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Abstract: Assisted Reproduction Techniques (ART), such as in vitro fertilization (IVF) and
intracytoplasmic sperm injection (ICSI), have been widely applied over the past two
decades. However, their association with children’s communication development remains
insufficiently explored. This study aimed to compare the language and communication
skills of 51 children aged 4-8 years, conceived through IVF, ICSI, or natural conception
(control group). Groups were matched by age, gender, and birth order. Assessments
included standardized language tests and parental questionnaires evaluating emotional
and family factors influencing language growth. Results showed that children conceived
through IVF achieved significantly higher scores in vocabulary (p=0.003), grammar, syntax
(p=0.002), and sentence structure (p=0.003) compared to ICSI and control groups. No
significant differences appeared between ICSI and control groups or in articulation scores.
These findings suggest that IVF conception may be linked to enhanced language
development, possibly due to richer parent-child communication dynamics.
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INTRODUCTION

Reproductive rights are a fundamental component of human rights, recognized and
protected in most countries. In modern societies, reproductive challenges remain a
significant problem with moral, psychological, and social impact [1]. The growing
prevalence of infertility has driven the development and widespread adoption of new
technology-assisted reproductive methods [2]. According to the World Health Organization
(WHO) about 17,5% of couples globally have infertility problems [3].

Assisted reproduction techniques (ART) include conservative methods of treatment
of underlying causes such as treatment of polycystic ovaries, treatment of oligospermia, and
intervention techniques when conservative treatments fail to achieve natural fertilization
[4]. Frequently used interventional methods include in vitro fertilization (IVF), gametes
intrafallopian transfer (GIFT), and intracytoplasmic sperm injection (ICSI) [4]. This research
study focuses on IVF and ICSI, as they are among the most reliable and effective ART
methods over other approaches [5].
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The first successful IVF birth took place in 1978 in England and since then, it has
become the most widely used and rapidly evolving assisted reproductive method [6].
Nowadays IVF is frequently utilized in research studies and screening for hereditary diseases
and is constantly developing to achieve higher success rates [7]. As with any other medical
intervention, IVF carries potential risks and complications. These include a risk of ectopic
pregnancy or birth with low-birth-weight baby fetuses caused by high IVF stimulation
resulting in high levels of estrogen [8]. Furthermore, the high financial cost and ethical
considerations associated with IVF remain significant concerns for many prospective parents
[6], [9]. The ICSI method is considered an effective procedure and has been widely used
around the world since the early 1990s [10]. The main advantage of this method lies in its
effectiveness in cases of severe male infertility [11]. However, its drawbacks include the
comparatively higher cost, increased risk of embryo damage, and higher chance of
conceiving multiples, twins or triplets, which often face complications in pregnancy and
possible birth defects [12]. Since the birth of the first IVF baby, more than 8 million babies
have been born through IVF according to the European Society of Human Reproduction and
Embryology [13]. In Greece, approximately 15,000 IVF attempts take place every year, while
there are over 500,000 in vitro fertilization cycles in Europe comprising 30%IVF and 28% ICSI
[14].

Children conceived via IVF and ICSI now constitute a substantial proportion of the
population, highlighting the importance of ongoing evaluation of both techniques,
particularly in our study evaluation of the risk of speech and language disorders compared
to naturally conceived children CG [15]. Speech and language development is a complex
process. Speech refers to the actual sounds of the spoken language, and language refers to
the content including morphology, semantics, and the use of symbols [16]. Communication
is any verbal or non-verbal behavior which can affect interactions between individuals [17],
[18]. The first three years of life are crucial for language development of children since
during this period most language skills will be acquired [19]. Eventually, most children
manage to reach the basic milestones of speech before first grade through a normal rapid
acquisition of speech and language skills[18]. However, there are several factors that affect
children’s language development, categorized as internal such as the history of childbirth
and the nutritional intake [20] and external factors, like the domestic environment, where
all play a crucial role in language development. Socio-economic and cultural factors, and
the existence of a rich linguistic environment may influence language development [21]

