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Abstract 

Background Patients with psychosis frequently use a variety of psychotropic medicines, many of which have 
anticholinergic effects that can impair cognition. Therefore, this study aimed to evaluate whether there is an associa‑
tion between medications used for neuropsychological disorders/symptoms and cognition in patients with schizo‑
phrenia, focusing on their anticholinergic load and antipsychotic doses.

Study design A cross‑sectional study between July 2019 and Mars 2020 at the Psychiatric Hospital of the Cross‑Leb‑
anon enrolled 120 inpatients diagnosed with schizophrenia. The total anticholinergic burden was calculated based on 
the Anticholinergic Drug Scale (ADS), and the chlorpromazine equivalent dose was calculated using the Andreasen 
method to assess the relative antipsychotic dose. Also, the objective cognition was assessed using the Brief Assess‑
ment of Cognition in Schizophrenia (BACS) tool.

Study results.

A significantly higher BACS total score (r = ‑0.33, p < 0.001), higher verbal memory (r = ‑0.26, p = 0.004), higher working 
memory (r = ‑0.20, p = 0.03), higher motor speed (r = ‑0.36, p < 0.001), and higher attention and speed of information 
processing (r = ‑0.27, p = 0.003) were significantly associated with lower chlorpromazine equivalent dose. Higher ADS 
(Standardized Beta (SB) = ‑.22; p = .028), higher chlorpromazine equivalent dose (SB = ‑.30; p = .001), and taking mood 
stabilizer medications (SB = ‑.24; p = .004) were significantly associated with lower cognition.

Conclusion This study confirms that the cognitive functions of chronic patients with schizophrenia may be affected 
by medications and their anticholinergic burden. More studies are needed to explain the role of cholinergic neuro‑
transmission and general neurochemical mechanisms in the cognitive impairment of patients with schizophrenia.
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Introduction
Cognitive impairment occurs in most people with schiz-
ophrenia and has been suggested as a core feature of the 
illness [1, 2]. It presents before the onset of psychosis, 
stays reasonably stable throughout the disease, and is 
highly linked to functional prognosis [3, 4]. Most patients 
with schizophrenia have a generalized cognitive impair-
ment, and some present impairment in several specific 
areas of functioning [5], such as speed of processing, 
attention, working memory, verbal learning and memory, 
visual learning and memory, reasoning and problem-
solving, and social cognition [6, 7]. As poor performance 
on neurocognitive measures is more directly connected 
to functional outcomes than symptoms [8, 9], improving 
cognitive functioning is considered an essential compo-
nent of schizophrenia treatment and quality of life [10].

Treatment of cognitive impairments has become a 
focus of research due to their negative influence on func-
tional outcomes. Given that antipsychotic (AP) medica-
tions are the cornerstone of schizophrenia treatment, the 
link between APs and cognition remains controversial 
despite a large number of studies examining this rela-
tionship. Meta-analyses have found that the use of both 
first (FGA) and second (SGA) generation antipsychotics 
medications in schizophrenia has been linked to slight 
to moderate cognitive improvement [11–13]. Histori-
cally, the first generation of antipsychotics was thought 
to have little effect on cognitive performance or even be 
harmful [14]. The development of SGA sparked hopes 
that these newer medications would improve cogni-
tive function over the first generation [14]. However, the 
Clinical Antipsychotic Trials of Intervention Effective-
ness (CATIE) study, which included a large sample of 
chronic patients with schizophrenia, found that APs are 
highly similar in their activities across chemical classes 
[15]. This similarity extends to the effects APs have on 
cognition [15]. Despite their beneficial effects on cogni-
tion, many APs may have negative impacts. First-gener-
ation APs have been found to impair procedural learning 
and memory, particularly at high doses [13, 16]. High 
doses of mono or polypharmacy have also been linked to 
severe cognitive impairment [17, 18]. Furthermore, it has 
been demonstrated that numerous cognitive domains, 
including memory, visuospatial, language, attention, and 
delayed memory, improve considerably when AP doses 
are lowered [19, 20]. Conversely, in a meta-analysis of 
older patients with schizophrenia, medication status or 
chlorpromazine equivalent dosage failed to show a mean-
ingful relationship with cognition across 1–6  years of 
follow-up [21].

