22941 (31.46) 48092 (31.9) 41560 (29.21) 

Age    

Mean (SD) 60.7 (6.8) 60.9 (6.9) 61.6 (6.9) 

Age (/5years)    

50-55 y.o 19112 (26.21) 37568 (24.92) 31561 (22.18) 

55-60 y.o 17097 (23.45) 34985 (23.21) 31044 (21.82) 

60-65 y.o 15774 (21.63) 33460 (22.19) 31975 (22.47) 

65-70 y.o, 12305 (16.87) 25825 (17.13) 26664 (18.74) 

70-75 y.o 8631 (11.84) 18917 (12.55) 21029 (14.78) 

EDI (deciles: 1=best)    

1 7886 (10.81) 20596 (13.66) 2719 (1.91) 

2 8615 (11.81) 20315 (13.48) 5896 (4.14) 

3 4436 (6.08) 15563 (10.32) 10112 (7.11) 

4 3484 (4.78) 14848 (9.85) 13232 (9.3) 

5 8183 (11.22) 11820 (7.84) 12730 (8.95) 

6 3368 (4.62) 16244 (10.78) 19906 (13.99) 

7 6678 (9.16) 12055 (8) 20092 (14.12) 

8 6367 (8.73) 10760 (7.14) 20741 (14.58) 

9 9519 (13.05) 12192 (8.09) 20679 (14.53) 

10 14383 (19.72) 16362 (10.85) 16166 (11.36) 

CMU-C    

No CMU-C 68850 (94.42) 145641 (96.61) 137381 (96.56) 

CMU-C 4069 (5.58) 5114 (3.39) 4892 (3.44) 

GP PLA (deciles: 10= best)    

1 363 (0.5) 1744 (1.16) 9320 (6.55) 

2 922 (1.26) 4887 (3.24) 7958 (5.59) 

3 0 (0) 6290 (4.17) 8165 (5.74) 

4 803 (1.1) 9625 (6.38) 10154 (7.14) 

5 1409 (1.93) 14229 (9.44) 10767 (7.57) 

6 2695 (3.7) 17381 (11.53) 12186 (8.57) 

7 9531 (13.07) 25353 (16.82) 15979 (11.23) 

8 14772 (20.26) 25147 (16.68) 22412 (15.75) 

9 15456 (21.2) 27726 (18.39) 20949 (14.72) 

10 26968 (36.98) 18373 (12.19) 24383 (17.14) 

Referring physician    

No designated referring physician 4898 (6.72) 7428 (4.93) 7706 (5.42) 

Official referring physician 68021 (93.28) 143327 (95.07) 134567 (94.58) 
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Characteristics of women between 25 and 65 y.o. (recommended age group for pap 

smear) 

N= 711 803 

 Toulouse Metropolis Other large urban areas Other areas 

 

n= 180030 (25.59%) 

n (%) 

n= 302563 (42.61%) 

n (%) 

n= 229210 (32.2%) 

n (%) 

Pap smear    

No Pap smear 123038 (68.34) 211072 (69.76) 172621 (75.31) 

≥ 1 in the year 56992 (31.66) 91491 (30.24) 56589 (24.69) 

Age    

Mean (SD) 42.9 (11.8) 45.5 (11.4) 47.2 (11.4) 

Age (/5years) n= 180030 n= 302563 n= 229210 

25-30 y.o 30798 (17.11) 32111 (10.61) 19504 (8.51) 

30-35 y.o 28146 (15.63) 36721 (12.14) 23382 (10.2) 

35-40 y.o 23292 (12.94) 37351 (12.34) 24557 (10.71) 

40-45 y.o 21537 (11.96) 41983 (13.88) 29444 (12.85) 

45-50 y.o 21259 (11.81) 41829 (13.82) 31203 (13.61) 

50-55 y.o 19112 (10.62) 37568 (12.42) 31561 (13.77) 

55-60 y.o 17097 (9.5) 34985 (11.56) 31044 (13.54) 

