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Abstract

Introduction

The aim of this study was to assess cognitive differences between male and female adults

with Attention Deficit Hyperactivity Disorder (ADHD).

Methods

Patients with an ADHD diagnosis according to the DSM-IV guidelines were included in a

cross-sectional study evaluating cognitive measures. 28 women and 41 men from ages 19

to 56 completed self-report questionnaires and performed a computer-based test of atten-

tional performance (TAP). The TAP assesses cognitive functions highly affected in ADHD

patients, including working memory, alertness and attention as well as behavioral control

and response inhibition.

Results

There were no measurable differences in self-report scales assessing current symptomol-

ogy between the sexes, however men scored higher on the scale for childhood symptoms.

Performance measures for general wakefulness were comparable between men and

women, while working memory and behavioral control test results differed. Females reacted

significantly slower and more unstable for both the TAP Go/NoGo paradigm and working

memory subtest, while also making more errors in the latter.

Conclusions

We found gender-specific effects regarding working memory and behavioral control in this

sample of adult patients with ADHD. Further studies are warranted, examining whether

these differences relate to differences in clinical presentation and comorbidity patterns

between men and women.
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Introduction

Although historically viewed as a childhood mental disorder, Attention Deficit Hyperactiv-

ity Disorder (ADHD) is now recognized as a dysfunction affecting a considerable number

of adults, with a prevalence of 2–5%, depending on the population [1, 2]. Direct and indi-

rect costs of the disease reach an average of $200 billion each year in the US, about three

quarters of which are accounted for by adult patients [3]. Especially when undiagnosed,

ADHD can cause several disruptive and antisocial behaviors over the lifespan of patients,

ranging from substance abuse and work absenteeism to criminality, further contributing

to the socioeconomic burden of the disease [4]. A better understanding of ADHD and the

facilitation of its accurate diagnosis, may improve overall disease management and reduce

its negative impact.

A distinctive feature of ADHD in children is the high ratio of affected boys vs. girls. Several

studies published in the last 20 years showed prevalence differences ranging from 1:1.8 to 1:16

of girls to boys [5–10]. Notably, the gender ratio seemingly narrows to 1:1.6 in female vs. male

adults with ADHD [8]. The reasons for these gender differences in various developmental

stages of ADHD patients are poorly understood. Some studies suggest that disease persistence

into adulthood varies according to gender, with rates around 60% for women [11, 12] and

only 35% for men [13]. Other studies suggest a gender difference in the presentation of

ADHD, with females more likely to present with inattentive symptoms and males more likely

to present with combined symptoms and higher rates of hyperactivity and impulsivity [8, 14].

Impulsive and hyperactive symptoms tend to decrease over time while inattentive symptoms

persist, which may lead to the difference in disease prevalence between men and women dur-

ing childhood and adulthood [14–16].

Along with different symptom presentations, different patterns of comorbidity have also

been observed. Males are more likely to experience “externalizing” disorders (e.g. substance or

alcohol abuse, antisocial personality disorder, conduct disorder [15, 17–21]), while “internaliz-

ing” disorders (e.g. anxiety, depression, somatic symptoms, bulimia [15, 20–22]) are more

common in females [22]. These comorbidities can lead to frequent misdiagnoses of adult

ADHD patients [23, 24], especially in women [9, 17, 22].

The heterogeneous characteristics between females and males mentioned above raise the

question of possible differences in cognitive function. The cognitive areas that are most nota-

bly affected in ADHD patients include sustained and focused attention, working memory,

inhibitory control and response inhibition [10, 25–28]. Few studies have compared cognitive

functionality between men and women. A meta-analysis by Bálint et al. in 2009 summarized

25 studies conducted from 1993 to 2007 and concluded that attentional problems of the

