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ABSTRACT
Objectives  To analyse demographic trends and decision-
making patterns regarding prenatal diagnosis (PND) in 
couples at risk for hereditary haemoglobinopathies at the 
Thalassemia and Rare Haematological Disease Centre in 
Turin over a 40-year period.
Design  Retrospective observational study analysing 
demographic and clinical data from 1983 to 2023.
Setting  Tertiary care genetic service Centre in Orbassano 
(TO), Northern Italy.
Participants  Couples seeking genetic counselling and 
PND for hereditary haemoglobinopathies. Selection criteria 
included couples at risk of having children affected by 
β-thalassaemia major or Sickle Cell Disease (SCD).
Main outcome measures  Primary outcomes included 
acceptance rates of PND and pregnancy termination 
(TOP). Variables analysed included couples’ age at first 
consultation, age at first PND, birthplace, employment 
status, specific haemoglobinopathy risk and number of 
pregnancies.
Results  The analysis identified three main factors 
influencing PND and TOP decisions: nationality, type 
of haemoglobinopathy risk and number of previous 
pregnancies. Age showed no significant correlation 
with decision-making patterns. The impact of education 
level and employment status could not be definitively 
determined due to unavailable or unfit data.
Conclusions  The 40-year analysis of prenatal diagnosis 
for haemoglobinopathies in Turin shows evolving 
trends influenced by immigration patterns, improved 
medical treatments and cultural factors, leading to 
increased acceptance of affected pregnancies in recent 
years, particularly after 2015, due to better disease 
management and comprehensive healthcare support. 
This comprehensive analysis of our centre’s experience 
provides valuable insights that can serve as a model 
for similar institutions worldwide in supporting couples 
through carrier screening and PND processes.

INTRODUCTION
Haemoglobinopathies are one of the most 
frequent recessive monogenic diseases world-
wide.1 They are caused by mutations in the 

globin genes, which can result in altered 
synthesis, as in thalassaemia syndromes, or 
structural alterations, as in sickle cell disease 
(SCD).

Patients affected by thalassaemia present 
with anaemia, from moderate, non-
transfusion dependent (NTDT) to severe 
transfusion-dependent anaemia (TDT).2

Hepatosplenomegaly and bone alterations 
are frequently observed. Iron chelation 
therapy to prevent complications and long-
term follow-up are mandatory. Stem cell 
transplantation and gene therapy are the 
only curative option.3

Sickle cell disease presents with chronic 
haemolysis, recurring episodes of sickling, 
vaso-occlusion and tissue ischaemia. Treat-
ment includes hydroxyurea, routine vacci-
nations and preventative antimicrobial 
medication. Hematopoietic stem cell trans-
plantation and gene therapy are the only 
curative measures available.4

Italy has a high prevalence of haemoglo-
binopathies carriers (around 4%), and this 
justifies a screening process.

Since 2009, the Regione Piemonte health 
system has been offering to all pregnant 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Retrospective cohort with over four decades of sys-
tematically collected data.

	⇒ Standardised clinical records enabled consistent 
variable extraction.

	⇒ Robust statistical approach, including multivariate 
and sensitivity analyses.

	⇒ Absence of education data limited assessment of 
socioeconomic influences.

	⇒ Broad employment categories reduced precision in 
occupational analyses
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women a free screening for haemoglobinopathies by 
blood test.5 In Italy, it is also recommended preconcep-
tion screening at national level, although most couples 
accessing the centre do so during the first weeks of 
pregnancy.6