Furthermore, cognitive abilities such as attention, memory, and problem-solving
skills are closely intertwined with language development [22], [23]. Speech and language
disorders are the most common disorders of early childhood affecting 7% of preschoolers
and 5-10% of school children [24], If untreated, they can negatively influence behavior,
social participation, social anxiety, academic and work outcomes, self-confidence, and
reading [25]. While many studies focus on the neurodevelopmental characteristics of ART
conceived children [26], their cognitive levels [27], [28], behavior assessment and their
neuromotor and language development [29], the findings lack definitive conclusions.
Furthermore, the international research community has been concerned with the speech
and language development of children born through ART as well as the possibility that they
may have a higher predisposition to speech and language disorders [30]. However, existing
studies on this issue remain limited and inconclusive, thus prompting researchers to further
studies [31], [32].
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A review of the literature reveals no consistent pattern regarding language
development in ART-conceived children. Some studies report no significant differences in
their language development compared to children of normal conception in all
developmental stages [33], [34], [35], [36]. Other studies suggest that poor speech and
language outcomes in children of IVF and ICSI seem to be related to immaturity and low
birth weight, which are more common due to the increased frequency of twin and multiple
pregnancies[37], [38]. In fact, newborns conceived through ART are three times more likely
to have low birth weight [39], [40]. Additional findings indicate that these children may
experience slight language delays or face a 13% higher risk for developmental disorders and
language disorders [41]. Conversely, some researchers report higher verbal IQ, and more
advanced verbal abilities among ART-conceived [42], [43].

Given the inconsistency in current findings, the literature suggests that various
external factors can influence children's language development, either positively or
negatively [21]. Thus, it is essential to examine whether the medicalization of the
fertilization process alters the role of the family, impacts the relationship between parents,
increases parenting stress, contributes to a predisposition to depression, or affects the
quality of parent-child interactions compared to families of natural conception [44]. The
success rate of ART methods is approximately 20%, and the psychological burden of this
journey can be profound, with long-term consequences for couples [45]. Individuals—
whether a couple or a single mother—undergoing this process often experience intense
anxiety and financial stress, as each fertilization attempt comes at a high cost[46]. This
already heightened psychological strain may, in some cases, intensify under the weight of
impending responsibilities [47]. Following successful conception, some parents may
withdraw emotionally from their new reality, and as a result, the raising of the children can
become an overwhelming challenge (particularly in cases of multiple pregnancies). Anxiety
and avoidant behaviors may lead mothers to defensively distance themselves from the
demands of motherhood, negatively impacting their child's development [48]

Furthermore, mothers who have undergone IVF are more likely to experience
psychosocial distress, depressive symptoms, and anxiety—at rates 10-50% higher than those
of naturally conceiving mothers [49]. They also tend to report elevated stress levels, low
self-esteem, and a lack of motivation and protectiveness toward their children [50], [51].
In some cases, they develop unrealistic expectations for their special child, fail to provide
sufficient language interaction and stimulation, which can negatively impact overall
development, particularly language acquisition [47]. Similarly, mothers who have faced
infertility challenges sometimes exhibit lower levels of interaction with their children, a
factor strongly linked to language delays in their offspring [52].

MATERIALS AND METHODS

The sample comprised ART-conceived children recruited from private IVF clinics in Athens.
In accordance with the mandatory European regulation of General Data Protection (GDPR)
[52], the research was conducted following approval from the ethics board of “Aiginiteio”
hospital (APA: QOA646W8N2-MOT). All methods should respect human rights and conform
to bioethics (Law3305/2005, Greece). Written informed consent was obtained from the
parents, and all data were collected and processed anonymously. The sample collection was
arduous and long in duration because of the COVID-19 pandemic and additionally due to the

Vol. 13 No. 01 (2026): Advances in Social Sciences Research Journal Page | 276



Scholar Publishing

reservedness of parents to speak about their ART-conceived children. The actual sample
collection began at the end of February 2020, shortly before the pandemic was officially
announced worldwide [54]. This resulted in the suspension of the process until a future
period, not predictable at that time. The process began again timidly June 2021, still during
the pandemic, when a regulatory framework for professional and social operations and
contacts had been put in place by the Greek government. Total sample collection lasted
approximately 9 months and ended March 2022.