60-65 y.o 15774 (8.76) 33460 (11.06) 31975 (13.95) 

65-70 y.o, 3015 (1.67) 6555 (2.17) 6540 (2.85) 

EDI (deciles: 1=best)   

1 14747 (8.19) 42750 (14.13) 4741 (2.07) 

2 19389 (10.77) 41657 (13.77) 9906 (4.32) 

3 10922 (6.07) 32952 (10.89) 16889 (7.37) 

4 8239 (4.58) 30690 (10.14) 21643 (9.44) 

5 21020 (11.68) 23450 (7.75) 20561 (8.97) 

6 9173 (5.1) 32475 (10.73) 31816 (13.88) 

7 17062 (9.48) 23586 (7.8) 31628 (13.8) 

8 17051 (9.47) 20967 (6.93) 32394 (14.13) 

9 26337 (14.63) 22732 (7.51) 33163 (14.47) 

10 36090 (20.05) 31304 (10.35) 26469 (11.55) 

CMU-C    

No CMU-C 161075 (89.47) 281794 (93.14) 213100 (92.97) 

CMU-C 18955 (10.53) 20769 (6.86) 16110 (7.03) 

GP PLA (deciles: 10= best)  

1 831 (0.46) 3162 (1.05) 14614 (6.38) 

2 2273 (1.26) 9407 (3.11) 12705 (5.54) 

3 0 (0%) 12683 (4.19) 13438 (5.86) 

4 1815 (1.01) 18903 (6.25) 16589 (7.24) 

5 3312 (1.84) 28690 (9.48) 17813 (7.77) 

6 6666 (3.7) 36519 (12.07) 20430 (8.91) 

7 20097 (11.16) 52821 (17.46) 26031 (11.36) 

8 37194 (20.66) 51056 (16.87) 35210 (15.36) 

9 38815 (21.56) 54907 (18.15) 33531 (14.63) 

10 69027 (38.34) 34415 (11.37) 38849 (16.95) 

Referring physician   
No designated  

physician 
18754 (10.42) 20659 (6.83) 18183 (7.93) 

Designated  161276 (89.58) 281904 (93.17) 211027 (92.07) 
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Tables B: Screening uptake multivariable logistic regression models outside the recommended age groups (sequential adjustment) 

Mammography uptake multivariable logistic regression models (n= 187255): in 40-50 y.o. women (Mammography uptake = 20.77%) 

 N Model 1 LogLik Model 2 LogLik Model 3 LogLik Model 4 LogLik Model 5 LogLik 

  Tot= 187255 OR (95%CI) -94934 OR (95%CI) -94709 OR (95%CI) -94508 OR (95%CI) -94463 OR (95%CI) -92837 

Combined EDI 

and large 

urban/other 

EDI 

(deciles) in 

large 

urban 

areas 

1
1
 1284 1  1  1  1  1  

2 2737 0.899 (0.857,0.944) 0.901 (0.859,0.946) 0.906 (0.863,0.951) 0.897 (0.855,0.942) 0.892 (0.849,0.937) 

3 4550 0.845 (0.801,0.892) 0.847 (0.803,0.894) 0.855 (0.811,0.902) 0.843 (0.798,0.89) 0.839 (0.794,0.886) 

4 5726 0.836 (0.791,0.884) 0.84 (0.794,0.888) 0.851 (0.805,0.9) 0.84 (0.794,0.888) 0.837 (0.791,0.885) 

5 5472 0.745 (0.705,0.788) 0.748 (0.708,0.791) 0.761 (0.72,0.805) 0.751 (0.71,0.795) 0.753 (0.711,0.797) 

6 8525 0.722 (0.682,0.764) 0.722 (0.682,0.765) 0.737 (0.696,0.78) 0.722 (0.682,0.766) 0.722 (0.681,0.766) 

 7 8283 0.688 (0.649,0.73) 0.69 (0.65,0.731) 0.705 (0.665,0.748) 0.699 (0.658,0.742) 0.71 (0.668,0.754) 