Medications with a high anticholinergic activity can 
have a detrimental effect on cognition [22]. A recent sys-
tematic literature review of 17 articles has demonstrated 

that medication with increased anticholinergic load 
negatively affected the neurocognitive performance of 
patients with schizophrenia, as shown in most stud-
ies [23]. Patients with psychosis frequently use several 
psychotropic medicines, many of which have anticho-
linergic effects to various extents [24]. Also, several non-
psychotropic drugs used by patients with schizophrenia, 
such as mood stabilizers, antidepressants, and anxiolyt-
ics, have anticholinergic effects [23, 25–28], and many 
additional anticholinergic medications are frequently 
co-prescribed to alleviate the extrapyramidal side effects 
caused by antipsychotics, particularly typical agents [29]. 
Most studies on the relationship between anticholinergic 
medications and cognition have been conducted among 
the elderly, where the anticholinergic load is associated 
with increased delirium, falls, and cognitive impairments 
[22, 30, 31]. A review on the anticholinergic burden and 
cognition in the elderly found a link between anticho-
linergic medication use and poorer cognition, including 
specific deficits in processing speed, attention, language, 
problem-solving, and psychomotor performance [22]. 
Similarly, anticholinergic load and length of anticholin-
ergic medication use were related to the deterioration in 
cognition in an 8-year longitudinal study among patients 
with Parkinson’s disease [32]. A few studies have exam-
ined the relationship between the anticholinergic burden 
and cognition in schizophrenia. Recent research among 
1,120 patients with schizophrenia found that a higher 
anticholinergic burden was associated with worse cog-
nitive performance [33]. A study among 705 Chinese 
patients with schizophrenia aged 21 to 55 found that 
those with a higher medication anticholinergic burden 
performed worse in cognitive tasks, particularly execu-
tive functioning, memory/fluency, and processing speed 
[34]. Another study among patients with psychotic disor-
ders (206 schizophrenia, 131 schizoaffective, and 146 psy-
chotic bipolar disorder) found that, among schizophrenia 
participants, the anticholinergic drug burden score was 
significantly associated with lower performance on cog-
nitive tasks, especially verbal memory, token motor, and 
symbol coding tests [35]. It also revealed that higher 
antipsychotic doses were linked to poorer token motor 
performance across all diagnostic categories [35]. A study 
among 60 older patients with schizophrenia found that 
the anticholinergic burden was associated with worse 
spatial working, immediate memory, and visuospatial 
ability but not with attention, executive function, lan-
guage, or reaction time [36].

This study hypothesized that higher anticholinergic 
load and higher antipsychotic doses are linked to worse 
cognitive function in patients with schizophrenia. Thus, 
a better understanding of the adverse cognitive conse-
quences of anticholinergic burden and antipsychotic dose 
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might guide clinicians in prescribing treatment. There-
fore, this study aimed to evaluate whether there is an 
association between the medications used for neuropsy-
chological disorders/symptoms and cognition in patients 
with schizophrenia, focusing on their anticholinergic 
load and antipsychotic doses.

Methods
Study design and participants
A cross-sectional study between July 2019 and Mars 2020 
at the Psychiatric Hospital of the Cross-Lebanon enrolled 
120 inpatients diagnosed with schizophrenia. Patients 
included were between 18 and 60, had an education level 
of more than five schooling years, met the Diagnostic 
and Statistical Manual of Mental Disorders Fifth Edition 
(DSM-5) criteria for schizophrenia, were in the remission 
phase, received antipsychotic medication, and were clini-
cally stable. Exclusion criteria were brain trauma, neuro-
logical problem, or current substance use disorder that 
would influence cognitive performance. This study is a 
part of a large project, and the same method was used in 
a previous study [37].

Medication assessment
Medication data were retrieved from the medical records 
of participants. It included mainly antipsychotics, mood 
stabilizers, benzodiazepines, anticholinergics, and 
antidepressants.

Mood stabilizers comprised lithium carbonate and 
antiepileptic medications (valproic acid, carbamazepine, 
pregabalin, topiramate, and phenytoin). The benzodi-
azepines included lorazepam, clonazepam, alprazolam, 
diazepam, alprazolam, and bromazepam. Anticholin-
ergics consisted of trihexyphenidyl. Antidepressants 
were divided into two groups, i.e., tricyclic antidepres-
sants (TCA, including amitriptyline, clomipramine, and 
imipramine) and other antidepressants (venlafaxine, 
sertraline).

The total anticholinergic burden was calculated based 
on the updated version of the Anticholinergic Drug Scale 
(ADS), where each medication was assigned a numeri-
cal value from 0 to 3, depending on their anticholinergic 
strength, and the overall ADS score for a patient was cal-
culated by summing the values of all scheduled medica-
tions used by each participant [28]. This scale is the most 
comprehensive currently available for quantifying the 
anticholinergic burden for most medicines used to treat 
psychotic symptoms [28].

Serum anticholinergic activity (SAA) is considered the 
current gold standard in quantifying anticholinergic bur-
den [28]. However, it is only quantified in a small num-
ber of research laboratories. An ADS scale might help 
determine who is the most at risk for adverse side effects 

and offer guidance in interventions [28]. Previous studies 
have shown that the ADS score was significantly associ-
ated with SAA, suggesting it is a helpful tool for assess-
ing anticholinergic burden [28, 38]. However, using ADS 
ratings to classify medications is a method of limited 
accuracy since there will be variations in anticholinergic 
potencies across medications within each group, regard-
less of the accuracy of the classification. Also, SAA might 
be influenced by endogenous substances, which are 
not measurable by the ADS scale, which only evaluates 
anticholinergic characteristics of medications.