Children who were conceived naturally were randomly selected from schools across
the Athens prefecture, the capital of Greece, where half the country’s population resides.
The initial sample consisted of 92 children. The exclusion criteria were bilingual children,
significant low birth weight <2kg, neurodevelopmental disorders and intellectual disability.
The inclusion criteria were the child’s age, sex, birth order, marital status, educational
level of the mother, premature birth, and parental age.

A detailed history was obtained from the parents, including information about
demographics, the family’s socio-economic level, and the method of conception. Parents
completed the Score-15 questionnaire [55] a well-established measure used to assess family
functioning and interaction. It measures core aspects such as family values, cooperation
among members during challenges, the quality of communication, and the ability to adapt
to a new situation[56]. The dass-21 questionnaire [57] as also completed by both parents
which measures the emotional states of depression, anxiety, and stress scale [58].

Children were evaluated using specific speech and language assessment tests. Their
expressive vocabulary was measured using the Word Finding Test [59]. Furthermore, the
Action Pictures Test assessed two key aspects of language: morphosyntax, grammatical
accuracy of spoken phrases, pragmatics, and how effectively language was used to convey
information [60]. At the same time, their articulation was evaluated with the Phonological
Test of Logopedists, created and standardized by the Panhellenic Association of Logopedists
which recorded each child's phonetic index and determined whether their phonemes usage
was appropriate for their chronological age[61].

STATISTICAL ANALYSES

A priori power analysis was conducted using G*Power (version 3.1.9.7) to determine the
required sample size for detecting differences in expressive vocabulary percentile scores
among three independent groups. The analysis assumed a minimum meaningful difference
of 20 percentile points between groups. To control multiple comparisons, the significance
level was adjusted toa= 0.017 using the Bonferroni correction for three pairwise
comparisons. The analysis indicated that a sample size of 17 participants per group (total
N = 51) would provide 90% power to detect the specified difference at the adjusted
significance level. The application of the exclusion criteria, the sample size estimation and
the intention for homogenization of the groups resulted in 3 groups of 17 children each: 17
children conceived via IVF (IVF group), 17 children conceived via ICSI (ICSI group) and 17 NC
children and their families (Control Group), a total of 51 children. Children in all groups
were matched for age, sex and the order of birth. Chi-square tests (x%) were used for
categorical variables, while F-tests (ANOVA) were used for continuous variables to assess
differences in means.
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RESULTS

There was Homogeneity between the 3 groups in relation to gender (p=0.183), birth order
(p=0.100) and age (p=0.135) (Table 1).

Table 1: Homogeneity test between the 3 groups

Conception p-value
ICSI IVF CG
(n=17) (n=17) (n=17)
N % N % N %
Sex Men 8 | 47,1% |13 [76,5% | 9 | 52,9% 183
Women | 9 |52,9% | 4 | 23,5% | 8 | 47,1%
Birth order | 1st 13176,5% | 13 |76,5% | 17 | 100,0% 100
2nd 4 [23,5%| 4 [23,5%| 0 0%

Age (mv+SD) 5.23+0.73 | 5.37+0.92 | 5.84+1.02 135
N: Number of participants, n: Group size, mv: mean value, SD: Standard deviation, ICSI:
Intracytoplasmic Sperm Injection, IVF: In Vitro Fertilization, CG: Control group - natural conception

Significant difference was observed in the Vocabulary competence between the IVF
group and ICSI group [23,53(6,92 / 40,14) p=0.005] as well as between IVF and the CG group
[15,30(0,53 / 30,06) p=0.041], There was no significant difference between ICSI group and
CG [7,65(12,9 /28,2) p=0.63,4] (Table 2).

