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                                      A Clinical Study of the Cognitive Eff ects of 
Benzodiazepines in Psychogeriatric Patients

  Studies on the cognitive eff ects of benzodi-
azepine use in the elderly have shown more con-
tradictory results. Some studies indicate that 
diff erences between users and non-users are 
small or absent   [ 4               – 9 ]  . Some of these studies only 
used less sensitive tests like the mini mental 
state examination (MMSE)   [ 7   ,  8 ]  , but studies 
using more complex and comprehensive testing 
including memory tests also failed to identify 
cognitive impairment among older benzodi-
azepine users   [ 10   ,  11 ]  . Other studies, however, 
have documented decreased cognitive function 
in this population   [ 12      – 14 ]  . The studies of older 
benzodiazepine users are mostly population 
based and therefore include subjects expectedly 
suff ering from fewer maladies than those admit-
ted to hospital wards.
  The results from these studies are not necessarily 
transferable to populations with more marginal 
cognitive function. To the best of our knowledge, 
geriatric psychiatry inpatients have not previ-
ously been studied with respect to the cognitive 

         Introduction
 ▼
   A large number of experimental studies has 
shown that intake of benzodiazepines may lead 
to cognitive impairment. Cognitive eff ects com-
prise many diff erent domains, the most impor-
tant being learning and memory, executive 
function and vigilance. Regarding benzodi-
azepine use, this is shown to aff ect learning and 
memory, in particular, and after administration 
of such drugs, subjects might experience mem-
ory reduction and diffi  culties in learning new 
material   [ 1   ,  2 ]  . It has been questioned whether 
these negative eff ects disappear on stable dosing 
over a longer period of time, owing to develop-
ment of tolerance. In a meta-analysis of 13 stud-
ies, including a total of 384 patients, long-term 
benzodiazepine users were compared to non-
users   [ 3 ]  . The included subjects were middle 
aged, averaging 47.6 years and there were signifi -
cant impairments in all the 12 cognitive domains 
tested.

    Authors     G.     Høiseth    1    ,   2        ,     L.     Tanum    3    ,     M.     Tveito    4    ,     K.     M.     Kristiansen    4    ,     K.     Kvande    5    ,     B.     Lorentzen    4    ,     H.     Refsum    2    ,     J.     Bramness    2    ,   6   

                                      Abstract
 ▼
    Introduction:     Previous studies have shown 
cognitive impairment in long-term benzodi-
azepine users compared to non-users. However, 
little is known about such eff ects in a population 
of geriatric psychiatry patients. The aim of this 
study was to identify diff erences between benzo-
diazepine users and non-users on standardized 
tests of the cognitive fi elds of learning and mem-
ory, executive functions and vigilance, at admit-
tance to a department of geriatric psychiatry.
    Materials and Methods:     Hopkins verbal learn-
ing test, Stroop test and digit vigilance test were 
performed in all patients. Test performances 
were compared between benzodiazepine users 
(n = 168) and non-users (n = 73). A multiple linear 
regression model was used, adjusting for diff er-

ent baseline characteristics (years of education, 
dementia and depression).
    Results:     No signifi cant diff erences in test 
results were found between benzodiazepine 
users and non-users on 11 out of 12 cognitive 
tests results. On one of the 12 test results (time 
used on the digit vigilance test), benzodiazepine 
users showed better performance compared to 
non-users (β =  − 0.20, p = 0.032). This fi nding was 
not statistically signifi cant after Bonferroni cor-
rection for multiple testing.
    Conclusion:     This study of geriatric psychiatry 
benzodiazepine users did not reveal cognitive 
impairment compared to non-users on the cog-
nitive areas tested. Other possible negative con-
sequences of benzodiazepine use should, 
however, also be considered when prescribing 
drugs to older patients.