ADHD groups was directly associated with higher proportions of men in the group [29]. Con-

versely, some studies have found that females have more attention impairment [30, 31], which

leads to the assumption that females more often present with inattentive symptoms [15] and

supports the hypothesis that the extent of attentional problems are at least partially associated

with the diagnosed ADHD presentation in combination with gender [30]. Interestingly, a

study in children and adolescents with ADHD found that poorer performance in executive

functions was associated with the less common presentation for each gender. More specifically,

boys with the combined/hyperactive-impulsive presentation performed better than girls of the

same presentation, and girls with the inattentive presentation showed better test results than

boys with inattentive presentation [32]. However, other studies have found no differences in

cognitive performance between males and females [18, 33–35]. In summary, results about cog-

nitive differences in male and female adults with ADHD remain inconclusive, while gender-

specific distinctions in symptom presentation is widely accepted.
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In this explorative study, we aimed to determine whether these observable symptom differ-

ences could be measured via standard assessment tools used in our clinic. Our primary objec-

tive was to find potential differences between women and men with ADHD in self-report

symptom scales and attentional capabilities, assessed by a computer-based attentional perfor-

mance test. Our secondary objective was to assess correlations between these two measures to

find out whether certain symptoms might influence specific areas of cognition.

The long-term goal of these explorations is to use these findings to assist clinicians in better

diagnosing adults with ADHD, with special attention to specific gender features, especially for

patients with high comorbidities or unclear symptomology.

Materials and methods

Subjects

Outpatients with clinically defined ADHD, according to the DSM-IV, were recruited during

visits at the ADHD outpatient clinic for adults of the University Hospital Leipzig, Germany.

During these visits, experienced psychiatrists and psychologists examined patients’ mental sta-

tus and obtained their clinical history. Structured clinical interviews and rating scales were

applied to confirm the clinical diagnosis of ADHD.

Inclusion and exclusion criteria. At screening, ADHD diagnosis was confirmed using

both the standardized German version of the ADHD self-rating behavior questionnaire

(ADHS-SB, [36]) and the Adult ADHD Self-Report Scale (ASRS-V1.1, [37]). To assess child-

hood symptoms, the short Wender Utah Rating Scale (WURS-k, [38]) was used. The Beck

Depression Inventory (BDI, [39]) was applied to assess the occurrence and severity of comor-

bid depressive symptoms. Patients were included in the study if they had a confirmed diagno-

sis of ADHD, a value of 4 or higher in the ASRS and a total score of 30 or higher in the WURS-

k. Patients could not be included if they showed signs of acute suicidality or current psychotic

symptoms. Also, patients with diagnoses of bipolar disorder, borderline personality disorder,

substance or alcohol abuse, schizophrenia and severe major depression were excluded form

participation. Pregnancy or lactation was also an exclusion criterion for women.

During the screening procedures, the interviewing clinician also evaluated the intellectual

capacities of patients. If, in the opinion of the investigator, patients showed indications of limi-

tations, a short vocabulary test, the German Wortschatztest (WST, [40]), was applied to exam-

ine whether the intellectual performance would restrict the patient from participating in the

study. Only if the WST was below average, a more extensive test for intelligence would have

been done and the patient excluded from the study. This process relied on the clinical expertise

of the senior physician.

69 patients (28 females, 40.6%) were included into the study. All of the patients identified as

cisgender men and cisgender women, respectively. Therefore, we use the terms ‘gender’ and

‘sex’ interchangeably throughout the text. Written informed consent was obtained from all

participants prior to any tests and the study was approved by the local ethics committee of the

University of Leipzig (EC numbers 199-13-15072013 and 155/15-ff).

Assessments

For a more thorough assessment of symptomology, the long version of the Conners’ Adult

ADHD Rating Scale (CAARS, [41]) was applied in German. The CAARS was chosen as it is a

well validated rating scale to assess symptom severity in adults in a German population sample

[50, 51]. The 66-item questionnaire gives an in-depth overview of individual core symptom man-

ifestation and severity, which is why it was chosen in this study to follow the shorter
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questionnaires used at screening, e.g. the ASRS. For the CAARS, standardized T-scores higher

than 60 were interpreted as being indicative of ADHD in the CAARS sum and all of its subscales.

