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Abstract

Introduction: There is some evidence suggesting an association between cerebrovascular diseases and the development of depression
on the one hand, and between depression and post-stroke recovery on the other. Post-stroke depression can occur in the early post-
stroke period or in the later stages of recovery (over 9 months after the incident).

Aim: To find a connection between stroke and the development of anxiety and depression in the early period after the development of
neurological deficit and to evaluate several scales for their potential usefulness in the screening of post-stroke patients for early signs of
depression and anxiety.

Materials and methods: We conducted a study on the presence of depression in 117 patients, divided into 2 groups: 73 of these
patients were admitted due to ischemic stroke, while the other 44 were controls matching the patients in age, sex and education status.
The inclusion and exclusion criteria were defined clearly. We included patients that consented to undergo psychiatric evaluation be-
tween 24 hours and 7 days after the onset of neurological symptoms. Both groups were assessed by the Montgomery-Asberg Depression
Rating Scale (MADRS), Hamilton Anxiety Rating Scale (HAM-A), Hospital Anxiety and Depression Scale — Depression Subscale and
Combined Scale (HADS-D, HADS-T).

Results: On evaluation with HADS-D we noted the largest difference between the two groups with a very high statistical significance
and a medium effect size (7.92+4.44 points vs. 4.86+4.27 points for the control group, p<0.001, r=-0.417). Anxiety and depressive symp-
toms were found also with MADRS and HAM-A.

Conclusions: Anxiety and depressive symptoms were found in the early post-stroke period. MADRS, HADS-D, and HAM-A are suf-
ficiently specific and sensitive in the evaluation of post-stroke anxiety and depression.
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INTRODUCTION

neurological deficit, but the neuro-psychiatric issues ari-
sing from stroke are just as important. They can be divided
Ischemic stroke is the neurological disease with the highest  into 2 main groups: cognitive impairment and psychiatric
social impact. It ranks fifth among the causes of prematu-  symptomatology. Post-stroke cognitive impairment is wi-
re mortality and first among the causes of long-term disa-  dely studied in the context of vascular dementia which is
bility in the USA.%? Clinicians focus usually on the focal the second most common cause of cognitive impairment
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worldwide. Due to the severity of the classic symptoms of
stroke coupled with the fact that some of them (e.g. apha-
sia) tend to complicate the neuro-psychiatric assessment,
affective disorders after stroke often end up neglected. In
literature sources, there is evidence suggesting a connec-
tion between cerebrovascular disease and development of
depression on the one hand, and between depression and
post-stroke recovery on the other.>* According to several
different studies, post-stroke depression is developed at
some point during their recovery in as many as one-third
of stroke survivors.>”

Post-stroke depression according to T. Beblo and M.
Driessen has some marked somatic symptoms such as
weight loss, appetite loss, and lethargy compared to sleep
and ideation pathology.® On the other hand, Spaletta et al.
focus more on the importance of vegetative symptoms and
note that in post-stroke depression all DSM criteria are im-
portant.’

Post-stroke depression can occur in the early post-stro-
ke period or in the later stages of recovery (over 9 months
after the incident). Early post-stroke depression is associ-
ated with some common vegetative symptoms and corre-
lates in its severity with lesion volume. Spaletta et al. also
noted more prevalent somatic depressive symptoms such as
fatigue and psychomotor retardation. Early post-stroke de-
pression has a noted positive tendency of psychic recovery
mirroring neurological recovery. This does not seem to be
the case in late-onset post-stroke depression.!?