Affi  liations Affi  liation addresses are listed at the end of the article
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eff ects of benzodiazepine use. We have shown earlier that a 
large proportion of patients admitted to a Department of Geriat-
ric Psychiatry were benzodiazepine users   [ 15 ]  . The aim of the 
current observational study was to investigate whether there 
are any adverse cognitive eff ects of benzodiazepines in this pop-
ulation by comparing benzodiazepine users with non-users on 
standardized cognitive tests concerning the fi elds of learning 
and memory, executive functions and vigilance.

    Materials and Methods
 ▼
   This naturalistic observational study included patients admitted 
to the Department of Geriatric Psychiatry at Diakonhjemmet 
Hospital, Oslo, Norway. The department receives all patients 60 
years or older from the catchment area requiring hospital admis-
sion due to psychiatric illnesses. Patients are admitted to one of 3 
wards treating aff ective disorders, severe cognitive impairment 
and psychosis, respectively. The department has only planned 
admissions and does not serve as an emergency psychiatric ward.
  All patients admitted during the period 06.12.2006 to 24.10.2008 
(if no exclusion criteria were present) were asked to join the 
present study, which aimed to investigate all psychopharmaco-
logical drug use and potential cognitive consequences. The 
present article studies the relation between benzodiazepines 
and cognitive function. The study was approved by the Regional 
Committee for Research Ethics in Norway and the Norwegian 
Medicines Agency. All patients signed informed consent before 
attending the study. Exclusion criteria were: planned electro-
convulsive treatment, short expected stay in the department or 
inability of the patient or a relative to sign informed consent.
  Information on any prescribed benzodiazepines was recorded at 
admission and included diazepam, oxazepam, clonazepam, 
nitrazepam, alprazolam and fl unitrazepam as well as the benzo-
diazepine-like drugs zopiclone and zolpidem (hereafter referred 
to as benzodiazepines). Also, serum samples drawn the morning 
after admittance were analyzed for the benzodiazepine drugs 
mentioned above. Benzodiazepine users were defi ned as 
patients with information of use and/or a positive serum sam-
ple. At discharge, the psychiatric diagnoses were recorded.
  Use of other psychopharmacological drugs (antidepressants, 
antipsychotics and mood stabilizers) was also registered.
  The morning after admittance, a battery of cognitive tests was 
carried out by specially trained nurses. The cognitive domains 
tested were verbal learning and memory (Hopkins verbal learn-
ing test (total recall, delayed recall and discrimination ability)) 
  [ 16 ]  , executive functions (Stroop color and word test, number of 
errors and time used)   [ 17 ]   and vigilance (digit vigilance test, 

number of errors and time used)   [ 18 ]  . A total of 12 cognitive 
results (4 measuring the time used and 8 measuring number of 
errors) was obtained in each patient if all tests were completed. 
In addition, an MMSE screening was performed.
  As an indication of psychopathological symptoms at the time of 
testing, Montgomery-Asberg depression rating scale (MADRS), 
confusion assessment method (CAM, measuring delirium) and a 
physician’s clinical global impression (CGI) of the patient’s con-
dition, were performed.
  Serum concentrations of benzodiazepines were analysed using 
an ultra-performance liquid chromatography-mass spectrome-
try (UPLC-MS/MS) method developed for routine therapeutic 
drug monitoring at the Centre for Psychopharmacology, Diakon-
hjemmet Hospital   [ 15 ]  .
  IBM SPSS ®  Software version 19.0 (SPSS Inc., Chicago, IL, USA) 
was used for the statistical analyses. For descriptive analyses of 
continuous variables, means ± standard deviation (SD), were 
reported. For continuous variables compared between 2 groups, 
means ± SD [95 % confi dence interval (CI) for the mean], were 
reported. The frequency distribution was reported for categori-
cal variables. For patient’s characteristics, Student’s t-test was 
used to compare continuous variables, and Fischer’s exact test 
was used to compare categorical variables.
  Test performances were compared between benzodiazepine 
users and non-users fi rst using Student’s t-test. To adjust for 
variables that diff ered between benzodiazepine users and non-
users, the test performances were also compared using a multi-
ple linear regression analysis with years of education, presence 
of dementia and presence of depression as covariates. We chose 
to use these covariates as these were the only variables which 
diff ered signifi cantly between benzodiazepine users and non-
users. In this analysis, the eff ects of education, dementia and 
depression were also assessed. Standardized β coeffi  cients with 
p-values are reported.