Secondly, in order to measure attentional deficits more objectively, the computerized Test

of Attentional Performance (TAP, [42]) was used. The TAP is a commonly used validated tool

for the evaluation of adults, and is available in Germany. Specifically, the alertness, working

memory and Go/NoGo subtests were administered as they can quantify patients’ capacity in

cognitive areas highly affected in ADHD patients, such as general wakefulness, information

processing and behavioral control [25]. The alertness task took place under two different con-

ditions: uncued (intrinsic alertness) and cued (phasic alertness). The working memory test was

used in its medium level of difficulty, as previous studies showed a high frequency of discon-

tinuation when using the high difficulty level due to loss of patient motivation. Lastly, the Go/

NoGo subtest was applied with the test form “1 of 2”. The T-scores were corrected for age, edu-

cation and sex where possible. T-scores of below 40 were interpreted as being indicative of

abnormal TAP results and therefore attentional difficulties.

Statistical analysis

The Pearson chi-square test (χ2) was used to investigate gender differences (female vs. male) in

educational degree as well as marital and smoker status. For other metrical variables, the inde-

pendent sample t-Test was used to test for differences between groups based on gender. As the

differences for age and other demographical variables between females and males (see Table 1)

were not significant, we decided to execute the independent sample t-Test for metrical vari-

ables and the Pearson chi-square test (χ2) in case of categorical variables to assess potential dif-

ferences in cognition measured by the CAARS and TAP.

In order to investigate the relationship between self-report scales and performance-based

measures, correlation analyses were performed. The Spearman rank correlation coefficient

was applied to measure strengths in each group. In case of significant correlation, a partial cor-

relation analysis with covariance of gender was conducted to avoid the confounding effect of

gender. All statistical analyses were run in SPSS Statistics 24.0 (IBM corp., Armonk, New

York). The significance level for all tests was set at p<0.05.

Results

Basic and clinical characteristics at screening

In Table 1, main demographic and clinical characteristics of both gender groups are summa-

rized. In line with the overall prevalence of the disorder, fewer females than males were

recruited (40.6% vs. 59.4%). However, the groups were well balanced regarding age (total

range 19–56, mean±SD = 33.01±8.91) as well as clinical characteristics measured by ADHS-SB,

ASRS-v1.1 for ADHD-relevant symptoms and BDI for depressive symptoms. There was a

slight tendency toward more medical treatments for men, who received methylphenidate and

antidepressants more often than women. The percentage of non-smokers was also higher in

the male group vs. the female group. More men also held a high school diploma degree com-

pared to women and were more often married. However, none of these differences reached

statistical significance.

No explicit testing for intellectual capacity was performed, however when using educational

degree as an indicator, a balanced level of intellect can be assumed. The same proportion of

patients, approximately 85% of each group, attended either a higher secondary school or high

school (see Table 1).

The only exception in baseline characteristics was the WURS-k scale, with men scoring

higher than women. This represents an increased report of occurrence and severity of ADHD
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symptoms in the male subjects’ childhood compared with the female group. This difference

almost reached significance (p = 0.056, see Table 1).

Group differences in self-report measures for symptom severity–CAARS

Consistent with the other ADHD questionnaires assessing current symptoms at screening,

there were no significant differences observable between groups in the mean CAARS subscales

(p� 0.251) (see S1 Table). There were also no differences (p� 0.143) between genders for sub-

jects with T scores above 60 in each of the subscales (see Table 2).

Group differences in performance-based measures for cognition–TAP

In the alertness subtest of the TAP, general wakefulness is measured, which did not differ

between males and females (see Table 3).

Table 1. Basic characteristics and screening scale results for females and males with ADHD.

Males (n = 41) Females (n = 28) Test df p
Age [mean (SE)] 32.6 (1.3) 33.6 (1.8)a T = -0.459 66 0.647

Age range 20–56 19–53 - - -

Smoker [n (%)] Yes 18 (56.3) 14 (43.8) Χ2 = 0.745 1 0.388

No 22 (66.7) 11 (33.3)

Marital status [n (%)] Single 15 (50.0) 15 (50.0) Χ2 = 6.271 5 0.281

Married 6 (75.0) 2 (25.0)

Divorced 1 (33.3) 2 (66.7)

In a relationship 6 (60.0) 4 (40.0)

Other 4 (80.0) 1 (20.0)

Educational degree [n (%)] High School 27 (67.5) 13 (32.5) Χ2 = 4.168 3 0.244

Higher Secondary School 8 (42.1) 11 (57.9)

Lower Secondary School 5 (62.5) 3 (37.5)

Special Needs School 1 (100.0) 0 (0.0)

