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Abstract
Background: Social and physical characteristics of the daily visited neighborhoods have gained an extensive interest
in analyzing socio-territorial inequalities in health and healthcare. The objective of the present paper is to estimate
and discuss the role of individual and contextual factors on participation in preventive health-care activities (smear
screening) in the Greater Paris area focusing on the characteristics of daily visited neighborhoods in terms of medical
densities and social deprivation.
Methods: The study included 1817 women involved in the SIRS survey carried out in 2010. Participants could report
three neighborhoods they regularly visit (residence, work/study, and the next most regularly visited). Two “cumulative exposure scores” have been computed from household income and medical densities (general practitioners
and gynecologists) in these neighborhoods. Multilevel logistic regression models were used to measure association
between late cervical screening (> 3 years) and characteristics of daily visited neighborhoods (residential, work or
study, visit).
Results: One-quarter of the women reported that they had not had a smear test in the previous 3 years. Late smear
test was found to be more frequent among younger and older women, among women being single, foreigners and
among women having a low-level of education and a limited activity space. After adjustment on individual characteristics, a significant association between the cumulative exposure scores and the risk of a delayed smear test was
found: women who were exposed to low social deprivation and to low medical densities in the neighborhoods they
daily visit had a significantly higher risk of late cervical cancer screening than their counterparts.
Conclusions: For a better understanding of social and territorial inequalities in healthcare, there is a need for considering multiple daily visited neighborhoods. Cumulative exposure scores may be an innovative approach for analyzing
contextual effects of daily visited neighborhoods rather than focusing on the sole residential neighborhood.
Keywords: Multilevel analysis, Neighborhood, Daily mobility, Cancer prevention, Cervical cancer, Social inequalities,
Cumulative exposure scores, Paris area
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Background
Numerous studies have shown how areas attributes,
mainly in terms of residential areas, affects different
health indicators and resources [1]. Some scholars have
emphasized the limitations of examining only the individuals’ residential living areas (their neighborhood of
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residence) and disregarding their daily mobility and
exposure to multiple spaces. Recently, studies have
shown an interest in considering spaces other than the
residential one only to prevent the “local trap” [2]. In
addition, residents’ daily mobility has been increasingly
considered in urban planning for the purpose of identifying needs for public transportation and other public
equipment and services, but less often to understand
health inequalities. The consideration of multiple spaces
daily visited is attracting interest for the analysis of socioterritorial health and healthcare inequalities in light of
the high daily mobility in urban settings and the increasing availability of mobility data [3–6].
In the Greater Paris area, strong sociospatial segregation can be seen throughout the day: strongest segregation indices were found for the highest social categories
whatever the time of the day [7–9]. Besides, the poorest
neighborhoods continue to falter because of high unemployment rates, which have increased since the 2006
economic crisis, especially for women [10]. This social
segregation is superimposed with spatial disparities in
the supply of healthcare. The central area of Paris and
its bordering suburbs are densely populated and welloff and are therefore better equipped than the other
residential areas. This is especially true for general practitioners (GPs) and gynecologists, who prefer to settle in
these areas rather than underprivileged areas or remote
suburbs [11]. This leads to an oversupply of professionals in certain areas and a shortage in others within the
region [11]. Effects of segregation on health and wellbeing have been widely described in the United States since
the 1990s [12], most often from an ethnic and racial perspective, but also, though more rarely, in relation to the
structuring, availability and accessibility of health care
provision [13]. In France, with rare exceptions, the influence of social segregation and the local supply of health
care remains poorly studied on the fine scale of neighborhoods [14]. At the time when the Greater Paris regional
health authorities attempted to address the geographical
inequalities in the provision of care, it seemed useful to
take advantage of the data collected from a representative
sample of the Greater Paris population in 2010 to address
this issue.
In this study, we were interested in cervical smear
screening in the Greater Paris area. The incidence and
mortality rates of cervical cancer were estimated at
close to 2800 cases and 1100 deaths in France in 2015
[15]. Since the 1970s, mortality has decreased considerably, thanks to the large-scale dissemination of cervical screening by way of the smear test. Although about
6 million smear tests are performed annually in France,
only 10% of women in the target population (25–65 years
of age) adhere to the recommended frequency, which is
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once every 3 years after two consecutive negative annual
smears. While 40% of women are screened too frequently, 50% are not screened often enough [16]. For this
reason, socioterritorial inequalities in cervical screening
are interesting to study, not only in themselves, but also,
more generally, as a model for other types of opportunistic medical screening. In the Greater Paris area, we previously showed that women who reported to concentrate
their daily activities in their neighborhood of residence
had a statistically greater likelihood of not recently having
undergone a cervical smear test [17, 18]. Furthermore,
the characteristics of the neighborhood of residence (e.g.,
the practitioner density) were more strongly related and
statistically significant with delayed smear tests among
women who concentrated the vast majority of their daily
activities within their residential area than among those
who did not [17, 18].
The objective of the present paper is to estimate and
discuss the role of individual and contextual factors on
participation in preventive health-care activities in the
Greater Paris area focusing on the characteristics of daily
visited neighborhoods, in terms of social deprivation and
medical densities.