Neurophysiology of post-stroke
depression

It is well documented that the main neuropathological
substrate of affective disorders is dopaminergic dysfuncti-
on.!5121n the case of depression, there are reduced levels of
biogenic amines in the limbic structures of the frontal and
temporal lobe, and also in the basal ganglia. Anhedonia is
among the main symptoms of depression and its presence
is a mandatory diagnostic criterion. This symptom can be
explained by the reduced levels of dopamine in the meso-
limbic cortex.!® Reduction of the levels of serotonin and
noradrenaline in the limbic system and prefrontal cortex
is pointed out as a likely reason for mood changes, and re-
duced noradrenergic activity in the descendent pathways,
regulating pain sensitivity, is the main contributing factor
for chronic pain in depressive patients. These pathways can
be disturbed both directly by the ischemic lesion and also
by secondary degeneration of structures outside the ische-
mic zone. The binding of monoamine oxidase A (MAO-A)
in the prefrontal cortex, the anterior part of the cingulate
gyrus and the hippocampus is increased in these patients,
further corroborating the impact of monoamines in the
pathophysiology of this condition. In addition, imaging
of patients suffering from post-stroke depression demon-
strates a reduced volume of the prefrontal cortex and the
hippocampus!®!>, while at the same time there is a heigh-
tened basal activity of the ventromedial and lateral part of

the prefrontal cortex and the hippocampus.!6 Basal activity
in the dorsolateral prefrontal cortex and the posterior part
of the cingulate gyrus is decreased. In patients recovering
from post-stroke depression, there is a noted return to the
pre-stroke levels of basal activity.!”

AIM

To find an association between stroke and the development
of anxiety and depression in the early period after develop-
ment of the neurological deficit. To evaluate several scales
for their potential usefulness in the screening of post-stro-
ke patients for early signs of depression and anxiety.

MATERIALS AND METHODS

We conducted a study on the presence of depression in 117
patients, divided into 2 groups: 73 of them were admitted
due to ischemic stroke, while the other 44 were controls
matching the patients in age, sex, and education status. The
participants for this study were recruited from the patients
admitted for treatment in the Neurology Department of a
multi-profile hospital.
The inclusion criteria were:
« Patients admitted due to ischemic stroke for whom
the stroke is their first cerebrovascular event.

 DPatients consenting to undergo psychiatric evalua-
tion between 24 hours and 7 days after the onset of
neurological symptoms.

« DParticipants rated between 2 and 12 points on the Na-

tional Institute of Health Stroke Scale (NIHSS).

« Patients aged between 18-70 years, to avoid depres-

sion arising from the aging process.

The exclusion criteria were:

Presence of aphasia. Patients suffering from aphasia and/
or severe cognitive deficit tend to have significant issues
with verbal communication and understanding the ques-
tions in specialized scales. In this study, we have excluded
these patients, but there are options available that can allow
their inclusion. In patients with pure motor aphasia, these
difficulties can be overcome with modified visual-analog
scales; however, in patients with sensory or global aphasia,
a neuropsychological interview is virtually impossible. In
such cases, we are forced to rely on information from other
sources such as a patient’s relatives or observing non-verbal
behavior. For such patients, there is the Structured Apha-
sia Depression Questionnaire which focuses on somatic
symptoms of depression, which can be evaluated through
observation. Another option is a modified version of the
Hospital Depression and Anxiety Scale (HADS). This opti-
on was used by Finkelstein et al. in 1982.18

« Impaired consciousness defined as fewer than 15

points on the Glasgow Coma Scale.

+ Fewer than 26 points on the Mini-Mental State Ex-

amination (MMSE)."®
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The presence of psychiatric disorders from the following
categories as defined by the Diagnostic and Statistical Ma-
nual of Mental Disorders, 5% edition (DSM-V)20 that has
been diagnosed prior to the cerebrovascular incident:

- Depressive disorders
Anxiety disorders
Bipolar and related disorders
Disruptive, impulse-control, and conduct disorders
Substance-related and addictive disorders
Neurocognitive disorders