Medicationb [n (%)] None 25 (55.6) 20 (44.4) - - -

Methylphenidate 3 (75.0) 1 (25.0) - - -

Antidepressants 5 (71.4) 2 (28.6) - - -

Neuroleptics 1 (50.0) 1 (50.0) - - -

Antiepileptics 0 (0.0) 1 (100.0) - - -

Thyroxine 1 (50.0) 1 (50.0) - - -

Other 9 (60.0) 6 (40.0) - - -

More than one 3 (50.0) 3 (50.0) - - -

WURS-k [mean (SE)] 43.6 (2.1) 37.4 (2.2)a T = 1.949 66 0.056

ADHS-SB [mean (SE)] Inattention 18.9 (0.7) 18.0 (0.8)a T = 0.873 66 0.386

Hyperactivity 8.9 (0.6) 9.0 (0.7)a T = -0.168 66 0.867

Impulsivity 6.3 (0.5) 6.9 (0.5)a T = -0.826 66 0.412

ASRS-V1.1 Part A–cut off 4.6 (0.3) 5.0 (0.2)a T = -1.243 66 0.218

Part A–sum 17.6 (0.5) 17.5 (0.6) T = 0.164 67 0.870

Part B–cut off 9.1 (0.3) 9.3 (0.3) a T = -0.400 66 0.690

Part B—sum 32.8 (1.0) 34.5 (0.9) T = -1.270 67 0.208

BDI [mean (SE)] 15.2 (1.7) 14.8 (2.6)a T = 0.123 66 0.902

a Available n = 27
b Medication amounts are depicted as total number and percentage in between genders

https://doi.org/10.1371/journal.pone.0240810.t001
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In the TAP subscale assessing working memory, correct responses and measures for

omissions did not differ between males and females (p = 0.370 and p = 0.244, respectively).

However, the results for median reaction time (p = 0.035) and standard deviation

(p = 0.033) as well as the number of errors (p = 0.043) were significantly higher in females.

These results indicate slower and more unstable reactions in the female group, who also

made more errors.

In the TAP subscale following the Go/No Go paradigm, behavioral control was tested in

both groups. While both groups made comparable errors (p = 0.234) and omissions

(p = 0.791), the median reaction time was significantly slower in women compared with men

(p = 0.003, see Table 3). At the same time, the standard deviation of the reaction time was sig-

nificantly higher in women (p = 0.013, see Table 3), indicating a more unstable reaction to the

given stimuli.

Correlation analysis between symptom and performance measures

In order to assess whether results of the questionnaire (e.g. occurrence of a predominant

symptom in CAARS) were associated with cognitive performance, we used a correlation analy-

sis. There were two significant correlations measurable between self-reports and performance

tests (see S2 Table).

The BDI correlated negatively with errors in the Go/No Go subtest of the TAP (ρ = -0.279,

p = 0.021), suggesting that an increase in depressive symptoms leads to a higher number of

errors in the test. After correcting for gender impact, this correlation still showed the approxi-

mate same level of significance (ρ = -0.269, p = 0.027), suggesting that gender only has a minor

or negligible effect. In other words, depressive symptoms worsen the accuracy of the impulse

control test Go/No Go, regardless of the patient’s gender.

The subscale for hyperactivity and impulsivity on the CAARS questionnaire had a negative

correlation with the standard deviation of the phasic alertness subtest of the TAP (ρ = -0.288,

p = 0.016). The correlation was not as significant when gender influence was corrected (ρ =

-0.244, p = 0.045). This suggests that increased hyperactivity and impulsivity leading to a more

unstable reaction in phasic alertness might be partly influenced by gender.

Table 2. Group differences between males and females scoring above 60 in CAARS subscales.