    Results
 ▼
   241 patients (174 female, 67 male) were included in the study. 
Of these, 168 (126 female, 42 male) were identifi ed as benzodi-
azepine users and constitute the study group. The remaining 73 
patients (48 female, 25 male) were not benzodiazepine users and 
constitute the control group.      ●  ▶     Table 1   gives the patient charac-
teristics. A diagnosis of dementia was seen in 106 (44 %) of the 
patients, unipolar depression was seen in 116 (48 %) while bipo-
lar disorder and psychotic disorders was seen in 23 (10 %) and 41 
(17 %), respectively. Benzodiazepine users had signifi cantly less 
dementia (p = 0.026) and more depression (p < 0.001), compared 

 

  Variable    Bzd users (n = 168)    Non-users (n = 73)    p  

  age [mean ± SD (95 % CI)]    78.1 ± 9.1 (76.7–79.4)    79.8 ± 8.9 (77.7–81.9)    0.169  
  no. of females (n,  %)    126 (75)    48 (66)    0.160  
  BMI (kg/m 2 ) [mean ± SD (95 % CI)]    24.3 ± 4.6 (23.6–25.0)    24.2 ± 5.1 (23.0–25.4)    0.904  
  years of education [mean ± SD (95 % CI)]    12.8 ± 3.8 (12.3–13.4)    11.3 ± 3.8 (10.4–12.2)    0.006*  
  no. of unmarried patients (n,  %)    49 (29)    13 (18)    0.077  
  no.of patients living alone (n,  %)    109 (65)    52 (71)    0.374  
  previous psychiatric, admissions [mean ± SD (95 % CI)]    1.2 ± 1.6 (0.9–1.4)    1.0 ± 1.5 (0.6–1.3)    0.351  
  no.of patients with dementia (n,  %)    64 (38)    42 (58)    0.026*  
  no. of patients with depression (n,  %)    96 (57)    20 (27)     < 0.001*  
  no. of patients with psychotic disorders (n,  %)    27 (16)    14 (19)    0.700  
  no. of patients with bipolar disorder (n,  %)    12 (7)    11 (15)    0.061  
 *Signifi cant value 

 Table 1    Patient characteristics in 
the study group (benzodiazepine 
users) compared to the control 
group (non-users) and p-value for 
a diff erence between the groups.

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



211Original Paper

  Høiseth G et al. Benzodiazepines in Psychogeriatric Patients … Pharmacopsychiatry 2013; 46: 209–213 

to non-users. The other diagnoses did not diff er signifi cantly 
between the groups. Benzodiazepine users also had more years 
of education (p = 0.006), compared to non-users. Other patient 
characteristics were not signifi cantly diff erent between the 2 
groups (     ●  ▶     Table 1  ). The mean MMSE value in the total patient 
material was 24.2 ± 0.40 and 30 patients showed an MMSE score 
below 18.
     The number of users and doses of each benzodiazepine is shown 
in      ●  ▶     Table 2  . Few serum samples showed concentrations above 
those corresponding to use of recommended doses, except for 
users of zopiclone.
     All the cognitive tests could not be completed by all patients, and 
for the Hopkins verbal learning tests, complete results were 
obtained in 123 benzodiazepine users and 45 non-users. The 
Stroop colour/word test was completely performed in 114 users 
and 46 non-users and the digit vigilance test was performed 
completely in 91 users and 35 non-users. All tests are seen 
in      ●  ▶     Table 3   and      ●  ▶     Fig. 1  .
      The most frequently used other psychopharmacological drugs 
are shown in      ●  ▶     Table 4  . This table shows those drugs used by 
more than 9 patients in any of the groups. Among these, only the 
number of chlorprothixen users diff ered signifi cantly between 
the groups (     ●  ▶     Table 4  ).
     Using Student’s t-test, benzodiazepine users performed signifi -
cantly better compared to non-users on 3 out of 12 tests. On the 
Hopkins verbal learning test, total recall, a mean result of 
18.9 ± 6.7 (17.7–20.1) words was seen in benzodiazepine users, 
while non-users showed a mean result of 15.2 ± 6.6 (13.2–17.2) 
(p = 0.002) words. The same situation was seen for the Hopkins 
verbal learning test, delayed recall [5.7 ± 3.6 (5.0–6.3) vs. 4.2 ± 3.2 
(3.2–5.2) words, p = 0.018] and the digit vigilance test (time 

