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Abstract

Purpose: To describe temporal trends and assess factors associated with changes in

the prescription of clomiphene citrate and gonadotropins between 2010 and 2017 in

women with infertility aged 18–50 from metropolitan France.

Methods: 6321 prevalent women from a representative sample of the national

medico-administrative database were identified. We performed a Cochran-Armitage

trend test and calculated the rate ratios. A Poisson regression was used to derive the

incidence rate ratios, for each treatment class.

Results: The prevalence rate and incidence rate of clomiphene citrate use signifi-

cantly decreased by 20% (RR 0.80: 95% CI 0.71–0.90) and 23% (RR 0.77: 95% CI

0.66–0.89), respectively. Its initiation was higher in all age groups compared to the

reference (18–24 years), with a downward gradient. It was also higher when the den-

sity of gynaecologists was higher and in disadvantaged areas. The prevalence rate

and incidence rate of gonadotropin use increased by 11% (RR 1.11: 95% CI 1.01–

1.22) and 33% (RR 1.33: 95% CI 1.14–1.55) respectively. Gonadotropin initiation was

highest in the 31–35 age group, but it was also higher in the 25–30 and 36–40 age

groups at a similar level (reference 18–24 years). Its initiation was higher when the

density of gynaecologists was higher, but not associated with social deprivation.

Conclusion: Our results showed an increase in gonadotropin use for infertility treat-

ment in France during the 2010–2017 period and a decrease in clomiphene citrate

use. Further work should be undertaken to analyse the use of these drugs in relation

to women's care pathways.

K E YWORD S

clomiphene citrate, gonadotropins, infertility, pharmacoepidemiology

Key Points

• The prevalence and incidence rates of clomiphene citrate use decreased significantly by 20%

(RR 0.80: 95% CI 0.71–0.90) and 23% (RR 0.77: 95% CI 0.66–0.89) respectively.

This decrease in incidence rate could be related to the decrease in clomiphene citrate use in

18–24 and 25–35 age groups.
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• The prevalence and incidence rates of gonadotropin use increased by 11% (RR 1.11: 95% CI

1.01–1.22) and 33% (RR 1.33: 95% CI 1.14–1.55) respectively. This increase in incidence rate

was related to a large increase in gonadotropin use in 31–35 and 36–40 age groups.

• A high density of gynaecologists is associated with higher initiation.

• Gonadotropin initiation was the highest in the 31–35 age group (reference 18–24 years), but

it was also higher in the 25–30 and 36–40 age groups at similar level.

• The initiation of clomiphene citrate was associated with disadvantaged areas.

Plain Language Summary

The objective of this study was to describe temporal trends and factors associated with changes

in the prescription of the two main infertility treatments, clomiphene citrate and gonadotropins.

This study was conducted between 2010 and 2017 on a representative sample of 1/97th of

French women aged 18–50. 6321 prevalent women were identified of whom 3212 had at least

one clomiphene citrate dispensation, and 3922 women had at least one gonadotropin dispensa-

tion. Clomiphene citrate and gonadotropins treatments were initiated by 2818 and 2599

women, respectively. The prevalence rate and the number of new women using clomiphene cit-

rate decreased significantly by 20% and 23%, respectively, especially among women aged 18–

35 years. The prevalence rate and the number of new women using gonadotropins increased

significantly by 11% and 33%, respectively, especially among women aged 31–40. Regardless of

the type of drug, the probability of prescription increased with the number of gynaecologists.

Social disadvantage was associated with increased clomiphene citrate initiation. Further studies

should be carried out to analyse the evolution of these different prescriptions according to the

type of care pathway.

1 | INTRODUCTION

Globally, the age-standardised prevalence rate of infertility increased by

0.37% per year in females between 1990 and 2017.1 In Europe, the use

of assisted reproductive technology (ART) treatment increased by 2.4%

between 2016 and 2017, leading to a 1.2% increase in ART-related

births.2 Social-demographic changes (longer periods of study, difficulties

in obtaining stable employment, children from a second union, etc.) and

a high exposure to risk factors (tobacco, obesity, alcohol, etc.) are the

cause of this.3 It has recently been shown that 1.25% of women aged

20–49 in France are treated for infertility each year.4 The use of infertil-

ity treatment increased by 23.9% amongst women aged 34 and over,

although it remained stable amongst those under 34.

Infertility places a significant burden on individuals and communi-

ties. Quality of life and emotional status are affected by infertility

care.5 The economic burden is also high, largely due to ART tech-

niques.6 A study in France recently analysed the size and distribution

of expenditure related to infertility treatment over time, and esti-

mated the economic burden of infertility treatment in France.7 One of

the main results, in addition to quantifying the economic burden of

infertility management (estimated at 6996 [95% CI: 5755–8237]

euros over a 3.5-year follow-up period), was demonstrating the signif-

icant share of health care expenses related to drugs, especially in the

first two semesters of infertility management (47% and 35% of

expenses, respectively).

Two main classes of molecules were involved in the treatment of

infertility: clomiphene citrate and gonadotropins. Clomiphene citrate

is indicated for the treatment of infertility due to anovulation and nor-

mogonadotropic, normoprolactinemic anovulation.8 Gonadotropins

are indicated in cases of amenorrhoea not responding to progestin

testing; failure of, or intolerance to, clomiphene citrate; and for ovula-

tion stimulation and insemination, and in vitro fertilisation (IVF).

Until now, two studies have examined the use of drug treatment

for infertility.9,10 These studies showed a decrease in the prevalence rate

of clomiphene citrate use. The rate remained stable in one of the stud-

ies.10 To our knowledge, no one has yet analysed the evolution of clomi-

phene citrate and gonadotropin prescriptions in terms of volume over

time, according to socio-demographics and supply characteristics.

