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Abstract

Objective. Attention Deficit/Hyperactivity Disorder (ADHD) has been linked to pre-
natal conditions and history of maternal pregnancy problems. While research has 
also shown a trend of reduced semantic fluency performance in children with ADHD, 
pediatric fluency studies are limited. The present study sought to evaluate whether 
maternal pregnancy problems are associated with impaired performance on mea-
sures of verbal fluency, including phonetic, semantic and category switching in chil-
dren diagnosed with ADHD.

Methods. Thirty-Four culturally diverse patients between 8 to 18 years of age re-
ceived a comprehensive neuropsychological evaluation at the pediatric neuropsychol-
ogy and rehabilitation department of a major public South Florida Hospital between 
2009 and 2017. A MANCOVA was conducted with pregnancy problems as the factor, 
performance on verbal fluency measures as the dependent variable, and age, ethnici-
ty, gender and education as covariates.

Results. In category fluency and category switching the without pregnancy complica-
tion group performed better when compared to the with pregnancy complications 
group. There were not significant differences between groups in letter verbal fluency. 

Conclusions. The preliminary results were commensurate with current literature 
identifying semantic fluency and category switching as areas of verbal executive 
dysfunction in a pediatric population with ADHD. Moreover, results demonstrated 
clinically significant relevance for subjects in a diverse clinical sample with comorbid 
prenatal maternal conditions related to their performance on semantic fluency and 
category switching. Further research with a larger sample is recommended.
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INTRODUCTION
Pregnancy complications

There are approximately 6 million pregnancies each 
year in the United States1. While the U.S. pregnancy 
rate reached its lowest in 2009 (12% lower than in 
1990), and the abortion rate was the lowest record-
ed between 1976 and 2009 (32% lower), there was 
an increase in the pregnancy rate in women over 
30 years old2. A notable steady increase since 1991 
has been noted on pregnancy rates of women aged 
40-44 years old, with 18.1 out of 1000 in 20083, in-
creasing the risk of pregnancy complications with-
in this population. Pregnancy complications are 
one of the leading causes of developmental defi-
cit in children in the United States1. While a direct 
link between specific maternal prenatal medical 
conditions and developmental deficits is difficult 
to establish given the cofounding elements that 
contribute to pregnancy complications in wom-
en, efforts to explore the relationship between 
prenatal maternal conditions and developmental 
deficits continue to gain national and international 
attention. The most common medical problems a 
woman may experience during pregnancy include 
anemia, urinary tract infections (UTI’s), hyperten-
sion, gestational diabetes, obesity and weight gain, 
infections, and hyperemesis gravidarum1. Relatedly, 
the most frequent pregnancy complications associ-
ated with early neonatal complications and risk of 
later neuropsychological problems include hyper-
tensive disorders, diabetes, and infection4. The in-
crease in maternal prenatal medical conditions and 
subsequent neurodevelopmental disorders in the 
offspring represent a current public health concern 
in the United States, particularly around women’s 
access to adequate prenatal care and early inter-
ventions. Consequently, researchers around the 
world have explored the impact of a wide range of 
pregnancy complications across different cognitive 
domains, including gestational diabetes and com-
munication skills5, maternal concentrations of thy-
roid-stimulating hormone (THS) and mild and se-
vere hypothyroxinemia and expressive vocabulary 
functioning6, obesity and developmental disabilities 
and difficulties with emotions and relationships 
with other children7, high concentrations of envi-
ronmental pollutants, specifically on polychlorinat-

ed biphenyls (PCBs) and hexachlorobenzene (HCB) 
and perception and working memory, very low ges-
tational age (VLGA) and visuospatial sensorimotor 
processing and attention-executive functions8 and 
fetal growth restriction (FGR) and language, mem-
ory and learning 8, among others. In summary, preg-
nancy complications have shown to elevate risk of 
associated adverse medical, psychosocial, and be-
havioral outcomes in children.