 8 8564 0.706 (0.665,0.75) 0.709 (0.668,0.753) 0.732 (0.689,0.777) 0.731 (0.687,0.778) 0.737 (0.693,0.784) 

 9 8629 0.639 (0.603,0.677) 0.64 (0.604,0.678) 0.67 (0.632,0.71) 0.665 (0.625,0.707) 0.678 (0.638,0.721) 

 10 6877 0.557 (0.528,0.587) 0.557 (0.528,0.587) 0.61 (0.578,0.644) 0.61 (0.575,0.647) 0.633 (0.596,0.671)  
 

EDI 

(deciles) in 

other 

areas 

1 16751 0.57 (0.492,0.66) 0.569 (0.491,0.66) 0.572 (0.494,0.663) 0.599 (0.516,0.694) 0.598 (0.515,0.694) 

2 17342 0.616 (0.557,0.682) 0.615 (0.555,0.681) 0.619 (0.559,0.686) 0.634 (0.572,0.702) 0.635 (0.573,0.704) 

3 12299 0.593 (0.546,0.644) 0.592 (0.545,0.643) 0.597 (0.549,0.648) 0.62 (0.571,0.674) 0.623 (0.573,0.678) 

4 10802 0.596 (0.553,0.642) 0.595 (0.552,0.641) 0.602 (0.558,0.649) 0.613 (0.568,0.661) 0.614 (0.569,0.663) 

5 11523 0.57 (0.528,0.616) 0.568 (0.526,0.614) 0.574 (0.531,0.62) 0.587 (0.543,0.635) 0.593 (0.548,0.641) 

6 10898 0.613 (0.575,0.654) 0.612 (0.574,0.652) 0.621 (0.582,0.662) 0.624 (0.585,0.666) 0.633 (0.593,0.676) 

7 10252 0.577 (0.54,0.616) 0.574 (0.538,0.613) 0.587 (0.55,0.627) 0.592 (0.554,0.633) 0.597 (0.558,0.638) 

 8 9432 0.53 (0.496,0.566) 0.528 (0.494,0.564) 0.543 (0.508,0.581) 0.55 (0.514,0.588) 0.555 (0.519,0.594) 

 9 11333 0.491 (0.459,0.525) 0.49 (0.458,0.524) 0.507 (0.474,0.543) 0.505 (0.471,0.541) 0.511 (0.477,0.548) 

 10 15976 0.452 (0.419,0.487) 0.45 (0.418,0.485) 0.476 (0.442,0.513) 0.479 (0.443,0.517) 0.486 (0.449,0.525) 
             

Age 40-45 y.o.1 92964   1  1  1  1  

 45-50 y.o. 94291   1.275 (1.247; 1.305) 1.27 (1.242; 1.299) 1.271 (1.242; 1.3) 1.258 (1.229; 1.286) 
             
CMU-C No1 172456     1  1  1  

 Yes 14799     0.614 (0.584; 0.645) 0.613 (0.583; 0.645) 0.597 (0.567; 0.627) 
             
GP PLA (deciles) 11 4959       1  1  

 2 6486       1.091 (0.99; 1.204) 1.078 (0.978; 1.19) 

 3 7123       1.064 (0.967; 1.172) 1.067 (0.969; 1.175) 

 4 10062       1.057 (0.966; 1.157) 1.044 (0.954; 1.144) 

 5 14074       1.159 (1.063; 1.264) 1.145 (1.05; 1.249) 

 6 17792       1.173 (1.078; 1.276) 1.158 (1.064; 1.261) 

 7 27034       1.217 (1.122; 1.321) 1.201 (1.107; 1.305) 

 8 33101       1.262 (1.165; 1.369) 1.247 (1.151; 1.354) 

 9 32681       1.193 (1.1; 1.295) 1.185 (1.092; 1.287) 

 10 33943       1.14 (1.05; 1.239) 1.161 (1.069; 1.262) 
             
