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II. Wstep

Zaburzenia emocjonalne sg czgstym nastgpstwem udaru moézgu. Moga
pojawi¢ si¢ juz w ostrej fazie choroby lub w ciggu kolejnych miesigcy.
Biorac pod uwage zroéznicowany czas dokonywania pomiaru, szacuje si¢,
ze depresja poudarowa (PSD) wystepuje u okoto 20-50% pacjentéw [1,2],
lek poudarowy (PSA) u 20-25% [3], zachowania agresywne pojawiajg si¢
u okoto 30% [4,5], a apatia u od 15% do nawet 70% pacjentow [6].

Depresja poudarowa zwigzana jest z gorsza jakoScig zycia, wiekszg
niepetnosprawnoscia 1 S$miertelnoscig [2,7]. Istotnie tez koreluje
Z obnizeniem sprawnosci poznawczej, zwlaszcza w obszarze pamieci 1 uwagi
[8,9,10]. Rosngca liczba badan pokazuje, ze wystgpienie objawow
depresyjnych jest zwigzane z mechanizmami immunologicznymi, m.in.
podwyzszonym stezeniem biatka C-reaktywnego (CRP) [11,12,13]. CRP jest
biomarkerem zapalnym, ktérego poziom wzrasta w ostrej fazie stanu
zapalnego. Pacjenci z depresja poudarowa charakteryzuja si¢ zwickszonym
stezeniem CRP w krwi obwodowej [14,15], a wyniki badan wskazuja,
ze podwyzszony poziom CRP wraz z innymi markerami zapalenia pozwala
przewidywa¢ rozwo6j depresji [16] oraz opornos¢ na farmakoterapie
przeciwdepresyjng [17].

Dane dotyczace PSA s3 niejednoznaczne. Cz¢$¢ badaczy sugeruje,
ze PSA wigze si¢ z oslabiong sprawnoscia w wykonywaniu codziennych
czynnosci zardwno bezposrednio, jak 1 do 3 lat po udarze [18]. Z kolei inni,
nie wykazali takiego zwiazku [19,20].

Zachowania agresywne po udarze mogg znaczaco zakloca¢ przebieg
leczenia 1 rehabilitacji oraz by¢ czynnikiem stresogennym dla cztonkow

rodziny, personelu medycznego i1 samego pacjenta [21]. Wyniki badan



pokazuja tez, ze agresja poudarowa czescie] wspotwystepuje z PSD 1 PSA
[7].

Apatia po udarze mozgu wigze si¢ z wiekszg zaleznoscig w codziennym
funkcjonowaniu, a takze z wydluzonym czasem hospitalizacji 1 mniejszym
zaangazowaniem w rehabilitacje [22, 23].

Poza pojawieniem si¢ zaburzen emocjonalnych, czgstym nastgpstwem
udaru mozgu jest wystgpienie delirium, ktére wedlug szacunkow dotyka
miedzy 10.2 a 48% hospitalizowanych pacjentow [24,25]. Wystgpienie
delirium poudarowego wigze si¢ z wydluzonym czasem hospitalizacji,
zwigkszong $Smiertelnoscig 1 zaburzeniami poznawczymi [26,27,28]. Ponadto
wczesniejsze badania wigzaly wystapienie delirium ze zwigkszonym
ryzykiem dlugotrwalych probleméw w obszarze zdrowia psychicznego,
jednakze rezultaty nie sg jednoznaczne.[tutaj jakies piSmiennictwo}

Tematem niniejszej pracy s3 zagadnienia dotyczace zaburzen
emocjonalnych po udarze mozgu. Przedstawione zostang wyniki badan nad
rozpowszechnienieniem depresji, lgku, apatii 1 agresji u hospitalizowanych
pacjentow, u ktorych wystgpito lub nie delirium w ostrej fazie udaru.
Zostanie pokazana rola depresji poudarowej, jako istotnego czynnika
zwigkszajacego ryzyko niepetnosprawnosci oraz S$miertelnosci 3 1 12
miesigcy po udarze. Zostanie roOwniez przedstawiony zwigzek pomiedzy
wystgpieniem depresji w ostrej fazie udaru oraz 3 miesigce po nim,

a stezeniem bialtka C-reaktywnego u hospitalizowanych pacjentow.



ITL. Cele pracy

Celem pracy bedzie:

1. Okreslenie czesto$ci wystepowania zaburzen emocjonalnych (depresji,
leku, apatii, agresji) u pacjentdéw po udarze mozgu, a takze sprawdzenie
zwigzku pomigdzy wystapieniem delirium w ostrej fazie udaru a depresja,

lekiem apatig 1 agresjg poudarow3.

2. Ocena wptywu depresji poudarowej na zmiany w funkcjonowaniu (ocena
poziomu niepetnosprawnosci) 1 $miertelno§¢ po 3 1 12 miesigcach

od udaru.

3. Zbadanie zwigzku migdzy stezeniem biatka c-reaktywnego we krwi
a wystgpieniem objawdéw depresyjnych po udarze niedokrwiennym

u hospitalizowanych pacjentéw 1 3 miesigce po udarze.



IV. Teksty opublikowanych prac naukowych bedacych podstawa pracy
doktorskiej
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Abstract: Background: Stroke patients are particularly vulnerable to delirium episodes, but very little
is known about its subsequent adverse mental health outcomes. The author’s objective was to explore
the association between in-hospital delirium and depression, anxiety, anger and apathy after stroke.
Methods: A total of 750 consecutive patients with acute stroke or transient ischemic attack, were
screened for delirium during hospitalization. Patients underwent mental health evaluation in hospital,
3 and 12 months post-stroke; depression, apathy, anxiety and anger were the outcomes measured at
all evaluation check points. Results: Delirium was an independent risk factor for depression (OR
= 2.28, 95%CI 1.15-4.51, p = 0.017) and aggression (OR = 3.39, 95%CI 1.48-7.73, p = 0.004) at the
hospital, for anxiety 3 months post-stroke (OR = 2.83, 95%CI 1.25-6.39, p = 0.012), and for apathy at
the hospital (OR = 4.82, 95%CI 2.25-10.47, p < 0.001), after 3 (OR = 3.84, 95%CI 1.31-11.21, p = 0.014)
and 12 months (OR = 4.95, 95%CI 1.68-14.54, p = 0.004) post stroke. Conclusions: The results of this
study confirm, that mental health problems are very frequent complications of stroke. Delirium in the
acute phase of stroke influences mental health of patients. This effect is especially significant in the
first months post-stroke and vanishes with time, which suggests that in-hospital delirium might not
be a damaging occurrence in most measures of mental health problems from a long-term perspective.

Keywords: stroke; post-stroke delirium; depression; anxiety; apathy; aggression

1. Introduction

Among different neurological conditions stroke is a major risk factor for development of delirium [1].
Its prevalence in the in-hospital population ranges from 10.2 [2] to 48% [1]. The evidence suggests that,
although the overt symptoms of delirium may be short lived, there may be a lasting impact of delirium
on the long-term prognosis. There has been an increasing interest in the effect of delirium on healthcare
outcomes. Previous research has linked post-stroke delirium with increased length of hospital stay [3],
dependence, mortality [4], and cognitive impairment [5].

It has been shown that a substantial number of stroke survivors develop long term mental health
problems such as anxiety, anger, depression, fear and others that have a negative influence on recovery,
limit social reintegration of the persons with stroke, reduce quality of life, and are a source of caregiver
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burnout [6]. Moreover, previous research has associated delirium with an increased risk of long term
mental health problems in different in-hospital populations; however, the data are equivocal [7]. Little
is known about the effects of in-hospital delirium on mental health outcomes among stroke survivors.

One can hypothesize that delirium in acute phase of stroke can impact the mental health problems
like depression, anxiety, apathy and anger. Therefore, the author’s objective in this prospective study
was to investigate the influence of in-hospital delirium on patients’ psychiatric conditions in short- and
long-term time perspective following stroke.

2. Materials and Methods

This study was conducted as part of a larger study, known as the PROPOLIS study, which
investigated prevalence, risk factors, short- and long-term prognosis among patients with post-stroke
delirium. Testing took place in the stroke unit at the University Hospital and Outpatients Clinique
at the Neurology Department, University Hospital, Krakow. All procedures performed in this study
involving human participants were in accordance with the ethical standards of the institutional and
national research committee and with the 1964 Helsinki declaration and its later amendments. Informed
written consent was provided by each participant or a caregiver. The Local Bioethics Committee of
Jagiellonian University approved the study (KBET/63/B/2014).

2.1. Population and Design

The 750 consecutive patients with stroke (ischemic/hemorrhagic) or transient ischemic attack
admitted to the stroke unit at the University Hospital in Krakow meeting the inclusion criteria for
this study (Patients > 18 years of age, admitted within 48 h from the first stroke symptoms, speaking
Polish) were investigated for the presence and risk factors of delirium. Patients were screened for
delirium every day from admission to the 7th day of hospitalization with the abbreviated version of
Confusion Assessment Method (bCAM) or the Intensive Care Units version (CAM-ICU), specifically in
patients with motor aphasia or those who could not communicate for other reasons [8,9]. Delirium
symptoms’ severity was assessed using the Cognitive Test for Delirium [10].

A resident neurologist trained in delirium diagnosis was responsible for screening for delirium,
and a trained psychologist was responsible for cognitive, behavior/emotional assessment. The senior
neurologist/neuropsychologist was responsible for evaluating all data. The physicians rating the
patients in the hospital did not change during the study.