Evaluations used

o Psychiatric assessment for anxiety and depression via
a semi-structured psychiatric interview and a battery
of scales for the assessment of anxiety and depression,
including the Montgomery-Asberg Depression Rat-
ing Scale (MADRS)?!, Hamilton Anxiety Rating Scale
(HAM-A)?, Hospital Anxiety and Depression Scale
- Depression Subscale and Combined Scale (HADS-
D, HADS-T)?. The Hamilton Depression Scale was
not chosen due to its relatively lower sensitivity for
the severity of depression and reproducibility of the
results across different evaluators.’* The Zung Self-
Rating Depression Scale was also not chosen for
this study, as we did not want to use more than one
self-rated scale and we decided on the HADS which
evaluates both depression and anxiety and is specifi-
cally designed for hospital settings. We decided to use
only one self-rated scale for comparison and to evalu-
ate the possible discrepancies between the two types
of measuring depressive symptoms.?>

« The interview used in this study was a semi-struc-
tured psychiatric interview, allowing a preliminary
assessment of the patient’s psychological condition,
the presence of diagnostic criteria for depression as
described in ICD-10, and DSM-5 and using the gath-
ered information to guide further testing.?’

o MADRS is a scale developed in 1974 for the assess-
ment of the severity of depression in patients where it
has already been diagnosed. It includes 10 items, cov-
ering mood changes, internal tension, sleep changes,
concentration, daytime activity, pessimism, and
suicidal thoughts. This scale allows a rather precise
6-stage differentiation of the severity of each of the 10
symptoms evaluated. This scale’s main advantage is
its quickness and ease of use, and its main flaw is the

relatively lower sensitivity for the somatic symptoms
of depression.21-26-2

« HAM-A is among the first scales developed for the
evaluation of anxiety and has proven itself over 60
years of clinical practice and clinical trials. It con-
sists of 14 units, covering the psychic and somatic
symptoms of anxiety. Each unit is scored between 0
and 4 points and the maximum cumulative score is
56. A score under 17 points is interpreted as none to
mild anxiety, 18-24 is mild to moderate and 25-30 is a
moderate-to-high level of anxiety. A score of over 30
indicates severe anxiety.223%-3!

o HADS is a scale for the evaluation of depression and
anxiety, specifically developed for use in a hospital
setting. It is a self-rating scale consisting of 14 ques-
tions covering the main symptoms of depression and
anxiety. In certain cases, only part of the scale con-
cerning one of the conditions is used, usually to focus
on a higher degree of specificity in diagnosing the
particular disorder. This is exactly the case in the cur-
rent study. This scale is remarkably quick and easy to
use and is an excellent choice for screening purposes.
It focuses more on the psychic symptoms of depres-
sion as opposed to the somatic and unlike MADRS
gives significant importance to anhedonia.?*3%3?

Statistical analysis

For statistical processing of the data gathered (Table 1), we
used IBM SPSS Statistics 21.0. We set the cut-off value for
statistical significance to reject the null hypothesis at p<0.05.
We used Mann-Whitney’s U-test to test the hypothesis of
significant difference between the two results of the two un-
connected groups, assuming all criteria for the correct usage
of this method have been fulfilled. We also calculated the
effect size by Rank-Biserial correlation (RBC) (Table 2). We
utilized Pearson’s correlation analysis to measure a linear
correlation between two numeric valuables (Table 3).

RESULTS

Demographic characteristics: the patients’ mean age was
63.5£10.9 years and distribution of education status, con-
sistent with the national average. We enrolled 46 male and
71 female patients. The control group was age-, sex-, and
education-level-matched.

Table 1. Descriptive statistics comparison between the control and stroke group

MADRS HAM-A HADS-D HADS-T
Control Stroke Control Stroke Control Stroke Control Stroke
Number of patients 44 73 44 73 44 73 44 73
Median 12.50 17.00 17.00 25.00 3.50 7.00 5.00 6.00
IQR" 16.50 10.00 17.00 14.00 5.25 5.00 4.50 5.00

*IQR - interquartile range
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Table 2. Results of the control and stroke groups compared by
Mann-Whitney test

Rank-Biserial

P VS-MPR Correlation
MADRS 0.005 *f 13.055 -0.308
HAM-A 0.020" 4.642 -0.257
HADS-D <0.00171* 261.711 -0.417
HADS-T 0.089 1.704 -0.187

* VS-MPR: Vovk-Sellke maximum p -ratio: Based on a two-sid-
ed p-value, the maximum possible odds in favour of H; over Ho
equals 1/(-e plog( p)) for p <0.37 (Sellke, Bayarri, & Berger, 2001).

