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Abstract
Objective  The PaCUDAHL randomized clinical trial evaluated an HPV self-sampling device provided by the family 
doctor to female patients not participating in the usual opportunistic cervical screening program from 2016 to 2019. 
Reliable data on the Hawthorne (observer) effect (HE) in clinical trials were lacking. This nested study aimed to verify 
whether there was a significant difference between participating and non-participating general practitioners (GPs) in 
the trial, and to measure whether there was an HE in the female patients of participating GPs.

Results  We carried out an analytical retrospective cohort study involving 332 GPs and their 70,983 female patients, 
aged 25–65, registered with the Health Insurance Fund of Flanders, using claims database for the three-year periods 
2012–2015 and 2016–2019. Statistical analyses were performed using a linear generalized hierarchical mixed model 
with geographic level as a random effect. The patients of the 24 participating GPs did not have a cervical cancer 
screening rate different from that of the non-participating GPs, either before recruitment (p = 0.24) or during the 
PaCUDAHL trial period (p = 0.15). There were significant increases in cervical cancer screening rates over four years 
regardless of the group considered (p < 0.0001). In conclusion there was no observer effect but a significant cohort 
effect.
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Introduction
In 2012, cervical cancer was the cause of more than 
1,000 deaths per year in France, with a particularly 
high incidence in the Nord-Pas-de-Calais region [1, 2]. 
The specific mortality rate for cervical cancer had been 
decreasing steadily for 30 years, but this decrease has 
stagnated since 2000 [1, 3], with lack of screening remain-
ing the main risk factor for cervical cancer mortality [4]. 
By 2020, cervical smear testing (CST) has been recom-
mended every three years for women aged 25–65 years to 
detect high-grade lesions before they become carcinoma 
in situ. General practitioners (GPs), biologists, gynaecolo-
gists, and midwives were authorized to perform this sam-
pling, but in France in 2012, gynaecologists performed 
95% of these procedures [5, 6]. The lack of participation 
in pap smear test (PST) screening has largely been asso-
ciated in the literature with low socioeconomic level and 
lack of follow-up by a gynaecologist [7–14]. In this con-
text, the PaCUDAHL-Gé study (Participation in Cervical 
Cancer Screening: The Interest of a Self-Sampling HPV 
Device Provided by the General Practitioner) aimed to 
compare cervical cancer screening rates (CCSRs) among 
women aged 25 to 65 years who had not been previously 
screened for cervical cancer and who were offered (1) a 
self-sampling device provided by their general practitio-
ner versus (2) the traditional cervical smear suggested by 
their physician [15]. The study investigators were 24 gen-
eral practitioners who were randomized into two groups. 
The observer effect (or Hawthorne effect - HE) is defined 
as the awareness of being observed or assessed, which 
creates beliefs about the researcher’s expectations (due to 
conformity and social desirability) and leads to change in 
behaviour aligned to these expectations [16, 17]. As the 
PaCUDAHL trial was open-label, HE raised the question 
of whether there was additional motivation for patients 
to participate in screening because their GP was involved 
in a clinical trial. This nested study of PaCUDAHL, reg-
istered by a protocol amendment in April 2020, aimed 
to compare CCSRs in health insurance reimbursement 
databases for patients of physicians participating (or not) 
in the PaCUDAHL trial before and during the trial (peri-
ods 2012–2015 and 2016–2019).

Methods
This was a retrospective cohort study using the claims 
database of the Health Insurance Fund (HIF) of Flanders 
for the three-year periods 2012–2015 and 2016–2019. 
The research questions were: (1) whether there was a sig-
nificant difference between physicians enrolled in PaCU-
DAHL and other physicians in the research area before 
their recruitment, either in their sociodemographic char-
acteristics or in the CCSR of their patients (period 2012–
2015); (2) whether the CCSRs changed after recruitment 
due to the HE (period 2016–2019).

Population
The database provided by the HIF listed 402 general 
practitioners practising in the area as of January 30, 
2015. Doctors who had fewer than 100 women as refer-
ring general practitioners, those who refused to answer 
the telephone survey on PST practice, retired doctors, or 
those who left the practice by December 31, 2019, were 
excluded (see Fig. 1).