used) [750 ± 226 (702–797) vs. 887 ± 352 (764–1 009) seconds, 
p = 0.041] (     ●  ▶     Table 3  ). Also on the MMSE screening, benzodi-
azepine users showed improved performance [25 ± 5.4 (24.1–
25.8)] compared to non-users [22.4 ± 6.6 (20.8–24.1), p = 0.008]. 
On the rest of the tests, there was no signifi cant diff erence 
between the performance of benzodiazepine users and non-
users, using Student’s t-test.
  To adjust for diff erences between the 2 groups, the tests were 
also performed using a multiple linear regression model. Only 
those variables which signifi cantly diff ered between benzodi-
azepine users and non-users (education, dementia and depres-
sion) (     ●  ▶     Table 1  ) were inserted in the model as covariates. In 
these analyses, the group of benzodiazepine users performed 
signifi cantly better compared to non-users only on the digit vig-
ilance test (time used) (β =  − 0.20, p = 0.032). However, when the 
number of errors on the digit vigilance test was assessed, there 
was no diff erence between the groups. If considering the prob-
lem of multiple testing, only p-values below 0.004 would be con-
sidered signifi cant, according to the Bonferroni method   [ 19 ]  . In 
this case, there would be no signifi cant diff erence in perform-
ance on any of the tests between benzodiazepine users and non-
users. The results are shown in      ●  ▶     Table 3   and      ●  ▶     Fig. 1  .      ●  ▶     Fig. 1   
shows the 3 diff erent Hopkins verbal learning tests, while the 
remaining tests are shown in      ●  ▶     Table 3  .
  The 3 patient characteristics which diff ered signifi cantly 
between benzodiazepine users and non-users (education, 
dementia and depression) were all related to cognitive function. 
This was seen in the multiple linear regression model, and 
results are shown only for the Hopkins verbal learning test (total 
recall). High education resulted in improved performance 
(β = 0.24, p < 0.001), compared to low education. Patients with a 
diagnosis of dementia showed reduced performance (β =  − 0.37, 
p < 0.001), compared to patients without this diagnosis. Finally, 
patients with a diagnosis of depression showed improved per-
formance (β = 0.30, p < 0.001), compared to patients without this 
diagnosis.
  The CAM and CGI values did not diff er signifi cantly between the 
2 groups (p = 0.636 and p = 0.068, respectively). The MADRS 
score, however, was signifi cantly higher in the benzodiazepine 
users (p = 0.001), corresponding to more presence of depression 
in this group. This test was not completely performed in 36 ben-
zodiazepine users and 29 non-users.

    Discussion
 ▼
   This study among patients admitted to a department of geriatric 
psychiatry showed that benzodiazepine users were not more 

  Table 2    Number of users, doses and number of patients with high serum 
concentrations, for each benzodiazepine in the study group (n = 168). Note 
that the same patient might use more than one drug. 