Given the social-demographic changes and the epidemiological

context described above, we hypothesised an increase in the volume

of clomiphene citrate and gonadotrophins used. Based on the litera-

ture, there may be a decrease in the use of clomiphene citrate.

The primary objective of this study was, therefore, to describe

changes in the use of the two main classes of drugs used to treat

infertility. The secondary objective was to assess the factors associ-

ated with the initiation of treatment with these drugs.

2 | METHODS

2.1 | Database

The study was based on the Permanent Beneficiaries Sample

(Echantillon Généraliste de Bénéficiaires, EGB), which is a French
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medico-administrative database containing a 1/97 representative

sample of the National Health Insurance Inter-Scheme Information

System (Système National d'Information Inter-Régimes de l'Assurance

Maladie, SNIIRAM), covering 98% of the French population.11 The

EGB is representative of the French population in terms of age and

gender, and contains data for more than 660 000 people, whether

they use healthcare or not. We used data for individuals affiliated to

the main French health insurance scheme (general scheme, covering

76% of the French population), which has been stored since 2006. It

contains information on the socio-demographic characteristics and

healthcare use of the beneficiaries. The socio-demographic variables

available are date of birth, gender, and postal code of residence. The

EGB contains information relating to consultations, technical acts, and

drugs dispensation with the date of completion, the amount reim-

bursed, and the healthcare professional who performed the proce-

dure. Drugs can be identified by their Presentation Identification

Code (Code Identifiant de Présentation—CIP) and their corresponding

Anatomical Therapeutic Chemical (ATC) code. The CIP is a unique

number for a given drug according to its packaging. It also contains

information about the chronic conditions (Affection de Longue

Durée—ALD) of beneficiaries. The ALDs are particularly costly and/or

serious illnesses which entitle the beneficiaries to 100% reimburse-

ment, for at least 5 years after their registration in the case of cancer.

The EGB is linked to the private and public hospital discharge data-

base (Programme de Médicalisation des Systèmes d'Information—

PMSI), which is a medico-administrative database of public and pri-

vate hospital stays. The PMSI contains, in particular, information on

the main and associated diagnoses recorded during hospitalisation,

and the date of admission and discharge.

ALDs and reasons for hospitalisations can be identified using the

tenth version of the International Classification of Diseases (ICD-10).

2.2 | Population

2.2.1 | Prevalent cases

Prevalent cases in mainland France—women aged 18–50 affiliated to

the general scheme—were identified each year between 2010 and

2017, according to whether they had at least one purchase of clomi-

phene citrate or gonadotropins (see Supplemental Table 1 for the list

of drugs). Because drugs for infertility can also be used in the manage-

ment of cancer and fertility preservation, women who had a chronic

condition (cancer), or were hospitalised with a cancer diagnosis were

excluded in the year of declaration and/or hospitalisation.

2.2.2 | Incidental cases

Incidental cases in mainland France—women aged 18–50 affiliated to

the general scheme—were identified between 2010 and 2017, if they

had at least one purchase of clomiphene citrate or gonadotropins in

the year of inclusion, on the condition that they had not used these

drugs in the 3 years prior to their inclusion (see Supplemental

Table 1). Because drugs for infertility can be used in the management

of cancer and fertility preservation, women who had a chronic condi-

tion (cancer) or were hospitalised with a cancer diagnosis were

excluded in the year of declaration and/or hospitalisation.

2.3 | Variables

The variables of interest were age in six categories, year (from 2010 to

2017), Social Deprivation Index terciles (Indice de Désavantage Social—

FDEP13), and the terciles of the Local Potential Accessibility to gynae-

cologists (Accessibilité Potentielle Localisée—APL), calculated in

2013.12,13 The French Deprivation Index (Fep13) is an ecological mea-

sure that characterises the socio-economic status of an individual based

on their postcode of residence. It is defined at the postcode level as the

first component of a principal component analysis of the following four

variables: median household income, the percentage of graduates in the

population over 15 years old, the percentage of workers in the active

population, and the unemployment rate. The APL is a local indicator cal-

culated in 2013, available at the postcode level, which takes into

account supply and demand from surrounding municipalities. It high-

lights disparities in health care supply, which a conventional density indi-

cator, calculated on a much wider scale, tends to mask. The APL takes

into account the level of activity of practicing professionals as well as

the age structure of the population in each municipality, which affect

health care needs. The calculation of the APL takes into account: private

gynaecologists' practices, including secondary practices; their activity

recorded in full time equivalents estimated from the number of proce-

dures performed during the year; and an estimation of the declining use

of gynaecological care at a distance between 0 and 45 min (thresholds

at 15, 30, and 45 min) from the practices. It is defined in full-time equiv-

alent per 100 000 inhabitants.

2.4 | Analyses

2.4.1 | Prevalence rate analyses

We performed a descriptive analysis of the prevalence rate per 1000

women by age group according to the year for each treatment class

(clomiphene citrate and gonadotropins). We performed a Cochran-

Armitage trend test to analyse the evolution of the prevalence rate

over time, and calculated the rate ratio, and the 95% confidence inter-

val between 2010 and 2017.

2.4.2 | Incidence rate analyses

First, for each treatment class (clomiphene citrate and gonadotropins),

we performed a descriptive analysis of the incidence rate per 1000

women by year, age group, and by age group according to the year.

We performed a Cochran-Armitage trend test and calculated the rate

BOURRION ET AL. 3
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ratio, and the 95% confidence interval between the year 2010 and

the year 2017, to analyse the evolution of the incidence rate

over time.