Furthermore, antipsychotic medications were divided 
into second-generation antipsychotics or SGA (risp-
eridone, clozapine, olanzapine, quetiapine, and pali-
peridone) and first-generation antipsychotics or FGA 
(haloperidol, chlorpromazine, pimozide, zuclopenthixol, 
fluphenazine, and perphenazine). The sum of antipsy-
chotics taken was calculated for each patient. The chlor-
promazine equivalent dose was calculated using the 
Andreasen method to assess the relative antipsychotic 
dose [39], and the doses of benzodiazepines were cal-
culated using the equivalent benzodiazepine calculator 
based on the valium equivalence [40].

Neuropsychological test measures
All participants were assessed by the Brief Assessment 
of Cognition in Schizophrenia (BACS) cognitive bat-
tery [41], recently validated in Lebanon [37]. The BACS 
includes six subscales: list learning (verbal memory), 
digit sequencing (working memory), token motor task 
(psychomotor function), semantic fluency (verbal flu-
ency), symbol coding (attention and speed of information 
processing), and Tower of London (executive function).

The positive and negative syndrome scale (PANSS)
The PANSS, validated in Arabic [42], is a 30-item ques-
tionnaire organized into three subscales: positive symp-
toms (7 items), negative symptoms (7 items), and general 
psychopathology (16 items) [43]. All items are scored 
from 1 (absence of symptoms) to 7 (extremely severe 
symptoms) [43]. The total score was calculated by sum-
ming all answers, with higher scores indicating more 
severe symptoms [43].

Statistical analysis
Data were analyzed using SPSS software version 25. 
Categorical data were reported as absolute frequencies 
and percentages, whereas quantitative variables were 
expressed as means and standard deviations. The BACS 
composite score (z-score) was calculated by standard-
izing the total score over that of the healthy control 
group. This calculation was based on a healthy control 
group from a previously validated study using the same 
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sample of patients with schizophrenia [37]. The inde-
pendent-sample t-test was used to compare the com-
posite score of the BACS total score and subtests with 
the medication groups. The Pearson correlation test 
was used to evaluate the association between continu-
ous variables.

To assess the association between each subtest of the 
BACS scale with the ADS scale, the latter was grouped 
into five categories based on their ADS scores: no 
anticholinergic burden (ADS score = 0), low anticholin-
ergic burden (ADS score = 1 or 2), moderate anticholin-
ergic burden (ADS score = 3 or 4), high anticholinergic 
burden (ADS score = 5 or 6), or very high anticholiner-
gic burden (ADS score = above 6). The ANOVA test was 
used to compare these groups and the BACS subscales 
(ADS = 0).

A series of multivariable linear regression analyses 
were conducted, taking the BACS scale and subtests as 
the dependent variables and the neuropsychological 
medications, their anticholinergic burden, and chlor-
promazine equivalent dose as the independent variables. 
The adjusted variables were symptom severity (PANSS 
total score), gender, education level, age, duration of ill-
ness, and depression. Significance was set at a p < 0.05.

Results
Sample characteristics
Table  1 shows the sociodemographic characteristics of 
patients with schizophrenia. More than half of the par-
ticipants were male (59.2%), single (81.7%), with a sec-
ondary level of education (50.0%), and 35.3% had a family 
history of psychiatric illness. Mean illness and hospi-
talization lengths were 20.6 ± 9.8 and 12.4 ± 8.5  years, 
respectively. The mean number of hospitalizations was 
6.3 ± 5.6 times, and the mean age was 48.4 ± 7.6 years.

Medications used
FGAs were the most used (76.7%), followed by SGAs 
(50.0%). Only 36.1% of the patients were treated with 
mood stabilizers; among those patients, 13.3% took 
lithium, and 48.3% took antiepileptic medications. Also, 
37.5% were treated with benzodiazepines and 70.8% 
with anticholinergics. Considering antidepressants, 7.5% 
of the participants took TCAs, and 5.0% used the SSRI 
medication types. The mean chlorpromazine equiva-
lent dose was 1041.6 [Min: 0.5; Max: 4502.0], the mean 
Benzodiazepine equivalent dose was 15.03 [Min 5.00; 
Max 48.00] and the mean duration of medication treat-
ment was 54.7 ± 29.5 months. The mean ADS score was 
7.18 ± 3.11, and the mean number of antipsychotics used 
was 1.85 ± 0.94 (Table 2).

Comparisons of medications used and cognition 
in patients with schizophrenia
The association between antipsychotic medications and 
cognition adjusted for treatment duration, illness length, 
and chlorpromazine equivalent dose is displayed in 
Table 3.

No significant association was found between all objec-
tive cognitions (BACS total score and subtests) and 
antipsychotic use (whether taking or not FGA and SGA 
medications) (p > 0.05 for all).