 

Referring physician 
No1 13378         1  

Yes  173877         6.849 (6.275; 7.493)  
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Mammography uptake multivariable logistic regression models (n= 154895): in > 74 y.o. women (Mammography uptake = 5.65%) 

 N Model 1 LogLik Model 2 LogLik Model 3 LogLik Model 4 LogLik Model 5 LogLik 

  Tot= 154895 OR (95%CI) -33537 OR (95%CI) -30948 OR (95%CI) -30936 OR (95%CI) -30890 OR (95%CI) -30674 

Combined EDI 

and large 

urban/other 

EDI 

(deciles) in 

large 

urban 

areas 

1
2
 939 1  1  1  1  1  

2 2115 1.022 (0.904,1.154) 1.026 (0.906,1.162) 0.983 (0.95,1.018) 0.998 (0.88,1.131) 0.994 (0.877,1.127) 

3 3983 0.968 (0.849,1.104) 1.009 (0.883,1.154) 0.971 (0.934,1.009) 0.978 (0.855,1.119) 0.973 (0.85,1.114) 

4 6092 0.921 (0.803,1.055) 0.921 (0.802,1.058) 0.939 (0.902,0.976) 0.883 (0.769,1.015) 0.88 (0.765,1.011) 

5 5757 0.893 (0.784,1.017) 0.956 (0.838,1.092) 0.897 (0.863,0.933) 0.898 (0.785,1.027) 0.892 (0.779,1.02) 

6 9950 0.891 (0.784,1.013) 0.945 (0.829,1.077) 0.936 (0.901,0.973) 0.878 (0.769,1.002) 0.873 (0.765,0.997) 

7 10334 0.896 (0.789,1.019) 0.973 (0.854,1.108) 0.858 (0.825,0.892) 0.88 (0.77,1.006) 0.879 (0.769,1.005) 

 8 10647 0.99 (0.873,1.123) 1.088 (0.957,1.238) 0.885 (0.85,0.922) 0.987 (0.865,1.127) 0.982 (0.86,1.121) 

 9 10974 0.926 (0.821,1.044) 1.029 (0.911,1.163) 0.855 (0.823,0.888) 0.89 (0.782,1.012) 0.886 (0.779,1.008) 

 10 9307 0.899 (0.802,1.007) 0.977 (0.87,1.097) 0.763 (0.737,0.79) 0.837 (0.74,0.948) 0.835 (0.738,0.946)  
 

EDI 

(deciles) in 

other 

areas 

1 7482 0.77 (0.572,1.039) 0.765 (0.565,1.035) 0.784 (0.719,0.855) 0.793 (0.584,1.075) 0.786 (0.579,1.066) 

2 8759 0.78 (0.633,0.962) 0.767 (0.62,0.948) 0.845 (0.795,0.897) 0.791 (0.64,0.979) 0.782 (0.632,0.968) 

3 6862 0.701 (0.592,0.831) 0.708 (0.596,0.841) 0.817 (0.778,0.858) 0.742 (0.623,0.882) 0.733 (0.616,0.872) 

4 6193 0.645 (0.555,0.75) 0.671 (0.576,0.782) 0.833 (0.797,0.871) 0.662 (0.568,0.772) 0.659 (0.565,0.769) 

 5 7566 0.539 (0.458,0.634) 0.552 (0.468,0.65) 0.78 (0.746,0.817) 0.55 (0.466,0.649) 0.547 (0.463,0.646) 

 6 8023 0.696 (0.612,0.791) 0.726 (0.637,0.827) 0.838 (0.805,0.871) 0.692 (0.607,0.79) 0.686 (0.601,0.783) 

 7 8076 0.65 (0.571,0.739) 0.696 (0.61,0.794) 0.824 (0.792,0.857) 0.657 (0.575,0.751) 0.65 (0.569,0.743) 