Our Thalassemia and Rare Haematological Disease 
Centre was established in 1975, offering therapies and 
regular follow-up for thalassaemia-related complica-
tions for thalassaemia syndromes, routine check-ups and 
prompt support during exacerbations for SCD patients. 
In the last 40 years, the centre has been added to a 
genetic service, where carrier status screening, molec-
ular diagnosis and genotype-phenotype correlations 
are performed, couples are counselled to evaluate their 
risk and are accompanied to prenatal diagnosis (PND) 
if required. The counselling is managed by the same 
doctors that are in charge of the affected patients, to offer 
the couples a real-life picture of haemoglobinopathies. 
For immigrants, counselling has been offered in English 
or French by the centre doctors. For other languages/
dialect, translators were employed. Genetic counselling 
discusses with the couples the available choices (PND, 
and, if the fetus is affected, termination of pregnan-
cy—TOP—or planning of the precocious management), 
the necessity of lifelong management, allowing a near-
normal life expectancy. Couples are always supported 
with comprehensive and non-directive genetic counsel-
ling at all steps of their chosen path, underlining the 
relative advantages and limitations of each option. All 
procedures keep into account not only the local legis-
lation but also social, religious and ethical beliefs of the 
couple.7 In accordance with Italian law, the woman is 
always at the centre of the process and measures aimed 
to guarantee her independent choice are always kept in 
mind in case of couples’ disagreements.

Newborns from at-risk couples are recalled at 3 months 
of age for complete blood count and genetic testing, 
regardless of whether prenatal diagnosis was performed. 
If a newborn is affected, the paediatricians of our centre 
start to take charge of the patients. All needed check-ups, 
tests and therapies are carried out within the centre.

The centre also offers consults for low-risk haemoglob-
inopathies (eg, non-transfusion-dependent thalassaemia, 
NTDT) for which PND is not usually recommended but 
childhood testing is suggested. PND for low-risk haemo-
globinopathies (eg, HemoglobinE/HemoglobinE) is 
usually not offered. We discuss the possibility of PND for 
NTDT mutations that can worsen and lead to TDT.8 Since 
this condition has been described more recently, there 
is insufficient data to include these cases in a separate 
group.

The idea of this study stems from the observation of a 
progressively diverse cultural background of the patients 
referred to our centre and of the evolving birth rates for 
thalassaemia and sickle cell disease during the past 40 
years.

The aim of the study is to evaluate the changes of atti-
tude towards the definition of the genetic risk, prenatal 

diagnosis, termination of pregnancy or acceptance of the 
affected fetus.

Factors that may play a role in such decisions could be 
related to the expanding opportunities in new therapies 
and treatments, as well as different socioeconomic status, 
different cultural backgrounds and ethnicities, also influ-
enced by the increasing immigration rates during the 
recent years.

METHODS
The study consists of a retrospective analysis using data 
from clinical files. The data collected are the patients’ 
date of birth, birthplace, employment, diagnosis, date 
of first genetic consultation, age at first consult and, if 
required, date of prenatal diagnosis (if done) with results 
and pregnancy outcome for each pregnancy. Employ-
ment data have been summarised into ISTAT (National 
Institute of Statistics) categories.9

IRB (Institutional Review Board) approval for the study 
has been obtained (Comitato Etico Interaziendale AOU 
San Luigi Gonzaga di Orbassano n°2852 of 22 February 
2023).

Data for couples counselled between 1975 and 1983 
are scarce and most diagnoses were made on cord blood 
electrophoresis; therefore, they were not included in the 
subsequent analysis.

From a total of 1093 couples at risk who accessed the 
centre from 1983 to 2022, a database of 882 couples was 
created. A total of 211 couples were excluded because 
they reached out to the centre too far along in the preg-
nancy to be candidates for prenatal diagnosis or because 
of crucial missing data in the clinical files. A total of 204 
couples accessed the centre while not being pregnant for 
prevention purposes and never came back.

Variables considered in this study were: couple age 
at first consult, age at first PND, birthplace, diagnosis, 
employment, risk, number of pregnancies, total couples 
who refuse PND, total couples who decided to terminate 
a pregnancy after PND with an affected fetus. A further 
analysis aimed to identify possible independent factors 
influencing behaviours in a PND setting.