CAARS subscale Group % X2 p
Inattention Male (n = 41) 92,68 0.427 0.513

Female (n = 28) 96,40

Hyperactivity Male (n = 41) 90,24 0.333 0.564

Female (n = 28) 85,71

Impulsivity Male (n = 41) 78,05 0.087 0.768

Female (n = 28) 75,00

Self-Concept Male (n = 41) 75,61 0.151 0.698

Female (n = 28) 71,43

DSM-Inattention Male (n = 41) 95,12 1.407 0.236

Female (n = 28) 100,00

DSM-Hyperactivity/Impulsivity Male (n = 41) 82,93 0.206 0.650

Female (n = 28) 78,57

DSM-Global Male (n = 41) 92,68 2.142 0.143

Female (n = 28) 100,00

ADHD-Index Male (n = 41) 100,00 - -

Female (n = 28) 100,00

https://doi.org/10.1371/journal.pone.0240810.t002
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Discussion

Our primary study objective was to examine cognitive differences between men and women in

a sample of adult ADHD patients, by 1) using self-report scales like the ADHS-SB [36], ASRS

[37], WURS-k [38] and CAARS [41] to assess symptom severity and characteristics, and 2)

using a computer-based performance test (TAP, [42]) to measure attentional features affected

in ADHD such as alertness, working memory or behavioral control.

Interestingly, in the first part using scales that rely on the self-assessment of current sympto-

mology, namely the ASRS, ADHS-SB and CAARS, did not differentiate between women and

men. To this date, there is no consensus regarding gender differences in symptom severity in

adults, as some studies have concluded that no differences exist [18, 33, 43–45], while other

groups reported different results for men and women, especially in the subscales for inatten-

tion and hyperactivity/impulsivity [30, 46–49].

Table 3. Group differences between males and females in TAP subtests alertness, working memory and Go/No Go paradigm.

TAP subscale Group Mean (SE) df T p
Alertness
Intrinsic alertness

• Reaction time Median

Male (n = 41) 42.3 (1.3) -0.603 67 0.548

Female (n = 28) 43.7 (2.0)

Intrinsic Alertness

• SD

Male (n = 41) 46.0 (1.6) -0.423 67 0.674

Female (n = 28) 47.1 (2.4)

Phasic Alertness

• Reaction time Median

Male (n = 41) 42.0 (1.1) 0.530 67 0.598

Female (n = 28) 41.0 (1.5)

Phasic Alertness

• SD

Male (n = 41) 45.9 (1.5) 0.014 67 0.989

Female (n = 28) 45.8 (1.8)

Index for phasic alertness Male (n = 41) 46.4 (1.4) 0.218 67 0.828

Female (n = 28) 45.9 (2.0)

Working memory
Correct responses Male (n = 38) 12.3 (0.4) 0.903 62 0.370

Female (n = 26) 11.7 (0.5)

Errors Male (n = 40) 2.2 (0.5) -2.060 66 0.043

Female (n = 28) 4.3 (1.0)

Omissions Male (n = 40) 2.7 (0.4) -1.176 66 0.244

Female (n = 28) 3.4 (0.5)

Reaction time Median (ms) Male (n = 40) 650.5 (23.1) -2.148 65 0.035

Female (n = 27) 736.6 (34.9)

SD Male (n = 40) 191.4 (12.4) -2.176 65 0.033

Female (n = 27) 237.1 (17.8)

Go/No Go paradigm
Errors Male (n = 41) 47.4 (1.2) -1.201 67 0.234

Female (n = 28) 49.5 (1.3)

Omissions Male (n = 41) 48.2 (0.9) -0.266 67 0.791

Female (n = 28) 48.5 (0.8)

Reaction time Median Male (n = 41) 51.5 (1.6) 3.077 55,891 0.003

Female (n = 28) 43.5 (2.1)

SD Male (n = 41) 47.7 (1.5) 2.552 67 0.013

Female (n = 28) 41.2 (2.2)

For the alertness and Go/No Go paradigm subscales, mean scores and standard deviations for T scores are depicted. For working memory, raw mean scores and

standard deviations were used.

https://doi.org/10.1371/journal.pone.0240810.t003
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The only scale that differed between men and women in our results was the WURS-k,

focusing on reports about symptoms during patients’ childhood, with men scoring signifi-

cantly higher than women. These results are in line with a previous study comparing male and

female ADHD patients [50] and could be explained by both the different nature of symptoms

and also the difference in perception and reporting of childhood symptoms between genders

[51]. In general, females with ADHD have inattentive, depression- and anxiety-like symptoms

and are therefore often misdiagnosed as a child [17, 22, 44, 49, 50, 52, 53]. These findings are

corroborated by a study using the WURS-k as a self-report measure, where females scored

higher on items regarding sadness and emotional distress [51]. Symptoms in boys on the other

hand are primarily characterized by hyperactivity and impulsivity, which may decrease over

time and result in a more subtle manifestation in adulthood, comparable to that of females [15,

54, 55].