Regarding grammar and syntax competence, a significant difference was found
between IVF and ICSI group [22,95(5,23 / 40,65) p=0.010]. The mean difference between
the IVF and CG approached statistical significance [12,94(-1,26 / 27,14) p=0.079], while no
significant difference was found between ICSI group and CG [10,59(-8,80 /29,97) p=0.382]
(Table 2).

In terms of Informational competence, there is a statistically significant difference
between the IVF and ICSI group [ 23,53 (7,61/ 39,45) p=0.003] and between the group IVF
and CG group [10,00( -4,10 /24,10) p=0.199]. No significant difference was observed
between ICSI and CG [13,53 (-5,60 / 32,66) p=0.207] (Table 2).

Table 2: Comparison of variables between groups

ICSI IVF CG F Welcht | p-
(n=17) (n=17) (n=17) test value
Vocabulary 51,76+26,75 | 74,71+11,25 | 59,41+21,64 | 7.21 3
Competence score
Grammatical 48,82+24,97 | 72,35+10,91 | 59,41+20,76 | 7.5 2
Competence score
Informational 47,06+24,18 | 70,59+9,66 | 60,59+21,06 | 7.5 3
Competence score
All values are presented as mean + standard deviation. n: Group size, ICSI: Intracytoplasmic

Sperm Injection, IVF: In Vitro Fertilization, CG: Control group - Natural Conception
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There were no significant differences between all the groups for the indicators of
Articulation as a category (p=0.726), correct Articulation of “s” (p=0.703), correct
Articulation of “r” (p=0.862), correct Articulation of “6” (p=1.000), correct Articulation of
“v” (p=0.801), correct Articulation of “f” (p=0.125), correct Articulation of “th” (p=0.412)
and the indicator Articulation as a score (p=0.853) (Table 3)

Table 3: Comparison of articulation, intelligence, and behavior between groups

ICSI (n=17) IVF (n=17) CG (n=17) X2 | p-value
Articulation n (%)
Normal/ Abnormal 9(53%)/8(47%) | 11(64,7%)/6(35,3%) | 9(52,9%)/8(47,1%) | 0,64 | 0,726
s, n(%)
Articulate/ non | 10(58,8%)/ 12(70,6%)/ 12(70,6%)/ 0,71 | 0,703
articulate 7(41,2%) 5(29,4%) 5(29,4%)
r, n(%)
Articulate /non- | 14(82,4%)/ 15(88,2%)/ 14(82,4%)/ 0,30 | 0,862
Articulate 3(17,6%) 2(11,8%) 3(17,6%)
0, n(%)
Articulate/non- 14(82,4%)/ 14(82,4%)/ 14(82,4%)/ 0,00 | 1,000
Articulate 3(17,6%) 3(17,6%) 3(17,6%)
v, n(%)
Articulate/non- 16(94%)/ 1(6%) | 15(88,2%)/ 15(88,2%)/ 0,44 | 0,801
Articulate 2(11,8%) 2(11,8%)
f, n(%)
Articulate/non- 17(100%)/ 17(100%)/ 0(0%) 15(88,2%)/ 4,16 | 0,125
Articulate 0(0%) 2(11,8%)
th, n(%)
Articulate/ non- | 16(94%)/ 1(6%) | 16(94%)/ 1(6%) 14(82,4%) 1,77 | 0,412
Articulate /3(17,6%)

ICSI (n=17) IVF (n=17) CG (n=17) F p-value
Articulation, mv+SD | 0,88+1,27 0,76+1,48 1,06+1,78 0,16 | 0.853

Chi-square and F tests. n: Group size, ICSI: Intracytoplasmic Sperm Injection, IVF: In Vitro
Fertilization, CG: Control group - natural conception.

