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Introduction

Regular Pap tests reduce the incidence and mortality of cervical cancer [START_REF] Hakama | Cancer screening: Evidence and practice in Europe 2008[END_REF]. Public health authorities in France, as in most Western countries, recommend a Pap test every 3 years for all women aged 25-65 years who have been sexually active [START_REF]Dépistage et prévention du cancer du col de l'utérus[END_REF]. This screening is not exclusive to any type of professional or site. Women can be screened at their convenience by any of the following health professionals (by decreasing order of volume of activity): gynecologists, general practitioners, hospital-based gynecologists, midwives (first authorized to perform Pap tests in 2009, activity increasing but still relatively scarce) and medical biologists (doctors working in medical analysis laboratories for outpatients). Lack of coordination can nonetheless result from geographic differences in organization of care.

Gynecologists perform most of these tests [START_REF] Beck | Baromètre cancer[END_REF]; because most charge more than the NHI (National Health Insurance) reimburses, patients are left with out-of-pocket expenditures [START_REF]Médecins exerçant en secteur 2 : une progression continue des dépassements d'honoraires, la nécessité d'une réforme structurelle du système[END_REF]. This barrier may partly explain the 40% underscreening rate and the demonstrated income inequalities favoring the most advantaged [START_REF] Palencia | Socio-economic inequalities in breast and cervical cancer screening practices in Europe: influence of the type of screening program[END_REF][START_REF] Menvielle | To what extent is women's economic situation associated with cancer screening uptake when nationwide screening exists? A study of breast and cervical cancer screening in France in 2010[END_REF].

Several studies have shown an association between obesity and underscreening [START_REF] Aldrich | The Impact of Obesity on Gynecologic Cancer Screening: An Integrative Literature Review[END_REF][START_REF] Maruthur | The Association of Obesity and Cervical Cancer Screening: A Systematic Review and Meta-analysis[END_REF], perhaps related to some physicians' negative, stereotyped perceptions of women who are obese [START_REF] Bocquier | Overweight and Obesity: Knowledge, Attitudes, and Practices of General Practitioners in France[END_REF][START_REF] Amy | Barriers to routine gynecological cancer screening for White and African-American obese women[END_REF]. Physicians also report that performing Pap tests is more difficult for these women [START_REF] Amy | Barriers to routine gynecological cancer screening for White and African-American obese women[END_REF][START_REF] Ostbye | Is There Time for Management of Patients With Chronic Diseases in Primary Care?[END_REF], who are more reluctant than their normal-weight counterparts to undergo gynecologic examinations [START_REF] Amy | Barriers to routine gynecological cancer screening for White and African-American obese women[END_REF].

Other studies [START_REF] Arrospide | Inequalities in healthrelated quality of life according to age, gender, educational level, social class, body mass index and chronic diseases using the Spanish value set for Euroquol 5D-5L questionnaire[END_REF][START_REF] Burkert | The Influence of Socioeconomic Factors on Health Parameters in Overweight and Obese Adults[END_REF] have shown that BMI is an effect modifier in the relation between income and health-related quality of life and thus suggest that the modifying effect of obesity might result from the combined stigmata of poverty and obesity, a synergistic effect that impairs quality of life. A similar effect might occur in cervical cancer screening: women who are obese, already underscreened compared with those of normal weight, may also face greater income inequalities for Pap tests. The objective of this work was to test the existence of an income-BMI interaction in the underscreening of cervical cancer to determine if income inequalities in screening increase with BMI.

Methods

This study analyzes data from the CONSTANCES cohort, a general-purpose epidemiologic cohort designed to study a wide range of health problems in the general population. CONSTANCES collects data on personal, behavioral, occupational, and social factors from self-administered questionnaires at inclusion and health examination in 22 selected health screening centers from the principal regions of France. Other information, such as reimbursement data (doctors and other health professional visits, reimbursement of care) are collected from databases of the French national insurance fund. Inclusion in this cohort began in 2012 with the objective of including 200,000 cohort members (men and women) from the French population, aged 18 to 69 years. The random selection of the cohort was stratified for age, sex, region, and socioeconomic position [START_REF] Goldberg | CONSTANCES: a general prospective population-based cohort for occupational and environmental epidemiology: cohort profile[END_REF]. The data considered here were collected at inclusion and come from women's self-completed questionnaires about their socioeconomic and medical characteristics; from linked NHI data about Pap test reimbursement; and from the initial medical examination (BMI). The National Data Protection Authority (authorization n°910486) approved the CONSTANCES studies.