Materials and methods
Survey design

This study is based on a cross-sectional analysis using
data collected in the SIRS (a French acronym for “health,
inequalities and social ruptures”) cohort study that
involved a representative sample of French-speaking
adults in the Paris metropolitan area. The overall objective of the cohort study was to investigate the relationships between individual, household and neighborhood
social characteristics and health-related conditions. Data
were collected during three waves, the first in 2005, the
second in 2007 and the third in 2010. The analyses in the
present study are based on data collected in 2010.
The SIRS survey employed a stratified, multistage cluster sampling procedure. The primary sampling units were
census blocks, called “IRISs” (“IRIS” is a French acronym
for “blocks for incorporating statistical information”).
These are the smallest census spatial units in France
(with about 2000 inhabitants each). In the SIRS survey,
the Paris metropolitan area was divided into six strata
according to the population’s socioeconomic profile [19]
in order to over-represent the poorest neighborhoods.
First, the census blocks were randomly selected within
each stratum. In all, 50 census blocks were selected from
the 2595 eligible census blocks in Paris and its suburbs.
Second, within each selected census block, 60 households were randomly chosen from a complete list of
households. Third, one adult was randomly selected from
each household by the birthday method. Further details
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on the SIRS sampling methodology were previously published [17–19].
In our study, we used data collected on the 3006 people
interviewed in the SIRS survey. A questionnaire containing numerous social and health-related questions was
administered face-to-face during home visits.
Outcome

Cervical cancer screening with a Papanicolaou (Pap)
smear test is the key procedure to early detection and
improved chances of survival from this type of cancer. In
France, gynaecologists perform—in independent practice—the vast majority of cervical screening, even if general practitioners can perform or order screening tests.
Since 1995, in France, it is recommended that a smear
test be performed every 3 years after two normal annual
smear tests. Even if a 2-year interval appears to be the
interval that practitioners more commonly recommend
to their patients [20], we decided here to use a more conservative threshold of the 3 years to define a late cervical
screening. In the SIRS survey, the date of the last screening test was self-reported by the women. We have also
excluded SIRS women who have reported a hysterectomy
(n = 5).
Variables

Five individual characteristics were considered: age (classified in 4 categories: < 30 years, 30–44 years, 45–59 years
and > 60 years), relationship status (living with a partner/not living with partner), level of education (primary,
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secondary, tertiary), health coverage (full coverage/
other), nationality (French, mixed, foreigner), and an
indicator measuring the concentration of daily activities in the neighborhood of residence. The women were
asked about their participation (total, partial or none)
in domestic activities (grocery shopping and running
errands, such as to the bank or post office), their social
and leisure-time activities (seeing friends, walking, going
out to a café or restaurant), and their perceptions of their
neighborhood of residence (without a prior definition).
A score measuring the concentration of activities in the
neighborhood of residence was thus calculated, as previously described [17, 18]. It ranges from 0 (for women who
reported doing all their activities offered outside their
neighborhood) to 1 (for women who reported doing all
their activities offered within their neighborhood). This
score is normally distributed in the study population.
As done previously, we divided the score measuring the
concentration of daily activities in the perceived neighborhood of residence into two groups to isolate women
whose activity space was highly concentrated within their
residential neighborhood (with a score ≥ 0.8).
In addition to their residential address, the participants were asked to indicate the address of their place of
employment or studies, and the next most regularly frequented neighborhood (Fig. 1).
Measures

Daily visited “neighborhoods” (including residential) have
been defined as the corresponding IRIS and the adjacent

Fig. 1 Illustration of multi-level structure of SIRS cohort. Level 1 refers to the 3006 individuals who can reside in the 50 neighborhood, work in 435
neighborhood and frequent 542 neighborhood. In this example, it is seen that individuals 1 to 3 have the same neighborhood of residence and
work, but that they do not frequent the same neighborhood
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IRIS. Two characteristics of these neighborhoods were
studied: (1) the density of general practitioners (GPs)
and gynecologists per 100,000 inhabitants (INSEE, BPE
2011) and (2) the mean yearly household income (INSEE,
2011). These two variables were categorized according to
the tertiles of their respective distributions in the Paris
Region. This method was used to distinguish neighborhoods with “low”, “intermediate” and “high” medical density according to the corresponding tertiles (respectively,
44 and 88 GPs and gynecologists combined per 100,000
inhabitants), as well as “poor”, “average” and “wealthy”
neighborhoods according to the first and second tertiles
for average monthly household income (respectively
15,830 €/CU and 23,332 €/CU).
Two “cumulative exposure scores” have been computed
to describe attributes of daily visited neighborhoods
(socioeconomic composition, and medical density).
Behind these cumulative exposure scores, there was the
idea to characterize accumulation of potentially risk environmental exposures, regardless of the number of visited
neighborhoods (from 1 [only the residential neighborhood] to the 3 neighborhoods reported in the survey).
For ‘income’ cumulative exposure score, four groups of
participants have been distinguished: those who frequented (i) only low-income neighborhoods, (ii) only
middle-income neighborhoods, (iii) only high-income
neighborhoods, or (iv) mixed-income neighborhoods.
The ‘medical’ cumulative exposure score was constructed
in the identical manner. It is important to note that a
cumulative exposure score have also been computed
for participant having not reported work/study places
nor most regularly frequented neighborhood. For these
‘immobile’ women, cumulative exposure scores correspond to their residential neighborhood only.
Statistical methods