 8 7774 0.728 (0.642,0.825) 0.774 (0.681,0.878) 0.833 (0.802,0.866) 0.727 (0.638,0.828) 0.717 (0.629,0.816) 

 9 10269 0.706 (0.623,0.8) 0.776 (0.683,0.881) 0.762 (0.733,0.792) 0.728 (0.64,0.829) 0.72 (0.632,0.82) 

 10 13793 0.693 (0.608,0.79) 0.757 (0.663,0.864) 0.718 (0.688,0.75) 0.675 (0.588,0.775) 0.666 (0.58,0.765) 

             
Age 75-80 y.o.2 50815   1  1  1  1  

 80-85 y.o. 48148   0.387 (0.368; 0.407) 0.387 (0.368; 0.407) 0.386 (0.367; 0.406) 0.385 (0.366; 0.405) 

 85-90 y.o. 34698   0.152 (0.14; 0.165) 0.152 (0.14; 0.165) 0.151 (0.139; 0.164) 0.151 (0.139; 0.164) 

 90-95 y.o. 16602   0.067 (0.057; 0.079) 0.067 (0.057; 0.079) 0.067 (0.056; 0.079) 0.067 (0.056; 0.079) 

 95-100 y.o. 4632   0.024 (0.013; 0.038) 0.024 (0.013; 0.038) 0.023 (0.013; 0.038) 0.025 (0.014; 0.04) 

             
CMU-C No2 153807     1  1  1  

 Yes 1088     0.443 (0.298; 0.63 0.443 (0.298; 0.63)  0.439 (0.295; 0.625) 

             
GP PLA (deciles) 12 4675       1  1  

 2 5726       1.14 (0.94; 1.386) 1.138 (0.938; 1.383) 

 3 5537       1.037 (0.851; 1.265) 1.035 (0.85; 1.263) 

 4 7717       1.091 (0.909; 1.314) 1.085 (0.904; 1.306) 

 5 9569       1.171 (0.983; 1.399) 1.17 (0.983; 1.399) 

 6 11747       1.25 (1.056; 1.486) 1.25 (1.055; 1.486) 

 7 18800       1.316 (1.12; 1.554) 1.312 (1.117; 1.549) 

 8 25658       1.441 (1.231; 1.694) 1.44 (1.231; 1.695) 

 9 30207       1.398 (1.195; 1.644) 1.403 (1.199; 1.65) 

 10 35259       1.546 (1.322; 1.818) 1.555 (1.329; 1.829) 

             

Referring physician 
No2 5992         1  
Yes  148903         8.938 (6.66; 12.37) 
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Pap smear uptake multivariable logistic regression models (n= 63068) in 20-25 y.o. women (Pap smear uptake = 20.58 %) 

 N Model 1 LogLik Model 2 LogLik Model 3 LogLik Model 4 LogLik Model 5 LogLik 

  Tot= 63068 OR (95%CI) -31988 OR (95%CI) -31676 OR (95%CI) -31675 OR (95%CI) -31670 OR (95%CI) -30989 

Combined EDI and 

large urban/other 

EDI (deciles) 

in large 

urban areas 

1
3
 272 1  1  1  1  1  

2 600 0.958 (0.864; 1.062) 0.951 (0.858; 1.056) 0.952 (0.859; 1.057) 0.956 (0.861; 1.062) 0.941 (0.846; 1.046) 

3 1047 0.992 (0.888; 1.108) 0.985 (0.881; 1.101) 0.987 (0.882; 1.103) 0.987 (0.882; 1.105) 0.975 (0.87; 1.093) 

4 1451 1.024 (0.914; 1.146) 1.021 (0.911; 1.143) 1.022 (0.913; 1.145) 1.029 (0.918; 1.154) 1.021 (0.91; 1.146) 

5 1412 0.915 (0.823; 1.017) 0.905 (0.813; 1.007) 0.907 (0.815; 1.009) 0.922 (0.827; 1.028) 0.921 (0.825; 1.028) 