Due to the abrupt and fluctuating course of delirium, a short questionnaire regarding each patients’
behavior and cognitive status was completed by ward nurses throughout the entire hospitalization,
24 h per day, then analyzed by raters, in order not to miss any possible fluctuations of attention
and awareness.

The final diagnosis of delirium was based on both clinical observation and structural assessment.
The diagnostic criteria for delirium were based on the DSM-5 classification [11]. For those patients who
were not able to undergo formal cognitive evaluation, the diagnosis was based on clinical observation
and DSM-5 criteria for delirium. The raters were responsible for consensus of the diagnosis, if there
were doubts then, the final diagnosis relied upon the senior neurologist.

Data were collected regarding socio-demographic factors and clinical features of patients.
The details of the procedures were described elsewhere [4]. The Cumulative Illness Rating Scale (CIRS)
was used as a general indicator of health status [12]. On admission information were obtained from
the spouse/caregiver regarding pre-stroke mental and behavioral functioning on Neuropsychiatric
Inventory [13]. In order to diagnose patients with pre-stroke dementia, a Polish version of Informant
Questionnaire on Cognitive Decline in the Elderly (IQCODE) was used [14].

For cognitive assessment, the Montreal Cognitive Assessment (MoCA) [15] and Frontal Assessment
Battery [16] were performed between day 1-2 and on the 7th day after admission.

All patients had neuroimaging (CT/MRI) performed on admission. Furthermore, upon admission,
patients were screened for the severity of clinical deficit, which was graded by the National Institutes
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of Health Stroke Scale (NIHSS) [17]. Disabilities prior to admission were assessed by the modified
Rankin Scale (mRS) [18].

The primary endpoint of this study was the influence of in-hospital delirium on mental health
problems after 3 and 12 months post-stroke. The secondary end point was to assess the prevalence of
depression, apathy, anxiety and anger after 3 and 12 months post-stroke.

2.2. Outcome Assessment

We assessed the following outcome measures: presence of depression, apathy, anxiety and anger
(aggression/ hostility) between 7-10 days after admission to the hospital and during a follow-up visit 3
and 12 months after the stroke. Patients who did not attend a follow-up visit were contacted by phone
and the information was gathered. A neurologist and a psychologist, both uninvolved in the baseline
assessment of patients, were responsible for data acquisition.

2.3. Outcome Methods

The presence of depressive symptoms was assessed by Patient Health Questionnaire (PHQ-9) [19].
These items are used to query symptoms present over the last 2 weeks using 4-point Likert scale with
item scores ranging from 0 (symptoms not present) to 3 (symptoms present nearly every day). The score
ranges from 0 (no depressive symptoms) to 27 (all symptoms occurring nearly every day) and can
be used to determine depression severity (0—4 indicates no depression, 5-9 mild depression, 10 to 14
moderate depression, 15-19 moderately severe depression and 20-27 severe depression). This method
shows good reliability, validity and clinical utility when used in stroke patients [20].

To evaluate post-stroke apathy (PSA) the Apathy Evaluation Scale-C (AES-C) [21] was used. AESis
an 18-item questionnaire with a clinician rated version that was applied in this study. The questions
address patient’s activities, interest in doing things, relationship with others and feelings over the past
two to three weeks. Each item is rated on a 4-point Likert scale with item scoring ranging from 1 (not
at all true) to 4 (very true). The total AES-C score range from 18 to 72, with higher scores indicating
greater apathy. The AES has good reliability and validity and was frequently used in studies on
post-stroke apathy [21]. Apathy was diagnosed with AES score of >37 points [22].

Anxiety was measured with Polish adaptation of State Trait Anxiety Inventory (STAI) [23,24],
the 40-item instrument, measuring respectively transient and enduring levels of anxiety. The state
scale used in the present study administered as a self-completion questionnaire by the interviewer,
assessed how the patients felt at the moment or in the recent past and how they anticipate their feelings
to be in a specific, hypothetic situation in the future. STAI scale is scored on four levels of anxiety
intensity from 1 (not at all) to 4 (very much) and with a sum score between 20 and 80. The raw results
are interpreted by referring to a relevant sten scores and then categorized into three levels of anxiety:
low (1-4 sten), moderate (5-6 sten) and high (7-10 sten) [24].

To assess anger, a Polish version of the Buss—-Durkee Hostility Inventory (BDHI) was applied [25,26].
The BDHI is a 75-item questionnaire developed to assess Assault—physical violence against others;
Indirect hostility—both roundabout and undirected aggression; Irritability—readiness to explode
with negative affect at the slightest provocation; Negativism—oppositional behavior, usually against
authority; Resentment—jealousy and hatred of others; Suspicion—projection of hostility onto others;
Verbal hostility—negative affect expressed in both the style and content of speech; Guilt—feelings of
being bad, having done wrong. The first seven sub-classes can be grouped into two factors. Resentment
and Suspicion make up the factor Hostility, while Assault, Indirect hostility, Irritability and Verbal
hostility sub-classes form the factor Aggression. The first factor, Hostility, reflects the cognitive
components of anger while the Aggression factor reflects the behavioral components [26].

2.4. Statistics

Statistical analysis was performed using Statistica 13.3 software (StatSoft®, Krakéw, Poland).
Quantitative variables were presented as arithmetic means with standard deviations (SDs), or medians
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with interquartile ranges (IQRs), and depending on normal or non-normal distribution, were compared
with the Student’s t-test or Mann-Whitney U test, respectively. Qualitative variables were compared
using the chi-squared test with or without Yates’ correction. Considerable demographic and clinical
factors were analyzed in univariate logistic regression models, and predictive values of delirium,
presented as odds ratios (ORs) with 95% confidence intervals (CIs), on post-stroke depression,
apathy, anxiety and aggression/hostility assessed in hospital and at follow-up visits were calculated.
Then, delirium and other variables at p-value < 0.1 in the univariate analyses were included as potential
predictors into multivariate logistic regression models in search of delirium as an independent risk factor
using a forward stepwise selection method. p-values < 0.05 were considered statistically significant.

3. Results

Of the 750 patients included to this study, 682 were dismissed from the hospital and scheduled for
the follow-up visits. A flowchart shows the study design (Figure 1).

Hospital

Patients after stroke or TIA
in PROPOLIS study
(n="1750)

|
v
| No delirium (n = 547) | | Delirium (n = 203) |

| |
v v v v

Patients who answered Patients who answered Patients who answered Patients who answered
PHQ-9 examination AES examination STAI-S examination BDHI examination
(1 =524/ n =457 included’) (n=470/ n =421 included?) (n=520/n =472 included?) (n=480/n =441 included*)

Died in hospital (n = 68)

Y

Patients who survived to
the hospital discharge
(n =682)

3-month follow-up

5| Died (n=67)
Lost to follow-up (n = 43)

Y

Patients contacted

at follow-up
(n=572)
Patients who answered Patients who answered Patients who answered Patients who answered
PHQ-9 examination AES examination STAI-S examination BDHI examination
(n=388/n =340 included") (n=383/n =337 included?) (n=376/n =345 included?) (n=372/n =346 included*)

12-month follow-up

Died (n =52)
”| Lost to follow-up (n = 35)

Y

Patients contacted

at follow-up
(n=482)
Patients who answered Patients who answered Patients who answered Patients who answered
PHQ-9 examination AES examination STAI-S examination BDHI examination
(n=263/n =234 included") (n=254/n =237 included?) (n=246/n =225 included?) (n=217/n=207 included*)

1.2,3,4 after exclusion of patients with pre-stroke depression, apathy, anxiety or aggression, respectively

Figure 1. Study flowchart.
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The prevalence of depression, apathy, fear and aggression/hostility at the hospital, 3 and 12
months post-stroke among patients with and without mental health problems prior to admission,
among patients with and without delirium at the hospital is shown in Table 1 (the comparison of
mental health problems’ prevalence between patients with and without delirium is shown in Table S1).

Table 1. The prevalence of depression, apathy, fear and aggression/hostility among patients with and
without mental health problems prior to admission.