For the statistical analysis, categorical variables were 
presented as absolute values and percentages, while 
continuous variables were summarised using the mean 
and SD. The comparison of categorical variables was 
conducted using the χ2 (chi-square) test or the Fisher’s 
exact test when appropriate; meanwhile, the t-test was 
employed for the comparison of continuous variables.

Multivariate logistic regression models with Firth’s 
corrections were constructed to evaluate predictors of 
requiring PND and subsequently choosing TOP. Then, 
a mixed effect multivariate logistic regression model was 
developed to consider all the pregnancies to evaluate 
predictors of TOP. The development of the multivariate 
models involved clinical discussions and statistical selec-
tion procedures. Model selection was carried out auto-
matically using the Akaike Information Criteria (AIC) 
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method, and given the extensive number of covariates, a 
genetic algorithm was used to explore the candidate set 
of models. The results were presented as ORs with corre-
sponding 95% CI.

A multivariate regression model was employed to assess 
the predictive factors that may lead to the acceptance 
of PND. Afterwards, a second analysis was performed 
focusing on who required PND and received the result 
of an affected fetus, to determine predictive factors that 
could lead to TOP. The variables included in the multi-
variate model have been selected through a genetic algo-
rithm of variable selection. Due to the shortage of data, 
this analysis was only performed on the first pregnancy 
and not repeated for each of the following.

As sensitivity analyses, Recursive Partitioning Trees were 
used to perform a descriptive analysis of the sample and 
to detect the covariates with the strongest association with 
the outcome variables.10 The priors were proportional to 
the data counts, the losses were set to 1, and the split to 
Gini (default values).

The significance level was set at p<0.05, and all statis-
tical analyses were conducted using R version 4.2.1.11

The expected birth rate of affected babies has been 
calculated with the following formula:

Birth rate in Piemonte * 0.38/1000.
The value 0.38 represents the mean birth rate of 

affected children observed in the years 1975–1978 (a 
total of 79 cases on 206 184 newborns in the region, in 
the absence of any significant preventive intervention). 
Significant prevention campaigns began around 1977. 
The most extensive involved the population of Turin, the 
regional capital with 1 million inhabitants (Piedmont 4.4). 
In addition to an intensive media campaign, it included 
extensive information for teachers, parents and pupils 
in all elementary schools; the haematological screening 
offered at the last year (10 years of age) reached an adher-
ence of 82%.

We used this constant expected birth rate because 
the aim of the study is to describe the role of a PND 
programme, rather than to determine precise disease 
incidence rates.

We used the STROBE (STrengthening the Reporting 
of OBservational studies in Epidemiology) reporting 
guideline (11) to draft this manuscript, and the STROBE 
reporting checklist (12) when editing, included in supple-
ment A.

Patient and public involvement
The counselling process begins with the acquisition of 
informed consent, when options related to the potential 
participation of subjects in scientific research protocols 
are discussed. The centre has focused since its establishing 
on the importance of communication during genetic 
counselling, recognising how crucial it is to build effective 
doctor-patient relationships. By dedicating specific time 
to discuss and understand the reasons behind patients’ 
clinical choices, we have successfully engaged them in 
the study. This patient-centred approach is reflected in 
our clinical file model, which has been added since the 
year 1985 with structured sections specifically designed 
to systematically document the decision-making process 
and the underlying motivations that patients are willing 
to share with the healthcare team.

RESULTS
The total number of couples at risk who accessed the 
PND Centre from 1983 to 2022 is 881, with a total of 1442 
pregnancies. 25 pregnancies resulted in a spontaneous 
abortion and therefore were not included in the statistical 
analysis. The total number of fetuses is 1424, due to the 
occurrence of twin pregnancies. Some of these pregnan-
cies were in the same couple: 881 (61.9%) couples had 1 
pregnancy, 366 (25.7%) had 2 pregnancies, 126 (8.9%) 
had 3 pregnancies (3.6%) and 51 had more than 3 preg-
nancies (range 3–7) (online supplemental Table 1).