Attention Deficit Hyperactivity Disorder

Neurodevelopmental disorders are disabilities as-
sociated primarily with the functioning of the neu-
rological system and brain 9. Examples of neurode-
velopmental disorders in children include ADHD, 
autism spectrum disorder (ASD), specific learning 
disabilities and intellectual disability. The Center for 
Disease Control and Prevention CDC 1 estimates 
that 1 out of 6 children have one or more devel-
opmental disability or other developmental delay in 
the United States. As of 2016, 6.1 million children be-
tween 2 and 17 years living in the United States have 
been diagnosed with ADHD10, while 64% of children 
with ADHD also had a comorbid mental, emotional, 
or behavioral disorder 10. 

ADHD is a complex, brain-based, neurode-
velopmental disorder likely developing from the 
interaction of several social, developmental, en-
vironmental, and genetic risk factors11. Scientists 
study cause and risk factors in an effort to find 
better ways to manage and reduce the chances of 
a person having ADHD. Although ADHD is a multi-
ple pathophysiological entity with a rather com-
plex etiology, evidence supporting its biological 
foundations is the strongest among all psychi-
atric disorders11. While not causative, psychoso-
cial hardship seems to also exacerbate the ADHD 
symptom severity and clinical presentation12. A 
large body of evidence supports a causal model in 
which numerous genetic and environmental fac-
tors network during early development to create 
a neurobiological susceptibility to the disorder13. 
Similarly, the genetic basis of ADHD proposes that 
gene regulating neurotransmitters systems have 
been implicated in the development of ADHD. 
While it is widely acceptable that genetic factors 
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are involved in ADHD, there is still much to under-
stand about the mechanism of action14. 

The pathogenesis of ADHD has also been as-
sociated to prenatal environmental factors14. For 
example, maternal smoking has been found to 
produce a 2.7 fold increased risk for ADHD15. Nico-
tine receptors are known to modulate dopaminer-
gic activity, which is believed to be involved in the 
pathophysiology of ADHD16. Similarly, children ex-
posed prenatally to alcohol can become hyperac-
tive, disruptive, and impulsive17; which is founded 
on the premise that prenatal alcohol exposure in-
duces brain structural anomalies, especially in the 
cerebellum18. Other prenatal factors associated 
with ADHD speak to the role of malnutrition and 
dietary deficiency. Specifically, it has been sug-
gested that an imbalance of essential fatty acid 
(omega-3 and omega-6) intake is involved in at-
tention dysregulation19. 

A closer look at ADHD and pregnancy problems 
over time

Several studies have explored the relationship be-
tween complications during pregnancy and ADHD. 
For instance, Rodriguez et al.,20 followed a group 
of 12,556 children between 7 and 12 years of age 
who were exposed to pre-pregnancy overweight 
and obesity, establishing an association to ADHD, 
which was diagnosed using the teacher rated 
Strength and Difficulty questionnaire (SDQ) and 
the Rutter Scale-second version (RB2). In 2010, 
Motlagh et al.21 concluded that individuals with 
ADHD alone had the highest rate of heavy mater-
nal smoking (17.3%) and psychosocial stress (17.3) 
during pregnancy in a group of 222 between the 
ages of 7 and 18 diagnosed via the DuPaul-Barkley 
ADHD parent rating scale. Similarly, Marks et al.22 

explored the emotional, cognitive, and intellectual 
functioning of a group of 212 children between 3 
and 6 years of age whose mothers’ experienced 
gestational diabetes. Findings of this study sug-
gested significantly worse language, visuospatial, 
and verbal skills as well as less developed full scale 
intellectual quotient (FSIQ), inhibition, and impul-
sivity at 3-4 years. At 6 years, however, gestation-
al diabetes was associated with increased risk for 

ADHD based on the Conners’ parent rating scale in 
children of low socio-economic status. 

In 2015, Modesto et al.23 looked at hypothyrox-
inemia during pregnancy in a group of 127 8-year 
olds, where hypothyroxinemia in early pregnan-
cy was associated with higher scores (7%) for 
ADHD symptoms using the Conner’s parent rat-
ing scale-revised after adjustments for child and 
maternal factors. In 2016, Werenberg-Dreier et al. 
identified an increase in ADHD risk diagnosed via 
registry information following fever during gesta-
tional weeks 9-12 and genitourinary  infection  in 
weeks 33-36 when following a group of 89,146 
children between 4 and 10 years of age who were 
part of the Danish National Birth Cohort Study. 