Time of Mental Health All Patients, 7 (%) Patients without Patients with
Examination Problem ’ Delirium, n (%) Delirium, n (%)
Depression
PHQ-9 score > 5
Hospital 286/524 (54.58) 220/433 (58.81) 66/91 (72.53)
Hospital * 234/457 (51.20) 181/384 (47.14) 53/73 (72.60)
3 months 227/388 (58.51) 181/329 (55.02) 46/59 (77.97)
3 months * 191/340 (56.18) 157/294 (53.40) 34/46 (73.91)
12 months 144/263 (54.75) 127/234 (54.27) 17/29 (58.62)
12 months * 122/234 (52.14) 111/212 (52.36) 11/22 (50.00)
Apathy
AES-C score > 37
Hospital 169/470 (35.96) 116/395 (39.27) 53/75 (70.67)
Hospital * 132/421 (31.35) 92/360 (25.56) 40/61 (65.57)
3 months 150/383 (39.16) 107/324 (33.02) 43/59 (72.88)
3 months * 117/337 (34.72) 89/294 (30.27) 28/43 (65.12)
12 months 70/254 (27.56) 53/226 (23.45) 17/28 (60.71)
12 months * 57/231 (24.68) 44/209 (21.05) 13/22 (59.09)
Anxiety
STAI sten score > 7
Hospital 164/520 (31.54) 126/429 (29.37) 38/91 (41.76)
Hospital * 137/472 (29.03) 103/388 (26.55) 34/84 (40.48)
3 months 103/376 (27.39) 76/321 (23.68) 27/55 (49.09)
3 months * 93/345 (26.96) 68/294 (23.13) 35/51 (49.02)
12 months 48/246 (19.51) 41/219 (18.72) 7/27 (25.93)
12 months * 38/225 (16.89) 31/199 (15.58) 7/26 (26.92)
Aggression/hostility
BDHI score
. ‘Aggression’ sten
Hospital acore > 7 45/480 (9.38) 32/401 (7.98) 13/79 (16.46)
‘Hostility” sten
score > 7 238/480 (49.58) 178/401 (44.39) 60/79 (75.95)
Hospital * 38/441 (8.62) 27/368 (7.34) 11/73 (15.07)
213/441 (48.30) 158/368 (42.93) 55/73 (75.34)
‘Aggression’ sten o
3 months acore > 7 37/372 (9.95) 31/318 (9.75%) 6/54 (11.11)
‘Hostility” sten
score > 7 79/372 (21.24) 63/318 (19.81) 16/54 (29.63)
3 months * 35/346 (10.12) 29/297 (9.76) 6/49 (12.24)
74/346 (21.39) 58/297 (19.53) 16/49 (32.65)
‘Aggression’ sten
12 months acore > 7 16/217 (7.37) 14/197 (7.11) 2/20 (10.00)
‘Hostility” sten
score > 7 48/317 (22.12) 44/197 (22.34) 4/20 (20.00)
12 months * 15/207 (7.25) 13/187 (6.95) 2/20 (10.00)
44/207 (21.26) 40/187 (21.39) 4/20 (20.00)

* number of patients with mental health problems after exclusion patients diagnosed with particular disorder prior
to stroke; PHQ-9—Patient Health Questionnaire-9; AES—Apathy Evaluation Scale; STAI-S—State-Trait Anxiety
Inventory, state scale; BDHI—Buss-Durkee Hostility Inventory; ‘Aggression’—assault, indirect hostility, irritability
and verbal hostility; ‘Hostility’—resentment and suspicion

11
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Patients with mental health problems prior to stroke were excluded from final analyses.
The diagnosis of depression, anxiety, apathy and aggression was based on NPI on admission, the CIRS
psychiatric/behavioral subscale, prior medical history, and medication actually taken by the patient.

In univariate analyses, delirium was a risk factor for depression, anxiety and hostility at the
hospital and after 3 months, for aggression during hospitalization and for apathy during all of the
observation period (see Supplementary Materials: Tables 52-S5). In multivariable logistic regression
analysis, delirium was an independent risk factor for depression and aggression during hospitalization,
anxiety after 3 months and apathy during all follow-up periods. Table 2 shows the final results.

Table 2. Influence of post-stroke delirium on mental health problems during the follow-up period in
univariate and multivariate logistic regression models.

Univariate Logistic Multivariate Logistic

Mental Health Problem Regression Model Regression Model
No Delirium,
Variable Delirium, 1 (%) ’ OR (95%CI) p-Value OR (95%CI) p-Value
1 (%) °
Depression
in hospital 181/384 2972 2.286
PHQ-9 score > 5 (47.14) 53/73(72.60) 1 7115162 <0.001 (1.158-4.513) 0.017
Apathy
in hospital 92/360 5.549 4.828
AES score > 37 (25.56) 40/61(65:57) (3 1109 .899) <0.001 @25-10477) <0001
at 3-month follow-up 89/294 4.300 3.841
AES score > 37 @3020) 283512 5490 8440y <000 g345 4109 0 0014
at 12-month follow-up 44/209 5.417 4.951
AES score > 37 (21.05) 13/22 (59.09) (2.175-13.493) <0.001 (1.685-14.547) 0.004
Anxiety
at 3-month follow-up 68/294 3.196 2.831
STAI-S sten score > 7 (23.13) 35/51 (49.02) (1.732-5.895) <0.001 (1.254-6.391) 0.012
Aggression
in hospital
. - 2.241 3.391
BDHI “Aggression 27/368 (7.34)  11/73 (15.07) (1.057-4.751) 0.035 (1.486-7.739) 0.004

sten score > 7

PHQ-9—Patient Health Questionnaire-9; AES—Apathy Evaluation Scale; STAI-S—State-Trait Anxiety Inventory,
state scale; BDHI—Buss—Durkee Hostility Inventory; ‘Aggression’—assault, indirect hostility, irritability and
verbal hostility.

The detailed results of all outcome measures during the follow-up period are available in
Supplementary Data (Table S6).

Forty-three patients did not follow-up after 3 months and 35 after 12 months post-stroke. Those who
were omitted after 3 months were significantly older, more physically and cognitively disabled prior to
stroke. The patients that failed to follow-up 12 months after stroke were significantly older, had more
severe neurological deficit on admission, and were more disabled prior to stroke. Tables S13 and 514
show the results.

4. Discussion

4.1. Brief Summary of the Findings

Despite the significant impact of in-hospital delirium on prognosis and long-term functional
outcome for patients with stroke, its association with mental-health problems has not yet been clarified.
Our study aimed to provide insight into the impact of delirium in acute phase of stroke on mental
health in short and long time perspective while controlling for other relevant predisposing factors such
as age, gender cognitive and vascular comorbidity.

12



J. Clin. Med. 2020, 9, 2232 7of 11

4.2. Prevalence of Mental Health Problems Post-Stroke

In the meta-analysis by Hackett and Pickles [27], the pooled data showed that depression was
present in 31% of stroke survivors at any time up to five-years post stroke; however, its frequency
varied across studies from 5% at two to five days after stroke to 84% at 3-months after stroke. The rate
of post-stroke depression was much higher in our study than average in meta-analysis. We observed
this rate was very stable over the follow-up period.

The frequency of apathy following stroke is estimated between 20-25% [28]. In our study,
the prevalence was higher, with a tendency to decrease its rate over 12 months post-stroke.

The prevalence of anxiety after the stroke in our study was similar to what was previously
observed, both in the acute phase of stroke [29] as well as over the 12 months post-stroke. We also
observed that the anxiety prevalence decreased with time.

Studies of anger after stroke are difficult to compare due to large differences. The reasons for this
are the different time periods covered by each study, different methodologies, or different diagnostic
criteria. A meta-analysis of 18 studies (5 in acute and 13 in post-acute time of stroke), showed that
anger was diagnosed between 12 to 56% of patients [30]. We observed that behavioral and cognitive
components of anger are not concurrent; aggression, behavior component, was low, less than 10%,
in the acute phase of stroke and hostility, cognitive component, was high, close to 50%, among patients.
We also observed its decreasing prevalence over 12 months post-stroke.

4.3. In-Hospital Delirium and Mental Health Problems

Delirium and depression, complex neuropsychiatric syndromes are common post stroke, however
their relationship is vague. Still there is no clear answer to the question whether depressive symptoms
arise during a delirium episode and if they resolve with delirium. The widespread disruption of
neural networks in delirium may incorporate affective centers in vulnerable or predisposed subjects.
Nelson et al. in the review article summarized that correlation exists between depression and delirium
in patients with hip fracture, but in no other specific populations [31].

One small study, recently published, analyzed the short and long-term effect of delirium on
anxiety and depression among stroke patients [32]. There was no influence of delirium on depression
and anxiety 1-, 6- and 12-month post-stroke. In our study, the rate of depression was significantly
higher in patients with delirium only 7-10 days after stroke and specifically when patients were
analyzed regardless of dementia severity. It is unclear whether the depression symptoms measured
soon after stroke truly represent new psychopathology or rather denote persistent or resolving delirium.
Although studies have shown that depression is a risk factor for delirium [33-35], this relationship
between delirium and depression is not clearly bidirectional and delirium seems to not increase the
risk for depression in the long-term perspective.

In our study in-hospital delirium was an independent risk factor for apathy during all follow-up
time. The association between apathy and delirium was not an area of interest for research so far,
but these two clinical mental health problems have a common relationship. Apathy and delirium share
a similar clinical picture. Delirium may manifest as lack of interest in an environment and goal-directed
behavior, flat affect and withdrawal which resembles apathy [36].

Apathy and delirium share also similar anatomical correlations. Apathy is associated with disruption
of medial frontal cortex—in particular the anterior corpus callosum, orbito-frontal cortex and subcortical
structures including the ventral striatum, medial thalamus and ventral tegmental area, or connections
between these regions. These associations are demonstrated across techniques that measure underlying
neuronal metabolism, gray matter atrophy, and both structural and functional connectivity in the
brain [37]. Delirium is associated with abnormalities of corpus callosum, cingulum, basal forebrain,
occipital, parietal and temporal lobes, cerebellum and thalamus on diffusor tension imaging [38].

Presumably, silent structural brain lesions in critical regions for apathy and delirium cause higher
brain vulnerability and as a result of stroke, clinically manifest as delirium or apathy or both.
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In this study, we did not correlate the precise stroke lesion with mental health problem. However,
studies show, that irrespective of the stroke lesion, patients with apathy have reduced connectivity
in many regions, remote from stroke, including frontal and basal ganglia regions associated with
apathy [39] as well as the reduced cerebral blood flow within the basal ganglia compared to non-apathetic
patients, irrespective of stroke location [40].