Volunteers' agreement to participate in the CONSTANCES cohort includes consent to take part in all the scientific studies based on the cohort. This analysis covers the 45,463 women recruited from January 2012 through December 2015 after excluding 10,350 women for whom NHI reimbursement data were unavailable for reasons unrelated to either health or socioeconomic status (women whose data could no longer be extracted from the reimbursement data, or who did not consent to the use of NHI reimbursement data, those who could not be found by the NHI, and specific groups, such as teachers and other civil servants, whose reimbursement is managed by local offices specific to their jobs, so that their questionnaires could not be linked to their NHI data), and then those who were ineligible for Pap tests (4814 women younger than 25 years or older than 65, and 1394 with a history of uterine cancer or hysterectomy).

 Measures

Age was used as a categorical variable in 5-year age groups because there is no Women with an interval exceeding three years between the date of their last Pap test (identified from NHI reimbursement data) and inclusion were classified as underscreened.

 Statistical analyses

To measure income inequalities in screening, a Slope Index of Inequality (SII) was calculated by linear regression [START_REF] Moreno-Betancur | Relative Index of Inequality and Slope Index of Inequality: A Structured Regression Framework for Estimation[END_REF]. The SII is a single, synthetic measurement index that is independent of the distribution of the population according to social categories. To calculate SII we classified this population by income level and compared with the same population classified by underscreening rate. It can be interpreted as the absolute difference of prevalence in cervical cancer screening rates at the two opposite ends of the income scale. A high score on the SII implies substantial differences in screening rates between the highest and lowest positions in the income hierarchy. These scores were calculated as a function of income, adjusted for age, and stratified by BMI. Stratified SII were compared by interaction test The missing data (10.7%) were taken into account by fully conditional specification methods to impute income, with the MICE package in R [START_REF] Buuren S Van, Groothuis-Oudshoorn | mice : Multivariate Imputation by Chained Equations in R[END_REF]. The imputation model includes all variables associated with the variables to be imputed, including age, reported coverage by specific government-funded medical insurance for very low-income individuals from 2009 to 2016, overall perceived health condition (rated from 1 to 8), living with a partner, living with a child, and financial situation perceived as difficult for daily living. Five complete datasets were created. R software version 1.5.1 was used to conduct all analyses in 2019.

Results

Among the 28,905 women analyzed, 23.1% were underscreened (Table 1). This proportion increased as monthly income decreased. More than half the women had a normal weight (64.6%), 22.9% were overweight, and 11.1% obese. The underscreening rates increased with BMI, from 20.1% among normal-weight to 26.6% among overweight women and 34.5% among women with obesity (P<0.01). These underscreening rates also increased as income level decreased.

The income gradient, measured by the SII, increased significantly from 0.17 among normal-weight women to 0.19 in overweight, and 0.23 in obese (P=0.047) (Table 2).

Discussion

Income inequalities in cervical cancer screening increase with women's weight category. The absolute difference in screening between each end of the income scale is greater among women with obesity than among those of normal weight. This difference increases gradually with BMI. This study thus shows, for the first time, that two barriers to screening (overweight and low income in this case) can have synergistic effects. This result is especially prejudicial as obesity and low income are frequently associated in the general population. These results are consistent: the accumulation of disadvantages has a greater effect than the sum of these effects. Most of the articles about underscreening focus on only one of these characteristics, low income or overweight and obesity. The interaction test and a synthetic social inequality index makes it possible to associate these two factors and demonstrate their synergistic action.

In studies of social inequalities, it is common to estimate measures of both absolute (such as the SII in our case) and relative inequalities (here, the relative inequality index).

However, these two types of measures can yield seemingly contradictory estimates, for example when the prevalence of the health phenomenon studied varies significantly between the groups whose inequalities are to be compared [START_REF] Regidor | Measures of health inequalities: part 2[END_REF]. Here, the screening rate varies significantly by BMI. Accordingly, we have decided to present only the results for absolute measures.

One potential explanation for the steeper income inequality among women who are obese could be that greater discrimination by providers, due to the combination of negative attributes, leads to deeper underscreening [START_REF] Arrospide | Inequalities in healthrelated quality of life according to age, gender, educational level, social class, body mass index and chronic diseases using the Spanish value set for Euroquol 5D-5L questionnaire[END_REF][START_REF] Grollman | Multiple Disadvantaged Statuses and Health: The Role of Multiple Forms of Discrimination[END_REF]. For women with obesity and low income, the synergy of these negative attributes may make them especially difficult to overcome.

Obesity is also a risk factor for low socioeconomic status. Obese women with low income might live in even more difficult socioeconomic conditions than women of normal weight. This hypothesis might explain the steeper income inequality among women who are obese.