81 (9.2%) couples accessed the centre before preg-
nancy for an initial counselling and then came back for 
each pregnancy (online supplemental Table 2). The 
mean age (±SD) for the women accessing the centre for 
their first consultation is 29.8 (±5.4) years, while for the 
partners, it is 33.3 (±8.1) (table 1). Over the decades, a 
significant trend in increasing the mean age of mothers 
(25%) and their partners (24%) (p<0.0001) was observed 
(online supplemental Figure 1).

Of the total 881 women, 645 (73.2%) are Italian, 196 
(22.2%) Africans and 40 (4.5%) from other countries 
(mainly other European countries (19 pts) and South 
America (12 pts)) (online supplemental Table 3).

Out of the total 881 couples, 633 were at risk for having 
a child affected with β-thalassaemia major, 248 with SCD 
(Hemoglobin S-HbS carriers).

Table 1  Descriptive statistics of the study population

Beta major SCD Total

Couples at risk 633 (71.9%) 248 (28.1%) 881 (100.0%)

Woman’s age (in years) 29.7 (5.5) 30.1 (5.4) 29.8 (5.4)

Partner’s age (in years) 33.1 (7.98) 34.3 (8.2) 33.4 (8.1)

Woman’s age at first consultation (in years) 29.3 (5.4) 29.7 (5.4) 29.8 (5.4)

Partner’s age at first consultation (in years) 32.6 (7.99) 33.9 (8.3) 33.3 (8.1)

SCD, sickle cell disease.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

u
n

iversit?
 d

i T
o

rin
o

at B
ib

lio
tech

e b
io

m
ed

ich
e

 
o

n
 D

ecem
b

er 18, 2025
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

7 D
ecem

b
er 2025. 

10.1136/b
m

jo
p

en
-2025-106796 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://dx.doi.org/10.1136/bmjopen-2025-106796
https://dx.doi.org/10.1136/bmjopen-2025-106796
https://dx.doi.org/10.1136/bmjopen-2025-106796
https://dx.doi.org/10.1136/bmjopen-2025-106796
http://bmjopen.bmj.com/


4 Voi V, et al. BMJ Open 2025;15:e106796. doi:10.1136/bmjopen-2025-106796

Open access�

In the first 15–20 years, most of the counselling was 
offered for thalassaemia syndromes, while SCD counsel-
ling has been more extensively offered only after 1995, as 
a significant increase in the African population, accessing 
the centre was observed from 1995 (online supplemental 
Figure 2).

For what concerns the acceptance of prenatal diag-
nosis, a total of 179 PND (12%) were declined, of which 
148 occurred at a first pregnancy, 26 at a second and 5 at 
a third pregnancy.

Considering the women’ birthplace among those 
who have declined PND, 35 (19.6%) are Italian and 
144 (80.4%) are non-Italian. In this group, we observed 
mainly couples from Africa, comprising both North Africa 
and Sub-Saharan Africa.

A total of 328 PNDs gave the result of an affected fetus 
(26.5% of the pregnancies in which PND was chosen), 266 
of which were affected with β-thalassaemia major and 62 
were affected with SCD. Of the 328 affected pregnancies, 
262 (79.9%) chose voluntary interruption of pregnancy, 

225 (85.8%) of which were affected with β-thalassaemia 
major and 37 were affected with SCD (14.2%) (table 2). 
Thus, 20% refused TOP as will be discussed below.

The employment data for women and partners are 
reported in online supplemental Tables 4 and 5.

The multivariate regression model showed that possible 
determinants in requiring PND are the partners’ employ-
ment, number of fetuses, type of haemoglobinopathy 
and age. Among these variables, a significant association 
was found for Italian women, older women and partners 
employed in retail and service activities (table 3).