Man et al.24 identified a higher risk of ADHD via ma-
ternal report in a group of 5659 children between 6 
and 14 years of age whose mothers had a history psy-
chiatric disorders during pregnancy, even if the moth-
ers never used antidepressants. Pohlabeln et al.25, as 
part of the identification and prevention of dietary 
and lifestyle-induced health effects in children and 
infants (IDEFICS) study, explored pregnancy compli-
cations in the mothers of a group of 15,577 children 
ages 2 to 11.9 with a supplementary medical ques-
tionnaire, and found that children whose mothers 
suffered from pregnancy induced hypertension had 
approximately a two-fold risk of developing ADHD. 

Executive functioning

Executive Function refers to higher order cog-
nitive processes (e.g., organization, planning, 
set-shifting, inhibition, and working memory) 
believed to regulate goal-directed thoughts and 
actions26. These same functions are needed for 
problem solving and maintaining goals27. 

Executive functions have been historically asso-
ciated with cortical networks involving frontal lobe 
functioning28. More specifically, an important neu-
rological link has been established between the pre-
frontal cortex, executive functions and inhibition29. 
Other brain areas believed to impact executive func-
tion are the striate nodes (caudate nucleus), the an-
terior cingulated cortex, and the cerebellum29. Based 
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on the neurobiological basis of ADHD, children with 
deficit in attention and/or hyperactivity disorder are 
expected to present with significant executive dys-
function. The first theoretical approach of atypical 
executive function in ADHD was Barkley’s30 model of 
inhibition dysfunction with subsequent disruption of 
other executive components. There is a general un-
derstanding that executive functions involve three 
basic components: a) inhibition, which includes 
self-control; b) working memory; and c) cognitive 
flexibility or shifting31,32. Executive profiles of ADHD 
have been found to have large heterogeneity33, which 
makes executive function components unique and 
diverse. Furthermore, deficits in inhibitory control 
are very frequently reported in ADHD34,35,32. Other 
ADHD studies have found dysfunction in working 
memory; however, this dysfunction is observed with 
caution given that working memory deficits are also 
found in many other developmental disorders36. In-
terestingly, children with ADHD, even without co-oc-
curring learning disorders, have also demonstrated 
impairment in visual-spatial storage and in verbal and 
visual-spatial central executive processes; however, 
intact verbal function is maintained35,37.

Verbal fluency and ADHD

The performance of children with ADHD on measures 
of verbal fluency has been explored for decades. Mul-
tiple studies have been conducted across different 
age groups and using different verbal fluency mea-
sures yielding diverse performance results. For in-
stance, Koziol et al.38 looked at the performance of 19 
children between 7 and 14 years on the Knight Verbal 
Fluency measure and found that ADHD children per-
formed significantly lower than expected, and lower 
than non-ADHD. In 1999, Cohen et al.39 explored the 
performance of 23 children ages 6 to 12 on the C.B.P.R 
verbal fluency test and found the performance of chil-
dren with ADHD to be generally intact. Mahone et al.40 
assessed 46 children aged 6 to 16 using the verbal flu-
ency subtest from the Neurodevelopmental Psycho-
logical Assessment–First Edition (NEPSY-I), with the 
ADHD group demonstrating weaker performance on 
both letter fluency and semantic word fluency. Similar 
results were obtained by Hurks et al.41 while exploring 
the performance of 20 children with an average age 
of 14.6 years on the NEPSY-I initial letter fluency (ILF) 

and semantic category fluency (SCF) subtests. Re-
sults indicated substandard performance in the ADHD 
group in the first 15 seconds of the ILF task. Children’s 
deficits in the ILF tasks were believed to be grounded 
on the premise that performance on ILF tasks is less 
automated than on the SCF task41. 

In 2013, Abreu et al.42 found the performance of 
44, 12-year old children with ADHD significantly poor-
er on the FAS task, particularly on the letter “F”. Also, 
in 2013, Takács et al.43 evaluated the performance of 
22 children with ADHD between the ages of 8 and 12 
using the NEPSY-I and identified deficits in seman-
tic fluency and category switching. As observed, the 
existing literature has consistently identified verbal 
fluency deficits among ADHD populations, with vari-
able ability levels detected between letter fluency, 
semantic fluency, and category switching. 