A Poisson regression was then used for each treatment class to

derive the incidence rate ratios adjusted for age in six categories (25–

30, 31–35, 36–40, 41–42, and 43–50, vs. 18–24), APL in three cate-

gories (low, middle, and high), FDEP13 in three categories (advan-

taged, intermediate, and disadvantaged) corresponding to the terciles,

and for the year of inclusion (from 2010 to 2017). We used the GEN-

MOD SAS 9.4 procedure. Tests were performed with a two-sided

alpha risk of 5%.

2.5 | Ethics

Access to the EGB (pseudonymous data) is subject to prior training

and authorisation. The EGB was approved by the French National

Commission for Data Protection and Liberties (Commission Nationale

de l'Informatique et des Libertés, CNIL).

3 | RESULTS

3.1 | Prevalence rate

We identified a total of 6321 women between 2010 and 2017 aged

18–50, of whom 3212 had at least one clomiphene citrate purchase;

3922 women had at least one gonadotropin purchase. Amongst these

women, 813 had purchased both classes.

The 1-year prevalence rate for clomiphene citrate use decreased

significantly from 5.23 users per 1000 women in 2010 to 4.16 users per

1000 women in 2017 (rate ratio [RR] 0.80, 95% CI 0.71–0.90,

p < 0.0001) (see Supplemental Table 2). This was related to a decrease

in the prevalence rate of clomiphene citrate use by 34% (p < 0.0001)

and 23% (p < 0.0001) in the 25–30 and 31–35 age groups respectively

(see Figure 1).

The 1-year prevalence rate for gonadotropin use increased signifi-

cantly from 6.89 users per 1000 women in 2010 to 7.65 users per 1000

women in 2017 (RR 1.11, 95% CI 1.01–1.22, p < 0.006) (see Supplemen-

tal Table 2). This was related to a 25% increase in the prevalence rate of

gonadotropin use (p < 0.0015) in the 36–40 age group (see Figure 1).

3.2 | Incidence

Clomiphene citrate treatment was initiated by 2818 women between

2010 and 2017. The incidence rate of clomiphene citrate use was

higher in the 25–30 (6.63 per 1000 women) and 31–35 age groups

(5.18 per 1000 women). The incidence rate of clomiphene citrate use

decreased significantly across all ages between 2010 and 2017, from

3.56 to 2.73 per 1000 women (RR 0.77, 95% CI 0.66–0.89,

p < 0.0001) (see Table 1). This decrease could be related to the

decrease in incidence rate of clomiphene citrate use in the 18–24

(RR 0.55, 95% CI 0.33–0.91, p = 0.045) and 25–35 age groups

(RR 0.62, 95% CI 0.49–0.8, p < 0.0001), from 2.39 to 1.30 per 1000

women and from 7.56 to 4.72 per 1000 women, respectively. A non-

linear significant downward trend was observed in the 31–35

(RR 0.78: 95% CI 0.59–1.05; p = 0.0041) age group.

F IGURE 1 Evolution of the
prevalence rate of clomiphene
citrate and gonadotropin use per
1000 women by age group
according to the year.

4 BOURRION ET AL.
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Gonadotropin treatment was initiated by 2599 women between

2010 and 2017. The incidence rate of gonadotropin use increased sig-

nificantly between 2010 and 2017 (RR 1.33: 95% CI 1.14–1.55,

p = 0.0001). The increase in the incidence rate could be related to a

large increase in gonadotropin use in the 31–35 (RR 1.47, 95% CI

1.13–1.92, p = 0.0004) and 36–40 age groups (RR 1.67, 95% CI

1.22–2.28, p = 0.0007), from 5.48 to 8.07 per 1000 women and from

3.49 to 5.81 per 1000 women, respectively.

In multivariate analysis, all things being equal, clomiphene cit-

rate initiation was the highest in the 25–30 age group (reference

18–24 years) (adjusted rate ratio [ARR] 3.26, 95% CI 2.85–3.72,

p < 0.001), although higher in all age groups compared to the ref-

erence, with a downward gradient and when the density of

gynaecologists was higher (reference low density) (ARR 1.15, 95%

CI 1.04–1.27, p = 0.01). It decreased from year 2015 (ARR 0.84,

95% CI 0.72–0.98, p = 0.02), compared to 2010 (reference), and

more so in 2017 (ARR 0.79, 95% CI 0.68–0.92; p = 0.003),

although 2016 was at the limit of statistical significance.

Compared to the intermediate advantaged tercile of the FDEP

(reference), clomiphene citrate initiation was higher in the disad-

vantaged tercile (ARR 1.20, 95% CI 1.08–1.32, p < 0.0001) and

lower in the advantaged tercile (ARR 0.90, 95% CI 0.82–0.99,

p = 0.02) (see Table 2).

In multivariate analysis, the gonadotropin initiation was the high-

est in the 31–35 age group (reference 18–24 years) (adjusted rate

ratio [ARR] 5.98, 95% CI 4.95–7.23, p < 0.001), but it was also higher

in the 25–30 (adjusted rate ratio [ARR] 4.40, 95% CI 3.64–5.33,

p < 0.001) and 36–40 age groups (adjusted rate ratio [ARR] 4.25, 95%

CI 3.50–5.17, p < 0.001) at a similar level. Gonadotropin initiation was

higher when the density of gynaecologists was higher (ARR of the last

tercile 1.15, 95% CI 1.03–1.28, p = 0.01). It increased from 2012

(ARR 1.24, 95% CI 1.06–1.46, p = 0.01), compared to 2010 (refer-

ence), and more so in 2017 (adjusted rate ratio [ARR] 1.33, 95% CI

1.13–1.56, p = 0.001), although 2014 was not significant. Unlike clo-

miphene citrate, the initiation of gonadotrophins was not associated

with FDEP (see Table 3).