    Bzd users, 

n ( %)  

  Dose (mg), 

mean ± SD  

  High serum 

concentration 1 , 

n ( %)  

  diazepam    63 (38)    7.3 ± 4.03    4 (6.3)  
  oxazepam    90 (54)    21.2 ± 15.6    0  
  zopiclone    102 (61)    6.9 ± 2.6    26 (25)  
  zolpidem    14 (8.3)    7.3 ± 2.9    0  
  alprazolam    4 (2.4)    2 (2–2) 2     1 (25)  
  nitrazepam    18 (11)    3.8 ± 1.5    0  
  clonazepam    13 (7.7)    0.9 ± 0.2    0  
  fl unitrazepam    3 (1.8)    1 (1–1) 2     0  
  1  Serum concentration above those corresponding to use of recommended doses 
  2  Median (range) values reported due to few users 

 

  Test    Bzd users (n = 168), 

mean ± SD (95 %CI)  

  Non-users (n = 73), 

mean ± SD (95 % CI)  

  p-value  

  Stroop colour (time in s)    65.5 ± 67.0 (53.1–78.0)    82.1 ± 66.9 (62.3–102)    0.160  
  Stroop words (time in s)    31.0 ± 17.2 (27.8–34.2)    31.6 ± 10.5 (28.5–34.7)    0.778  
  Stroop colour/words (time in s)    133.8 ± 68.7 (118.2–192.0)    155.1 ± 93.1 (118.2–192.0)    0.277  
  Stroop colour (number of errors)    1.4 ± 2.7 (0.9–1.9)    2.3 ± 4.4 (0.9–3.6)    0.218  
  Stroop words (number of errors)    0.1 ± 0.5 (0–0.20)    0.2 ± 1.0 (0–0.48)    0.633  
  Stroop color/words (number of errors)    5.1 ± 5.4 (4.0–6.3)    6.7 ± 8.3 (3.4–10)    0.365  
  Stroop total number of errors    5.9 ± 6.2 (4.6–7.2)    7.1 ± 8.6 (3.8–10.5)    0.476  
  digit vigilance test (total time in s)    749.7 ± 226.5 (702.2–797.1)    886.5 ± 351.9 (763.7–1009.3)    0.041*  
  digit vigilance test, total errors    12.6 ± 17.1 (9.0–16.2)    13.9 ± 17.3 (7.9–20)    0.702  
 *Signifi cant value (using Student’s t-test) 

 Table 3    Mean ± SD (95 % CI for 
the mean) values for results of 
cognitive tests (excluding Hopkins 
verbal learning tests, which are 
shown in      ●  ▶     Fig. 1  ), compared 
between benzodiazepine users 
(study group) and non-users 
(control group). The p-value for a 
diff erence between the groups is 
also given.
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impaired than non-users on the cognitive fi elds of learning and 
memory, executive functions and vigilance. On one out of 12 test 
results, benzodiazepine users actually performed better com-
pared to non-users. This diff erence, however, was not signifi cant 
when multiple testing was taken into consideration.
  These results negate the general understanding of reduced cog-
nitive function following benzodiazepine use, which is based 
partly on the meta-analysis by Barker and co-workers   [ 3 ]  , and 
partly on some of the earlier studies of older people   [ 12      – 14 ]  . 
These diff erent results could be explained by several diff erences 
in the study populations. Firstly, earlier studies have investi-
gated much healthier elders. For example, a study fi nding 
reduced cognitive function in older benzodiazepine users 