Regarding the parents there was homogeneity between the 3 groups in relation to
Marital Status (p=0.150), Educational Level (p=0.183), Type of Delivery (p=0.594), Mother's
Age (p=0.063), Father's Age (p=0.155), while there is a difference, as expected, with
Pregnancy (p<0.005) and Attempts (Table 4)
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Table 4: Social factors between the three groups

Conception p-value
ICSI IVF CG
(n=17) (n=17) (n=17)
Marital status married 14(82.4%) | 17(100%) 16(94.1%) | 0.15
divorced 3(17.6%) 0(0%) 1(5.9%)
Educational level | Secondary education | 0(0%) 3(17.6%) 3(17.6%) 0.183
Post secondary 17(100%) 14(82.4%) | 14(82.4%)
Birth premature birth 1(5.9%) 0(0%) 0(0%) 0.594
Normal birth 16(94.1%) | 17(100%) 17(100%)
Mother’s age mv+SD 43.65+5.22 | 41.18+4.39 | 40.18+3.0 | 0.063
Father’s age mv+SD 45.29+6.61 | 43.82+5.00 | 41.76+3.73 | 0.155

SD: Standard deviation, mv: mean value, n: Group size, ICSI: Intracytoplasmic Sperm Injection, IVF:

In Vitro Fertilization, CG: Control group - natural conception.

Psychological and family functioning indicators showed no significant differences
between the groups; Anxiety (p=0.311), Stress (p=0.421), Family adaptability (p=0.210),
Family strengths (p=0.210) and family communication (p=0.210). However, a significant
difference was observed in Depression levels (p=0.046). Pairwise comparisons for the
Depression indicator revealed a difference between the CG group and the ICSI (p=0.051) and
IVF (p=0.034) groups. CG group reported lower depression level (Table 5).

Table 5: Comparison according to DASS- 21 questionnaire

ICSI IVF CG X2 p-value Kruskal Wallis
(n=17) (n=17) (n=17)

Anxiety 5,00£3.03 | 3.59+3.34 | 4.41+3.69 | 2.33 | 0,311

Depression 2.35a+2.64 | 2.06b+2.16 | 0.82+1.59 | 6.16 | 0,046

Stress 6.00+5.11 | 3.35¢2.52 | 4.76+4.44 | 1.73 | 0,421

Family adaptability 2,59+0,89 | 2,33+0,80 | 2,15+1,05 | 3.12 | 0,210

Family strengths 2,57+1,00 | 2,27+0,90 | 2,10+1,00 | 2.44 | 0,295

Family communication | 4,25+0,92 | 4,22+0,81 3,86+0,84 | 2.26 | 0,323

Variables are described as mean + standard deviation. The differences do not apply
if we calculate the Bonferroni correction (p-value new=0.017). a: p=0,051 vs CG, b: p=0,034
vs CG. n: Group size, ICSI: Intracytoplasmic Sperm Injection, IVF: In Vitro Fertilization, CG:
Control group - natural conception.
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DISCUSSION

Our research focused on the language development of children born through ART specific
IVF and ICSI. The aim was to investigate whether there is an influence in the language
development of these children because of the different methods of conception. Analysis of
the data indicated that children conceived through IVF have statistically significant
differences across all vocabulary, grammar and giving information tests, compared with
children conceived through ICSI or naturally. Thus, our study showed that IVF children
demonstrated increased verbal ability, better expressive vocabulary, better grammatical
structure level, better expressive language informational level in comparison with ICSI and
children conceived naturally. Existing literature suggests that children conceived via IVF
may have a slight advantage in early language development, specifically vocabulary,
compared to those conceived through unplanned pregnancies [37], [62], [63]. IVF children
develop their first language faster and more effectively than children conceived naturally
[63], [64], [65]

The differential aspect of the language profile between the assisted reproductive
techniques may exist the fact that the two procedures may be associated with distinct
parental, biological, and psychosocial profiles, each of which has the potential to influence
developmental outcomes in offspring (Hart & Norman, 2013). Notably, some studies have
reported a modest advantage in early vocabulary development among children conceived
via IVF compared to those conceived through ICSI [67].