When assessing cognition in participants taking other 
medications, a significantly lower mean total cognitive 
deficit (BACS total score) was found among those tak-
ing mood stabilizers (more deficit). Also, a significantly 
lower mean score of working memory, motor speed, ver-
bal fluency, attention and executive function was found 
among those taking mood stabilizers treatment. Also, a 
lower mean verbal memory was found among those tak-
ing anticholinergic medications (Table  4). There was no 
significant association between medication doses and 
cognition (Supplementary Table S1).

Associations of ADS, antipsychotic dose, and number 
of antipsychotics used with cognitive function
Total objective cognitions (BACS total score), verbal 
memory, and motor speed were inversely associated 

Table 1 Sociodemographic characteristics of the studied 
sample (N = 120)

Frequency (%)

Male Gender 71 (59.2%)

Education level
 Complementary 41 (34.2%)

 Secondary 60 (50.0%)

 University 19 (15.8%)

Marital Status
 Single/ Divorced/ Widowed 110 (91.7%)

 Married 10 (8.3%)

Monthly income
 No income 27 (22.5%)

 < 1000 $ 64 (53.3%)

 1000—2000 $ 27 (22.5%)

 > 2000 $ 2 (1.7%)

Presence of family history of psychiatric illness 42 (35.3%)

Mean ± SD
Age in years 48.43 ± 7.62

Duration of hospitalization in years 12.47 ± 8.56

Duration of illness in years 20.64 ± 9.79

Number of hospitalizations 6.32 ± 5.65

Total PANSS scale 82.88 ± 27.05
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with ADS. Higher BACS total score (r = -0.18, p = 0.04), 
higher verbal memory (r = -0.21, p = 0.02), and higher 
motor speed (r = -0.19, p = 0.03) were significantly 
associated with lower ADS scores. Also, a significantly 
higher total PANSS score (r = 0.18, p = 0.04), positive 
PANSS (r = 0.18, p = 0.04), and general psychopathol-
ogy (r = 0.19, p = 0.03) were significantly associated with 
higher ADS scores.

A significantly higher BACS total score (r = -0.33, 
p < 0.001), higher verbal memory (r = -0.26, p = 0.004), 
higher working memory (r = -0.20, p = 0.03), higher 
motor speed (r = -0.36, p < 0.001), and higher attention 
and speed of information processing (r = -0.27, p = 0.003) 
were associated with a lower chlorpromazine equivalent 
dose.

No significant association was found between the num-
ber of antipsychotics used and cognition (p > 0.05 for all) 
(Table 5).

In our sample, 62 participants (34.4%) had an ADS 
score over 6, 18.9% scored between 5 and 6, 12.2% 
scored between 3 and 4, and only 1.1% had an ADS score 
ranging from 1 to 2. As shown in Fig.  1, the higher the 
anticholinergic burden, the worse the cognitive perfor-
mance. Motor speed was the domain most associated 
with ADS score severity, followed by attention and speed 
of information processing.

Multivariable analysis
Multivariable linear regressions were conducted, taking 
the BACS total score and subtests as the dependent vari-
ables adjusted for gender, education level, age, duration 
of illness, total PANSS score, and depression.

The first linear regression taking the BACS total score 
as the dependent variable showed that higher ADS scores 
(Beta = -0.08; p = 0.028), higher chlorpromazine equiva-
lent dose (Beta = -0.0003; p = 0.001), and taking mood 
stabilizers (Beta = -0.57; p = 0.004) were significantly 
associated with lower cognition.

In the other models taking the subtests of the BACS 
scale as the dependent variables, a higher chlorproma-
zine equivalent dose was inversely associated with all 
subtests except verbal fluency. However, a higher ADS 
total score was significantly associated with lower motor 
speed (Beta = -0.08; p = 0.011) and lower executive func-
tion (Beta = -0.14; p = 0.041). Taking mood stabilizers 
was significantly associated with lower working memory 

Table 2 Description of the type of medications used by patients 
with schizophrenia

* Second generation antipsychotic: risperidone, clozapine, olanzapine, 
quetiapine, and paliperidone

First generation antipsychotic: haloperidol, chlorpromazine, pimozide, 
zuclopenthixol, fluphenazine, and perphenazine

Antiepileptics: valproic acid, carbamazepine, pregabalin, topiramate, phenytoin

Benzodiazepines: lorazepam, clonazepam, alprazolam, diazepam, alprazolam, 
bromazepam

Anticholinergics: trihexyphenidyl

Tricyclic antidepressants: amitriptyline, clomipramine, imipramine

Frequency (%)

Antipscyhotic medication

 Second generation antipsychotics

  Yes 60 (50.0%)

  No 60 (50.0%)

 First generation antipsychotics

  Yes 92 (76.7%)

  No 28 (23.3%)

 Mood stabilizer medications (Lithium family group and antiepileptic 
medications)

  Yes 65 (36.1%)

  No 115 (63.9%)