reported a mean MMSE level of 28   [ 14 ]  , which is higher than 
that seen in our group (mean MMSE score 24.2). Only one study 
of long-term benzodiazepine eff ects included elderly patients 
admitted to hospital. These had cognitive functions comparable 
to those of the patients included in our study   [ 8 ]   and the inves-
tigation found no relation between benzodiazepine use and cog-
nitive function measured by MMSE. Thus, the evidence so far 
suggests less cognitive eff ect of long-term benzodiazepine use in 
patients who are already cognitively impaired, possibly because 
the eff ect of the benzodiazepines is smaller than the cognitive 
eff ects caused by the diff erent maladies.
  As our study group had a higher frequency of benzodiazepine 
use than the average Norwegian elderly population   [ 20 ]   and 
reported in earlier studies   [ 7 ]  , we would expect there to be a 
high sensitivity in picking up on the cognitive eff ects of benzodi-
azepine use. However, our study included patients using low 
doses of benzodiazepines (mean diazepam dose 7.3 mg). As a 
dose-response curve is well documented for benzodiazepines 
  [ 21 ]  , reduced eff ects would be expected from such doses, com-
pared to, for example, the meta-analysis by Barker et al. (mean 
diazepam dose 17.3 mg)   [ 3 ]  .
  The strength of our study was the relatively large number of sub-
jects and the performance of sensitive, well-validated cognitive 
tests. Also, unlike most other studies, we measured serum con-
centrations to validate the information of benzodiazepine use. 
One weakness of the study was the lack of information on the 
duration of benzodiazepine use. We could not, therefore, be sure 
if patients were long-term users. However, this would not be 
expected to bias the results, as short-term use would tend to 
produce  more  pronounced impairment. We do not know if all 
the patients actually used their benzodiazepines every day, but 
the fact that almost all the prescribed drugs were detected in 
serum suggests that frequent use was widespread.
  The use of Bonferroni correction on the present data could be 
debated, as the 12 diff erent results descend from only 3 diff erent 
cognitive tests. If not correcting for multiple testing, there is still 
no evidence of reduced performance in benzodiazepine users.
  The fact that the benzodiazepine users had more years of educa-
tion, less dementia and more often had major depression com-
pared to the non-users was an interesting observation. Previous 
studies have often excluded patients with cognitive failure 
  [ 7   ,  12 ]  , but in our study, we aimed to describe a naturalistic pop-
ulation of geriatric psychiatry patients, where dementia and 
major depression are frequent diagnoses. When the total mate-
rial of both benzodiazepine users and non-users was studied, 
there was, as expected, a strong eff ect of the diagnosis dementia 
and also of educational level on results of the cognitive tests 
(complete data not shown). This supports the view that factors 
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    Fig. 1    Individual results for benzodiazepine (bzd) users and non-users, 
respectively, for the Hopkins verbal learning tests (total recall, delayed 
recall and discrimination ability). 

  Table 4    Number of users of the most frequently used other psychophar-
macological drugs in benzodiazepine users vs. non-users. Drugs used by  > 9 
patients in any group are shown. P-values for diff erences between groups. 

    Bzd users 

(n = 168) n ( %)  

  Non-users 

(n = 73) n ( %)  

  p  

  mirtazapine    32 (19)    7 (10)    0.086  
  olanzapine    23 (14)    11 (15)    0.841  
  chlorprothixen    22 (13)    2 (3)    0.017*  
  escitalopram    16 (10)    5 (7)    1.000  
  citalopram    13 (8)    2 (3)    0.562  
  lithium    12 (7)    3 (4)    0.563  
  haloperidol    11 (7)    8 (11)    0.298  
 *Signifi cant value 
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other than benzodiazepine use are more important for cognitive 
function in geriatric psychiatry inpatients, although our study 
was not designed to investigate this in detail. An especially 
intriguing result was the positive relationship between major 
depression and cognitive function. This could be explained by 
the control group in this analysis, which contained patients with 
diagnoses other than depression, such as, dementia which may 
have had more of an eff ect on cognitive function.
  Although this study suggests that the cognitive eff ects of low-
dose benzodiazepine use in geriatric psychiatry patients might 
be less pronounced than previously anticipated, other adverse 
eff ects of benzodiazepine use in the elderly can be of more 
importance. Use of benzodiazepines might lead to dizziness and 
daytime sleepiness   [ 8   ,  22 ]  . The increased risk of falling accidents 
and hip fractures in elderly benzodiazepine users is well docu-
mented   [ 23            – 27 ]  . These factors need to be kept in mind when 
prescribing medicines to this patient population.
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