In the second part, we objectified core symptoms such as inattention, impulsivity and

hyperactivity by measuring performance on the computerized subtests working memory,

alertness and the Go/No Go of the TAP [42]. In our test sample, gender did not dictate differ-

ent results for general wakefulness measured by the alertness subtest. Few studies have looked

specifically at gender differences in adult ADHD patients when performing attention tasks,

and more often compare ADHD patients to healthy controls or other mental disorders [15].

The available data on attention tests similar to the TAP test, e.g. the Stroop Word Color Test

[56] or the Continuous Performance Test (CPT, [57]), is inconclusive. A meta-analysis by

Bálint and colleagues in 2009 found an association of the percentage of men in the test sample

with poorer performance in the Stroop test for attention [29]. One study, that was not included

in this review, however saw no differences in the Stroop Color and Word test [58], which was

also shown in an earlier publication of the group [59]. A more recent publication of Edebol

et al. from 2013 observed a significant impairment of women in measures for inattention in a

study comparing 55 ADHD patients [31].

On the other hand, we saw significant differences in working memory and impulse control

results. Female patients had significantly lower measures for reaction time in the working

memory subtest, with a less stable reaction. Moreover, women made more errors than men.

These results are in contrast to early studies from Katz et al. published in 1998, which sug-

gested a better score for women than men [60] measured by scales such as the Wechsler Mem-

ory Scale and Symbol Digit tests [61, 62]. A more recent study of Schweitzer et al. however was

confirmed by our findings, as the group also saw significantly better measures of working

memory for men over women. Notably, the group also analyzed whether presentations could

explain cognitive performance differences, but found no such association between ADHD pre-

sentation and working memory deficits [63]. With a different approach, the group of Valera

et al. examined the neural activation of adult ADHD patients by performing functional MRI

(fMRI) scans while the patient performed working memory tasks. The results indicated that

compared to same sex controls, ADHD males had less neural activation than females. More-

over, they found negative correlations between hyperactive symptoms in men and inattentive

symptoms in women, suggesting a difference in presentation between the sexes [64].

The second TAP subtest that yielded differences between sexes in our study, was the Go/No

Go subtest with women again reacting significantly slower and less stable than men. Deficits in

inhibitory control are deemed a core symptom of ADHD, so much so that it has been studied

as a differentiating diagnostic marker between Autism spectrum disorders and ADHD [65].

Other groups consider it a cognitive endophenotype in conclusion of studies examining the

genetic risk of ADHD in association with inhibitory control ability of parents and their chil-

dren [66, 67]. Interestingly, in 2009, the Goos group found a difference in effects when looking

at the influence of maternal vs. paternal inhibition abilities. According to their report,
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inhibitory control of fathers were more influential on children’s behavior control abilities than

that of their mothers, suggesting at least a partial effect of gender down the line [67]. The data

on gender differences in adults is again scarce, however a study using fMRI analysis of ADHD

adults performing a Go/No Go task from 2014 reported no differences between genders [68].

On the other hand, the Wright group showed that omission errors were more common in

males with ADHD during the Go/No Go task, indicating higher rates of inattention [69].

Interestingly, a study of healthy adults done by Liu et al. observed faster reactions in males

than females in a Go/No Go task, while accuracy was similar for both groups, which is in

accordance with our results [70].

We can only speculate as to why women in our study population did not perform as well in

these TAP subtests. One explanation could be that women with ADHD may have problems

with maintaining concentration over extended periods of time, which may be supported by

the fact that the inattentive presentation is more common among women. The TAP tests were

completed in order of increasing complexity: alertness; Go/NoGo; working memory. Particu-

larly in a stress-inducing situation like a computer performance test, this might have resulted

in worse performance for women in the latter, more complex tasks. Some preclinical studies

also linked stress stimuli to hyperarousal in females, which could have led to wrong actions

and less stable performance in the TAP tests [71]. Another important point in this context is

the potential gender bias in the questionnaires. Women more often present with inattentive

symptoms; therefore, when they achieve total scores as high as predominantly hyperactive,

impulsive males on these questionnaires, it would indicate higher impairment in the atten-

tion-associated factors [9]. As shown in studies with children, these subjective measures have

different gender effects than objective measures, leading to a worse performance in the latter

[72]. In conclusion, women might seem equally impaired according to the total questionnaire

scores, however show an elevated level of impairment in objective performance tests.