TABLE 1 Incidence rate of clomiphene citrate and gonadotrophin use per 1000 women between 2010 and 2017.

18–24 25–30 31–35 36–40 41–42 43–50 All

Clomiphen citrate 2010 2.39 7.56 5.95 2.83 2.42 0.66 3.56

2011 1.88 7.92 6.40 2.93 2.46 0.66 3.63

2012 2.29 7.80 4.87 3.08 2.50 1.10 3.58

2013 2.06 6.94 5.08 3.58 2.60 0.88 3.45

2014 2.18 6.85 5.72 3.67 2.07 0.94 3.56

2015 2.05 5.26 4.75 3.27 2.73 0.32 2.90

2016 1.75 6.10 4.02 2.92 1.98 0.64 2.89

2017 1.30 4.72 4.67 2.79 3.28 0.71 2.73

2010–2017 2.00 6.63 5.18 3.13 2.50 0.74 3.29

RRa 0.55 0.62 0.78 0.98 1.36 1.07 0.77

95% CI (0.33–0.91) (0.49–0.80) (0.59–1.05) (0.66–1.46) (0.72–2.57) (0.57–2.03) (0.66–0.89)

p valueb 0.045 <0.0001 0.0041 0.9295 0.6515 0.3276 <0.0001

Gonadotropin 2010 0.64 4.00 5.48 3.49 2.56 0.41 2.57

2011 0.65 4.58 5.56 4.00 2.89 0.44 2.80

2012 1.04 5.48 5.64 4.12 3.06 0.55 3.12

2013 1.11 4.48 6.29 4.30 3.28 0.44 3.06

2014 0.75 4.18 5.04 4.84 2.48 0.61 2.82

2015 0.94 4.93 7.04 4.13 2.58 0.43 3.18

2016 0.91 5.06 6.84 5.10 2.28 0.43 3.31

2017 1.07 3.83 8.07 5.81 2.97 0.29 3.41

2010–2017 0.88 4.56 6.25 4.46 2.77 0.45 3.03

RR 1.67 0.96 1.47 1.67 1.16 0.70 1.33

95% CI (0.81–3.47) (0.71–1.30) (1.13–1.92) (1.22–2.28) (0.61–2.21) (0.28–1.75) (1.14–1.55)

p valueb 0.1991 0.8992 0.0004 0.0007 0.7613 0.4932 0.0001

Note: Reading grid: In 2013, the incidence rate of clomiphene citrate use (all ages) was 3.45 per 1000 women, and the highest incidence rate of clomiphene

citrate use was in the 25–30 age group (6.94 per 1000 women). For all years the incidence rate of clomiphene citrate use in the 25–30 age group was 6.63

per 1000 women. Between 2010 and 2017, in the 25–30 age group, the incidence rate of clomiphene citrate use decreased in a significant statistically

linear way by 38% (RR 0.62, p < 0.0001).
aRate ratio 2017 versus 2010; 95% CI = 95% confidence interval.
bThe Cochran-Armitage test for linear trend.

BOURRION ET AL. 5

 10991557, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pds.5616 by C

ochrane France, W
iley O

nline L
ibrary on [07/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



T
A
B
L
E
2

R
at
e
ra
ti
o
an

d
9
5
%

co
nf
id
en

ce
in
te
rv
al
s
o
f
th
e
in
ci
de

nc
e
ra
te

o
f
cl
o
m
ip
he

ne
ci
tr
at
e
us
e.

V
ar
ia
bl
es

N
um

be
r
o
f
cl
o
m
ip
he

ne

ci
tr
at
e
us
er
s
(n
)

In
ci
de

nc
e
ra
te

pe
r
1
0
0
0

w
o
m
en

(9
5
%

C
I)

U
na

dj
us
te
d
ra
te

ra
ti
o
(9
5
%

C
I)

A
d
ju
st
ed

ra
te

ra
ti
o
a
(9
5
%

C
I)

p-
va

lu
e

A
ge

gr
o
up

1
8
–2

4
2
7
8

2
.0
6
(1
.8
3
–2

.3
2
)

R
ef
.b

R
ef
.

2
5
-3
0

1
0
8
7

6
.5
9
(6
.2
1
–6

.9
9
)

3
.2
0
(2
.8
1
–3

.6
5
)

3
.2
6
(2
.8
5
–3

.7
2
)

<
0
.0
0
0
1

3
1
–3

5
6
9
7

5
.1
7
(4
.8
0
–5

.5
7
)

2
.5
1
(2
.1
9
–2

.8
9
)

2
.5
5
(2
.2
2
–2

.9
3
)

<
0
.0
0
0
1

3
6
–4

0
4
1
3

3
.1

(2
.8
2
–3

.4
1
)

1
.5
1
(1
.2
9
–1

.7
5
)

1
.5
2
(1
.3
1
–1

.7
7
)

<
0
.0
0
0
1

4
1
–4

2
1
3
6

3
.0
3
(2
.5
7
–3

.5
9
)

1
.4
7
(1
.2
0
–1

.8
1
)

1
.4
7
(1
.2
0
–1

.8
0
)

0
.0
0
0
2

4
3
–5

0
1
5
8

0
.8
9
(0
.7
6
–1

.0
4
)

0
.4
3
(0
.3
5
–0

.5
2
)

0
.4
3
(0
.3
6
–0

.5
3
)

<
0
.0
0
0
1

A
P
L

Lo
w

de
ns
it
y

4
9
0

3
.4
4
(3
.1
5
–3

.7
6
)

R
ef
.

R
ef
.