 Lithium carbonate

  Yes 16 (13.3%)

  No 104 (86.7%)

 Antiepileptics

  Yes 58 (48.3%)

  No 62 (51.7%)

 Benzodiazepines

  Yes 45 (37.5%)

  No 75 (62.5%)

 Anticholinergics

  Yes 85 (70.8%)

  No 35 (29.2%)

 Antidepressants medications

  Yes 15 (8.3%)

  No 165 (91.7%)

 Tricyclic antidepressants

  Yes 9 (7.5%)

  No 111 (92.5%)

 Other antidepressants

  Yes 6 (5.0%)

  No 114 (95.0%)

 Other types of medications*

  Yes 61 (50.8%)

  No 59 (49.2%)

Mean ± SD

Chlorpromazine equivalent dose 1041.6 [Min .5; Max 4502.0]

Benzodiazepine (Valium) equivalent dose 15.03 [Min 5.00; Max 48.00]

Anticholinergic Drug Scale (ADS) 7.18 ± 3.11

Duration of medication treatment (in 
months)

54.7 ± 29.5

Number of antipsychotics used 1.85 ± 0.94

other antidepressants: venlafaxine, sertraline

Other types of medications: Anticoagulants, supplements, antimuscarinics, 
antiarrhythmics, antiparkinsonians, antiasthmatic agents, vitamins, thyroid 
medications, stomach protection, antidiabetics, statins, antihypertensives, and 
proton-pump inhibitors

Table 2 (continued)
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(Beta = -0.50; p = 0.018), verbal fluency (Beta = -0.43; 
p = 0.016), attention and speed of information pro-
cessing (Beta = -0.65; p = 0.002), and executive func-
tion (Beta = -0.80; p = 0.030). A higher number of 
antipsychotics was related to higher executive function 
(Beta = 0.67; p = 0.013) (Table 6).

Discussion
This study aimed to evaluate the association between 
neuropsychological medications, their anticholiner-
gic burden and antipsychotic doses, and cognition in 
chronic patients with schizophrenia. The findings con-
firmed that anticholinergic and antipsychotic doses are 
inversely related to cognition, as people receiving higher 
doses of anticholinergics and antipsychotics performed 
worse on cognitive tests; it also showed that mood sta-
bilizers had an independent effect. Specifically, a higher 
anticholinergic burden was associated with poorer verbal 
memory and motor speed tasks; however, this associa-
tion seemed to be small. Nonetheless, the use of anticho-
linergic agents is a therapeutic concern, particularly in 
a population where cognitive impairment is prevalent, 
and it has been demonstrated that these agents influence 
functioning. Other studies among patients with schizo-
phrenia have shown similar results, where poor cognition 
was associated with higher anticholinergic and antipsy-
chotic doses [34, 44–46]. A recent systematic review that 
included 17 articles of different methodological designs 
found that medications with a higher anticholinergic load 

have a detrimental impact on neurocognitive function in 
patients with schizophrenia [23]. A meta-analysis of 34 
studies found no association between antipsychotic dose 
and cognition [13]. Another meta-analysis that included 
two randomized clinical trials showed that reducing by 
50% antipsychotic doses considerably improved neuro-
cognitive function [47]. The discrepancy between some 
data from previous studies and our findings could be 
explained by the differences in follow-up time, setting, 
selected population, antipsychotic doses, and the lack of 
reported data on medication doses.

Our results showed that the cognitive domains asso-
ciated with ADS scores were verbal memory and motor 
speed; however, in the regression analysis, after adjusting 
for confounders, the associated domains became motor 
speed and executive functions. Regarding the antipsy-
chotic dose, verbal memory, working memory, motor 
speed, and attention domains were significantly asso-
ciated with chlorpromazine doses; these domains, in 
addition to the executive function, remained significant 
after adjustment. Similar results were found in a study 
among patients with psychotic disorders, where the ver-
bal memory subtest of the BACS was mainly related to 
anticholinergic burden [35]. Additionally, a worse token 
motor score of the BACS was associated with increasing 
doses of antipsychotic medications [35]. Another study 
revealed that ADS is solely associated with the memory/
fluency factor [34]. In chronic outpatients schizophrenia, 
the serum anticholinergic activity was associated with 

Table 3 Association between Antipsychotic medication and cognitive function

Note: the association between the antipsychotics used and the BACS total score and subtests was adjusted for treatment duration, illness length, and chlorpromazine 
equivalent dose