We implemented a logistic regression to investigate our
binary outcome: late cervical screening (yes/no). Logistic regression models have first been used to measure
associations between late cervical screening and socioeconomic composition and medical densities in the
residential neighborhoods (including six individual characteristics). Secondly, logistic regression models have
been used to measure associations between late cervical
screening and cumulative exposure scores (in terms of
income and medical densities) in the daily visited neighborhoods (also after adjustment on six individual characteristics). All the statistical analyses were performed
using R software and Bayesian estimation procedures
[21]. All the descriptive prevalences and proportions
were weighted inversely to each participant’s inclusion
probability in accordance with the sampling design, with
the “survey” package.
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Results
Our study includes 1817 women. A large proportion
had not been screened for cervical cancer, with 26.9%
of the women surveyed reporting that they had not had
a smear test in the previous 3 years (Table 1). Studied
women were mainly with tertiary level of education
(56.6%), French (66.2%), living with a partner (62.0%)
and with full health coverage (92%).
In Table 2, we can see that 56.6% of SIRS women have
reported a work/study place and 67.4% a regularly visited neighborhood. Three neighborhoods have been
reported by 39.1% of participants. Distances from residence to work/study place or to regularly visited neighborhood are similar (6 km for the median distance).
Median neighborhood incomes were found to be
higher for residential places compared to the two other
daily visited neighborhoods with lowest values for
work/study neighborhoods. No differences appeared in
median values of medical densities in the three types of
daily visited neighborhoods.
Overall, the majority (86.7%) of those who worked
or studied did so in a neighborhood of the same socioeconomic type as their neighborhood of residence.
Only one-fourth of the workers and students living in a
poor neighborhood worked or studied in an average or
wealthy neighborhood. Conversely, only 2.1 of the participants living in a wealthy neighborhood worked or
studied in a poor neighborhood (data not shown).
In Table 3, we can see that some individual characteristics were significantly associated with delayed smear
test: women aged less than 30 years (OR = 3.05; 95 CI
[1.61–5.78]) or more than 60 years (OR = 3.97; 95 CI
[2.44–6.43]), women not living with partner (OR = 2.86;
95 CI [2.09–3.89]), women with primary and secondary level of education (OR = 2.69; 95 CI [1.62–4.47];
OR = 1.82; 95 CI [1.36–2.44], respectively), foreigners
(OR = 2.86; 95 CI [1.74–4.70]), and women with daily
activities limited to their neighborhood of residence
(OR = 1.71; 95 CI [1.19–2.45]) were found to have a
higher risk to report a late cervical screening .
In bivariate analysis, late cervical screening was also
found to be higher among the women who lived in poor
neighborhoods than among those who lived in wealthy
neighborhoods (32.9% versus 23.0%; p < 0.0001), and
lower among the women who resided in neighborhoods with an intermediate medical density (22.6%)
than among those residing in neighborhoods with low
or high medical density (respectively, 28.7% and 29.4%;
p < 0.0001). After adjustment on individual characteristics, risk to report late cervical screening was found
to be higher for women residing in low income neighborhoods (OR = 1.66; 95 CI [1.00–2.76]). No significant
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Table 1 Sample description (SIRS 2010; n = 1817)
Crude number

Table 1 (continued)
Crude number

Weighted%

Cervical screening
Late (> 3 years)
Recent (≤ 3 years)

489

26.9

1328

73.1

Weighted%

  Intermediate (15,830–23,332)

299

14.9

  High (> 23,332)

366

21.5

  Not applicable

670

33.8

Medical density (per 100,000)2

Age
< 30 years

114

13.7

  Low (≤ 15,830)

366

23.2

30–44 years

514

29.5

  Intermediate (15,830–23,332)

346

18.5

45–59 years

523

25.9

  High (> 23,332)