M
id
dl
e
de

ns
it
y

6
7
3

3
.2
7
(3
.0
4
–3

.5
3
)

0
.9
5
(0
.8
5
–1

.0
7
)

1
.0
1
(0
.9
0
–1

.1
3
)

0
.9
0

H
ig
h
de

ns
it
y

1
6
0
6

3
.6
3
(3
.4
5
–3

.8
1
)

1
.0
5
(0
.9
5
–1

.1
7
)

1
.1
5
(1
.0
4
–1

.2
7
)

0
.0
1

Y
ea

r
2
0
1
0

3
7
0

3
.6
1
(3
.2
6
–4

.0
0
)

R
ef
.

R
ef
.

2
0
1
1

3
8
2

4
.0
4
(3
.6
5
–4

.4
6
)

1
.1
2
(0
.9
7
–1

.2
9
)

1
.0
5
(0
.9
1
–1

.2
2
)

0
.4
8

2
0
1
2

3
7
7

3
.6
1
(3
.2
6
–4

.0
0
)

1
.0
0
(0
.8
7
–1

.1
5
)

1
.0
2
(0
.8
9
–1

.1
8
)

0
.7
6

2
0
1
3

3
6
4

3
.6
2
(3
.2
6
–4

.0
1
)

1
.0
0
(0
.8
7
–1

.1
6
)

0
.9
9
(0
.8
6
–1

.1
4
)

0
.8
7

2
0
1
4

3
7
6

3
.6
4
(3
.2
9
–4

.0
2
)

1
.0
1
(0
.8
7
–1

.1
6
)

1
.0
1
(0
.8
7
–1

.1
6
)

0
.9
0

2
0
1
5

3
0
5

3
.2
2
(2
.8
8
–3

.6
0
)

0
.8
9
(0
.7
7
–1

.0
4
)

0
.8
4
(0
.7
2
–0

.9
8
)

0
.0
2

2
0
1
6

3
0
4

3
.2
9
(2
.9
4
– 3

.6
8
)

0
.9
1
(0
.7
8
–1

.0
6
)

0
.8
7
(0
.7
5
–1

.0
1
)

0
.0
7

2
0
1
7

2
9
1

2
.9
7
(2
.6
4
–3

.3
3
)

0
.8
2
(0
.7
0
–0

.9
6
)

0
.7
9
(0
.6
8
–0

.9
2
)

0
.0
0
3

F
D
E
P

A
dv

an
ta
ge

d
1
1
5
1

3
.1
6
(2
.9
8
–3

.3
5
)

0
.8
9
(0
.8
1
–0

.9
8
)

0
.9
0
(0
.8
2
–0

.9
9
)

0
.0
2

In
te
rm

ed
ia
te

7
1
8

3
.5
4
(3
.2
9
–3

.8
1
)

R
ef
.

R
ef
.

D
is
ad

va
nt
ag
ed

9
0
0

4
.0
2
(3
.7
6
–4

.2
9
)

1
.1
3
(1
.0
3
–1

.2
5
)

1
.2
0
(1
.0
8
–1

.3
2
)

<
0
.0
0
0
1

N
ot
e:
F
o
rt
y-
ni
ne

w
o
m
en

w
ho

ha
d
us
ed

cl
o
m
ip
he

ne
ci
tr
at
e
(1
.7
%
)w

it
h
a
m
is
si
ng

po
st
co

de
w
er
e
ex

cl
ud

ed
.A

P
L:

te
rc
ile

o
f
th
e
Lo

ca
lP

o
te
nt
ia
lA

cc
es
si
b
ili
ty

(A
cc
es
si
b
ili
té

p
o
te
n
ti
el
le

lo
ca
lis
ée

)t
o
gy

n
ae

co
lo
gi
st

m
ea

su
re
s
th
e
sp
at
ia
la
de

qu
ac
y
be

tw
ee

n
su
pp

ly
an

d
de

m
an

d
fo
r
ca
re

at
th
e
ci
ty

le
ve

l.
F
D
E
P
:t
er
ci
le

o
f
So

ci
al
D
ep

ri
va
ti
o
n
In
de

x
(In

di
ce

de
D
és
av
an

ta
ge

So
ci
al
)i
s
an

ec
o
lo
gi
ca
lm

ea
su
re

th
at

ch
ar
ac
te
ri
se
s
th
e

so
ci
o
-e
co

no
m
ic
en

vi
ro
nm

en
t
in

w
hi
ch

in
di
vi
du

al
s
in

a
gi
ve

n
ge

o
gr
ap

hi
c
ar
ea

liv
e
at

a
gi
ve

n
ti
m
e,

ba
se
d
o
n
th
e
pe

rc
en

ta
ge

o
f
w
o
rk
er
s
in

th
e
la
bo

ur
fo
rc
e,

th
e
p
er
ce
n
ta
ge

o
f
h
ig
h
sc
h
o
o
lg

ra
d
u
at
es

ag
ed

1
5
an

d

o
ve

r,
th
e
pe

rc
en

ta
ge

o
f
un

em
pl
o
ye

d
in

th
e
la
bo

ur
fo
rc
e,

an
d
m
ed

ia
n
ho

us
eh

o
ld

in
co

m
e.

a
A
dj
us
te
d
ra
te

ra
ti
o
ba

se
d
o
n
P
o
is
so
n
re
gr
es
si
o
n
m
o
de

li
nc

lu
di
ng

ag
e
gr
o
up

,L
o
ca
lP

o
te
nt
ia
lA

cc
es
si
bi
lit
y
to

gy
na

ec
o
lo
gi
st
s
(A
P
L)
,y
ea

r,
an

d
So

ci
al
D
ep

ri
va
ti
o
n
In
d
ex

(F
D
E
P
).

b
R
ef
.=

re
fe
re
nc

e
ca
te
go

ry
.