Note: For the Mann-Whitney U-test, the effect size is given by the
rank biserial correlation. Tp < 0.05, p < 0.01, 'p < 0.001

In the results of testing with MADRS, there was a signifi-
cant difference between the patient and control group (me-
dian=17 points with IQR=10 vs. median=12 points with
IQR=16.5 for the control group, p=0.005 RBC=-0.308)
(Tables 1, 2; Fig. 1).

In HAM-A results there was also a significant difference
between the results of the two groups with a medium effect
size (median=25 points with IQR=14 vs. median=17 points
with IQR=17 for the control group, p=0.002, RBC=-0.257)
(Tables 1, 2; Fig. 1).

Evaluating with HADS-D, we noted the largest diffe-
rence between the two groups with a very high statistical
significance and a medium effect size (median=7 points
with IQR=5 vs. median=3.5 points with IQR=5.25 for the
control group; p<0.001, RBC=-0.417) (Tables 1, 2; Fig. 1).

In HADS-T, there was not a significant difference bet-
ween the scores of the two groups (median=6 points with
IQR=5 vs. median=>5 points with IQR=4.5 for the control
group, p=0.09, RBC=-0.187) (Tables 1, 2; Fig. 1).

Using linear correlation analysis, we found a posi-
tive correlation between patients’ age and MADRS score
(r=0.202, p=0.028) and HADS-D score (r=0.267, p=0.003).

On the other hand, such a correlation is not present for the
HAM-A and HADS-T results (Table 3).

DISCUSSION

Using MADRS as an evaluation tool, only one of the stroke
patients was scored as asymptomatic (<6). In 1998 Hiiwel
et al.’* used the same scale to evaluate patients in the first
days after an ischemic stroke. They reported that in the acu-
te phase 55% of all stroke patients showed symptoms of at
least a minor depressive episode. They also reported a less
pronounced connection between depressive symptoms and
the patient’s age. They did not find any connection between
depression and lesion location, lesion volume, and cogni-
tive deficit. Their data on the frequency of depression in
stroke patients as scored with MADRS and also the con-
nection between age and depression is confirmed by the
results of the current study, and the results in our cohort
are even more strongly in favour of the thesis that there is a
marked link between stroke and depression. When evalu-
ated with HAM-A there is greater variability in the results,
however, the tendency of stroke patients having a smaller
variability and a prevalence of the psychiatric disorder is
still notable. On HADS-D testing there is the largest and
most statistically significant difference, where the values
for the stroke group are mostly borderline or pathologi-
cal, while the control group’s scores are mostly within the
norm. This demonstrated that HADS-D, as a scale speciali-
zed for the evaluation of depression in a hospital setting, is
the most appropriate scale to use for post-stroke depression
and its use as a screening method should be strongly consi-
dered, to prevent the negative impact of affective disorders
on post-stroke recovery. This is the scale that Lincoln et al.
used in 1999 in their study of the rehabilitation needs of
stroke patients. They report that 1 month after stroke 13%
of patients had depressive symptoms, defined by them as
a HADS score >10. The results of our current study are si-
milar with 25% of the stroke patients having a HADS score

Table 3. Correlation analysis of the connection between patient age and results on the tests used

Age MADRS HAM-A HADS-D HADS-T
Pearson's r —
Age
p-value —
Pearson’s r 0.203" —
MADRS
p-value 0.028 —
Pearson’s r 0.164 0.70711t —
HAM-A
p-value 0.077 <0.001 —
Pearson’s r 0.2687" 0.5221f 0.4541TT —
HADS-D
p—value 0.004 <0.001 <0.001 —
Pearson’s r -0.031 0.404 111 0.4951T 0.58171" —
HADS-T
p—Value 0.740 <0.001 <0.001 <0.001 —

p < 0.05, Tp < 0.01, *7p < 0.001
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Figure 1. Visual representation of test results by group.