Furthermore, crucial factors for the development of a child's speech are the
environment and-their interaction with the parents [7], [50], [68], [69]. Parents of IVF
children tend to be more engaged with their children and spend more quality time with
their children, which may explain the observed differences in verbal abilities [70].

Regarding the evaluation of the articulation of these children, there is currently
insufficient research that allows for direct comparison for children 4-8 years conceived
through ART. Most existing studies focus on general language development and
communication rather than articulation specifically. In our research, our participants do not
seem to present any heterogeneity in terms of the normal articulation of phonemes. The
phonemes evaluated were /r/, /f/, /th/, /v/, /d/, /s/ which are among the most common
speech sounds that children in this age group tend to have difficulty with.

Our study examined whether parents who have children conceived through ART
exhibit higher levels of depression. It also explored potential differences in their
interactions, communication quality, and whether these factors vary across different
conception methods, influencing children's language development. We found no statistically
significant differences in anxiety or stress levels between IVF, ICSI and naturally conceiving
parents. Previous literature also indicates that family environment, and particularly the
interaction of children with their parents, plays a decisive role in their language
development [71], [72]. While no group exhibited language delay or severe impairments,
children conceived through IVF showed comparatively higher rates of language ability. This
may be attributed to the fact that these parents tend to spend more quality time with their
children, providing a rich language environment. Furthermore, the differing patterns of
depression in the IVF and ICSI groups do not appear to affect parental involvement or
interaction with their children, nor do they impact the children’s language development.
Previous research indicated that parents experiencing depressive symptoms tend to interact
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less with their children, a factor that has been associated with lower levels of language
development. Although individuals undergoing in vitro fertilization (IVF) may exhibit
transient depressive symptoms, primarily due to the psychological stress associated with the
procedure, the findings of the present study suggest that, despite this potential risk, the
strong desire for parenthood and the significant effort invested in achieving it often result
in increased parental involvement in both the care of and interaction with their children.
The parents usually had been trying to conceive for a long time. A strong desire for
parenthood therefore seems to be associated with high-quality parenthood (Lazaratou
Helen, 2014)

In conclusion, the factors assessed such as anxiety, stress, depression and parental
communication—do not appear to affect children’s language development or lead to
language disorder in agreement with previous studies (Cummings & Davies, 1994; Roy et al.,
2022). In addition, the results of this study indicated that children conceived through IVF
demonstrate better language development compared to those conceived via ICSI or natural
conception. This difference appears to be linked to better parent-child interaction and
communication within the IVF group.

Further scientific research is required to gain a deeper understanding of the speech
and language development of children conceived through assisted reproductive
technologies, particularly through IVF and ICSI, in relation to their parental environment.
The present findings showed better language development among IVF-conceived children
compared to those conceived through ICSI or natural conception, may reflect the complex
interaction between biological, psychosocial, and environmental factors. One possible
explanation is that parents who conceived through IVF often demonstrate heightened
emotional investment, verbal interaction, and cognitive stimulation toward their children,
possibly due to the prolonged anticipation and effort preceding conception. However,
differences in parental age, education, socioeconomic status, and prenatal or perinatal
conditions may also contribute to this pattern. Future longitudinal and interdisciplinary
studies are essential to disentangle these mechanisms and to determine whether the
observed cognitive advantages are transient or persist throughout development. Early
identification and guidance can thus facilitate optimal language outcomes for all children,
regardless of conception method.

The limitation of this study was the small sample size due to the restrictions already
mentioned. Expanding the sample in future studies would enhance the generalizability and
validity of the findings. Preliminary results of this study were presented as a conference
abstract in International Congress of Speech and Language Therapy(Neou, et al.2021)
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