Of the 332 included physicians, 24 were recruited 
between January and December 2015 from 4 random lists 
stratified by gender and PST practice to serve as study 
centres in the PaCUDAHL study and were designated as 
the “participating group”. The remaining 308 physicians 
in the area were referred to as the “non-participating 
group”. The variables of interest provided by the HIF were 
the physician’s name, gender, address, the size of their 
total and female patient base, and the CCSRs of these eli-
gible patients over the two time periods. Other variables 
included the doctor’s PST achievement (2015 telephone 
survey [18]), the deprivation rate of their neighbourhood 
[19, 20], the urban or rural area of their neighbourhood, 
and the density of gynaecologists around their practice 
[21]. Cervical cancer screening uptake was assessed by 
the number of women who had at least one PST cytology 
or PST procedure reimbursed during the relevant time 
periods.

Statistical methods
In the descriptive analysis, continuous quantitative vari-
ables are expressed as mean ± standard deviation (SD) 
or median [interquartile range (IQR)]; categorical vari-
ables are expressed as frequencies and percentages. In 
this study, there were two hierarchical levels for the data: 
the individual GP level (participating role of the GP and 
cervical cancer screening participation rate among the 
GP’s listed eligible female patients) nested within the 
geographic level. The associations of CCSR between GP 
groups and between time periods of interest were anal-
ysed using a linear generalized hierarchical mixed model 
with geographic level as a random effect. This statisti-
cal model considers the hierarchical structure of the 
data. There was no adjustment for GP characteristics or 
socioeconomic level, as no difference was found between 
GP groups. All statistical tests were two-tailed and per-
formed at the 0.05 level. Data were analysed using SAS 
software® version 9.4 (SAS Institute, Cary, NC).

Ethics
PaCUDAHL-Gé was promoted by the University Hospi-
tal of Lille and financed by the French Ministry of Health 
(PREPS: LIC-14-14-0615). Approval was obtained from 
the French Agency for the Safety of Health Products 
(ANSM: 2015-A01331-48) and the Ethics Committee 
(CPP Nord-Ouest III: 2015-23). The amendment for the 
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current study was approved by the ANSM on 12/12/2019 
and by the Ethics Committee on 04/20/2019. The pro-
tocol is available on ClinicalTrials.gov (NCT02749110). 
Participating GPs gave their informed oral consent to the 
use of their data registered in the health insurance claim 
database when they were called for the telephone survey. 
No individual patient data were used in this article. None 
of the authors have any financial competing interests.

Results
The total number of patients at the end of 2015 for the 
332 included referring GPs was 232,176, of which 70,983 
were women aged 25 to 65. Of these GPs, 52.7% achieved 
PSTs themselves. There was no difference between the 24 
GPs recruited to the PaCUDAHL study and the others in 
terms of socio-demographic characteristics, PST perfor-
mance and area deprivation. Table 1 shows all these char-
acteristics for both groups.

The mean CCSR in patients of the 332 doctors was 43.5 
(± 8.7)% at the end of 2015. There was no baseline CCSR 
difference between groups (p = 0.24), with a mean of 44.9 
(± 9.0)% in the participating group versus 43.4 (± 8.7)% in 
the non-participating group, with a computed difference 
of 2.03 [95% CI -1.35 to 5.42].

Table 2 Summarizes the mean CCSR in the two groups 
of Doctors before and during the PaCUDAHL trial time 
interval

The mean CCSR in patients of the 332 physicians was 
43.5 (± 8.7)% at the end of 2015. There was no difference 
in baseline CCSR between the groups (p = 0.24), with a 
mean of 44.9 (± 9.0)% in the participating group versus 
43.4 (± 8.7)% in the non-participating group, for a cal-
culated difference of 2.03 [95% CI -1.35 to 5.42]. Table 2 
summarizes the mean CCSR in the two physician groups 
before and during the PaCUDAHL study period.

Fig. 1  Study flow chart. GP general practitioner
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Discussion
The CCSR in patients of the 24 referring physicians 
recruited to the PaCUDAHL study did not differ from 
those of the non-recruited physicians, either at base-
line (p = 0.24) or during the PaCUDAHL study period 
(p = 0.15). The key results of this nested study are very 
robust as they are based on almost all practicing GPs in 
a large area. Therefore, no HE was detected in this study. 
However, there was a cohort effect in both groups with 
a significant increase in CCSRs between 2012 and 2015 
and 2016–2019. This strengthens the internal validity 
of the PaCUDAHL trial findings. Absence of difference 
before trial was expected due to the randomization of 
recruited GPs. Absence of HE indicates that the observed 
screening outcomes were not artificially inflated by GPs 
awareness of participation.