Anger is a frequent complication of stroke. So far, no study reported the association between
anger and delirium post-stroke. We observed such a relationship only in behavioral aspect of anger
(aggression) during hospitalization. At that time, there was no relationship between cognitive
component (hostility) of anger and delirium. We also did not find a positive association between
delirium and aggression/hostility 3- and 12-month post-stroke. Activation studies have demonstrated
that anger is associated with increased cerebral blood flow in brain regions that also show increased
metabolism during delirium episode [41,42]. This could explain the association between aggression
and delirium only during the early phase post-stroke.

Anxiety is a normal emotion to stress like stroke, hospitalization, fear of dying, but it may become
persistent and inappropriate. Anxiety at the hospital was high in both groups, insignificantly higher
in patients with delirium. After 3 months, delirium was found to be an independent risk factor for
anxiety. Presumably, high emotional distress and memories of frightening psychotic experiences in
delirious patients may be responsible for significantly higher rates of anxiety 3 months post-stroke
when compare to patients without delirium. With time, when the memories faded, the rate of anxiety
went down and its prevalence was similar in both groups.

This study confirms previous results, which show that mental health problems are a frequent
post-stroke complication. This study builds upon previous research in that, for the first time, a large
sample of stroke patients was assessed for the impact of in-hospital delirium on stroke patients” mental
health. Delirium is very rarely considered as a risk factor of long-term post-stroke prognosis. In our
study, we evaluated disorders that are highly interrelated, such as delirium, depression, apathy, anxiety,
and dementia. Assessments conducted at the same time are important to elucidate risk factors better,
as well as the common and different mechanisms underlying those conditions.

4.4. Strengths and Weaknesses of the Study

The first step in arriving at a correct diagnosis of mental health problems is to distinguish delirium
from other psychiatric syndromes that can cause confusion, such as dementia, depression, and mania.
Evaluating different mental problems concurrently is also important, given the overlap between them.
The careful and broad evaluation of mental health symptoms in stroke is a strong side of this study.

In our study, patients with aphasia, a frequent stroke consequence, were not excluded. If it was
possible, CAM-ICU was administered; if patients could not be formally tested, then they were strictly
observed by ward nurses and raters and the consensus diagnosis was made.

Since it is unclear to what degree previous psychopathology may serve as a risk factor for the
development of mental health-problems after in-hospital delirium episode; prior psychiatric illness can
influence mental status post-stroke, i.e., represents either recurrence or continuation of a preexisting
psychiatric illness, we very carefully excluded patients with pre-morbid mental health problems.

This study included a big number of patients at the baseline that allowed a sustained reasonable
big number of patients during all follow-ups.

A variety of raters; neurologist and psychologist assessed patients at baseline and during follow-up
visits. This is considered as the strength of this study, because follow-up raters were blind for the
patients’ previous performance and behavior. On the other hand, patients who are more familiar to
assessors are more willing to ask for help if they have problems with understanding the questions
from the questionnaire, and therefore provide more adequate answers. Therefore, the variety of raters
can be also considered as a weakness of the study.

Some limitations of our study and bias inducers should also be addressed. Firstly, we used
questionnaires to describe symptoms of anxiety, depression, apathy and fear that are not diagnostic tools,
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as using interviews with a mental health professional was not feasible. Secondly, patients that were lost in
the follow-up had more risk factors, which could have had a negative influence on the outcome and been
a potential source of bias. Thirdly, as this was a single center study, the generalizability of our results may
be limited.

5. Conclusions

The results of this study show, that mental health problems are a very frequent post-stroke
complication. Delirium diagnosed in the acute phase of stroke influences the mental health of
affected patients. This effect is especially significant in the first months post-stroke and vanishes with
time, which suggests that delirium during hospitalization might not be a damaging occurrence in
most measures of mental health problems. Apathy seems to be the most connected mental health
complication with in-hospital delirium among stroke patients.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/7/2232/s1,
Table S1: Prevalence of depression, apathy, anxiety and aggression/hostility in hospital, at 3-month follow-up
and 12-month follow-up in no-delirium and delirium groups, Table S2: Influence of post-stroke delirium on the
incidence of depression in hospital, at 3-month follow-up and 12-month follow-up in univariate and multivariate
logistic regression models, Table S3: Influence of post-stroke delirium on the incidence of apathy in hospital, at
3-month follow-up and 12-month follow-up in univariate and multivariate logistic regression models, Table S4:
Influence of post-stroke delirium on the incidence of anxiety in hospital, at 3-month follow-up and 12-month
follow-up in univariate and multivariate logistic regression models, Table S5: Influence of post-stroke delirium on
the incidence of aggression/hostility in hospital, at 3-month follow-up and 12-month follow-up in univariate and
multivariate logistic regression models, Table S6: Influence of post-stroke delirium on the incidence of depression,
apathy, anxiety and aggression/hostility in hospital, at 3-month follow-up and 12-month follow-up in univariate
and multivariate logistic regression models.
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Abstract: Post-stroke depression (PSD) is the most frequent neuropsychiatric consequence of stroke.
The nature of the relationship between PSD and mortality still remains unknown. One hypothesis is
that PSD could be more frequent in those patients who are more vulnerable to physical disability,
a mediator variable for higher level of physical damage related to higher risk of mortality. Therefore,
the authors’ objective was to explore the assumption that PSD increases disability after stroke,
and secondly, that mortality is higher among patients with PSD regardless of stroke severity and other
neuropsychiatric conditions. We included 524 consecutive patients with acute stroke or transient
ischemic attack, who were screened for depression between 7-10 days after stroke onset. Physical
impairment and death were the outcomes measures at evaluation check points three and 12 months
post-stroke. PSD independently increased the level of disability three (OR = 1.94, 95% CI 1.31-2.87,
p = 0.001), and 12 months post-stroke (OR = 1.61, 95% CI 1.14-2.48, p = 0.009). PSD was also an
independent risk factor for death three (OR = 5.68, 95% CI 1.58-20.37, p = 0.008) and 12 months after
stroke (OR = 4.53, 95% CI 2.06-9.94, p = 0.001). Our study shows the negative impact of early PSD on
the level of disability and survival rates during first year after stroke and supports the assumption
that depression may act as an independent mediator for disability leading to death in patients who
are more vulnerable for brain injury.

Keywords: post-stroke depression; disability level; mortality

1. Introduction

Stroke is not only a leading cause of permanent functional disability, but also often causes severe
impairment of mental health. Post-stroke depression (PSD) is the most frequent neuropsychiatric
complication of stroke. In the meta-analysis by Hackett and Pickles [1], the pooled data showed that
depression was present in 31% of stroke survivors at any time up to five-years post stroke, however its
frequency varied across studies from 5% at two to five days after stroke to 84% at three months after
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stroke. Our data on PSD, among Polish patients with stroke, showed that PSD occurs in 54.58% of
patients at the hospital, in 58.51% three months, and in 54.75% 12 months after the stroke [2].

It is important to recognize that depression is not a normal consequence of stroke, and still a lot of
patients with stroke and physical impairment will not develop depression. Depression often coexist
with other neuropsychiatric conditions which also increase the risk of negative prognosis, like apathy,
anxiety, dementia, or delirium, and which often are misdiagnosed with depression. Sorting them out
is essential for both, a correct risk assessment and for proper interventions.

Depressive symptoms occurring early after stroke increase the risk of negative consequences
including death [3]. The rate of mortality among patients with PSD differs at different time points after
stroke, also different risk factors are identified to increase the risk of death in this population [3-5].
Despite the fact that many studies have dealt with PSD, the nature of the relationship between
PSD and mortality remains unknown and requires further analysis in order to draw a convincing
conclusion. Among different hypothesis about the relationship between PSD and mortality one
states that depression could be more frequent in those patients who are more vulnerable to physical
disability [6] and PSD could act as a mediator variable for severe physical damage related to higher risk
of mortality. A better understanding of this association would strengthen the evidence for causality,
improve the therapeutic approach to patients with PSD, and provide prognostic information on
survival. To check this hypothesis, we assumed that PSD negatively influences disability after stroke,
regardless of stroke severity, other neuropsychiatric conditions, and higher mortality among patients
with PSD.

Therefore, the objective of this study was to assess the change in the level of disability over a year
in patients with PSD and their risk of death compared to depression-free patients by controlling other
neuropsychiatric conditions and the severity of stroke.

2. Materials and Methods

This study was conducted as part of a larger prospective study, known as the PROPOLIS
(PRospective Observational POLIsh Study on post-stroke delirium). Testing took place in the stroke
unit at the University Hospital and Outpatient Clinic at the Neurology Department, University
Hospital, Krakow. All procedures performed in this study involving human participants were in
accordance with the ethical standards of the institutional and national research committee and with
the 1964 Helsinki declaration and its later amendments. Informed written consent was provided by
each participant or caregiver. The Local Bioethics Committee of Jagiellonian University approved the
study (KBET/63/B/2014).

2.1. Population and Design

The consecutive patients admitted to the Stroke Unit at the University Hospital in Krakow,
with stroke (ischemic or hemorrhagic) or transient ischemic attack (TIA) met inclusion criteria (Patients
> 18 years of age, admitted within 48 h from the first stroke symptoms, speaking Polish, without serious
communication deficits), were included into this sub-study. All patients had neuroimaging (CT/MRI)
performed on admission. Stroke was defined as a sudden onset of neurological deficit lasting longer
than 24 h. All patients were treated according to standard protocols of international guidelines [7].