Among couples who required PND and carried an 
affected fetus, possible determinants in choosing TOP are 
the women’ employment, the year when the first consul-
tation took place (and therefore the therapeutic option 
available at that time) and the carrier status (thalassaemia 
vs SCD). A significant association in choosing TOP was 
found for consultation that occurred between 1993 and 
2003 and for women with HbS carrier partners (table 4).

The same analysis was performed considering all the 
pregnancies altogether. PND being performed between 
2013 and 2022 is the only significant variable and is a 
determinant for refusing TOP (table 5).

The same analysis was performed separately for couples 
at risk for β-thalassaemia and SCD, but the results are 
comparable.

Although with small differences, a classification tree 
analysis (online supplemental Figure 3) also confirms 
that Italian women require PND more than non-Italian 
women. Among non-Italian women, younger women at 
risk for β-thalassaemia major are more likely to require 
PND. Nevertheless, we believe the logistic regression 

Table 3  Possible determinants in requiring PND

Possible determinants in requiring PND

Predictors ORs CI P value

Partners employed as system operators, workers of fixed and mobile machinery 
and vehicle drivers

2.47 0.40 to 15.29 0.331

Unemployed partners 1.10 0.41 to 2.93 0.846

Partners employed in the armed forces 2.26 0.13 to 38.67 0.573

Partners employed as lawyers—magistrates—top managers in public or private 
companies

0.53 0.10 to 2.89 0.462

Partners employed in executive professions in office work 3.63 0.67 to 19.65 0.135

Partners employed in intellectual, scientific and highly specialised professions 1.76 0.10 to 30.78 0.698

Partners employed in non-qualified professions 3.18 0.51 to 19.96 0.217

Partners employed in qualified professions in retail and service activities 0.41 0.19 to 0.92 0.030

Partners employed in technical professions 1.18 0.39 to 3.55 0.771

Student partners 1.68 0.22 to 12.87 0.617

Twin pregnancy 2.75 0.17 to 43.74 0.473

Italian women 8.63 3.78 to 19.66 <0.001

HbS carrier women 0.47 0.21 to 1.07 0.073

Woman’s age (mean age 30.7 years, SD 5.4) 1.06 1.01 to 1.12 0.027

HbS, Hemoglobin S ; PND, prenatal diagnosis.

Table 2  PND outcomes

Risk

Beta major SCD Total

Born 807 (76.7%) 290 (78.0%) 1.097 (77%)

TOPs 225 (21.4%) 37 (9.9%) 262 (18.4%)

Lost at follow-up 20 (1.9%) 45 (12.1%) 65 (4.6%)

Total fetuses 1.052 (100%) 372 (100%) 1.424 (100.0%)

PND, prenatal diagnosis; SCD, sickle cell disease; TOP, termination of 
pregnancy.
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analysis is the best technique to represent our data 
because of the model stability and data sensitivity.

DISCUSSION
Demographics
The number of couples accessing the genetic service 
increased between 1983 and 1997, then it stabilised with 
a slight increase for about 15 years before gradually drop-
ping between 2012 and 2021, in line with the decreased 

birth rate observed in the general population (online 
supplemental Figure 4).

Comparing the rising number of couples accessing 
the PND during the first 14 years to the birth rate in 
Piemonte during the same period, we can observe that 
there is an increasing number of couples accessing the 
PND despite the number of births per year remaining 
mostly consistent, demonstrating the efficacy of the 
screening programme.

Table 4  Possible determinants in choosing TOP

Predictors ORs CI P value

Women employed as artisans, farmers and specialised workers 1.02 0.05 to 22.69 0.988

Housewives 0.56 0.03 to 10.80 0.701

Women employed in executive professions in office work 3.52 0.16 to 76.85 0.424

Women employed in intellectual, scientific and highly specialised professions 5.43 0.09 to 320.44 0.416

Women employed in non-qualified professions 0.70 0.03 to 14.90 0.818

Women employed in qualified professions in retail and service activities 5.72 0.11 to 287.31 0.383

Women employed in technical professions 2.19 0.09 to 53.05 0.630

First consultation 1993–2003 6.45 1.38 to 30.12 0.018

First consultation 2003–2013 1.26 0.32 to 4.96 0.742

First consultation 2013–2022 0.38 0.08 to 1.84 0.229

Partner’s age (mean age 34.8 years, SD 8.0) 0.92 0.85 to 1.00 0.054

HbS carrier partners 0.17 0.05 to 0.58 0.005

Bold values highlight the significant results.
HbS, Hemoglobin S ; TOP, termination of pregnancy.