422

23.5

≥ 60 years

666

30.8

  Not applicable

683

34.8

≤ Primary

171

7.1

Level of education

2

Secondary

784

36.2

Tertiary

862

56.6

Relationship status
Living with a partner

996

62.0

Not living with partner

821

38.0

Larger than the neighborhood of
residence

1474

80.4

Limited to the neighborhood of
residence

343

19.6

1687

92.0

130

8.0

Activity space

Health coverage
Full coverage
Other
Nationality
French

1215

66.2

Mixed

371

21.7

Foreigner

231

12.2

Residential neighborhood
Average household income (€/CU per year)
  Low (≤ 15,830)

607

22.4

  Intermediate (15,830–23,332)

587

32.7

  High (> 23,332)

623

44.9

Medical density (per 100,000)2
  Low (≤ 44)

592

27.6

  Intermediate (44–88)

633

35.9

  High (> 88)

592

36.5

Neighborhood of work/study
302

20.3

  Intermediate (15,830–23,332)

344

16.6

  High (> 23,332)

365

23.1

  Not applicable

806

40.1

Medical density (per 100,000)2
  Low (≤ 15,830)

336

21.8

Intermediate (15,830–23,332)

282

14.9

High (> 23,332)

385

22.8

Not applicable

814

40.4

Neighborhood regularly visited
Average household income (€/CU per year)
  Low (≤ 15,830)

482

association was observed between cervical screening
and medical densities in residential neighborhoods.
Table 4 shows a significantly higher risk of a delayed
smear test among women living in poorest neighborhoods, (OR = 1.50; 95 CI [1.07–2.09]). The strength of
this association was relatively stable across the models, even if part of the “effect” of neighborhood poverty
decreased when other neighborhoods attributes were
included in the models from Model 1 to the full model
(Models 1 + 2 + 3). Late cervical screening was not statistically associated with population income of work/
study neighborhoods or regularly visited neighborhoods.
Besides, medical densities in residential and daily visited
neighborhoods were not found to be significantly associated with delayed smear tests.
In Table 5, we observed significant associations
between the two cumulative exposure scores and late
smear test: risk for late cervical cancer screening was
found to be higher women living and remaining daily in
poor neighborhoods (OR = 1.77; CI [1.21–2.60]) or for
those living and remaining daily in neighborhoods with
low medical densities (OR = 1.56; CI [1.05–2.33]).

Discussion
Main findings and comparison with previous studies

Average household income (€/CU per year)
  Low (≤ 15,830)

Number of GPs and gynecologists per 100,000 inhabitants

29.8

The individual factors associated with delayed cervical screening were relatively similar to those previously
analyzed [17]. It is significantly more common for the
most recent smear test to date back further than the past
3 years among women with the following characteristics:
younger, older, single, a low-level of education, foreigners
and limited to the neighborhood of residence. In France,
at the time of the survey, cervical cancer screening was
considered opportunistic screening, which means that it
was not completely covered by basic Social Security. In
2010, a free, organized screening experiment [22] was
implemented in 13 pilot departments in metropolitan
France, but none of them was involved in the SIRS study.
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Table 2 Spatial distribution, median and range of income, and medical density for daily visited neighborhoods (SIRS
2010; n = 1817)
Type

Number (%)
of women
participants

Residence

1817 (100%)

50

Work/study

1019 (56.6%)

435

Regularly frequented

1214 (67.4%)

542

a

Number of unique
neighborhoods

Distance (bird’s-eye
view) from residencea

Population incomeb

Medical densityc

NA

17.739 (0–55.513)

4 (2–7)

6 (0–53)

9544 (0–62.984)

4 (1–17)

6 (0–75)

12.674 (0–67.153)

3 (1–10)

km: median (range)

b

€/CU per year: median (range)

c

Number of GPs and gynecologists per 100,000 inhabitants: median (range)

Table 3 Individual and residential neighborhood characteristics associated with late cervical screening, (SIRS 2010;
n=1817)
Late screening
p

Model 1

Model 2

Model 1+2

aOR [95 CI]

aOR [95 CI]

aOR [95 CI]

Individual characteristics
Age

< 0001

  < 30 years

45.3

3.08 [1.65-5.76]

3.06 [1.62-5.79]

3.05 [1.61-5.78]

  30–44 years

14.9

Ref.

Ref.

Ref.

  45-59 years

12.6

0.67 [0.41-1.12]

0.67 [0.40-1.11]

0.68 [0.41-1.11]

  ≥ 60 years

42.8

3.98 [2.43-6.52]

3.72 [2.30-6.01]

3.97 [2.44-6.43]

Relationship status

< 0001

Living with a partner

17.3

Ref.

Ref.

Ref.

  Not Living with partner

43.0

2.87 [2.10-3.94]

2.88 [2.11-3.91]

2.86 [2.09-3.89]

  Tertiary

20.2

Ref.

Ref.

Ref.