>10. The higher percentage of depressive patients can be
explained by the fact that we have performed our evaluati-
ons at an earlier stage of the post-stroke recovery.®

Another approach to evaluating early post-stroke de-
pression was used by Astrém et al. in 1993. They examined
a cohort of 98 stroke patients, no more than 7 days after
their incident, whom they examined during their hospi-
tal treatment (days 4 and 10, and on discharge) and then
followed-up on their status for 3 years. The evaluation was
performed via a psychiatric interview for the diagnosis of
depression by the DSM-3 criteria. On discharge, 25% ful-
filled the criteria for a major depressive episode. At three
months, the number of depressed patients rose to 31%.
After one year, the percentage of depressed patients fell to
16%, at the second year it remained practically unchanged
(19%, with 16 patients dropping out) and after three years,
the percentage once again rose to 29%, but when the drop-
ping out of another 8 patients was taken into account the
difference couldn’t reach significance (p=0.102). Similarly
to our study, they evaluated the potential depression in the
early post-stroke period, however their lack of success in
proving a significant correlation further demonstrates the
need for a different battery of scales and evaluations.*® By
comparison, our study manages to prove a significant diffe-
rence by u-test in the depression scales used.

In 2016, Jorgensen et al.>” conducted a large-scale study
for the development of depression among patients with a
first-time hospitalization for stroke. The study included 15
243 stroke patients and a reference population of 160236
matched for age, sex, and municipality. The presence of
depression was defined by hospital discharge diagnoses or
antidepressant medication use. Among the stroke patients,

34346 experienced depression within 2 years of stroke, with
17690 it was within the first 3 months after stroke. By com-
parison, among the control group, 11330 had depression
within 2 years of study entry with 2449 developing depres-
sion within the first 3 months. These results are similar to
ours in demonstrating a notable difference in the incidence
of depression after surviving a stroke. Defining depression
by discharge diagnosis and medical prescription is a sig-
nificantly slower method, albeit one that ensures the least
number of misdiagnosed patients. Since our study focuses
on the early assessment and screening for post-stroke de-
pression, a quicker method was needed, hence the use of
the scales described.

Stroke patients demonstrate a particularly large diffe-
rence with the control group in the two depression scales.
The fact that the difference between the two groups is no-
tably more pronounced in HADS-D evaluation points to
two main tendencies. The first one is that in self-rating
scales patients tend to score themselves more negatively
than when evaluated by a specialist. The other one is that
HADS-D focuses to a greater degree on motor retardation
and anhedonia compared to MADRS and practically exclu-
des ideation pathology such as suicidal tendencies. This is
in line with what was reported by Beblo® and Spalletta®.

CONCLUSIONS

MADRS, HADS-D, and HAM-A are sufficiently speci-
fic and sensitive in the evaluation of post-stroke anxiety
and depression. Each of them has its own set of advan-
tages. When it comes to the early post-stroke period the
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best choice out of them is HADS, which is a self-rated
scale, evaluating both types of symptoms in a quick and
easy-to-use way. At the same time, its depression subscale
HADS-D focuses on symptoms like motor retardation and
anhedonia which are shown to be of particular importance
in post-stroke depression. A major flaw of this scale that
can be pointed out is its relatively lower specificity, due to
a possible conflation of depressive symptoms and neurolo-
gic deficit from the stroke itself. Despite these drawbacks,
this quick and sensitive method is an excellent choice for
screening, after which diagnosis can be further establis-
hed by a neuropsychiatric interview and additional rating
scales, among them the classic MADRS scale. Diagnosing
post-stroke depression and anxiety is of great importance
to the overall recovery of these patients and some of them
end up having to be referred to a psychiatrist for long-term
treatment.
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Pe3tome

BBepeHue: EcTb faHHbIe, CBUJIETEbCTBYIOLINE O CBA3M MEX/Y llepe6pOBacKy/IAPHBIMY 3a00/IeBaHMUAMMU U Pa3BUTHEM JICTIPECCHN, C
OJIHOJ CTOPOHBI, 1 MeX[Y Aelpeccyell M BOCCTaHOBJIEH)EM II0C/Ie MHCYMbTA, C Apyroii. IlocTuHCymbTHAA Aenpeccus MOXKeT BO3SHUK-
HYTb B paHHeM IOCTVMHCY/IBTHOM IIepUOJie VIV Ha 60Jlee ITO3THNUX CTa/iUAX BBI3OPOBIeHNA (6omee 9 MecslleB II0C/Ie HACTYIICHNA).