6 2197 0.896 (0.803; 0.999) 0.889 (0.797; 0.992) 0.892 (0.799; 0.995) 0.903 (0.808; 1.009) 0.895 (0.8; 1.002) 

7 2336 0.92 (0.828; 1.023) 0.901 (0.81; 1.002) 0.903 (0.812; 1.005) 0.923 (0.827; 1.03) 0.94 (0.841; 1.05) 

 8 2376 0.917 (0.824; 1.02) 0.895 (0.804; 0.997) 0.898 (0.806; 1) 0.925 (0.828; 1.033) 0.938 (0.838; 1.049) 

 9 2575 0.824 (0.746; 0.909) 0.801 (0.726; 0.885) 0.804 (0.728; 0.889) 0.834 (0.751; 0.927) 0.858 (0.771; 0.954) 

 10 2484 0.735 (0.67; 0.808) 0.733 (0.667; 0.805) 0.739 (0.672; 0.812) 0.772 (0.697; 0.856) 0.802 (0.722; 0.89)  
 

EDI (deciles) 

in other 

areas 

1 3700 0.696 (0.498; 0.953) 0.701 (0.501; 0.961) 0.701 (0.501; 0.962) 0.701 (0.5; 0.962) 0.729 (0.519; 1.005) 

2 4599 0.895 (0.723; 1.101) 0.903 (0.729; 1.112) 0.903 (0.729; 1.113) 0.904 (0.729; 1.114) 0.902 (0.726; 1.114) 

3 3387 0.938 (0.794; 1.105) 0.956 (0.809; 1.127) 0.957 (0.809; 1.128) 0.964 (0.814; 1.138) 0.963 (0.812; 1.139) 

4 3098 0.779 (0.669; 0.906) 0.78 (0.669; 0.908) 0.781 (0.67; 0.909) 0.788 (0.675; 0.917) 0.784 (0.671; 0.914) 

 5 4188 0.846 (0.727; 0.983) 0.852 (0.731; 0.99) 0.853 (0.732; 0.992) 0.859 (0.736; 0.999) 0.849 (0.727; 0.989) 

 6 3814 0.839 (0.737; 0.955) 0.849 (0.745; 0.966) 0.85 (0.746; 0.967) 0.858 (0.752; 0.977) 0.849 (0.744; 0.969) 

 7 4205 0.835 (0.735; 0.948) 0.838 (0.737; 0.951) 0.84 (0.739; 0.954) 0.855 (0.751; 0.972) 0.837 (0.735; 0.954) 

 8 4074 0.77 (0.677; 0.875) 0.776 (0.682; 0.882) 0.778 (0.683; 0.885) 0.789 (0.692; 0.899) 0.78 (0.683; 0.89) 

 9 6237 0.797 (0.704; 0.902) 0.809 (0.713; 0.916) 0.812 (0.716; 0.919) 0.823 (0.725; 0.934) 0.826 (0.726; 0.939) 

 10 9016 0.655 (0.574; 0.746) 0.661 (0.579; 0.754) 0.665 (0.582; 0.758) 0.688 (0.6; 0.787) 0.701 (0.61; 0.803) 

             
Age 20-21y.o3 9827   1  1  1  1  

21-22 y.o. 11080   1.234 (1.144; 1.33) 1.233 (1.144; 1.33) 1.234 (1.144; 1.33) 1.205 (1.117; 1.3) 

 22-23 y.o. 12631   1.516 (1.411; 1.628) 1.514 (1.41; 1.626) 1.516 (1.412; 1.628) 1.435 (1.335; 1.543) 

 23-24 y.o. 14064   1.709 (1.595; 1.832) 1.707 (1.593; 1.83) 1.711 (1.597; 1.834) 1.576 (1.47; 1.691) 

 24-25 y.o. 15466   2.102 (1.966; 2.249) 2.099 (1.963; 2.246) 2.104 (1.967; 2.25) 1.912 (1.787; 2.047) 