  Secondary

32.4

1.83 [1.36-2.45]

1.98 [1.46-2.69]

1.82 [1.36-2.44]

  ≤ Primary

54.6

2.76 [1.66-4.59]

3.09 [1.86-5.15]

2.69 [1.62-4.47]

Level of education

Nationality

< 0001

  French

24.8

Ref.

Ref.

Ref.

  Mixed

26.0

1.12 [0.81-1.55]

1.19 [0.84-1.68]

1.12 [0.80-1.56]

  Foreigner

41.4

2.88 [1.75-4.74]

2.95 [1.80-4.83]

2.86 [1.74-4.70]

  Health coverage

< 0012

  Full coverage

25.9

Ref.

Ref.

Ref.

  Other

40.6

1.49 [0.84-2.66]

1.64 [0.91-2.95]

1.54 [0.87-2.75]

Activity space

< 0001

  Larger than the neighborhood of residence

24.8

Ref.

Ref.

Ref.

  Limited to the neighborhood of residence

36.3

1.73 [1.21-2.48]

1.63 [1.17-2.28]

1.71 [1.19-2.45]

Residential neighborhood characteristics
Average household income (€/CU per year)

< 0024

  High (> 23,332)

23.2

Ref.

Ref.

  Moderate (15,830-23,332)

28.0

1.07 [0.67-1.72]

1.06 [0.68-1.67]

  Low (≤ 15,830)

33.4

1.66 [1.01-2.75]

1.66 [1.00-2.76]

Medical density (per 100,000)1

1

< 0065

  High (> 88)

29.3

Ref.

Ref.

  Intermediate (44-88)

22.7

1.06 [0.69-1.63]

0.78 [0.53-1.13]

  Low (≤ 44)

29.7

0.79 [0.52-1.20]

0.91 [0.60-1.37]

General practitioners and gynecologists
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Table 4 Characteristics of the three daily visited neighborhoods (residential, work/study, and the third most regularly
frequented) associated with late cervical screening (SIRS 2010; n = 1817)
Model 1 a
 ORa (95 CI)

Model 1 + 2 aORa (95 CI)

Model 1 + 3 aORa (95 CI)

Model 1 + 2+3 aORa (95 CI)

Neighborhood of residence
Average household income (€/CU per year)
  High (> 23,332)

Ref.

Ref.

Ref.

Ref.

  Moderate (15,830–23,332)

1.34 (0.93–1.93)

1.42 (1.00–2.01)

1.44 (1.05–1.97)

1.32 (0.95–1.83)

  Low (≤ 15,830)

2.44 (1.51–3.94)

1.77 (1.25–2.49)

1.77 (1.28–2.46)

1.50 (1.07–2.09)

Medical density (per 100,000)b
  High (> 88)

Ref.

Ref

Ref.

Ref.

  Intermediate (44–88)

0.71 (0.51–1.00)

0.72 (0.52–0.99)

0.74 (0.53–1.02)

0.75 (0.55–1.02)

  Low (≤ 44)

0.86 (0.58–1.29)

0.92 (0.64–1.33)

0.90 (0.62–1.31)

0.96 (0.67–1.39)

Neighborhood of work/study
Average household income (€/CU per year)
  High (> 23,332)

Ref.

Ref.

  Moderate (15,830–23,332)

1.57 (1.00–2.48)

1.53 (0.96–2.45)

  Low (≤ 15,830)

1.64 (0.22–12.1]

1.75 (0.25–12.38]

  Not applicable

0.69 (0.40–1.18)

0.69 (0.41–1.18)

  High (> 88)

Ref.

Ref.

  Intermediate (44–88)

0.76 (0.42–1.36)

0.75 (0.42–1.36)

  Low (≤ 44)

1.17 (0.19–7.33)

1.08 (0.18–6.51)

  Not applicable

1.35 (0.78–2.32)

1.34 (0.78–2.30)

Medical density (per 100,000)b

Neighborhood regularly visited
Average household income (€/CU per year)
  High (> 23,332)

Ref.

Ref.

  Moderate (15,830–23,332)

1.44 (0.89–2.34)

1.45 (0.90–2.33)

  Low (≤ 15,830)

2.12 (0.57–7.93)

2.39 (0.63–9.05)

  Not applicable

0.75 (0.48–1.15)

0.76 (0.48–1.18)

Medical density (per 100,000)b
  High (> 88)

Ref.

Ref.