Lastly, we performed correlation analyses of the performance-based and self-report scales.

In a first step we did Spearman rank correlation analyses for all tests. In case of a significant

result, we corrected these correlations for gender effects in a second step to see whether the

result would change. Only two correlations between self-report and performance tests were

significant. While the higher scores on the BDI led to more errors in the Go/No Go subtest,

the CAARS Hyperactivity/Impulsivity subscores correlated with decreased stability of the pha-

sic alertness subtest. Only the latter seemed to be slightly influenced by gender, while impulse

control was solely dependent on the severity of depressive symptoms. Taken together, it seems

self-reported symptoms such as hyperactivity and inattention did not automatically worsen

performance in either women or men, with the exception of the CAARS hyperactivity/impul-

sivity subscale indicating a less stable wakefulness on a given cue and the BDI leading to more

errors when assessing impulse control. These correlations were only partly influenced by gen-

der and rather suggest a connection to the presentation of ADHD. As a previous study in chil-

dren suggested, the predominant symptom is more indicative of cognitive performance than

the gender itself [73]. Another study with children concluded that performance in cognition

worsened whenever the presentation was less common among the respective gender, i.e. inat-

tentive boys scored lower on cognitive tests than boys with the combined presentation and

vice versa for girls [32]. On the other hand, a study by Song et al. reported similar executive

deficits seen in children with the inattentive and combined presentation [74]. To our knowl-

edge, there are no studies in adults with ADHD analyzing the correlation between symptom

presentation and attentional performance tests.

Limitations of this study include the lack of control of the possible influence of pharmaco-

therapy and psychotherapy on the cognitive performance of ADHD patients and the unbal-

anced numbers of men vs. women in an overall small sample size, making it impossible to
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generalize our findings. The measures used were also reliant on a subject‘s self-assessment.

Moreover, we did not differentiate between presentations and a control group of healthy sub-

jects was not included in the analysis to compare gender effects in the general population.

In summary, our results indicate that women and men with ADHD may differ in cognitive

capacities, with women being more impaired than men in working memory and impulse con-

trol. Whether these effects are comparable to gender differences and hormonal influence in

the general public, as shown by other studies [30, 75], or whether they are a consequence of the

mental disorder itself or a delayed onset of treatment due to mis- or underdiagnosis, remains

unclear and must be studied in further detail.

There is, however, certainty that the cognitive performance of ADHD patients varies

depending on comorbidities and presentation characteristics [15, 50], which in turn has been

linked to gender differences. We therefore agree with the general consensus that individual

cognitive features should be thoroughly assessed using neurocognitive tests in clinical practice

[25, 76, 77]. Although the current diagnostic criteria do not take gender differences into

account, their clinical presentation does verifiably differ. Moreover, men and women might

benefit from other combinations of treatments based on comorbidities, predominant symp-

toms and therewith cognitive difficulties.
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Aufmerksamkeitsdefizit-/Hyperaktivitätsstörung (ADHS) im ErwachsenenalterSelbstbeurteilungsskala

(ADHS-SB) und Diagnosecheckliste (ADHS-DC). Der Nervenarzt 75 (9): 888–895. https://doi.org/10.