             
CMU-C No3 54768     1  1  1  

 Yes 8300     0.968 (0.911; 1.028) 0.969 (0.912; 1.029) 0.899 (0.845; 0.955) 

             
GP PLA (deciles) 13 1167       1  1  

 2 1569       1.057 (0.873; 1.281) 1.033 (0.851; 1.254) 

 3 1626       1.09 (0.903; 1.318) 1.069 (0.884; 1.295) 

 4 2498       1.096 (0.92; 1.307) 1.075 (0.902; 1.285) 

 5 3594       1.07 (0.906; 1.268) 1.055 (0.891; 1.252) 

 6 4813       1.026 (0.872; 1.21) 1.018 (0.864; 1.203) 

 7 7959       1.055 (0.902; 1.238) 1.039 (0.887; 1.222) 

 8 10982       1.074 (0.92; 1.257) 1.054 (0.902; 1.236) 

 9 12533       1.021 (0.875; 1.196) 1.011 (0.865; 1.186) 

 10 16327       0.986 (0.845; 1.155) 1.004 (0.859; 1.178) 

             

Referring physician 

No3 13716         1  

Yes  49352         2.859 (2.69; 3.042)  
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Pap smear uptake multivariable logistic regression models (n= 252156) in > 65 y.o. women (Pap smear uptake = 5.69%) 

 N Model 1 LogLik Model 2 LogLik Model 3 LogLik Model 4 LogLik Model 5 LogLik 

  Tot= 252156 OR (95%CI) -54676 OR (95%CI) -48204 OR (95%CI) -48196 OR (95%CI) -48125 OR (95%CI) -47675 

Combined EDI and 

large urban/other 

areas 

EDI 

(deciles) in 

large urban 

areas 

1
4
 1669 1  1  1  1  1  

2 3720 0.875 (0.805,0.951) 0.904 (0.83,0.985) 0.905 (0.83,0.985) 0.874 (0.801,0.953) 0.865 (0.793,0.944) 

3 6672 0.822 (0.75,0.901) 0.903 (0.821,0.992) 0.903 (0.821,0.992) 0.874 (0.795,0.961) 0.866 (0.787,0.953) 

4 9800 0.786 (0.714,0.865) 0.859 (0.779,0.948) 0.86 (0.78,0.949) 0.825 (0.748,0.911) 0.817 (0.74,0.902) 

5 9294 0.743 (0.677,0.815) 0.858 (0.78,0.944) 0.859 (0.782,0.945) 0.809 (0.735,0.891) 0.805 (0.731,0.887) 

6 15807 0.641 (0.584,0.705) 0.738 (0.669,0.813) 0.738 (0.67,0.813) 0.687 (0.622,0.758) 0.679 (0.615,0.749) 

7 16336 0.69 (0.628,0.757) 0.833 (0.757,0.917) 0.834 (0.757,0.918) 0.763 (0.691,0.842) 0.764 (0.692,0.843) 

 8 16801 0.796 (0.727,0.872) 0.982 (0.894,1.079) 0.984 (0.895,1.081) 0.898 (0.815,0.99) 0.895 (0.812,0.987) 

 9 17022 0.685 (0.628,0.748) 0.855 (0.781,0.936) 0.858 (0.784,0.94) 0.748 (0.68,0.823) 0.745 (0.677,0.82) 

 10 14130 0.647 (0.596,0.702) 0.789 (0.725,0.858) 0.795 (0.73,0.865) 0.68 (0.621,0.745) 0.678 (0.619,0.743)  
 

EDI 

(deciles) in 

other areas 

1 14042 0.641 (0.517,0.795) 0.669 (0.537,0.834) 0.668 (0.536,0.833) 0.693 (0.555,0.865) 0.687 (0.55,0.858) 

2 15838 0.571 (0.488,0.669) 0.6 (0.511,0.705) 0.6 (0.511,0.704) 0.616 (0.524,0.724) 0.607 (0.516,0.714) 