Verbal fluency tasks have been commonly used in 
neuropsychological assessment to detect executive 
dysfunctions and lexical access 44,33,45. Although many 
similarities are found between the letter fluency and 
category fluency tasks, subtle yet salient differences 
are also identified in terms of task difficulty. For in-
stance, the category fluency task resembles every-
day activity tasks (i.e., making a shopping list, putting 
things in order, following a recipe) where individuals 
can use existing connections between related con-
cepts to access responses46. Because priming studies 
propose that language is represented semantical-
ly48, category fluency tasks are believed to be more 
representative of language processes. For instance, 
Sauzéon et al.49 found that participants with small-
er vocabulary produced fewer words in the category 
fluency task, whereas Bragrad et al.50 found children 
with specific learning disorders (SLD), especially in 
reading, to have deficits with word finding difficulty, 
suggesting that deficits in language development are 
more strongly reflected in the performance on cate-
gory fluency tasks. 

In contrast, participants must retrieve words 
from a phonemic category in the letter fluen-
cy subtest, a task that requires suppression of 
semantic activation and development of more 
novel retrieval strategies51,52. These strategies 
are believed to be more closely associated with 
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frontal lobe function. Moreover, damage in frontal 
lobe areas are associated with poor performance 
in both phonetic and semantic fluency tasks 53. 
Given the association between pregnancy com-
plications, ADHD and deficits in executive control, 
the purpose of this study is to explore the impact 
of pregnancy complications on the performance 
of verbal fluency measures in children with ADHD. 

METHOD

This empirical study retrospectively reviewed ar-
chival records of children between 8 and 18 years 
of age who received a neuropsychological evalu-
ation at the pediatric neuropsychology and reha-
bilitation department of a South Florida Hospital 
between 2009 and 2017.

Participants

The participants in this study included 34 children 
selected on the basis of their ADHD diagnosis 

of which 88.2% were males (n=30), and 11.8% fe-
males (n=4), with a mean age of 11.9 (and a SD= 
2.9) years. The average years of education for the 
overall sample was 5.5 (SD=2.8) years, with 26.5% 
of children reported to be in 9th grade (n=9). Race 
distribution included 20.6% White (n= 7); 41.2% 
Hispanic (n=14); 20.6% African - American (n=7); 
2.9% Caribbean (n=1); and 14.7% multi-ethnic 
(n=5). All participants in this study were selected 
based on the following inclusion criteria: a) have 
an ADHD diagnosis; b) must have been diagnosed 
through a neuropsychological evaluation, and c) 
have completed the letter fluency, category flu-
ency and category switching tasks of the D-KEFS 
Verbal Fluency Subtest. Participants with history 
of a language disorder, co-morbid neurodevelop-
mental disorder or brain injury, and children whose 
mothers reported history of substance use or 
psychiatric conditions during pregnancy were ex-
cluded from the sample. The demographic infor-
mation of the total sample can be found in detail 
on table 2-1. 

Table 2-1. Sample Demographics
Variable Final Sample (N = 34)

M child age in years at child assessment 
(SD)
Race (%)
  White
  Hispanic
  African- American
  Caribbean
  Multi-Ethnic
Gender (%)
  Males
Education
  Mean # of years of the overall sample 
(SD)
Grade Distribution (N / %)
  2nd 
  3rd 

  4th 
  5th 
  6th

  7th

  8th

  9th

  10th

  11th

  12th 

11.9 (2.9)

20.6
41.2
20.6

 2.9
14.7

88.2

5.5 (2.8)

2 (5.9)
5 (14.7)
5 (26.7)
9 (26.5)
2 (5.9)
4 (11.8)
4 (11.8)
1 (2.9)
1 (2.9)
3 (8.8)
1 (2.9)
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Procedures 

The sample group of the present study was col-
lected from an ongoing parent study reviewing 
neuropsychological profiles of neurodevelop-
mental conditions in pediatric populations from a 
local hospital in South Florida, United States. Par-
ticipants were referred internally or by local area 
pediatricians, pediatric psychiatrist, and local 
schools. Children received voluntary comprehen-
sive neuropsychological evaluations in English. 
All participants and their parents signed a con-
sent form that met Ethical and Institutional Re-
view Board Standards. Participants were assured 
of the confidentiality of the data and that by no 
means they would be identified in the event of 
publication of research data. Completed de-iden-
tified evaluation results for all patients were en-
tered into the neuropsychology and rehabilitation 
department’s database by trained research cod-
ers comprised of volunteers, practicum students, 
interns, and post-doctoral fellows.