Llenb: YcraHOBUTD CBA3b MEXIY MHCY/IBTOM ¥ Pa3BUTUEM TPEBOIM U AENIPECCHM B paHHEM IIepUOfe MOC/Ie Pa3BUTHA HEBPOJIOTH-
4eCKoro fieuINTa M OLEeHUTb HECKOIBKO IIKAJI C TOYKM 3PEHMsI MX IOTEHIMANTbHON HO/Ib3bl IPY MCCIEJOBAaHNM MTAlIMIEHTOB IT0CTIe
MHCY/IbTAa HAa IPEMET PAHHUX IIPU3HAKOB JEePeCCUM U TPEBOIN.

Martepuanbl n metTofbl: Mbl ITpoBey MCCIefOBaHNe HaMM4IMA Aenpeccun y 117 malueHTOB, pas3feNéHHbIX Ha [iBe TPYINIbL: 73
U3 HUX OBIIM TOCHMUTANIM3MPOBAHbI C MIIEMUIECKVM MHCYIBTOM, @ OCTa/IbHble 44 COCTAB/IAIN KOHTPONBHYIO IPYIIITY, COOTBETCTBYA
HalMeHTaM IO BO3PACTY, IOy ¥ 06pa3oBaTeNbHOMY CTaTyCy. KpuTepyu BKIIOUEHNA M UCKIIOUEHNS OBUIN YETKO OIpefieieHbl. Mbl
BK/IIOYIIIY TIAIYIEHTOB, KOTOPbIE COITIACH/IACE IIPOMTH IICUXMATPUIECcKoe 00CIeioBaHIe MeXXTy 24 yacaMu 1 7 THAMU IIOCTIe TIOAB-
JIeHMs1 HEBPOJIOTMYeCKMX cUMIITOMOB. Obe IPYIIIbI OLleHMBANUCh 110 LiKate Aemnpeccuyu Mourtromepu-Acbepra (MADRS), mikasne
tpeBoru lammnprona (HAM-A), 60/IbHMYHOI LIKajie TPEBOXKHOCTY U JeIIPeCCUN — IIKaje Aellpeccuyl U KOMOMHMPOBAHHOI IIKaje
(HADS-D, HADS-T).

Pesynbrarthl: IIpu onenke ¢ momompio HADS-D MbI 3aMeTumu 60/IbIIYI0 PAsHUITY MeX/Y FBYMS IPYHIIaMM C OYeHb BBICOKOI CTa-
TYCTUYECKOI 3HAYMMOCTDBIO U CpefiHeil BemnunHoit adpdexra (7,92 + 4,44 6amna npotus 4,86 + 4,27 6ajia 4y KOHTPOJIBHOI IPYIIIIbI,
p <0.001, r = -0.417). CuMnTOMBI 6€CIIOKOICTBA U IETIPEeCCUN TaKkKe ObUIM 0OHapy>KeHbI py npuMeHeHnyt MADRS n1 HAM-A.

3aknioyeHune: B paHHeM OCTUHCYIBTHOM IepHofie OOHAPY)XeHbI CUMIITOMBI TpeBoru u genpeccun. MADRS, HADS-D u HAM-A
TOCTATOYHO CIIeUVGIYHBI ¥ YYBCTBUTE/IHBI /11 OLIEHKU TPEBOXKHOCTI 1 AEIIPeCCHUI TOCTIe MHCYIIbTA.
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