3 11781 0.556 (0.49,0.63) 0.616 (0.542,0.7) 0.616 (0.542,0.7) 0.635 (0.558,0.723) 0.628 (0.551,0.715) 

4 10633 0.522 (0.467,0.583) 0.61 (0.545,0.683) 0.61 (0.545,0.683) 0.603 (0.538,0.676) 0.596 (0.532,0.668) 

 5 12461 0.456 (0.405,0.513) 0.524 (0.464,0.591) 0.524 (0.464,0.591) 0.526 (0.466,0.594) 0.519 (0.459,0.586) 

 6 13160 0.5 (0.454,0.55) 0.598 (0.542,0.659) 0.598 (0.542,0.659) 0.577 (0.522,0.637) 0.569 (0.515,0.629) 

 7 12897 0.497 (0.452,0.547) 0.599 (0.544,0.66) 0.6 (0.544,0.661) 0.572 (0.518,0.631) 0.564 (0.511,0.623) 

 8 12297 0.508 (0.463,0.558) 0.612 (0.556,0.673) 0.612 (0.556,0.674) 0.579 (0.525,0.639) 0.57 (0.516,0.629) 

 9 15991 0.436 (0.396,0.481) 0.535 (0.484,0.591) 0.535 (0.485,0.591) 0.503 (0.454,0.556) 0.495 (0.447,0.548) 

 10 21805 0.461 (0.416,0.51) 0.587 (0.529,0.651) 0.589 (0.53,0.653) 0.528 (0.474,0.588) 0.519 (0.466,0.578) 

             
Age 65-70 y.o.4 48684   1  1  1  1  

70-75 y.o. 48577   0.583 (0.56; 0.607) 0.582 (0.559; 0.606) 0.581 (0.558; 0.605) 0.578 (0.555; 0.601) 

 75-80 y.o. 50815   0.252 (0.24; 0.266) 0.252 (0.239; 0.265) 0.251 (0.238; 0.264) 0.247 (0.234; 0.26) 

 80-85 y.o. 48148   0.094 (0.087; 0.102) 0.094 (0.087; 0.101) 0.093 (0.086; 0.101) 0.092 (0.085; 0.099) 

 85-90 y.o. 34698   0.03 (0.026; 0.035) 0.03 (0.026; 0.035) 0.03 (0.026; 0.035) 0.029 (0.025; 0.034) 

 90-95 y.o. 16602   0.013 (0.01; 0.018) 0.013 (0.01; 0.018) 0.013 (0.009; 0.018) 0.013 (0.009; 0.018) 

 95-100 y.o. 4632   0.005 (0.002; 0.012) 0.005 (0.002; 0.012) 0.005 (0.002; 0.012) 0.005 (0.002; 0.012) 

             
CMU-C No4 249945     1  1  1  

 Yes 2211     0.68 (0.558; 0.821) 0.676 (0.555; 0.816) 0.67 (0.55; 0.809) 

             
GP PLA (deciles) 14 7805       1  1  

 2 9343       0.85 (0.731; 0.989) 0.842 (0.724; 0.98) 

 3 9254       0.885 (0.763; 1.028) 0.886 (0.763; 1.029) 

 4 12955       1.004 (0.877; 1.151) 0.995 (0.869; 1.141) 

 5 16421       1.054 (0.927; 1.202) 1.053 (0.926; 1.201) 

 6 19914       1.088 (0.96; 1.237) 1.08 (0.952; 1.227) 

 7 31912       1.147 (1.017; 1.296) 1.14 (1.011; 1.289) 

 8 42273       1.223 (1.087; 1.379) 1.214 (1.08; 1.37) 

 9 47761       1.282 (1.14; 1.446) 1.282 (1.14; 1.446) 

 10 54518       1.319 (1.173; 1.488) 1.327 (1.179; 1.497) 

             

Referring physician 
No4 10487         1  
Yes  241669         9.629 (7.764; 12.133) 

            
 

                                                           
4 Reference category 
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