Measures
Delis–Kaplan Executive Function System (D-KEFS)- Verbal 
Fluency Subtest

Children included in the study completed exec-
utive function tasks of verbal fluency including 
letter fluency, category fluency, and category 
switching tasks of the Delis-Kaplan Executive 
Function System (DKEFS). The D-KEFS compre-
hensively assesses higher level cognitive func-
tions in both children and adults between 8 and 
89 years. It measures executive functions such 
as attention, language and perception through 9 
subtests. The Verbal Fluency subtest measures 
verbal knowledge, systematic retrieval of lexical 
items, monitoring, cognitive switching (flexibility), 
and establishing and maintaining cognitive set. It 
is comprised of letter fluency, which requires the 
patient to generate words by first letter; category 
fluency, where the patient is instructed to gener-
ate words by category; and category switching, 
which asks the patient to generate words alter-
nating between two categories54. Scoring of the 
Verbal Fluency Subtest tasks was conducted fol-
lowing the D-KEFS manual.  

Data analysis

The total sample was divided into 2 groups based 
on the presence of maternal prenatal medical com-
plications, resulting in a with pregnancy complication 
group and without pregnancy complication group. 
History of pregnancy complications was obtained 
via self-report or medical records at the time of the 
initial intake assessment through an unstructured 
interview. A comparative analysis using a one-way 
MANCOVA was conducted with pregnancy compli-
cations as the independent variable, verbal fluency 
tasks as the dependent variable, and ethnicity, age, 
gender, and education as the covariate variables. 
Regression of the covariate variables on the de-
pendent variables aimed to eliminate the influence 
of covariates from analysis. A MANOVA on residual 
variance was then conducted to evaluate whether 
pregnancy complications influenced performance 
on verbal fluency tasks. A test of between subject 
effect was conducted to identify specific variance. 

RESULTS

Mean versus performance descriptive statistics are 
reported on table 2-2. Between subject factors sta-
tistics identified 13 children in the with pregnancy 
complications group versus 21 children in the without 
pregnancy complication group. Broadly, children in 
the without pregnancy complications group demon-
strated better performance across all tasks. As a 
group, the without pregnancy complications group 
demonstrated better performance on letter fluen-
cy (M=90.95; SD=14.88) when compared to the with 
pregnancy complications group (M= 89.44; SD=12.85). 
In category fluency, the without pregnancy complica-
tion group performed better (M=103.89; SD=12.44) 
when compared to the with pregnancy complications 
group (M=91.67; SD=10.52). Similarly,  in category 
switching, children in the without pregnancy com-
plications group performed better as a group (M= 
90.24; SD=13.64) when compared to the with preg-
nancy complications group (M=78.89; SD=12.93). 

Multivariate test results are reported on table 
2-3. A statistically significant difference was ob-
served between groups on the combined depen-
dent variables after controlling for gender, age, 
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Table 2-2. Mean Performance Scores (N = 34)
Pregnancy 

Complications Mean Std. Deviation

Letter Fluency
Yes 89.4 12.9
No 90.9 14.9

Category Fluency
Yes 91.8 10.5 

No 103.9 12.4

Category Switching Yes 78.9 12.9
No 90.2 13.6

Table 2-3. Multivariate analyses

Wilk’s 
Lambda F Sig. Partial Eta Squared

Intercept .380 11.946b  .000 .620
Gender .952 .367b  .777 .048

Age(years) .858 1.212b  .329 .142
Education .860 1.195b  .335 .140

Ethnicity/Race .924 .603b  .620 .076
Pregnancy Problems .568 5.586b  .005 .432

education, and ethnicity, F (3, 22) = 5.586, p < .05; 
Wilks› Λ = .568; partial η2 = .432. 