6 BOURRION ET AL.

 10991557, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pds.5616 by C

ochrane France, W
iley O

nline L
ibrary on [07/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



T
A
B
L
E
3

R
at
e
ra
ti
o
an

d
9
5
%

co
nf
id
en

ce
in
te
rv
al
s
o
f
th
e
in
ci
de

nc
e
ra
te

o
f
go

na
do

tr
o
pi
n
us
e.

V
ar
ia
bl
es

N
um

be
r
o
f

go
na

do
tr
o
pi
n
us
er
s
(n
)

In
ci
de

nc
e
ra
te

ra
te

pe
r
1
0
0
0

w
o
m
en

(9
5
%

C
I)

U
na

dj
u
st
ed

ra
te

ra
ti
o
(9
5
%

C
I)

A
d
ju
st
ed

ra
te

ra
ti
o
a
(9
5
%

C
I)

p-
va

lu
e

A
ge

gr
o
up

1
8
–2

4
1
2
3

1
.0
4
(0
.8
7
–1

.2
4
)

R
ef
.b

R
ef
.

2
5
-3
0

7
5
1

4
.5
5
(4
.2
4
–4

.8
9
)

4
.3
8
(3
.6
2
–5

.3
0
)

4
.4
0
(3
.6
4
–5

.3
3
)

<
0
.0
0
0
1

3
1
–3

5
8
4
8

6
.1
8
(5
.7
8
–6

.6
1
)

5
.9
5
(4
.9
2
–7

.1
8
)

5
.9
8
(4
.9
5
–7

.2
3
)

<
0
.0
0
0
1

3
6
–4

0
5
9
3

4
.3
7
(4
.0
4
–4

.7
4
)

4
.2
1
(3
.4
7
–5

.1
1
)

4
.2
5
(3
.5
–5

.1
7
)

<
0
.0
0
0
1

4
1
–4

2
1
5
2

3
.4
4
(2
.9
4
–4

.0
4
)

3
.3
1
(2
.6
1
–4

.2
0
)

3
.3
0
(2
.6
–4

.1
9
)

<
0
.0
0
0
1

4
3
–5

0
9
4

0
.6
8
(0
.5
5
–0

.8
3
)

0
.6
5
(0
.5
0
–0

.8
5
)

0
.6
4
(0
.4
9
–0

.8
4
)

0
.0
0
1

A
P
L

Lo
w

de
ns
it
y

4
4
9

3
.4
9
(3
.1
8
–3

.8
3
)

R
ef
.

R
ef
.

M
id
dl
e
de

ns
it
y

6
0
1

3
.2
9
(3
.0
3
–3

.5
6
)

0
.9
4
(0
.8
3
–1

.0
6
)

0
.9
9
(0
.8
7
–1

.1
1
)

0
.8
3

H
ig
h
de

ns
it
y

1
5
1
1

3
.5
3
(3
.3
6
–3

.7
2
)

1
.0
1
(0
.9
1
–1

.1
2
)

1
.1
5
(1
.0
3
–1

.2
8
)

0
.0
1

Y
ea

r
2
0
1
0

2
6
7

3
.0
7
(2
.7
2
–3

.4
6
)

R
ef
.

R
ef
.

2
0
1
1

2
9
2

3
.1
3
(2
.7
9
–3

.5
1
)

1
.0
2
(0
.8
6
–1

.2
0
)

1
.1
0
(0
.9
3
–1

.2
9
)

0
.2
8

2
0
1
2

3
3
1

3
.6
5
(3
.2
8
–4

.0
6
)

1
.1
9
(1
.0
1
–1

.4
0
)

1
.2
4
(1
.0
6
–1

.4
6
)

0
.0
1

2
0
1
3

3
2
6

3
.4
7
(3
.1
2
–3

.8
7
)

1
.1
3
(0
.9
6
–1

.3
3
)

1
.2
1
(1
.0
3
–1

.4
3
)

0
.0
2

2
0
1
4

2
9
6

3
.0
7
(2
.7
4
–3

.4
4
)

1
.0
0
(0
.8
5
–1

.1
8
)

1
.0
9
(0
.9
2
–1

.2
8
)

0
.3
2

2
0
1
5

3
3
5

3
.9
1
(3
.5
2
–4

.3
6
)

1
.2
8
(1
.0
9
–1

.5
0
)

1
.2
7
(1
.0
8
–1

.4
9
)

0
.0
0
4

2
0
1
6

3
5
2

3
.5
9
(3
.2
4
– 3

.9
9
)

1
.1
7
(1
.0
0
–1

.3
7
)

1
.3
0
(1
.1
–1

.5
2
)

0
.0
0
1

2
0
1
7

3
6
2

3
.8
5
(3
.4
7
–4

.2
7
)

1
.2
5
(1
.0
7
–1

.4
7
)

1
.3
3
(1
.1
3
–1

.5
6
)

0
.0
0
0
4

F
D
E
P

A
dv

an
ta
ge

d
1
2
4
5

3
.5
2
(3
.3
3
–3

.7
2
)

1
.0
5
(0
.9
6
–1

.1
6
)

1
.0
5
(0
.9
6
–1

.1
6
)

0
.3
1

In
te
rm

ed
ia
te

6
5
6

3
.3
5
(3
.1
0
–3

.6
1
)

R
ef
.

R
ef
.