Table 5  Possible determinants in choosing TOP considering all the pregnancies altogether

Predictors ORs CI P value

Second pregnancy 1.78 0.42 to 7.55 0.431

Third pregnancy 0.35 0.05 to 2.36 0.282

Fourth pregnancy and following 0.22 0.04 to 1.40 0.109

PND 1983–1993 RIF

PND 1993–2003 1.22 0.19 to 7.93 0.834

PND 2003–2013 1.41 0.20 to 9.74 0.726

PND 2013–2022 0.08 0.01 to 0.52 0.009

Women employed as artisans, farmers and specialised workers 1.23 0.03 to 52.87 0.914

Housewives 1.10 0.03 to 38.38 0.959

Women employed in executive professions in office work 4.37 0.10 to 194.84 0.447

Women employed in intellectual, scientific and highly specialised professions 617.29 0.00 to inf 0.475

Women employed in non-qualified professions 0.57 0.01 to 25.95 0.770

Women employed in qualified professions in retail and service activities 1192.66 0.00 to inf 0.542

Women employed in technical professions 2.64 0.06 to 123.86 0.621

HbS carrier women 0.46 0.07 to 3.14 0.431

HbS carrier partners 0.33 0.05 to 2.41 0.276

Woman’s age 1.00 0.89 to 1.13 0.981

HbS, Hemoglobin S ; inf, infinitus; PND, prenatal diagnosis; RIF, reference for the comparisons; TOP, termination of pregnancy.
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From 1997 to 2012, an increase in the birthrate was 
observed, probably due to the substantial contribution of 
migration, and this led to a further increase in the access 
to our centre. A sharp drop was observed from 2012 to 
2021, which impacts both birth rates and accesses to the 
PND despite the immigration, probably because second-
generation immigrants often diverge from their parents’ 
reproduction patterns.12 13

For what concerns the age of the couples accessing our 
centre, the mean age for Italian and non-Italian women is 
similar and, for both groups, the mean age has remained 
stable throughout time, despite the general trend of 
ageing women in the general pregnant population.

The logistic regression analysis in Tab. 3 shows that the 
woman’s age is a predictive factor for requiring PND: 
with an OR of 1.06, older women are more likely to 
accept. Furthermore, the couples’ age should always be 
considered during a consultation because the methods 
of communication needed may vary: interacting with 
older and more experienced couples is different from 
embracing doubts and worries of younger couples.

Employment
The employment could be a relevant variable to study in 
order to understand if certain professions, and therefore 
indirectly the economical meanings and the instruction 
level, had an impact on the couples’ behaviours in a 
PND setting. Classifying the occupations into groups was 
crucial for obtaining a suitable density of data and fewer 
categories, as well as making the results accessible (online 
supplemental Tables 4 and 5). The ISTAT categorisation 
of professions is the most authoritative and standardised 
classification in Italy, but at the same time, is not signifi-
cant to the purpose of this study, because it comprehends 
a wide range of occupations, with different requirements 
in terms of degree of education, levels of responsibility 
and positions. The lifestyles of those placed in the same 
category may be extremely diverse, their attitudes and 
mindsets may not be similar, their financial situation may 
vary greatly as well as their level of education. All these 
elements could contribute to the couples’ approach to 
the PND procedure and could not be studied through 
such categorisation. In light of this, we believe education 
level could be a better variable to understand couples’ 
choices, but the data were not available for our cohort. 
Further studies are needed to integrate this data, after 
collecting this variable for an adequate period of time.