Second generation antipsychotics First generation antipsychotics

No Yes No Yes

Mean ± SE Mean ± SE Mean ± SE Mean ± SE

BACS (global score) ‑2.86 ± 0.15 ‑2.86 ± 0.14 ‑2.87 ± 0.25 ‑2.86 ± 0.12

p-value 0.979 0.959

Verbal memory (List learning) ‑2.10 ± 0.14 ‑2.13 ± 0.13 ‑2.10 ± 0.22 ‑2.12 ± 0.11

p-value 0.854 0.943

Working memory (Digit sequencing) ‑2.05 ± 0.17 ‑1.87 ± 0.16 ‑2.15 ± 0.27 ‑1.90 ± 0.13

p-value 0.455 0.431

Motor speed (Token motor task) ‑2.34 ± 0.13 ‑2.38 ± 0.12 ‑2.29 ± 0.21 ‑2.38 ± 0.10

p-value 0.819 0.724

Verbal fluency (Semantic, alphabetical) ‑1.43 ± 0.13 ‑1.59 ± 0.12 ‑1.58 ± 0.21 ‑1.50 ± 0.10

p-value 0.394 0.725

Attention and speed of information processing 
(Symbol coding)

‑2.44 ± 0.16 ‑2.38 ± 0.15 ‑2.36 ± 0.25 ‑2.43 ± 0.12

p-value 0.803 0.815

Executive function (Tower of London) ‑2.30 ± 0.29 ‑1.96 ± 0.27 ‑2.31 ± 0.47 ‑2.07 ± 0.22

p-value 0.415 0.661
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verbal memory, working memory, and verbal learning 
[44]. There is strong evidence that a higher anticholin-
ergic load decreases cognition, specifically verbal mem-
ory, attention and executive function and that reducing 
anticholinergic prescription dosages improves cognitive 
tasks [23]. These inconsistencies in findings might be due 
to the different measures of anticholinergic burden and 
the variability of the diagnostic tools used to test cogni-
tive domains.

In this study, the average ADS score was 7.18, higher 
than the previously reported values of about 3.8 [33, 
34]. In our data, the proportion of patients with an ADS 
score of at least 4 was 46.6%, with 34.4% having an ADS 
score ≥ 6. A possible explanation for the higher value is 
that patients with chronic psychotic disorders residing 
in a psychiatric institute receive recurrent daily doses 
of antipsychotics and are more likely to be prescribed 

multiple medications, which raises the risk and sever-
ity of the anticholinergic medication burden. In chronic 
patients with psychiatric conditions, polypharmacy is a 
common occurrence that results in the increased use of 
anticholinergics. These patients might also have a severe 
medical illness that could likely increase the ADS score 
by using additional medications with anticholinergic 
properties. Antipsychotics accounted for more than half 
of the anticholinergic load, with the rest coming from 
classic anticholinergics, antidepressants, mood stabiliz-
ers, and benzodiazepines.

Our results showed that the chlorpromazine equiva-
lent dose affected cognition, whatever the type of antip-
sychotics (first and second-generation), after adjustment 
for illness length and treatment duration. Studies have 
demonstrated that high antipsychotic doses are associ-
ated with several cognitive deficits [17, 48–50] and a 

Table 5 Correlation coefficient between antipsychotic and anticholinergic treatment and cognitive function

Anticholinergic drug scale (ADS)

ADS total score Chlorpromazine equivalent 
dose

Number of 
antipsychotics 
used

Correlation coefficient Correlation coefficient Correlation 
coefficient

BACS (global score) ‑.182 ‑.332 ‑.028

p-value .046 < .0001 .763

Verbal memory (List learning) ‑.212 ‑.269 ‑.108

p-value .020 .004 .239

Working memory (Digit sequencing) ‑.036 ‑.203 .055

p-value .699 .031 .549

Motor speed (Token motor task) ‑.192 ‑.369 ‑.008

p-value .036 < .0001 .934

Verbal fluency (Semantic, alphabetical) ‑.121 ‑.160 ‑.027

p-value .187 .090 .768

Attention and speed of information processing 
(Symbol coding)

‑.113 ‑.275 ‑.064

p-value .218 .003 .485

Executive function (Tower of London) 120 113 .076

p-value ‑.128 ‑.183 .409

Total PANSS scale .186 .109 .169

p-value .042 .249 .065

Positive PANSS scale .187 .073 .210

p-value .041 .441 .021
Negative PANSS scale .007 .012 .071

p-value .940 .899 .439

General psychopathology PANSS scale .190 .130 .120

p-value .038 .171 .194

Depression ‑.095 ‑.130 ‑.129

p-value .300 .170 .160

Autonomy ‑.002 .050 .129

p-value .983 .597 .162
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detrimental effect on learning, attention, and processing 
speed in healthy subjects compared to a placebo [51]. 
Kontis and colleagues found no differences in cognitive 
scores between patients with schizophrenia receiving 
excessive daily doses of chlorpromazine equivalents and 
patients receiving normal doses; however, their findings 
might have been confounded by their definition of the 
normal dose [52]. Also, patients were treated with two 
or more antipsychotics, which is a risk factor for exces-
sive dosing, thus affecting cognitive function. The mean 
chlorpromazine dose in this study was over 1000  mg 
daily, indicating that patients are taking high doses 
because of more severe symptoms (disease) or poor med-
ication compliance, which may be related to the prescrip-
tion of high-dose antipsychotics. In addition, it could be 
that the methodological approach used to determine the 
dose equivalents for chlorpromazine equivalent and the 
inaccuracies in dose conversions for antipsychotics could 
introduce some bias in the calculation.