  Moderate (44–88)

0.75 (0.51–1.10)

0.75 (0.51–1.10)

  Low (≤ 44)

0.66 (0.18–2.39)

0.58 (0.16–2.14)

  Not applicable

0.95 (0.63–1.45)

0.96 (0.63–1.47)

a

Adjusted for age, relationship status, health coverage, level of education and nationality

b

General practitioners and gynecologists

The nationwide deployment of this free, organized cervical cancer screening is slated for 2019. As previously
reported in the 2010 SIRS data, daily activities limited
to one’s neighborhood of residence appear to be significantly associated with a risk of delayed screening, other
things being equal [17]. For the first time, using a representative sample of the adult population of the Greater
Paris area, we show here that being cumulatively exposed
to poverty or to a limited supply of healthcare services
is associated with a higher risk of a delayed smear test.
Another study have investigated in Los Angeles County
accumulations in daily frequented neighborhoods and
have shown that individuals who live, work, shop, worship and seek healthcare in socially disadvantaged

neighborhoods (in terms of income) were more likely to
perceive themselves as being in poor or fair health [23].
In future research, it could be interesting to explore
daily cumulative exposition to poverty in less developed
countries where social segregation is also large and may
impact health [24, 25].

Limitations and strengths
A first strength of our study deals with the computation
of a score to account for cumulative exposures according to daily mobility: while neighborhoods attributes was
found not be not significantly associated with late cervical screening when tested independently (Table 4), significate associations were found when using cumulative
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Table 5 Association between late cervical screening and the two cumulative exposure scores from the daily visited
neighborhoods (SIRS 2010; n = 1817)
N

Model 1
aORa (95 CI)

Model 1 + 2

aORa (95 CI)

Model 1 + 2

aORa (95 CI)

Cumulative exposure: income
High-income neighborhoods only

1095

Different types of neighborhoods

171

Ref.

Ref.

1.05 (0.68–1.62)

1.02 (0.67–1.55)

Middle–income neighborhoods only

232

0.95 (0.55–1.63)

0.84 (0.51–1.38)

Low-income neighborhoods only

319

1.97 (1.40–2.76)

1.77 (1.21–2.60)

Cumulative exposure: medical densityb
High-density neighborhoods only

1057

Different types of neighborhoods

264

Ref.

Ref.

1.58 (1.15–2.22)

1.35 (0.91–1.99)

Intermediate-density neighborhoods only

265

1.12 (0.70–1.78)

1.10 (0.69–1.77)

Low-density neighborhoods only

231

1.60 (1.15–2.22)

1.56 (1.05–2.33)

a

Adjusted for age, relationship status, health coverage, level of education and nationality

b

General practitioners and gynecologists

exposure score (Table 5). A second strength concerns
the variety of neighborhood attributes which have been
explored in link with different place-based effect mechanisms [26]: medical density, which concerns the availability and accessibility to care [27], and average household
income, which concerns various psychosocial mechanisms (social interactions, health literacy, shared standards, knowledge, attitudes and health practices).
There are some spatiotemporal limitations that merit
being underlined. First, there is no consensus to the
best scale to use to define neighborhoods. Here we have
decided to define neighborhoods as an aggregation of
census tract (IRIS and adjacent IRISs). Although previous
analyses of the same data showed that the effects of the
characteristics of the neighborhoods of residence were at
a best approximation at this spatial scale [18], there is no
evidence that this is true for the other frequented neighborhoods. Secondly, we also note a limitation concerning
the existence of variability in defining a “neighborhood”
and its boundaries [28]. Using the residential neighborhood as an example, the boundaries and area of a perceived neighborhood vary from one individual to another
(it was observed that they were perceived to be larger in
the inner city if Paris than in the suburbs, and larger in
rich vs. poor areas) [18, 28]. Thirdly, neighborhood characterization could be improved by using more detailed
care supply data (in particular, accounting for part-time
practitioners and for doctors who receive Social Security-approved fees or, conversely, those who charge additional fees) and/or by regrouping neighborhoods using
social indicators other than the residents’ median income
(for example, considering the proportion of the population that is unemployed and/or inactive, or the proportion of immigrants). Fourthly, only a few daily visited

neighborhoods were surveyed (up to three) and no temporal information was available to more precisely compute exposure score according to the time spend in the
different neighborhoods. In a future survey in 2020, we
plan to include up to six regularly frequented neighborhoods in addition to the neighborhoods of residence and
work. Lastly, people visiting a given neighborhood during
the day may be exposed to very different social deprivation than people visiting the same neighborhood at night.
Such ‘daycourse of place’ matter, especially where various activities, shops or services may lead to attract population whose social profile vary over the 24 h period [6,
8] Despite these limitations, cumulative exposure score,
such as the one we have constructed, may be a relevant
approach for exploring daily exposure to social deprivation and distance to health services. Even if real-time
geolocation data (e.g. those acquired by GPS sensors in
smartphones) permit a more detailed description of people’s activity spaces [29], such data collection [30–33] are
costly and time-consuming. Our simplified approach can
then constitute a simplified but effective alternative to
explore contextual effects of daily visited neighborhoods
on health inequalities.