Inversely, women with various assets or advantages can use them to compensate for their negative attributes. These more advantaged women among those who are obese may be better screened because they communicate better with professionals, understand the health care system better, and can pay more easily for medical services [START_REF] Burkert | The Influence of Socioeconomic Factors on Health Parameters in Overweight and Obese Adults[END_REF]. This work has two major strengths: the large national sample size, enabling interaction testing, and the reliability of screening status data (based on NHI reimbursements) and BMI (from a standardized medical examination). The two main limitations of this work are the possibility of residual confounding and the barely significant P-value of the interaction test, which merits confirmation. Even if residual confounding persists, these characteristics easily available in primary care can be taken into account. These results highlight a group particularly vulnerable to underscreening, and these women must be questioned by their doctors during their consultations. We chose to adjust only for age to simplify the practical implications of our results. Another limitation is the absence of information about health literacy or provider perceptions in the questionnaires or the dataset. These variables would be interesting to explore in future work. Finally, women who are obese and those from the bottom of the social hierarchy participated at lower rates than other women in the CONSTANCES cohort [START_REF] Santin | Estimation de prévalences dans Constances : premières explorations[END_REF].

Conclusion

Women who are obese (and to a lesser extent, those who are overweight) are subject to a double penalty in cervical cancer screening : they are simultaneously underscreened and subject to a more unfavorable economic gradient than normal-weight women. A program focusing specifically on low-income women with obesity would be feasible. Nationwide 

  linear relation between cervical screening and age. The standard divisions of BMI were considered: underweight or normal weight (BMI<25 kg/m²), overweight (BMI [25-30[), and obesity (BMI≥30). Monthly income in euros was reported in seven categories: <€450, [€450-1000[, [€1000-1500[, [€1500-2100[, [€2100-2800[, [€2800-4200[, and ≥ €4200 (intervals proposed by the cohort designers based on French income levels). The binary variable of interest was screening status according to the French guidelines (2).

  organized cervical cancer screening began in France in 2019. This program's coverage of Pap tests (sampling and analysis) without advance payment may reduce social inequalities in screening. Moreover incorporating self-sampling in the program (a point currently under discussion) may help women who are obese to overcome obstacles related to discrimination by providers or to their own reluctance to undergo a gynecological examination. Future studies should examine other social or medical characteristics associated with lower screening rates that might lead to synergistic discrimination, such as disability or migrant or ethnic status. The accumulation of several negative factors could be particularly unfavorable to screening.

Table 1 :

 1 Rates of underscreened women by body mass index, age, and monthly income Rates of underscreening differ significantly among women with normal weight, overweight, and obesity at <1% level in Chi-2 test.

				Underscreened women (%)	
			Total	Normal	Overweight	Obesity
		Sample size				
			N=28905	weight	(BMI [25-30[)	(BMI ≥30)
		N (%)				
				(BMI<25)	N=6506	N=3221
				N=18686		
	Total	28905 (100)	23.1	20.1	26.6	34.5
	Age (years)					
	[25-30[*	3161 (10.9)	27.7	25.7	32.4	36.4
	[30-35[*	3097 (10.7)	20.4	18.7	21.6	33.8
	[35-40[*	3417 (11.8)	18.6	17.1	20.0	26.1
	[40-45[*	3960 (13.7)	20.1	16.6	24.4	31.2
	[45-50[*	3986 (13.8)	19.9	17.0	22.9	30.6
	[50-55[*	3626 (12.5)	21.0	16.9	25.4	31.2
	[55-60[*	3687 (12.8)	27.3	23.0	29.7	41.9
	[60-65]*	3971 (13.7)	29.6	26.4	30.5	41.3
	Monthly income (€)				
	>4200*	7029 (24.3)	17.2	15.2	22.3	24.9
	]4200-2800]*	8476 (29.3)	19.2	17.4	20.4	29.2
	]2800-2100]*	4618 (16.0)	24.0	20.4	27.0	33.4
	]2100-1500]*	3424 (11.8)	29.5	25.8	33.4	39.1
	]1500-1000]*	2167 (7.5)	33.9	31.7	35.0	40.0
	]1000-450]*	970 (3.4)	37.0	31.8	41.0	46.4
	< 450	120 (0.4)	52.5	55.1	40.7	57.1
	Missing data	2101 (7.3)	27.0	23.0	28.1	43.7

BMI: Body mass index (kg/m²) *

Table 2 :

 2 Income inequalities in underscreening according to body mass index, adjusted for age, N=28 905

		SIImonthly income [95% CI]*
	BMI <25	0.17 [0.16-0.18]
	BMI [25-30[	0.19 [0.17-0.21]
	BMI ≥30	0.23 [0.21-0.26]
	Pinteraction	0.047
	BMI: Body mass index
	CI: Confidence interval
	SII Slope of inequality index

* : imputed data