Test of between-subject effect results demon-
strate statistically significant differences between 
category fluency (p =.019), and category switching 
(p= .032) performance among groups, with a me-
dium effect size (R2=.208 and R2=.177, respectively 
following partial eta squared values suggested by 
Richardson et al.55; and Cohen56 . In contrast, no sta-
tistically significant difference was observed in let-
ter fluency performance between groups (p = .658).

DISCUSSION
Summary of findings

This study aimed to explore the relationship be-
tween pregnancy complications and performance 
on measures of verbal fluency in children with 
ADHD. Out of a larger sample of 199 children, 34 

children met inclusion criteria. The majority of chil-
dren were males, Hispanic, school-aged, and in 5th 
grade (table 2-1). Three separate tasks of verbal 
fluency were administered in order to determine 
whether verbal fluency may have been particularly 
impacted by maternal pregnancy complications, 
and to determine performance variance. The with 
and without pregnancy complication groups had 
comparable demographic characteristics in terms 
of gender, age, ethnicity and years of education, 
which were not shown to mediate the effect of 
pregnancy complications on children’s perfor-
mance among the three tasks. 

To the best of our knowledge, this study is the 
first retrospective study exploring the relationship 
between ADHD and verbal fluency with pregnancy 
complications as an independent variable. As such, 
our study results are not entirely comparable with 
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current literature without considering the impact 
of pregnancy complication as an additional perfor-
mance variable. Our findings support the notion 
that pregnancy complications impact the perfor-
mance of children with ADHD on measures of verbal 
fluency. A significant difference was found between 
groups in semantic fluency, which is comparable to 
performance patterns identified by Mahone et al.40 

and Takács et al.43. Deficits in category fluency were 
also found to be like the findings of Takács et al.43, 
where significant difference in performance for the 
category switching task was observed. There could 
be a number of reasons why no significant perfor-
mance difference was observed on letter fluency. It 
is possible that semantic skill development is more 
significantly impacted by developmental alterations 
during gestation. The absence of significant per-
formance difference between groups on the letter 
fluency task can be explained by variability in the 
level of impact of pregnancy complications during 
gestation as well as difference in timing during ges-
tation when mothers experienced complications. 
There is also the possibility that this particular ver-
bal fluency task may be more sensitive to age, re-
sulting in better performance over time. Given that 
close to 50% of our sample identified as Hispanic, it 
is possible that bilingualism and differences in lan-
guage skills development may have played an im-
portant role in this ethnic group’s performance on 
semantic fluency tasks. 

Implications

Given the established association between preg-
nancy complications and neurodevelopmental 
deficits, significant differences were expected be-
tween groups. In terms of overall performance, 
our findings were commensurate to the current 
literature where the without pregnancy compli-
cation group performance was consistently bet-
ter than the with pregnancy complication group. 
However, as mentioned before, none of the exist-
ing literature included pregnancy complications as 
an independent variable, thus limiting our ability 
to compare our results to previous findings. Our 
results found common trends with Cohen et al.39 in 
that, although performance differences between 
both groups were identified, verbal fluency skills 

were not found to be impaired. With the exception 
of category switching, where the pregnancy com-
plication group mean performance was very low, 
performance across groups ranged between low 
average to average. 

In terms of ADHD performance patterns, the 
with pregnancy complication groups suggested 
clinically relevant implications for letter fluency 
(low average) and category switching (very low). 
That being said, our findings showed variability 
when compared to the present literature between 
ADHD and verbal fluency performance. For exam-
ple, our outcomes differ from those observed by 
McGee et al.57 who did not identify an association 
between verbal fluency deficits and attention defi-
cit disorder (ADD). Differences between outcomes 
can be explained by heterogeneity in sample pop-
ulation, where this research group was made up 
of only male participants, whereas our group, al-
though mainly comprised by males, also included 
20% females. Additionally, the age range for this 
study only included boys of 13 years of age, where-
as our study had a range between 8 and 18 years 
of age. Interestingly, and different from current 
literature, pregnancy complication did not influ-
ence the performance of children on letter fluen-
cy tasks, suggesting that pregnancy complications 
were not a predictor of letter fluency dysfunction 
for this group. This particular finding is of great 
significance given the neurodevelopmental asso-
ciation of letter fluency with executive control as 
a frontal lobe function, which is consistent with 
the etiology of ADHD. However, it is important to 
highlight that the average performance for both 
groups on the letter fluency task was relatively 
lower when compared to category fluency task, 
but better than the category switching task. Let-
ter fluency performance findings differ from defi-
cits identified by Mahone et al.40. This difference 
could be attributed to the use of a different verbal 
fluency measure (NEPSY-I) whereas this study uti-
lized the DKEFS’s Verbal Fluency subtests. 