Conclusion
In the present research, we showed that women living
and remaining daily in poor neighborhoods or those
living and remaining daily in neighborhoods with low
medical densities have a significantly higher risk for
late cervical cancer screening. The lack of consideration of nonresidential spaces is criticized as constituting
a “local trap”, which results in an incomplete estimate of
daily environmental exposure [4, 25]. This seems particularly problematic in cities where daily mobility and
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social segregation are large. Although research on activity spaces has increased significantly in public health literature, it still raises complex questions on the detailed
characterization and analysis of these daily visited areas.
Cumulative exposure scores, such as those presented
here, may constitute an innovative and relatively easy
doing approach to explore daily contextual effects.
Abbreviations
BPE: Base Permanente des Equipements (Permanent Facilities Database); GPs:
General practitioners; INSEE: Institut National de la Statistique et des Etudes
Economiques (National Institute of Statistics and Economic Studies); IRIS: Îlots
Regroupés pour l’Information Statistique (aggregated units for statistical information); OR: Odds ratio; SIRS: Santé Inégalités et Ruptures Sociales (Health,
inequalities and social disruptions).

Page 9 of 10

3.
4.
5.

6.
7.
8.
9.
10.

Acknowledgements
The authors wish to thank Lauren Dalecky for editing and revising the English
version of the manuscript.
Authors’ contributions
MT: performed literature search, data extraction, and data analysis; drafted the
manuscript; and incorporated comments for the final version of the manuscript. JV: contributed to the conceptualization and design of the study, gave
advice for interpreting the results, and reviewed the manuscript. PC: oversaw
conceptualization and design of the study, provided advice for data analysis
and interpreting the results, and reviewed the manuscript. All authors read
and approved the final manuscript.
Funding
We gratefully acknowledge the Agence Régionale de Santé Île-de-France (Ilede-France Regional Health Agency) for its support toward the analyses and
the editing of the manuscript.

11.
12.
13.
14.
15.

16.

Availability of data and materials
The data are confidential (contact person: Dr. Pierre CHAUVIN, pierre.chauvin@
inserm.fr.
Ethics approval and consent to participate
The SIRS cohort study was approved by the French privacy and personal data
protection authority, CNIL (Commission Nationale de l’Informatique et des
Libertés).
Consent to participate
All the participants provided informed consent before being enrolled in the
SIRS cohort study. Verbal consent was obtained and approved by the CNIL.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Social Epidemiology, INSERM, Sorbonne Université, Institut
Pierre Louis D’ÉPIDÉMIOLOGIE et de Santé Publique, Paris, France. 2 CNRS, UMR
Géographie-cités, Paris, France.

17.

18.

19.
20.

21.
22.

Received: 6 December 2019 Accepted: 19 May 2020
23.

References
1. Diez Roux AV, Mair C. Neighborhoods and health. Ann N Y Acad Sci.
2010;1186:125–45.
2. Cummins S, Curtis S, Diez-Roux AV, Macintyre S. Understanding and representing “place” in health research: a relational approach. Soc Sci Med.
2007;65:1825–38.

24.

25.