Data regarding socio-demographic factors and comorbidities was collected. The Cumulative
Illness Rating Scale (CIRS) was used as a general indicator of health status [8]. The severity of clinical
deficit after stroke was graded by the National Institutes of Health Stroke Scale (NIHSS) [9] and the
disability prior to admission was assessed by the modified Rankin Scale (mRS) [10].

Depression symptoms were assessed between 7 and 10 days after admission with Polish version
of Patient Health Questionnaire-9 (PHQ-9) [11]. This questionnaire queries symptoms present using
4-point Likert scale with item scores ranging from 0 (symptoms not present) to 3 (symptoms present
nearly every day). The score ranges from 0 (no depressive symptoms) to 27 (all symptoms occurring
nearly every day) and can be used to determine depression severity (0—4 indicates no depression,
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5-9 mild depression, 10 to 14 moderate depression, 15-19 moderately severe depression and 20-27
severe depression). PHQ-9 shows good reliability, validity and clinical utility when used in stroke
patients [12]. Patients enrolled in the study completed the questionnaire on their own or with the help
of a psychologist when filling out was impossible or difficult (e.g., the patient could not hold the pen
because of a paresis or had a visual impairment). Depression was diagnosed if the patient received 5
or more points on the PHQ-9 scale [13].

To evaluate post-stroke apathy (PSA), the Apathy Evaluation Scale-C (AES-C) [14] was used. AESis
an 18-item questionnaire with a clinician rated version that was applied in this study. The questions
address patient’s activities, interest in doing things, relationship with others and feelings over the
past two to three weeks. Each item is rated on a 4-point Likert scale with item scoring ranging from
1 (not at all true) to 4 (very true). The total AES-C score ranges from 18 to 72, with higher scores
indicating greater apathy. The AES has good reliability and validity and was frequently used in studies
on post-stroke apathy [14]. Apathy was diagnosed with AES score of > 37 points [15].

Anxiety was measured with Polish adaptation of State Trait Anxiety Inventory (STAI) [16,17],
the 40-item instrument, measuring, respectively, transient and enduring levels of anxiety. The state
scale used in the present study administered as a self-completion questionnaire by the interviewer,
assessed how the patients felt at the moment or in the recent past and how they anticipate their feelings
to be in a specific, hypothetic situation in the future. The STAI scale is scored on four levels of anxiety
intensity from 1 (not at all) to 4 (very much) and with a sum score between 20 and 80. The raw results
are interpreted by referring to a relevant sten scores and then categorized into three levels of anxiety:
low (1-4 sten), moderate (5-6 sten) and high (7-10 sten) [17].

Patients were screened for delirium with the abbreviated version of Confusion Assessment Method
(bCAM) or the Intensive Care Units version (CAM-ICU), specifically in patients with motor aphasia or
those who could not communicate for other reasons [18,19]. The final diagnosis of delirium was based
on both clinical observation and structural assessment. The diagnostic criteria for delirium were based
on the DSM-5 classification [20].

To screen for pre-stroke depression (pre-SD), a member of family/spouse or a close informant
of the patient’s household filled out the Neuropsychiatric Inventory [21]. In addition, patients were
asked about previous treatment for depression, and medical records were checked for antidepressants
among the medications currently taken by the patient.

In order to diagnose patients with pre-stroke dementia, a Polish version of Informant Questionnaire
on Cognitive Decline in the Elderly (IQCODE) was used [22].

2.2. Outcome Assessment

We assessed the following outcome measures: presence of depression between 7-10th day after
admission to the hospital, degree of disability in daily activities and mortality after stroke 3 and
12 months after stroke during the follow-up visit. Patients who did not attend a follow-up visit
were contacted by phone and the information was gathered. A neurologist and a psychologist,
both uninvolved in the baseline assessment of patients, were responsible for data acquisition.

2.3. Statistics

Statistical analysis was performed using Statistica 13.3 software (StatSoft®, Krakéw, Poland).
Qualitative variables were compared using the chi-squared test with or without Yates’ correction,
as appropriate. Quantitative values were presented as medians with interquartile ranges (IQRs) and
compared with the Mann-Whitney U test due to non-normal distribution in each case. Correlations were
statistically evaluated using Pearson’s correlation tests and correlation coefficients (r) were obtained.

Associations between PSD (based on the PHQ-9 cut-off point) and 3-month and 12-month mortality
were found using univariate logistic regression models. Predictive values were presented as odds
ratios (ORs) with 95% confidence intervals (CIs). Similarly, associations between PSD and disability
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(increase in mRS of >1) were evaluated. Then, multivariate logistic regression models were adjusted for
age, gender, and comorbidities (CIRS score). p-values < 0.05 were considered statistically significant.

3. Results

From 750 patients included into PROPOLIS study 524 filled out the PHQ-9. After three and
12 months after stroke 514 and 487 patients were available for examination, respectively. A flowchart
(Figure 1) and a timeline (Figure 2) show the study design.

Hospital

Patients with stroke or TIA
in the PROPOLIS study
(n=750 / n=638%)

y

Patients who
filled out PHQ-9
(n=524 / n=457%)

—)-I Lost to follow-up (n=10 / n=9%)
—){ Dicd (n=24 / n=17*) I

Y
3-month follow-up

Patients included
into analysis
(n=514 / n=448%)

A

—){ Lost to follow-up (n= 27/ n=23%)
—)-| Died (n=31/ n=25%) I

Y
12-month follow-up

Patients included
into analysis
(n=487 / n=425%)

A

* number of cases after exclusion of patients with pre-stroke depression

Figure 1. Study flowchart.

STROKE or TIA

Assessment of disability Assessment of disability
and mortality and mortality

Admission 7-10th day 3 months post-stroke 12 months post-stroke

Patient Health Questionnaire-9 (PHQ-9)

Figure 2. Study timeline.
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When compared to controls, patients with PSD were significantly older, more often females,
less often had left hemispheres stroke and treatment with recombinant tissue plasminogen activator
(rt-PA), suffered from pneumonia, and had higher C-reactive protein (CRP) levels during hospitalization.
Also, they were significantly more physically disabled prior to admission, more often had TIA or stroke
in the past and had more comorbidities at baseline comparisons. Early depression was significantly
more often accompanied by other neuropsychiatric conditions: apathy, anxiety, delirium, and dementia.
Table 1 shows the details.

After three months, 24 patients died, 10 were lost from the follow-up and mRS score was not
obtained in 18 patients. After 12 months, 31 persons died, and another 27 patients were lost from the
follow-up. Patients who were lost from the follow-up did not differ significantly from those analyzed.
Table 2 shows the results.

In the first step, we compared patients with PHQ-9 > 5 points with those who scored 4 or less.
After 3 and 12 months after stroke, PSD was an independent risk factor for death in multivariable
logistic regression analysis. Also, PSD independently increased the level of disability of 1 point on
mRS among patients with PSD three and 12 months post-stroke. Table 3 and Figures 3 and 4 show the
final results.

In the second step, we excluded patients with pre-SD from further analyses. The general
characteristic of patients with PSD and controls, after exclusion of patients with pre-SD, are shown in
Table 4. The final results were very similar to those obtained in first analysis. Only the side of stroke
lost its significance.

In regression analyses, PSD was still an independent variable for mortality and increased level of
disability measured by mRS three and 12 months after stroke. Table 5 shows the results.

Patients that were lost from the follow-up in this sub-analysis did not differ significantly from
analyzed group. Table 6 shows the details.

In the third step, we compared only pre-SD with patients without depression (pre- or post-stroke).
Patients with pre-SD were significantly more often women, had more comorbidities and had higher
level of disability prior to admission. Table 7 shows the details.

Pre-SD increased the level of disability on mRS of 1 point at threeand 12 months post-stroke and
predicted mortality within 12 months after stroke. Table 8 shows the results.

Patients with pre-SD significantly more often had PSD and they also had significantly more severe
depression when compared to other individuals. There was no relationship between NIHSS score and
PHQ-9 score. Tables 9 and 10 show the results.
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Table 10. Correlations between NIHSS and PHQ-9 at the hospital.

Group Data  Pearson’s Correlation Coefficient (r) p-Value
All patients 524 —-0.0128 0.770
Pre-stroke depression excluded 457 —0.0384 0.413

NIHSS—National Institutes of Health Stroke Scale; PHQ-9—The Patient Health Questionnaire-9.

NO DEPRESSION DEPRESSION

Mortality
3 months post-stroke = Death
= Survivors
Mortality
12 months post-stroke = Death
= Survivors

Figure 3. A pie chart presenting the influence of post-stroke depression on mortality.

NO DEPRESSION DEPRESSION

Disability
3 months post-stroke = TmRS 21

= No increase

Disability
12 months post-stroke Sl

= No increase

Figure 4. A pie chart presenting the influence of post-stroke depression on disability.
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4. Discussion

In our cohort, depression was diagnosed in 54.58% of patients between seven and 10 days
after stroke. Patients who developed depressive symptoms in acute phase of stroke had about six
times higher risk of death three months after stroke and nearly 4.5 times higher risk after 12 months,
when compared to patients without depression. PSD negatively influenced level of disability and
mortality rate at three and 12 months after stroke. Both outcomes were independent from stroke
severity and concomitant neuropsychiatric conditions.