The current study obtained different outcomes 
when compared to findings by Hurks et al.41, who 
identified less developed letter fluency ability, 
particularly in the first 15 seconds of the task in 
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the ADHD group. Because verbal fluency perfor-
mance was coded as a scale score in our database, 
individual performance on each letter was not 
tracked. Therefore, we are unable to compare per-
formance results on a letter by letter basis. Our 
letter fluency findings were also different to those 
obtained by Abreu et al.42 in that our groups did 
not evidence less developed letter fluency abili-
ty. Nevertheless, we did not assess an in-between 
letter comparison to identify difference in perfor-
mance between letters. 

Our results were also diverse in the catego-
ry fluency task and were different from Hurks et 
al.41, who found no interaction between SCF per-
formance and ADHD when compared to controls. 
Differences in results can be attributed to the ab-
sence of pregnancy complication as a variable 
from the analysis between groups. In contrast to 
Mahone et al.40, who found weaker verbal fluency 
performance in an ADHD sample, our results did 
not indicate less developed semantic fluency abili-
ty in any of the two groups when compared to the 
letter fluency and category switching tasks. In fact, 
both groups evidenced stronger performance in 
the category fluency task when compared to the 
other verbal fluency tasks. Our outcomes are also 
partially different from those found by Takács et 
al.43 who identified lower semantic performance 
on an ADHD sample, whereas we did not. These 
differences in results can be better explained by 
variability in their sample’s age range (8 to 12 years 
old); while our sample ranged from 8 to 18, sug-
gesting that performance in this task may im-
prove over time for this population. Our results 
were partially similar to McGee et al.57 who iden-
tified no deficits in verbal fluency in children with 
ADHD. Cross-sectional studies indicate that word 
fluency improves with increasing age to at least 13 
years, with written word fluency increasing up to 
18 years58. It is possible that the response organi-
zation and processing efficiency of children in the 
study who were younger than 9 years of age, the 
age at which frontal lobe changes related to ex-
ecutive function are believed to emerge, had not 
fully developed at the time the assessment was 
completed. The frontal lobe (FL) dysfunction mod-
el has been used to conceptualize ADHD given that 

the performance of children with ADHD differed 
significantly from normal controls on measures of 
frontal lobe function59. However, our results did not 
support this theory, and yielded opposite results to 
Moscovitch’s 60 hypothesis that patients with fron-
tal lobe lesions are impaired on tests of letter but 
not category fluency. 

In summary, our results evidenced important sim-
ilarities as well as differences to findings in the cur-
rent literature, specifically in the category fluency 
and category switching tasks. This variability in out-
come is mainly attributed to differences in verbal 
fluency measures utilized to assess verbal fluency 
performance in previous studies as well as differenc-
es in age and gender among sample groups. 

Limitations

The most important limitation of the present 
study is its retrospective nature. Having limited 
control over adherence to standardized test ad-
ministration, proper documentation of maternal 
pregnancy complications, participants’ bilingual 
skills, and language functioning poses as signifi-
cant drawback to maintaining uniformity among 
participants. Another limitation is the relative 
small size (N=34) of the ADHD sample meeting 
inclusion criteria. We believe the current study’s 
small sample size limits the generalization power 
of our results. Because the reporting of mater-
nal pregnancy complications was conducted in a 
non-standardized fashion, there was significant 
variability in the way maternal pregnancy compli-
cation history was documented. This contributed 
to significant inconsistency among participants in 
terms of pregnancy complication history and spe-
cific medical conditions experienced by mothers 
during pregnancy. Participants were therefore un-
able to be grouped by medical condition or preg-
nancy complication type, and thus performance 
patterns within specific conditions could not be 
evaluated. The sample was not matched in terms 
of age and gender for the purpose of obtaining 
adequate sample size. As such, there is a rather 
large age-range variance between groups. 