Our results also revealed that participants taking mood 
stabilizers had significantly lower cognition, independent 
of other effects. Mood stabilizers have already been asso-
ciated with cognitive adverse effects [53, 54]. Mood stabi-
lizers such as lithium and anticonvulsant drugs valproate 
and lamotrigine are used as an adjunct in schizophrenia 
to improve treatment effectiveness [55]. In our study, 
mood stabilizers (lithium and antiepileptic medications), 
although not very anticholinergic, and prescribed with 
antipsychotics, were significantly associated with worse 
cognitive deficits of any type (verbal memory, executive 

functions, etc.). This result probably reflects the presence 
of a resistant form of schizophrenia in patients taking 
these medications, thus, more severe cases of the disease 
with higher cognitive deficits. Of note, the prescription 
of lithium with antipsychotic drugs in schizophrenia has 
not shown to be effective [56]. Finally, many mood sta-
bilizers have anticholinergic properties, and giving them 
to patients taking antipsychotics worsens their anticho-
linergic load with a significant risk of adverse cognitive 
effects. Each prescriber should consider this risk/ben-
efit balance when prescribing these molecules, even in 
chronic patients, and should not hesitate to modify these 
regimens in the case of significant cognitive deterioration 
or less cognitive tolerance, particularly in older patients. 
When undergoing neuropsychological testing, patients 
with schizophrenia are frequently given a combination 
of antipsychotics, mood stabilizers, neuroleptics, anti-
convulsants, benzodiazepines, and antidepressants. The 
neuropsychological assessment might be confounded by 
multiple-medication regimens and may or may not alter 
cognitive test results.

The number of antipsychotics may increase cognitive 
performance to some extent, with the degree of benefit 
varying depending on the cognitive domain and anticho-
linergic burden. Treatment with antipsychotics might be 
associated with a modest positive impact on cognitive 
functioning [57]. However, the association between the 
number of antipsychotics and cognitive improvement 
might be complicated by the presence of confounding 
variables [57]. Also, long-term treatment, higher doses 
of antipsychotics, and polypharmacy might potentially 

Fig. 1 Association between the categories of Anticholinergic drug scale (ADS) and cognitive domains
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Table 6 Multivariable analysis

The models were adjusted for gender, education level, age, illness length, total PANSS score, and depression

Mood stabilizer: lithium carbonate and Antiepileptics: valproic acid, carbamazepine, pregabalin, topiramate, phenytoin

UB Unstandardized beta, SB Standardized beta, CI Confidence interval

UB SB p-value CI

Lower Upper

Model 1: linear regression taking the BACS total score as the dependent variable
 ADS ‑.084 ‑.218 .028 ‑.159 ‑.009

 Chlorpromazine equivalent dose ‑.0003 ‑.307 .001 ‑.001 ‑.00001

 Number of antipsychotics .195 .150 .176 ‑.089 .480

 Mood stabilizer medications (Yes vs. No*) ‑.579 ‑.245 .004 ‑.967 ‑.192

Adjusted R2: .313

Model 2: linear regression taking the Verbal memory score as the dependent variable
 ADS ‑.048 ‑.143 .195 ‑.121 .025

 Chlorpromazine equivalent dose ‑.0001 ‑.207 .041 ‑.0003 ‑.00008

 Number of antipsychotics .042 .037 .765 ‑.235 .319

 Mood stabilizer medications (Yes vs. No*) ‑.182 ‑.088 .341 ‑.558 .195

Adjusted R2: .214

Model 3: linear regression taking the Working memory score as the dependent variable
 ADS ‑.043 ‑.112 .288 ‑.124 .037

 Chlorpromazine equivalent dose ‑.0002 ‑.225 .021 ‑.0004 ‑.00003

 Number of antipsychotics .293 .225 .060 ‑.013 .599

 Mood stabilizer medications (Yes vs. No*) ‑.504 ‑.213 .018 ‑.920 ‑.088

Adjusted R2: .170

Model 4: linear regression taking the Motor speed score as the dependent variable
 ADS ‑.084 ‑.256 .011 ‑.149 ‑.019

 Chlorpromazine equivalent dose ‑.0003 ‑.394  < .001 ‑.0005 ‑.0001

 Number of antipsychotics .105 .095 .397 ‑.141 .351

 Mood stabilizer medications (Yes vs. No*) ‑.306 ‑.152 .072 ‑.641 .028

Adjusted R2: .291

Model 5: linear regression taking the Verbal fluency score as the dependent variable
 ADS ‑.038 ‑.125 .264 ‑.106 .029