Other studies have also reported an association between PSD and mortality after stroke. Instudy by
Williams et al. [23], among total of 51,119 patients hospitalized with an ischemic stroke, those diagnosed
with PSD had a higher three-year mortality risk, even despite being younger and having fewer chronic
conditions. Previous meta-analysis [4—6], also showed that mortality was an independent outcome of
depression after stroke and patients with early PSD had a risk of death about 1.5 higher as compared
with non-depressed individuals, considering both short- and long-term mortality. In a study by
Razmara et al. [24], the combination of depression and stroke was associated with all—cause mortality,
with the highest risk of death in those aged 65-74 years. Patients with depressive symptoms were
about 35 times more likely to die when compared to stroke survivors without depression.

Our study found that PSD increases the level of disability both three and 12 months after stroke.
In earlier studies [25,26], depressed patients have been found more dependent in activities of daily
living at three and 15-month follow-up than patients without depression. Paolucci et al. [27] estimated
that PSD is a relevant factor that is responsible for about 15% of the increased disability observed in
post—stroke depressive patient.

As was shown, pre-SD was associated with higher stroke morbidity and mortality [28]. In our
cohort, pre-SD was independently related to increased mortality 12 months post-stroke but not three
months. The number of patients with pre-SD was small which can explain this lack of association for
the three-month observation.

Pre-SD, which is due to many factors, e.g., social, degenerative, or vascular, also negatively
influenced the level of disability both three and 12 months after stroke. Results of this study suggest,
that regardless of etiology, depression increases negative outcomes after stroke.

The association between stroke and depression is well established as well as between stroke
and poor functional outcome. The connecting factor between depression, physical impairment,
and mortality in patients with stroke can be brain-derived neurotrophic factor (BDNF), a member of
the neurotrophin family, involved in neuronal development, differentiation, and survival.

There is a general agreement that etiology of mood disorders is multifactorial. Hypotheses
about the participation and interrelationship of down regulation of neurotrophins, inflammation,
hypothalamic-pituitary-adrenal axis hyperactivity and stress in pathophysiology of depression have
an important support in literature [29].

Recent findings have reported that BDNF is a key regulator in the neuro-immune axis regulation,
but its potential mechanism in depression remains unclear [30]. Lower BDNF levels were found to be
a significant risk factor for PSD [31] as well as in clinically depressed individuals [32]. BDNF could
intermediate between depression and the level of disability after stroke. Stroke activates microglia,
which are brain guards and the first non-neuronal cells to respond to various acute brain injuries [33].
An inflammatory state can contribute to the development and progression of depression pathology,
influencing alterations of the neuroplasticity caused by reduced BDNF expression, activity, and affinity
to a receptor [30,34,35]. Moreover, BDNF levels are mediated by physical exercise enhancing its levels
in the brain [36]. Activity-driven increases in BDNF have also been shown to promote motor recovery
after stroke [37]. Physical rehabilitation may be impaired by depressions, and depressed patients are
less likely to exercise what lowers the level of BDNF and intensify functional impairment. For the time
being, there is not enough evidence of a definitive link between BDNF and depression, disability and
mortality, and their potential interrelationships need to be confirmed in future studies.
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Immunological mechanisms, as mentioned, are implicated in the pathogenesis of depressive
symptoms. C-reactive protein is the inflammatory biomarker, an acute phase protein that increases in
level during the acute phase of inflammation. Patients with depression exhibit increased peripheral
blood concentrations of CRP [38,39]. Elevated CRP along with other peripheral blood markers
of inflammation have been found to predict development of depression [40] and resistance to
antidepressant therapy [41]. A few studies have examined the relationship between circulating CRP
and risk of post-stroke depression with conflicting results [42—44]. In the previous sub-study, we found
that this association was significant for depression diagnosed during hospitalization, but there was no
association between depression diagnosed three months post-stroke and CRP levels [45]. Interestingly,
in this present, much larger study, patients with depression, diagnosed at the hospital, had significantly
higher level of CRP than dementia-free patients, thus supporting the hypothesis of the role of
immunological mechanisms in development of depressive symptoms.

In the pathophysiology of depression, a dysregulated kynurenine pathway has also been implicated.
In this pathway, tryptophan is broken down into kynurenine and then to neurotoxic quinolinic acid and
decreases the availability of tryptophan for serotonin synthesis. The altered levels of kynurenines have
been implicated in psychiatric [46] and neurodegenerative diseases [47]. Preliminary data from one
small study among patients with stroke also suggest that the kynurenine pathway may be implicated
in PSD and disability [48]. Kynurenic acid seems to be useful not only in process of diagnosis but also
in prediction of the treatment response [49].

Research shows that inflammation is an important, multi-directional factor in the etiology of
depression, but further research is still needed on its role in diagnosing depression, guiding decision
making on clinical treatment and monitoring the course of the disease and the risk of its relapse.

Strengths and Weaknesses of the Study

The first step in arriving at a correct diagnosis of mental health problems is to distinguish
depression from other psychiatric syndromes that can cause confusion, such as delirium, dementia,
apathy, or anxiety. Evaluating different mental problems concurrently is also important to distinguish
between the right diagnoses, given the overlap between them. Careful and broad evaluation of mental
health problems at the hospital is a strong side of PROPOLIS.

Prior psychiatric illness can influence mental status post-stroke, i.e., represents either recurrence
or continuation of a preexisting psychiatric illness. Therefore, in PROPOLIS, we carefully screened for
neuro-psychiatric conditions including depression, dementia, delirium, anxiety, and apathy pre-stroke.

This study had prospective design and included a large number of patients at the baseline,
which helped to sustain a reasonably large number of patients during all follow-ups. Patients that
were lost in the follow-up didn’t differ significantly from those followed-up.

A variety of raters; neurologist and psychologist assessed patients at baseline and during follow-up
visits. This is considered as the strength of this study, because follow-up raters were blind for the
patients’ previous performance and behavior. On the other hand, patients who are more familiar to
assessors are more willing to ask for help if they have problems with understanding the questions
from the questionnaire and therefore provide more adequate answers. Therefore, a variety of raters
can be also considered as a weakness of the study.

Some limitations of our study and bias inducers should also be addressed. Firstly, the PROPOLIS
was designed to determine frequency, predictors, and clinical consequences of post-stroke delirium.
Depressive symptoms were considered as a secondary endpoint of the study. Secondly, we used
questionnaires to describe symptoms of depression, since using interviews with mental health
professional was not feasible. Thirdly, the first evaluation for depressive disorders took place before the
14th day after stroke, which may have overestimated the prevalence of depression in the acute phase of
stroke. Fourthly, during the follow-up visits, we observed, most depressed patients did not have formal
diagnosis of depression and were not treated, but data on the treatment with antidepressants were not
collected during the follow-ups. Because treatment with antidepressants might influence the study
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outcome, this is considered as a limitation. Fifth, as this was a single center study, the generalizability
of our results may be limited.

5. Conclusions

Depression can act as a mediator variable for a higher disability level and mortality in patients
more vulnerable to brain injury, independently of other neuropsychiatric mental health problems.

A high prevalence of depression after stroke should stress the need for future research exploring
its possible pathomechanism and testing, if an early management of depression may change life
expectancy after stroke and improve the outcome, even if functional deficits remain.
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C-reactive protein and post-stroke
depressive symptoms

Katarzyna Kowalska, Paulina Pasinska, Elzbieta Klimiec-Moskal, Joanna Pera,
Agnieszka Slowik, Aleksandra Klimkowicz-Mrowiec & Tomasz Dziedzic(®"

Our study aimed to explore the association between serum C-reactive protein (CRP) and post-stroke
depressive symptoms. We prospectively recruited 572 patients with ischemic stroke or transient
ischemic attack in whom serum CRP level was measured within 48 h after stroke onset. Depressive
symptoms were assessed at day 8 and 3 months after stroke in 405 and 306 patients, respectively.
Patients with greater depressive symptoms at day 8 and patients with greater depressive symptoms

3 months after stroke had higher CRP level (median: 7.9 vs 4.3mg/L, P < 0.01and 6.7 vs 3.4 mg/L,

P =0.01, respectively). In the univariate analysis, CRP > 9.2 mg/L was associated with depressive
symptoms at day 8 (OR: 2.06, 95%Cl: 1.30-3.28, P < 0.01) and CRP > 4.3 mg/L was associated with
depressive symptoms 3 months after stroke (OR: 1.79, 95%Cl: 1.06-3.02, P =0.03). In the multivariate
analysis, higher CRP level was related to depressive symptoms at day 8 (OR: 2.23, 95%Cl: 1.28-3.90,

P < 0.01), but not depressive symptoms 3 months after stroke (OR: 1.13, 95%Cl: 0.59-2.17, P=0.71). In
conclusion, higher levels of CRP are associated with greater depressive symptoms at day 8 after stroke,
but their effects on depressive symptoms 3 months after stroke are less significant.

Mounting evidence indicates that peripheral inflammation might contribute to the pathophysiology of major
depressive disorder (MDD)'-*. Animal studies demonstrate that systemic inflammation might interact with the
mechanisms important for depression such as, neurotransmitter metabolism, glucocorticoid receptor resist-
ance, and neuronal plasticity*. Clinical studies show that circulating markers of immune activation, including
cytokines, chemokines, and acute-phase proteins, are observed in the blood of individuals with MDD. The
most replicated findings, confirmed by several meta-analyses, pertain to raised C-reactive protein (CRP) and
interleukin-6 in a subset of MDD patients®%.

About 30% of patients develop depression at any time point up to 5 years after stroke”!°. Post-stroke depres-
sion is associated with worse functional outcome and increased mortality'’.