D
is
ad

va
nt
ag
ed

6
6
0

3
.4
9
(3
.2
3
–3

.7
7
)

1
.0
4
(0
.9
4
–1

.1
6
)

1
.0
0
(0
.9
–1

.1
2
)

0
.9
5

N
ot
e:
T
hi
rt
y-
ei
gh

t
w
o
m
en

w
ho

ha
d
us
ed

go
na

do
tr
o
pi
n
(1
.5
%
)w

it
h
a
m
is
si
ng

po
st
co

de
w
er
e
ex

cl
ud

ed
.A

P
L:

te
rc
ile

o
f
th
e
Lo

ca
lP

o
te
nt
ia
lA

cc
es
si
bi
lit
y
(A
cc
es
si
b
ili
té

P
o
te
n
ti
el
le

Lo
ca
lis
ée

)t
o
gy

n
ae

co
lo
gi
st

m
ea

su
re
s
th
e
sp
at
ia
la
de

qu
ac
y
be

tw
ee

n
su
pp

ly
an

d
de

m
an

d
fo
r
ca
re

at
th
e
ci
ty

le
ve

l.
F
D
E
P
:t
er
ci
le

o
f
So

ci
al
D
ep

ri
va
ti
o
n
In
de

x
(In

di
ce

de
D
és
av
an

ta
ge

So
ci
al
)i
s
an

ec
o
lo
gi
ca
lm

ea
su
re

th
at

ch
ar
ac
te
ri
se
s
th
e

so
ci
o
-e
co

no
m
ic
en

vi
ro
nm

en
t
in

w
hi
ch

in
di
vi
du

al
s
in

a
gi
ve

n
ge

o
gr
ap

hi
c
ar
ea

liv
e
at

a
gi
ve

n
ti
m
e,

ba
se
d
o
n
th
e
pe

rc
en

ta
ge

o
f
w
o
rk
er
s
in

th
e
la
bo

ur
fo
rc
e,

th
e
p
er
ce
n
ta
ge

o
f
h
ig
h
sc
h
o
o
lg

ra
d
u
at
es

ag
ed

1
5
an

d

o
ve

r,
th
e
pe

rc
en

ta
ge

o
f
un

em
pl
o
ye

d
in

th
e
la
bo

ur
fo
rc
e,

an
d
m
ed

ia
n
ho

us
eh

o
ld

in
co

m
e.

a
A
dj
us
te
d
ra
te

ra
ti
o
ba

se
d
o
n
P
o
is
so
n
re
gr
es
si
o
n
m
o
de

li
nc

lu
di
ng

ag
e
gr
o
up

,L
o
ca
lP

o
te
nt
ia
lA

cc
es
si
bi
lit
y
to

gy
na

ec
o
lo
gi
st
s
(A
P
L)
,y
ea

r,
an

d
So

ci
al
D
ep

ri
va
ti
o
n
In
d
ex

(F
D
E
P
).

b
R
ef
.=

re
fe
re
nc

e
ca
te
go

ry
.

BOURRION ET AL. 7

 10991557, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pds.5616 by C

ochrane France, W
iley O

nline L
ibrary on [07/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



4 | DISCUSSION

This study, based on a large representative sample of the National

Health Insurance Inter-Scheme Information System (SNIIRAM),

showed significant variations in the drugs prescribed for infertility

over the last 10 years. Although previous studies have already looked

at the prescription of clomiphene citrate and its evolution over time,

none has ever dealt with gonadotropins. We showed in this study that

the prevalence rate and incidence rate of clomiphene citrate use sig-

nificantly decreased between 2010 and 2017 by 20% (RR 0.80: 95%

CI 0.71–0.90) and 23% (RR 0.77: 95% CI 0.66–0.89), respectively,

while the prevalence rate and incidence rate of gonadotropin use

increased by 11% (RR 1.11: 95% CI 1.01–1.22) and 33% (RR 1.33:

95% CI 1.14–1.55), respectively. Women's age and environmental fac-

tors (density of gynaecologists and social deprivation) affected these

trends.

To our knowledge, no recent article has concomitantly examined

the temporal trends in clomiphene citrate and gonadotropin use. One

study, published in 2011, was carried out in the Netherlands on 1854

women aged 20–44, selected from a database of pharmaceutical pre-

scriptions representative of the Dutch population.9 The 2-year preva-

lence rate of clomiphene citrate use increased between 1998/99

(6.66 per 1000 women) and 2002/03 (7.24 per 1000 women), and

decreased between 2004/05 (5.68 per 1000 women) and 2006/07

(4.82 per 1000 women). This result was partly explained by a decrease

in the duration of clomiphene citrate use in women aged 30–39 who

are increasingly using intrauterine insemination (IUI) or IVF, which

requires the use of gonadotropins. Another study, published in 2012,

evaluated the evolution of clomiphene citrate use over time in 26 993

women aged 20–49 from British Columbia (Canada) between 1997

and 2008, based on hospital and outpatient dispensations.10 This

study showed a decrease in the prevalence rate from 4.1 to 3.7 per

1000 women, while the incidence rate remained stable.