Birthplace and risk
Most of the sample consists of people of African and 
Italian origin. The rise in accesses to the PND Centre 
reflects the migration trends towards Piemonte during 
the years, thus influencing the accesses at the centre. This 
could also contribute to setting a different trend in the 
access to PND: indeed, the first-generation immigrants 
retain a strong cultural influence of their place of origin 
that may affect the couples’ choices, while the second 

generation usually has a greater influence of the host 
country culture.

The drop shown in 2020–2021 can be attributed to the 
impact of the COVID-19 pandemic.14

It is also crucial that immigrants are primarily young 
adults; as a result, they significantly increased the overall 
number of pregnancies and births, as well as the rising 
number of immigrant couples accessing the centre.15

The logistic regression analysis in Tab. 3 shows the 
role of the birthplace in a PND setting: considering the 
woman’s birthplace, being Italian is a predictive factor 
for accepting PND. Indeed, Italian women are 8.63 times 
more likely to accept PND than non-Italians. This could 
be explained with the perception of the disease in Africa 
and a different approach to religion, and Africans consti-
tute most of our non-Italian sample. In African culture, 
it is a popular belief that the development of an illness 
may be due to their personal behaviours or that diseases 
are brought onto them from sorcerers and demons. The 
hereditary mechanisms of transmission of the disease are 
not rejected by Africans, but at the same time, they are 
not fully acknowledged: couples accept that there is a 
familial transmission, but they also believe that there are 
other factors involved in the manifestation of the disease. 
Also, they struggle in accepting the healthy carrier status, 
because it is something invisible: it is easier for them 
to understand the hereditary transmission if they have 
already seen a member of the family being affected; other-
wise, the cause of the disease must reside in other factors. 
Even when the couple decides to require the PND, they 
often decide to continue the pregnancy of an affected 
fetus, because they do not believe in the PND result, as 
they believe external factors have a bigger impact on the 
health outcome of their children. Among these factors, 
there is magic, evil, the couples’ behaviours, and even the 
doctors performing the test and intentionally causing the 
PND result.16

β-Thalassaemia major and SCD carriers are geograph-
ically distributed differently. Sub-Saharan Africa has the 
highest HbS rates (>10%);17 whereas, β-thalassaemia 
carriers are mainly found in the Mediterranean, Middle 
East and Southeast Asia.18 This means that if there is a 
behavioural difference between African couples and 
couples from the Mediterranean area, we could expect 
a similar difference between couples at risk for having a 
child with SCD and couples who are at risk for having a 
child with β-thalassaemia major.

This is indeed confirmed by the logistic regression 
analysis in Tab. 4, showing that being a carrier of HbS 
is a predictive factor for deciding to not choose TOP 
of an affected fetus. Presumably, the genetic algorithm 
selected HbS carrier partners rather than women because 
the sample includes a few women with multiple part-
ners; hence, the number of partners is higher and has 
a stronger statistical power than the number of women.

While we did not include religion as a variable in this 
study, we did not observe a difference in behaviour in 
couples from Christian or Muslim countries, suggesting 
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that cultural factors that go beyond the religious influ-
ence play a role in the couples’ choices.

Changes over the years
For thalassaemia, a general trend in choosing TOP for the 
great majority of affected fetuses is seen up to the 1990s, 
probably reflecting the reduced life expectancy seen in 
the patients at that time.19 The substantial improvement 
in thalassaemia management in most recent years can 
be reflected in a tendency to higher acceptance rate of 
an affected fetus after the 2000s. Indeed, from 2017, we 
observed a progressive increase in the birth of affected 
β-thalassaemia major babies mirroring the better care of 
this disease, the change in the centre personnel (more 
specialised in counselling) and a consequently different 
communication with the couples.