In contrast to MDD, the role of systemic inflammation in the pathobiology of post-stroke depression is not
well defined. Systemic inflammatory reaction accompanies ischemic stroke. This reaction includes two compo-
nents: low-grade inflammation that is related to stroke risk factors and comorbidities (e.g. atherosclerosis, hyper-
tension, diabetes mellitus, heart failure or ischemic heart disease) and acute-phase reaction triggered by brain
injury and exacerbated by post-stroke infections. As a result, blood levels of interleukin-6 and CRP rise during
the first few days after stroke onset'?. Since post-stroke systemic inflammation could be a potential therapeutic
target'®, a better understanding of relationships between peripheral inflammation and depression is clinically
important.

Our study aimed to explore the association between circulating CRP and post-stroke depressive symptoms.

Methods

Patient selection and clinical assessment. Patients recruited to this study were selected from persons
who participated in the PROPOLIS study (PRospective Observational POLIsh Study on post-stroke delirium).
PROPOLIS was a prospective study conducted in the Department of Neurology, University Hospital, Krakow,
Poland!*. The main aim of the PROPOLIS was to determine the frequency, risk factors and prognosis of post-
stroke delirium. Participants were recruited to this study between May 2014 and March 2016.

The inclusion criteria to the current sub-study on depressive symptoms were: (1) ischemic stroke or transient
ischemic attack (TIA); (2) serum CRP measurement within 48 h after stroke onset; and (3) informed patient’s
consent. The exclusion criteria were: (1) the pre-stroke diagnosis of major depressive disorder (retrieved from
medical records) and (2) hemorrhagic stroke.
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The Bioethics Committee of Jagiellonian University approved the study’s protocol. Each patient gave informed
consent. All methods were performed in accordance with approved guidelines and regulations.

The presence of depressive symptoms was assessed at day 8 == 1 and 3 months after stroke onset using the
Patient Health Questionnaire (PHQ-9)!>6. Previous studies showed that PHQ-9 is a valid and clinically feasible
depression screening tool for stroke!”. Score >10 was considered indicative of greater depressive symptoms®!°.
The PHQ-9 was administrated face-to-face by a trained neurologist or psychologist. Before the PHQ-9 adminis-
tration, aphasia was examined using clinical methods that assessed speech fluency and content, comprehension,
and naming. Patients who were not able to understand questions were excluded from the study.

The Neuropsychiatric Inventory (NPI) was used to assess neuropsychiatric disturbances occurring within the
4 weeks before admission. The NPI-Q10 subscale includes 10 behavioural items: delusions, hallucinations, agita-
tion, depression, anxiety, euphoria, apathy, disinhibition, irritability, and aberrant motor behaviour?>*!. A score
for each item (from zero to 12) is a product of severity scale (from zero to 3) and frequency scale (from zero to 4).

The Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) with a cut-off of 3.3 was used to
diagnose a pre-stroke cognitive decline?*?*. The IQCODE consists of 26 items that rate change in patients’ intel-
lectual abilities over the past 10 years*.

The core features of delirium were examined using the Brief Confusion Assessment Method?.

National Institute of Health Stroke Scale (NIHSS) was used to assess neurological deficit on admission?. A
score of zero means normal function and higher scores indicate greater impairment. The total score ranges from
zero to 42.

Laboratory assays. Serum CRP level was quantified via the immunoturbidometric method (Roche
Diagnostics, Mannheim, Germany). The assay detection limit was 1 mg/L.

Statistical analysis. The x? test was used to compare proportions, while the Mann-Whitney U-test was
used to compare continuous variables between groups. Logistic regression was used to determine the predictors
of functional outcome. Variables with P < 0.05 in the univariate analysis were included in a multivariate analysis.
The Box-Tidwell test was used to check the linearity of the logit for the continuous independent variables in logis-
tic regression analysis. The receiver operating characteristic curves were used to identify an optimal cut-off level
of CRP that differentiates patients with greater depressive symptoms from those with lower depressive symptoms.
Since CRP level could raise within 48 h after stroke onset and its level measured within 12h might be lower than
its level measured between 24-48 h'%, two sensitivity analyses were performed. In the first, the patients in whom
the CRP level was measured within 12h after stroke were excluded. In the second analysis, only patients with
CRP measurement within 24 h after stroke were included. The calculations were performed using the program
STATISTICA for Windows (version 12.5, Statsoft, Poland).

Results

Of 750 patients that participated in the PROPOLIS study, 572 patients had an ischemic stroke or TIA and the
CRP measurement within 48 h after stroke onset. After the exclusion of patients who died or were not able to
perform PHQ-9, depressive symptoms were assessed in 405 patients at day 8 and in 306 patients 3 months after
stroke (Fig. 1).

Depressive symptoms at day 8. Of 405 included patients (median age: 70, IQs: 61-80; 51.6% women;
median NIHSS: 4, IQs: 2-9), greater depressive symptoms were diagnosed in 104 patients (25.7%).

Compared to patients with lower depressive symptoms, patients with greater depressive symptoms were more
often women; suffered from hypertension, previous stroke, and pre-stroke cognitive decline; took antidepressants
before index stroke; and had higher pre-stroke NPI score (Table 1). Serum CRP level was higher in patients with
greater depressive symptoms.

In the univariate analysis, CRP level above 9.2 mg/L was associated with greater depressive symptoms (OR:
2.06, 95%CI: 1.30-3.28, P < 0.01). In the multivariate analysis adjusted for hypertension, female sex, previ-
ous stroke, pre-stroke cognitive decline, the use of anti-depressant before stroke, and the NPI score, CRP level
remained the independent predictor of depression (OR: 2.23, 95%CI: 1.28-3.90, P < 0.01). Other independent
predictors of greater depressive symptoms were: female sex (OR: 2.97, 95%CI: 1.67-5.29, P < 0.01), previous
stroke (OR: 2.08, 95%CI: 1.08-4.01, P=0.03), the NPI score (OR: 1.05, 95%CI: 1.02-1.08, P < 0.01) and the use
of anti-depressant before stroke (OR: 6.07, 95%CI: 1.14-32.17, P=0.03).

Depressive symptoms 3 months after stroke onset. Of 306 included patients (median age: 69, IQs:
61-79; 50.6% women; median NTHSS: 4, IQs: 2-8), greater depressive symptoms were diagnosed in 82 patients
(26.8%).

Compared to patients with lower depressive symptoms, patients with greater depressive symptoms more often
suffered from hypertension, diabetes mellitus, and post-stroke delirium; took antidepressants during 3 months
after stroke onset; and had higher pre-stroke NPI score (Table 2). Serum CRP level was higher in patients with
greater depressive symptoms.

In the univariate analysis, CRP level above 4.3 mg/L was associated with greater depressive symptoms (OR:
1.79, 95%CI: 1.06-3.02, P = 0.03). This association was nonsignificant in the multivariate analysis adjusted for
hypertension, diabetes mellitus, delirium, the use of antidepressant and the NPI score (OR: 1.13, 95%CI: 0.59—
2.17, P=0.71). The independent predictors of greater depressive symptoms in this model were: hypertension
(OR: 2.81, 95%CI: 1.27-6.20, P =0.01), diabetes mellitus (OR: 2.13, 95%CI: 1.08-4.19, P =0.03), and the use of
antidepressant (OR: 4.36, 95%Cl: 1.963%69, P<0.01).
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PROPOLIS cohort
N=750
Median age: 73; 53,1%
female
Median NIHSS: 6

Excluded
N=178

> Hemorrhage: 52

CRP > 48 hrs: 126

v
Included
N=572
Median age: 74; 55,1%
female
Median NIHSS: 6

No follow-up No follow-up
N=167 N=266
Death: 25 Death: 103
Severe aphasia: 99 No follow-up visit: 157
Severe dementia: 29 Untestable (aphasia,
Discharge before day 7: 13 |—> —> dementia): 6
No consent: 1 Median age: 79; 60,1%
Median age: 80; 63,5% female
female Median NIHSS: 11.9
Median NIHSS: 17

Day 8 3 months
N=405 N=306
Median age: 70; 51,6% Median age: 69; 50,6%
female female
Median NIHSS: 4 Median NIHSS: 4

Figure 1. Flow chart showing the numbers of patients included in the study and the reasons for non-inclusion
of excluded patients. NITHSS: National Institute of Health Stroke Scale.

When patients treated with anti-depressants were excluded from the analysis, CRP was still associated with
depressive symptoms in the univariate (OR: 2.00, 95%CI: 1.10-3.62, P =0.02), but not in the multivariate analysis
(OR: 1.04, 95%ClI: 0.50-2.16, P=0.92).

Sensitivity analysis. In the first sub-analysis, we excluded patients in whom serum CRP level was measured
within 12 h after stroke onset (N =113). Compared to patients with lower depressive symptoms, patients with
greater depressive symptoms at day 8 (median: 7.6, interquartiles: 2.1-25.5mg/L vs median: 4.6, interquartiles:
1.9-11.2mg/L, P=0.02) and patients with greater depressive symptoms 3 months after stroke (median: 6.7, inter-
quartiles: 2.7-19.1 mg/L vs median: 3.7, interquartiles: 1.6-11.1 mg/L, P=0.02) had higher CRP level. In the uni-
variate analysis, serum CRP level above 19.0 mg/L was associated with higher depressive symptoms at day 8 (OR:
2.45, 95%ClI: 1.50-4.00, P < 0.01). Similarly, serum CRP level above 4.3 mg/L was related to higher depressive
symptoms 3 months after stroke (OR: 2.14, 95%CI: 1.33-3.44, P < 0.01). In the multivariate analysis, higher CRP
level remained an independent predictor of depressive symptoms at day 8 (OR: 2.13, 95%ClI: 1.18-3.82, P=0.01),
but not depressive symptoms assessed 3 months after stroke (OR: 1.53, 95%CI: 0.86-2.73, P =0.14).