Although almost all of the average scores from 
the present sample are within a standard deviation 
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from the standardization sample and clinically sig-
nificant impairment was not observed, except in 
category switching, the study did not control for 
participants’ level of language functioning. There-
fore, it is possible that variable language perfor-
mance exists across both groups, thus impacting 
the results of the study, particularly in category 
switching. Given the diverse demographical char-
acteristics of the sample and the geographic lo-
cation where the assessment was conducted, it 
is no surprise that 40% of the sample was iden-
tified as Hispanic. Also a result of the socio-cul-
tural characteristics of the geographic location 
is the expected bilingual nature of children’s lan-
guage abilities. Because verbal fluency has also 
been identified as a function of verbal ability, lan-
guage skills will play an important role in perfor-
mance on these tasks. Although all children were 
assessed in English, following identification of lan-
guage dominance through standard language pro-
ficiency testing, information on children’s bilingual 
skills and number of languages spoken at home 
was not available, and thus the extent by which bi-
lingualism influenced performance on verbal flu-
ency is unknown. 

One of the biggest limitations involved in-
consistencies found in the recording of maternal 
pregnancy history. For future research and clinical 
practice, the intake process should ensure consis-
tency in how pregnancy history is documented, in-
cluding specific questions added to existing and 
future parent history questionnaires to be filled 
out at initial contact. Future research on verbal 
fluency and pregnancy complications ought to be 
conducted within groups with specific pregnancy 
complications to identify patterns of performance 
within each pathology. Given our knowledge on 
language functioning and its identified relation-
ship with category fluency performance, it will be 
crucial to control for language functioning to ex-
plore correlations and differences in performance 
in the presence of language dysfunction. 

Conclusion

This study was founded on the understanding of 
atypical developmental expression as the result 

of changes experienced in utero that manifest 
throughout the lifespan. Much of what we know 
about pregnancy complications and neurodevel-
opmental deficits is grounded on neurobiological 
changes occurring at the cellular level during ges-
tation. Because such changes occur at different 
times across the developmental spectrum, it is 
challenging to isolate with certainty which neuro-
biological mechanisms are responsible for atypi-
cal development in specific areas of functioning, 
resulting in a much more complex neuro-behav-
ioral developmental assessment process. One of 
the important areas of human function that is 
believed to be impacted during gestation is exec-
utive control, guiding the focus of our study on 
defining the relationship between pregnancy com-
plications and verbal fluency performance in the 
presence of ADHD. The goal of this study was to 
identify the impact of maternal pregnancy prob-
lems on verbal fluency measures in children with 
ADHD. Age, gender, education, and ethnicity were 
not found to impact performance. A comparative 
analysis of covariance and subsequent test of be-
tween subject effect was conducted to identify 
specific variance between groups. Broadly, chil-
dren with ADHD without maternal history of preg-
nancy complications demonstrated better perfor-
mance across all tasks. Our findings suggest small 
performance differences on category switching 
tasks when there is a history of maternal pregnan-
cy complications.

Although category switching is one of the skills 
evidenced to be significantly different, this could 
be the result of category tasks having more resem-
blance to how language is stored in the brain, thus 
being more sensitive to language development 
variations during gestation. Because semantic 
tasks are closely associated with language devel-
opment, future research must include language 
performance on ADHD cohorts to rule out oth-
er contributing factors impacting semantic func-
tions. Age, gender, education, and ethnicity did not 
seem to influence the effect of pregnancy compli-
cations on any of the verbal fluency tasks. Further 
investigation of verbal fluency performance within 
specific pregnancy complications sub-groups re-
mains necessary.



The impact of maternal prenatal complications on verbal fluency measures in children with ADHD... 25

As observed in the existing literature, studies ex-
ploring the relationship between pregnancy com-
plications and ADHD evidence clear differences in 
geographical location, timing, age ranges, and pre-
natal medical conditions. However, a consistent fac-
tor among all studies was the assessment method 
selected by researchers to assess for ADHD, which 

only included self-report measures from parents 
and teachers across all ages. Given the limitations 
previously discussed, future research should look at 
conducting similar studies with a larger sample size 
through neuropsychological performance mea-
sures, as this will permit for results to be general-
ized to the  rest of population.. 
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