1007/s00115-003-1622-2 PMID: 15378249

37. Kessler RC, Adler L, Ames M, Demler O, Faraone S et al. (2005) The World Health Organization Adult

ADHD Self-Report Scale (ASRS): a short screening scale for use in the general population. Psychologi-

cal medicine 35 (2): 245–256. https://doi.org/10.1017/s0033291704002892 PMID: 15841682

38. Retz-Junginger P, Retz W, Blocher D, Weijers HG, Trott GE et al. (2002) Wender Utah Rating Scale

(WURS-k) Die deutsche Kurzform zur retrospektiven Erfassung des hyperkinetischen Syndroms bei

Erwachsenen. Der Nervenarzt 73 (9): 830–838. https://doi.org/10.1007/s00115-001-1215-x PMID:

12215873

39. Beck AT, Hautzinger M, Steer RA (1995) Beck-Depressions-Inventar (BDI). Bern: Huber. 2 Einheiten p.

40. Schmidt K-H, Metzler P (1994) Wortschatztest. WST. Diagnostica 3 (40): 293–297.

41. Christiansen H, Hirsch O, Abdel-Hamid M et al. (2014) Conners Skalen zu Aufmerksamkeit und Verhal-

ten für Erwachsene (CAARS). Deutschsprachige Adaptation der Conners’ Adult ADHD Rating Scale

(CAARS) von C. Keith Conners, Drew Erhard und Elizabeth Sparrow. Hans Huber, Bern.

PLOS ONE Cognitive function differences between genders in patients with ADHD

PLOS ONE | https://doi.org/10.1371/journal.pone.0240810 October 15, 2020 12 / 14

https://www.cambridge.org/core/services/aop-cambridge-core/content/view/81DB99B6CD7870AE879CD03D4C1067C3/S1092852900014036a.pdf/div-class-title-unrecognized-attention-deficit-hyperactivity-disorder-in-adults-presenting-with-other-psychiatric-disorders-div.pdf
https://www.cambridge.org/core/services/aop-cambridge-core/content/view/81DB99B6CD7870AE879CD03D4C1067C3/S1092852900014036a.pdf/div-class-title-unrecognized-attention-deficit-hyperactivity-disorder-in-adults-presenting-with-other-psychiatric-disorders-div.pdf
https://www.cambridge.org/core/services/aop-cambridge-core/content/view/81DB99B6CD7870AE879CD03D4C1067C3/S1092852900014036a.pdf/div-class-title-unrecognized-attention-deficit-hyperactivity-disorder-in-adults-presenting-with-other-psychiatric-disorders-div.pdf
https://www.cambridge.org/core/services/aop-cambridge-core/content/view/81DB99B6CD7870AE879CD03D4C1067C3/S1092852900014036a.pdf/div-class-title-unrecognized-attention-deficit-hyperactivity-disorder-in-adults-presenting-with-other-psychiatric-disorders-div.pdf
https://doi.org/10.1017/s1092852900014036
https://doi.org/10.1017/s1092852900014036
http://www.ncbi.nlm.nih.gov/pubmed/19037178
https://doi.org/10.3389/fnhum.2018.00012
http://www.ncbi.nlm.nih.gov/pubmed/29406540
https://doi.org/10.1177/1087054718773927
http://www.ncbi.nlm.nih.gov/pubmed/29771179
https://doi.org/10.1017/S0033291708004236
http://www.ncbi.nlm.nih.gov/pubmed/18713489
https://doi.org/10.1007/s12402-010-0024-0
http://www.ncbi.nlm.nih.gov/pubmed/21432594
https://doi.org/10.1002/pchj.17
http://www.ncbi.nlm.nih.gov/pubmed/24294490
https://doi.org/10.1080/13854040701563583
http://www.ncbi.nlm.nih.gov/pubmed/18609314
https://doi.org/10.1176/appi.ajp.162.6.1083
http://www.ncbi.nlm.nih.gov/pubmed/15930056
https://doi.org/10.1097/00004703-199804000-00003
http://www.ncbi.nlm.nih.gov/pubmed/9584935
https://doi.org/10.1177/1087054711434155
http://www.ncbi.nlm.nih.gov/pubmed/22344317
https://doi.org/10.1007/s00115-003-1622-2
https://doi.org/10.1007/s00115-003-1622-2
http://www.ncbi.nlm.nih.gov/pubmed/15378249
https://doi.org/10.1017/s0033291704002892
http://www.ncbi.nlm.nih.gov/pubmed/15841682
https://doi.org/10.1007/s00115-001-1215-x
http://www.ncbi.nlm.nih.gov/pubmed/12215873
https://doi.org/10.1371/journal.pone.0240810


42. Zimmermann P, Fimm B (2012) TAP Testbatterie zur Aufmerksamkeitsprüfung. Version 2.3. Herzogen-
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