In France, cervical cancer screening has been part of 
the public health objectives reimbursed to GPs since 2011 
and organized by sending invitation letters to relevant 

patients in France since 2018. These measures reflect a 
global increase in the national promotion of this screen-
ing, with a significant effect in this cohort. For clinical 
practice, these findings emphasize the effectiveness of 
broader public health initiatives such as invitation letters 
in improving cervical cancer screening uptake. There-
fore, clinicians should continue to leverage both orga-
nized screening strategies and GPs interventions. Future 
research could identify which components of ongoing 
public health interventions (invitation letters, reimburse-
ment changes, national campaigns) are most influential 
in increasing cervical cancer screening participation. 
Additionally, given the regional limitations noted, future 
studies should investigate the generalizability of these 
results beyond Northern France. In 2024, a clinical trial 
was funded in Ile-de-France to evaluate whether direct 
intervention by a GP to contact unscreened women 
would improve CCSR [22].

Table 1  Descriptive results of participating and non-participating groups before the trial
Non-participating GPs Participating GPs p
n = 308 n = 24

gender of the doctor, n (%) Male 241 (78.2) 18 (75.0) 0.71
performance of PST by the doctor, n(%) Yes 163 (52.9) 12 (50.0) 0.78
doctors registered patients, n mean (± SD) 697 (± 295) 733 (± 219) 0.45

median (IQR) 666 (490 to 851) 679 (615 to 841)
doctors registered female patients, n mean (± SD) 374 (± 160) 383 (± 112) 0.72

median (IQR) 351 (261 to 449) 360 (319 to 440)
Density of gynaecologists
< 5 km
< 20 km

median (IQR) 5 (0 to 13)
7 (0 to 20)

2.5 (0 to 10.5)
5.5 (0 to 14)

0.98
0.42

European Deprivation Index of office's location, n(%) median (IQR) 1.8 (-0.6–3.6) 2.1 (-0.5–4.9) 0.30
mean (± SD) 2.2 (± 3.7) 2.2 (± 3.7)
values range [-4.3–13.7] [-3.3–15.6]

distribution of doctor’s office location, n(%)
(among the national
quintiles of the European
Deprivation Index)

1st quintile 19 (6.2) 1 (4.2) 0.92
2nd 19 (6.2) 1 (4.2)
3rd 58 (18.8) 6 (25.0)
4th 63 (20.4) 4 (16.7)
5th (most deprived) 149 (48.4) 12 (50.0)

doctor office’s location, rural area 106 (34.4) 9 (37.5) 0.76
n (%) urban area 202 (65.6) 15 (62.5)
(GP general practitioner, PST Pap smear Test, IQR interquartile range, SD standard deviation, p value is calculated with chi-squared test for categorial variables and 
Student test for continuous ones)

Table 2  Comparative results of pap smears participation between periods and groups
Variable 2012–2015 CCSR ++ (before trial) 2016–2019 CCSR ++ (during trial) Estimated difference

(95% CI)+
p-value

participating (24 GPs) 44.88 ± 9.03 48.85 ± 9.95 3.97 ( 2.09 to 5.84 ) < 0,0001
non-participating (308 GPs) 43.42 ± 8.66 47.43 ± 8.69 4.01 ( 3.49 to 4.54)
+ Regression estimated difference from linear mixed model with 95% confidence interval
++ Mean ± standard deviation

P effect participation = 0.13

P effect period = < 0.000

CCSR cervical cancer screening rate 1
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The HE could be present during any doctor-patient 
encounter, especially when enrolled in a clinical trial. 
Researchers have not yet reached agreement on the exis-
tence of HE, and there is considerable inconsistency in 
the description and definition of the phenomenon [17, 
23]. This effect did not appear to be significant in this 
study, probably because the increase in CCSR with indi-
vidual invitation letters to patients at the national level 
induced a similar, stronger effect in both groups [24]. 
Further clarity on the definition and measurement of 
the HE in healthcare interventions could guide future 
trial methodologies, ensuring accurate interpretation of 
behaviour change mechanisms.

Limitations
Backward selection is a data-driven procedure that 
may fail to identify the best subset of variables associ-
ated with CCSRs and introduce bias in the estimation of 
coefficients. The CCSRs included only women who had 
a Pap smear cytology reimbursed by the health insur-
ance, while PSTs performed in hospitals or mother and 
child welfare centres were not included (we calculated 
this underestimation in our population to be 4.5%). Only 
75% of women aged 25–65 years are included in the pri-
mary health insurance database (24% of the population 
are insured by other organizations and 1% have no health 
insurance), and it is unclear how these included women 
compare with women nationally. The CCSR in this study 
cannot be generalized nationally due to the low uptake of 
cervical cancer screening in Northern France, which, as 
in the UK, is associated with lower education and income 
levels [25].
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