Chaix B. Geographic life environments and coronary heart disease: a
literature review, theoretical contributions, methodological updates, and
a research agenda. Annu Rev Public Health. 2009;30:81–105.
Jones M, Pebley AR. Redefining neighborhoods using common destinations: social characteristics of activity spaces and home census tracts
compared. Demography. 2014;51:727–52.
Shareck M, Kestens Y, Frohlich KL. Moving beyond the residential
neighborhood to explore social inequalities in exposure to area-level
disadvantage: results from the Interdisciplinary Study on Inequalities in
Smoking. Soc Sci Med. 2014;108:106–14.
Vallée J. The daycourse of place. Soc Sci Med. 2017;194:177–81.
Le Roux G, Vallée J, Commenges H. Social segregation around the clock in
the Paris region (France). J Transp Geogr. 2017;59:134–45.
Vallée J, Douet A, Lecomte C. Mobiliscope. Zenodo; 2019. https://zenod
o.org/record/3628714#.Xku8GEpCc2x.
Préteceille E. La division sociale de l’espace francilien.Typologie socioprofessionnelle et transformations de l’espace résidentiel 1990–99. Obs
Sociol Chang. 2003;151.
Dieusaert P, Henry M. L’emploi des femmes dans les zones urbaines sensibles : la crise a creusé les inégalités avec les hommes| Bpifrance Création.
Comité interministériel des villes, Onzus infos; 2014 (cited 2020 Feb 18).
https://bpifrance-creation.fr/bibliographie/lemploi-femmes-zones-urbai
nes-sensibles-crise-a-creuse-inegalites-hommes.
Mangeney C. Disparités spatiales de l’offre de soins en Île-de-France.
IAURIF- Note Rapide Popul Modes Vie. 2007;1–6.
Wacquant L. Urban outcasts: a comparative sociology of advanced marginality. Cambridge: Polity Press; 2007.
Kramer MR, Hogue CR. Is segregation bad for your health?| epidemiologic
reviews| oxford academic. Epidemiol Rev. 2009;31:178–94.
Warnet S, Ouharzoune Y, Clément R. Entretien avec Claude Évin, directeur
de l’Agence régionale de santé d’Île-de-France. Révue Infirm. 2011;60:4–6.
Leone N, Voirin N, Roche L. Projection de l’incidence et de la mortalité par
cancer en France métropolitaine en 2015. Institut de veille sanitaire; 2015.
p. 66. https://resodochn.typepad.fr/cancer/2015/12/projection-de-linci
dence-et-de-la-mortalit%C3%A9-par-cancer-en-france-m%C3%A9tro
politaine-en-2015.html.
Haute Autorité de Santé. État des lieux et recommandations pour le
dépistage du cancer du col de l’utérus en France. Haute Autorité de
Santé; 2010. p. 235. https://www.has-sante.fr/jcms/c_1009772/fr/etatdes-lieux-et-recommandations-pour-le-depistage-du-cancer-du-col-del-uterus-en-france.
Vallée J, Cadot E, Grillo F, Parizot I, Chauvin P. The combined effects of
activity space and neighbourhood of residence on participation in preventive health-care activities: the case of cervical screening in the Paris
metropolitan area (France). Health Place. 2010;16:838–52.
Vallée J, Chauvin P. Investigating the effects of medical density on
health-seeking behaviours using a multiscale approach to residential
and activity spaces: results from a prospective cohort study in the Paris
metropolitan area, France. Int J Health Geogr. 2012;11:54.
Chauvin P, Parizot I. Les inégalités sociales et territoriales de santé dans
l’agglomération parisienne: une analyse de la cohorte SIRS Paris. Délégation interministérielle à la ville; 2009. p. 106.
INCA. Le cancer du col de l’utérus en France—état des lieux 2010—Ref :
ETACOLUTE10. Institut National contre le Cancer; 2010 p. 1–6. https://
www.e-cancer.fr/Expertises-et-publications/Catalogue-des-publications/
Le-cancer-du-col-de-l-uterus-en-France-etat-des-lieux-2010.
Bringé A, Golaz V. Manuel pratique d’analyse multiniveau. INED. 2017.
Duport N, Salines E, Gremy I. Premiers résultats de l’évaluation du
programme expérimental de dépistage organisé du cancer du col de
l’utérus, France, 2010–2012. Bull Epidémiologique Hebd. 2014;228–34.
Browning CR, Calder CA, Krivo LJ, Smith AL, Boettner B. Socioeconomic
segregation of activity spaces in urban neighborhoods: does shared
residence mean shared routines? Russell Sage Found J Soc Sci RSF.
2017;3:210–31.
Chandola T, Mikkilineni S, Chandran A, Bandyopadhyay SK, Zhang N,
Bassanesi SL. Is socioeconomic segregation of the poor associated with
higher premature mortality under the age of 60? a cross-sectional analysis of survey data in major Indian cities. BMJ Open. 2018 (cited 2020 Feb
28);8. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5829777/.
Harpham T. Urban health in developing countries: what do we know and
where do we go? Health Place. 2009;15:107–16.

Traoré et al. Int J Health Geogr

(2020) 19:18

26. Macintyre S, Ellaway A, Cummins S. Place effects on health: how can
we conceptualise, operationalise and measure them? Soc Sci Med.
2002;55:125–39.
27. Brondeel R, Thomas F, Chaix B. Use of healthcare services in the residence
and workplace neighbourhood: the effect of spatial accessibility to
healthcare services. Health Place. 2014;30:127–33.
28. Vallée J, Cadot E, Roustit C, Parizot I, Chauvin P. The role of daily mobility in mental health inequalities: the interactive influence of activity
space and neighbourhood of residence on depression. Soc Sci Med.
2011;73:1133–44.
29. Perchoux C, Chaix B, Cummins S, Kestens Y. Conceptualization and
measurement of environmental exposure in epidemiology: accounting
for activity space related to daily mobility. Health Place. 2013;21:86–93.
30. Chen Y-C, Dobra A. Measuring human activity spaces from GPS data with
density ranking and summary curves. ArXiv170805017 Stat. 2018; p. 45.

Page 10 of 10

31. Laatikainen TE, Hasanzadeh K, Kyttä M. Capturing exposure in environmental health research: challenges and opportunities of different activity
space models. Int J Health Geogr. 2018;17:29.
32. Matthews SA. Spatial polygamy and the heterogeneity of place: studying
people and place via egocentric methods. Communities neighborhoods
health. New York: Springer, New York; 2011. p. 35–55.
33. Rainham D, McDowell I, Krewski D, Sawada M. Conceptualizing the
healthscape: contributions of time geography, location technologies and spatial ecology to place and health research. Soc Sci Med.
1982;2010(70):668–76.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