 Chlorpromazine equivalent dose ‑0.0008 ‑.106 .297 ‑.0002 .00008

 Number of antipsychotics .070 .067 .592 ‑.189 .329

 Mood stabilizer medications (Yes vs. No*) ‑.436 ‑.231 .016 ‑.788 ‑.083

Adjusted R2: .109

Model 6: linear regression taking the Attention and speed of information processing score as the dependent variable
 ADS ‑.047 ‑.124 .238 ‑.125 .031

 Chlorpromazine equivalent dose ‑.0002 ‑.219 .024 ‑.0004 ‑.00002

 Number of antipsychotics .111 .087 .462 ‑.186 .407

 Mood stabilizer medications (Yes vs. No*) ‑.652 ‑.283 .002 ‑1.056 ‑.248

Adjusted R2: 0.211

Model 7: linear regression taking the Executive function score as the dependent variable
 ADS ‑.145 ‑.216 .041 ‑.283 ‑.006

 Chlorpromazine equivalent dose ‑.0003 ‑.198 .040 ‑.001 ‑.00001

 Number of antipsychotics .672 .297 .013 .144 1.200

 Mood stabilizer medications (Yes vs. No*) ‑.804 ‑.196 .030 ‑1.523 ‑.086

Adjusted R2: .217
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harm the brain structure and impair cognitive perfor-
mance [58–60]. This study could not establish a causal 
association between the drug type (FGA/SGA) and cog-
nitive performance. More extensive longitudinal studies 
are necessary to clarify the cause-effect relationship in 
patients with schizophrenia.

Clinical implication
Even moderate doses of antipsychotics might impair 
cognitive performance; hence, a well-designed psychop-
harmacological medication plan is essential. High doses 
of antipsychotics might help with symptoms, including 
delusions and hallucinations. Nonetheless, relapse-pre-
vention medications should be chosen cautiously, consid-
ering cognitive and functional outcomes. Although these 
effects may differ from patient to patient, the ration-
ale for prescribing medicines should be kept in mind. 
When the antipsychotic dose is kept in the normal-low 
range, and polypharmacy is avoided, as indicated in the 
EUFEST Study, a slightly favorable effect on cognitive 
performance can be identified [61]. As a result, the phar-
macological treatment plan should only comprise the 
minimum dose of antipsychotics and avoid the add-on of 
anticholinergics. Also, it would be of interest if clinicians 
and other health professionals evaluated the long-term 
impact of anticholinergic medications on cognition.

Limitations
This study has several limitations. First, its cross-
sectional design makes it hard to evaluate the long-
term effects of anticholinergic burden on cognitive 
performance in patients with schizophrenia or evaluate 
the causal relation between anticholinergic burden and 
cognition. Second, the results could not be generalized to 
all individuals with schizophrenia due to the small sam-
ple size and because participants were selected from a 
single site (a tertiary care hospital). Third, participants 
were hospitalized chronically with more severe illness 
and poorer functioning as compared to acute patients, 
which might have introduced a selection bias in inter-
preting the results. Our findings may not apply to clinical 
high-risk, prodromal, or early-stage disease populations, 
and the link between ADS scores and cognitive perfor-
mance may change during acute phases or immediately 
after remission. Also, information was self-reported by 
the participants, which could have produced informa-
tion bias since exact details could not be provided during 
the face-to-face interview. In addition, the anticholin-
ergic drug scale (ADS) cannot calculate systemic drug 
exposure, brain delivery, distribution of medications, 
and drug interactions that can often affect the overall 

anticholinergic activity. Furthermore, it cannot be uti-
lized to conclude which medications should be stopped 
to lower the anticholinergic burden. The gold stand-
ard for assessing anticholinergic activity is to measure 
serum anticholinergic rate; however, this measure may 
only reflect a transitional cholinergic condition outside 
the brain, which provides an intuitive clinical capability 
but lacks a direct in vivo assessment of the central effects 
of anticholinergic medications. The association found 
between cognition and medications might be due to the 
disease per se since no control group nor a baseline value 
was considered for comparison. The medical conditions 
of participants were not assessed, which might influence 
the anticholinergic charge. The use of propensity scores 
in future studies is suggested. Residual confounding bias 
could have occurred since not all factors related to ADS 
and cognition were tested.

Conclusion
This study confirms that the cognitive functions of 
chronic patients with schizophrenia may be affected by 
medications and their anticholinergic burden. Differ-
ent cognitive domains were inversely associated with the 
anticholinergic burden in these patients. Well-designed 
large-sample prospective studies and randomized clinical 
trials are necessary to investigate the effect of anticholin-
ergic medications on cognition in patients with schizo-
phrenia. These studies would examine anticholinergic 
drug exposure over time on larger samples and a more 
extended monitoring period to minimize as many sys-
temic biases as feasible and draw more general results. 
More neurological research is also needed to clarify the 
role of cholinergic neurotransmission and neurochemical 
mechanisms in the cognitive impairment of patients with 
schizophrenia.
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