In figure 1, we can see how, during the years, the birth 
of affected SCD babies has progressively increased, with 
a substantial difference to β-thalassaemia major, up until 
1999. This can reflect the immigration trend but also 
the possibility of taking care of an affected baby offered 
by our National Health System (follow-up and therapies 
completely free of charge).

After 2015, we generally observe a higher rate of 
affected babies being born compared with the expected 
affected birth rate. This suggests that, considering all the 
factors previously discussed and the changes in attitude 
toward the disease over time, hereditary haemoglobinop-
athies are more accepted than in the past; indeed, the 
logistic regression analysis in Tab. 4: couples who under-
went PND in the most recent years are more likely not to 
choose TOP with an OR of 0.38.

This could be explained with a growing acceptance of 
the disease and the confidence in today’s management 
of patients and in the new perspectives of cure. Thanks 
to the progress in the therapies, the life expectancy and 
the quality of life have increased progressively during the 
years exceeding adulthood. Furthermore, couples who 
attend the centre have access not only to the PND but also 

to the reference centre for the care of affected patients, 
a place with nearly 50 years of growing experience in 
caring for affected babies as young as a few months old 
and throughout their lives and that can offer during 
PND counselling the perspective of the real life of these 
diseases. It is possible that couples, during the entire 
genetic counselling process, feel supported. If their wish 
is to continue the pregnancy of an affected fetus, they 
might feel that they have guidance and help to give their 
child the best possible care. Moreover, the easiest access 
to social rights in the everyday working reality is granted 
by our country.20

The impact of immigration is clear in the rise in the 
number of total SCD carriers, but it is also relevant in the 
drop of voluntary interruption of pregnancy in the last 
20 years. Indeed, the fall starts approximately at the same 
time as when immigration becomes significant, at the end 
of the 1990s and the beginning of the 2000s. The last 5 
years have seen a sharp decline in voluntary interruption 
of pregnancy, which could be related to a better integra-
tion of the immigrants’ families that are more aware of 
the patients’ rights or to a better acceptance of the disease 
in the light of the new therapies (eg, gene therapy).

The inversion of the trend between 2020 and 2022 must 
be attributed to the COVID-19 pandemic.

Limitations
The available data bring some limitations to this study. 
First, the scarce capacity to precisely stratify the popula-
tion based on degree of education and financial means, 
as already discussed above. We are aware that some 
couples miss the prenatal screening and access our centre 
only after the birth of an affected child and these diseases 
can lead to a late age at onset and of diagnosis (especially 
for SCD and milder forms of thalassaemia), therefore 
reducing the power of our calculation.

Nevertheless, we feel that our experience of the unique 
possibility to offer in the same centre care and prevention 
of an inherited, rare disease can be of great additional 
value to establish a better relationship with the couples 
and to help them choose the most suitable path for their 
prenatal journey.

CONCLUSION
This 40-year analysis of prenatal diagnosis for haemoglo-
binopathies in Turin identified birthplace, haemoglob-
inopathy risk type and consultations that occurred in the 
most recent years (2013–2022) as key factors influencing 
couples’ behaviours in PND settings. Age, education level 
and religious factors did not yield statistically significant 
results or could not be fully assessed with available data, 
but we believe these variables are clinically relevant during 
genetic counselling. The data demonstrate that choices 
in PND settings are changing, affected by immigration 
patterns, improved medical treatments and cultural 
factors. In recent years, as disease management and 
comprehensive healthcare support have improved, we 

Figure 1  40 years trend of haemoglobinopathies in 
Piemonte region: observed new cases against expected ones 
according to natality rate. Blue line: thalassemia major. Red 
line: SCD. Purple line: expected birth rate.
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have seen an increase in acceptance of affected pregnan-
cies, as disease management and comprehensive health-
care support have improved. This research’s findings 
could be used as a model for similar institutions world-
wide to support couples through carrier screening and 
PND. These findings can guide how healthcare providers 
engage with couples, allowing them to provide individ-
ualised support without making assumptions based on 
demographic profiles.
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