It is likely that the decrease in the prevalence rate of clomiphene

citrate use observed in our study reflects a downward trend that

began in the early 2000s, as reported in the above studies. The

increase in the incidence rate of gonadotropins use is in line with what

we anticipated given the social-demographic changes and the epide-

miological context, however, the 8-year observation period is too

short to allow us to attribute this finding to the increase in women's

reproductive age alone. Indeed, this would have required a longer-

term cohort. On the other hand, one cannot help thinking that the

ageing of women of childbearing age in our cohort contributes in part

to explaining this result. Two factors may be responsible for this: the

change in the type of infertility and the increase in the number of

cycles required to achieve a live birth. Indeed, as we have already

mentioned, the type of infertility is different according to age with an

increase in tubal infertility with ageing. The management of tubal

infertility involves using ART and therefore gonadotropins.14 It has

also been shown that the probability of a live birth following IVF

decreases with increasing female age, which may lead to an increase

in the number of cycles and thus the use of gonadotropins.15 In paral-

lel with the ageing of women, the ageing of men at the time of

conception also affects fertility, leading to an increase in the use of

ART and therefore of gonadotropins.16

Although the incidence rate of clomiphene citrate use declined

over time, age remained an important criterion for treatment initiation

according to the multivariate analysis (ARR of 3.26 and 2.55 for the

25–30 and 31–35 age groups, respectively). This could be reassuring

(for the quality of medical practices and patients) when we know that

the causes of infertility are different according to age. Type II anovula-

tion (normogonadotropic normoprolactinemic anovulation and poly-

microcystic ovary syndrome) is an important cause of infertility in

young women and clomiphene citrate is the treatment of choice in

this case.17,18 Indeed, in this indication the chances of obtaining a live

birth with a first-line treatment of clomiphene citrate are about

40%.19 Similarly, it is recommended that couples with unexplained

infertility start with IUI + clomiphene citrate, do not use IUI

+ gonadotrophins, and use IVF in the event of failure.20,21 Moreover,

for women undergoing IUI after ovarian stimulation, for every birth

gained with the use of gonadotropins—a treatment that is more

expensive—there is a similar increase in the risk of multiple

gestation.21,22

We also observed that the 25–30 age group was as strongly asso-

ciated with the initiation of gonadotropin treatment as the 36–40 age

group, even though the type of infertility most likely to occur in the

former would require the use of clomiphene citrate in the first

instance. This raises the question of whether clinicians are deviating

from the recommendations of good practice.23 It would be useful to

identify the patients' care pathways and their determinants in order to

analyse this phenomenon in more detail.

Clomiphene citrate initiation was higher when FDEP was higher

(i.e., in disadvantaged areas). FDEP, it should be remembered, reflects

the socio-economic status of an individual on the basis of the postal

code of their residence. The higher it is, the lower their socio-

economic status. This result has already been reported in the litera-

ture10 and may be explained by the greater risk factors for infertility

in this population (obesity, smoking, and alcohol).24–27 Indeed, it is

recognised that socio-economic status is associated with a risk of obe-

sity, alcohol consumption, and tobacco use and that these factors,

although debated for alcohol, are associated with a detrimental impact

on fertility amongst women attempting to conceive. For example, a

BMI ≥ 35.0 kg/m2 compared to a BMI < 25 kg/m2 was associated

with a longer time to pregnancy in a population of 501 couples from

Michigan and Texas without a diagnosis of infertility, and was

observed for 12 months through a Cox model for discrete-time sur-

vival analysis.24 At the same time, women with poor socio-economic

status are usually younger at the time of their first pregnancy,28 and

such their infertility problem most often requires treatment with clo-

miphene citrate.17,18 At first glance, the consequences may seem low

given its low cost, around 3–7 euros per cycle, reimbursed at 65% by

the health insurance, which is an out of pocket expense of 2–4.5

euros if the patient does not have complementary insurance. How-

ever, if the number of cycles is high and the patient is poor (without

any complementary insurance), this can be a barrier to using the

service.29
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There was a positive association between a higher density of

gynaecologists and higher treatment initiation for clomiphene citrate

and gonadotropins. This association might be expected since it is

known that physician density is associated with healthcare consump-

tion, probably in relation to supplier-induced demand.30,31 This associ-

ation could also reflect a better access to gynaecologists in areas

where their density meets the needs of the population.

It has been shown that if infertility care is not fully covered, a

quarter of women who complete an IVF cycle stop treatment because

they cannot afford the costs.29 We might thus have expected an asso-

ciation between FDEP and gonadotropin use. In France, however,

gonadotropins are almost always 100% covered and full coverage has

been shown to reduce the number of people who do not seek care,

which may explain the lack of association between FDEP and gonado-

tropin use in our study.32

One might ask what implications the results of this longitudinal

study, which shows a decrease in the use of clomiphene citrate and

an increase in the use of gonadotrophins in women treated for infer-

tility, have for patients, clinicians and governments. If we are to have

levers for action, we must identify the reasons for these trends. If the

reasons are related to the aging of women of childbearing age, then

we can only observe the facts. If deviations from good practice may

be involved in these trends, then this needs to be demonstrated, par-

ticularly by looking at care pathways in more detail. As has already

been widely discussed in the literature, variability in practice results in

lower quality care, and higher health costs which are borne (in France)

by the community.33,34

4.1 | Strengths and limitations

The first strength of this study is linked to the database used, which

enabled us to access a representative sample of women who had

undergone infertility treatment over a 7-year period. Our results can

thus be extrapolated to the French population. Second, this database

gave us an opportunity to describe the incidence rate accurately, since

we were able to use a large exclusion period of 3 years. Third, because

of the insurance coverage of infertility treatment, it is unlikely that we

have missed women who have foregone care for financial reasons.29

This study is thus, a priori, free of selection bias.

The weaknesses of this study are also related to the database.

More nuanced trends could probably have been observed if we

could have taken into account couple risk factors and infertility eti-

ologies. But, these data were not available. However, this had no

influence on the trends in drug prescriptions we found, which in

itself remains a novel result. Finally, the FDEP is not an individual

measure, but rather a municipality-wide measure in which there

may be a disparity in socio-economic status that could lead to a

classification bias. It is therefore possible that there were fewer

poor women in the municipalities in which we found a higher clomi-

phene citrate initiation when FDEP was high, reducing our chance

of concluding that there was a difference, which strengthens our

results.

5 | CONCLUSION

Our results showed an increase in gonadotropin use for infertility treat-

ment in France during the period 2010–2017 period, and a decrease in

clomiphene citrate use, which was particularly observed in particular

amongst the youngest women. In order to identify the factors associated

with these changes, further work should be undertaken to analyse the

use of these drugs in relation to women's care pathways.
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