In the second sub-analysis, we included only patients in whom CRP level was measured within 24 h after
stroke onset (N =292). Compared to patients with lower depressive symptoms, patients with greater depres-
sive symptoms at day 8 (median: 9.2, i%tgrquartiles: 2.5-17.2mg/L vs median: 4.3, interquartiles: 2.1-10.3 mg/L,
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High score of depressive | Low score of depressive
symptoms (N =104) symptoms (N =301) P value
Age, median (IQs) 73 (61-82) 69 (61-80) 0.20
Female, n (%) 68 (65.4) 141 (46.8) <0.01
Hypertension, n (%) 81(77.9) 204 (67.8) 0.05
Diabetes mellitus, n (%) 33(31.7) 73(24.2) 0.13
Atrial fibrillation, n (%) 24 (23.1) 48 (15.9) 0.10
Myocardial infarction, n (%) 17 (16.3) 40 (13.3) 0.44
Previous stroke or TIA, n (%) 27 (26.0) 44 (14.6) <0.01
Pre-stroke dependency, n (%) 11 (10.6) 19 (6.3) 0.15
Pre-stroke cognitive decline, n (%) | 21/87 (24.1) 33/249 (13.2) 0.02
Pre-st'roke total NPI score, median 45(0-14.5) 0(0-6) <0.01
(IQs)**
depression, median (104)** 00-2) 00-0) <001
Pre-stroke use of antidepressants 6(5.8) 4(1.3) 0.01
NIHSS score on admission, n (%) 4(2-9) 4(2-9) 0.90
Pneumonia, n (%) 8(7.7) 16 (5.3) 0.38
Urinary tract infections, n (%) 33(31.7) 82(27.2) 0.52
Delirium, n (%) 22 (21.1) 49 (16.3) 0.26
Stroke location, n (%) 0.07
Right hemisphere 53 (51.0) 129 (42.9)
Left hemisphere 35(33.6) 132 (43.8)
Posterior fossa 11 (10.6) 37(12.3)
Multiple locations 5(4.8) 3(1.0)
Intravenous thrombolysis, n (%) 22 (21.1) 82(27.2) 0.22
Mechanical thrombectomy, n (%) 6(5.8) 17 (5.6) 0.96
CRP (mg/L),median (IQs) 7.9 (2.4-20.5) 4.3(2.1-10.8) <0.01

Table 1. Baseline characteristics of patients with high and patients with low depressive symptoms score at day
8. “Data available for 336 patients. **Data available for 333 patients.

P <0.01) had higher CRP level. CRP level did not differ (P =0.15) between patients who had greater depressive
symptoms 3 months after stroke (median: 6.7, interquartiles: 2.5-11.2mg/L) compared to patients who had lower
depressive symptoms (median: 3.9, interquartiles: 2.1-11.0 mg/L). In the univariate analysis, serum CRP level
above 9.17 mg/L was associated with higher depressive symptoms at day 8 (OR: 2.49, 95%ClI: 1.45-4.29, P < 0.01)
and CRP level above 6.7 mg/dL was associated with higher depressive symptoms 3 months after stroke (OR: 2.81,
95%CI: 0.99-3.31, P=0.05). In the multivariate analysis, higher CRP level remained an independent predictor
of depressive symptoms at day 8 (OR: 2.89, 95%CI: 1.47-5.69, P < 0.01), but not depressive symptoms assessed 3
months after stroke (OR: 1.21, 95%CI: 0.56-2.60, P =0.62).

Discussion
Our study revealed that higher levels of CRP are associated with greater depressive symptoms at day 8 after stroke,
but their effects on depressive symptoms 3 months after stroke are less significant.

A few studies have examined the relationship between circulating CRP and risk of post-stroke depression.
These studies yielded conflicting results. Jimenez et al. measured the serum CRP level in 134 patients with
first-ever ischemic stroke?. Blood was collected at discharge (day 7 +2) and 1 month after stroke. About 19%
of patients were diagnosed as having major depression at discharge according to DSM-IV criteria and 22% of
patients had major depression 1 month after stroke. The authors did not find any association between CRP level
and the risk of post-stroke depression. The study of Yang et al. included 226 ischemic stroke patients®®. CRP level
was measured within 24 h after stroke onset. Six months after stroke major depression was diagnosed in 30.5%
of patients. In this study, serum CRP level above 0.85 mg/dL was associated with the increased risk of depression
after adjusting for potential confounders. Similarly, Cheng et al. found that higher CRP level measured with 24h
after stroke onset predicts the increased risk of depression 1 year after stroke?.

The contribution of inflammatory factors to the pathogenesis of post-stroke depressive symptoms might be
dependent on time after stroke. Depressive symptoms that occur very early after stroke onset could be a part of
so-called sickness behaviour. Sickness behaviour is a set of behavioural and motivational changes triggered by
acute infection or tissue injury and includes anhedonia, hyperalgesia, fever, anorexia, sleepiness, anxiety, and
disinterest in social interactions®**'. Animal studies have demonstrated that systemic inflammation might induce
both sickness behaviour and depressive-like symptoms®’. Multiple symptoms, for example weight loss, anorexia,
fatigue, hyperalgesia, anhedonia, anxiety, and neurocognitive symptoms are shared by both sickness behaviour
and depression. Clinical studies involving cancer patients treated with interferon-alpha (INFa) shed light on
cytokine-induced sickness behaviour and depressive symptoms. These studies have shown that somatic and
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High score of depressive | Low score of depressive

symptoms (N = 82) symptoms (N = 224) P value
Age, median (IQs) 70.5 (63-78) 68 (60-79) 0.30
Female, n (%) 47 (57.3) 108 (48.2) 0.16
Hypertension, n (%) 68 (82.9) 150 (67.0) 0.01
Diabetes mellitus, n (%) 34 (41.5) 49 (21.9) <0.01
Atrial fibrillation, n (%) 16 (19.5) 40 (17.9) 0.74
Myocardial infarction, n (%) 12 (14.6) 30(13.4) 0.78
Previous stroke or TIA, n (%) 16 (19.5) 38(17.0) 0.20
Pre-stroke dependency, n (%) 8(9.8) 12 (5.4) 0.17
Pre-stroke cognitive decline, n (%) 13/67 (19.4) 22/191 (11.5) 0.10
Pre—str(;ke total NPI score, median 3.5(0-12) 1(0-7) 0.03
(IQs) **
II-::':‘-ﬁtal;ﬂ((IeQI\ST)T*score for depression, 0(0-0) 0(0-0) 0.94
Pre-stroke use of antidepressants 3(3.7) 2(0.9) 0.09
NIHSS score on admission, n (%) 5(2-10) 4 (2-8) 0.07
Pneumonia, n (%) 8(9.8) 12 (5.4) 0.17
Urinary tract infections, n (%) 28 (34.1) 52(23.2) 0.06
Delirium, n (%) 22(26.8) 27 (12.0) <0.01
Stroke location, n (%) 0.57
Right hemisphere 39 (47.6) 83 (37.0)
Left hemisphere 33 (40.2) 110 (49.2)
Posterior fossa 9(11.0) 29 (12.9)
Multiple locations 1(1.2) 2(0.9)
Intravenous thrombolysis, n (%) 26 (31.7) 59 (26.3) 0.35
Mechanical thrombectomy, n (%) 7 (8.5) 15(6.7) 0.58
:in:rosfna’\:ﬁie-depressants 3 months 19 (23.2) 22(9.8) <0.01
CRP (mg/L),median (IQs) 6.7 (2.5-18.1) 3.4(1.9-10.0) 0.01

Table 2. Baseline characteristics of patients with high and patients with low depressive symptoms score at day
90. "Data available for 258 patients. **Data available for 255 patients.

vegetative symptoms appeared within 2 weeks of INFa therapy?2. In contrast, mood and cognitive symptoms
appeared later during INFa therapy and were more apparent in patients who developed major depression. The
hypothesis that early-onset post-stroke depressive symptoms might be related to sickness behaviour is supported
by the observation that stroke patients with early-onset (in-hospital) depression had higher frequency of vege-
tative (anxiety, loss of energy, morning depression, early awakening, weight loss) and melancholic (loss of inter-
est, depressed mood, psychomotor retardation) symptoms compared to patients with late-onset depression®?.
Alternatively, early-onset post-stroke depression might represent a specific phenotype of depression with dom-
inant somatic (vegetative) symptoms rather than sickness behaviour. Further studies with dimensional analyses
of specific clusters of neuropsychiatric and somatic symptoms are needed to better characterize the relationship
between sickness behaviour and post-stroke depressive symptoms. Differentiation of early depressive symptoms
related to sickness behaviour from those predicting major depression could have therapeutic implications. In
patients treated with INFa, mood and cognitive symptoms were more responsive, whereas vegetative symptoms,
such as anorexia or fatigue, were less responsive to paroxetine treatment’.

In the univariate analysis, higher CRP was associated with greater depressive symptoms 3 months after stroke.
This association was, however, non-significant after adjusting for potential confounders. Inflammatory markers
decline gradually after stroke!*. For this reason, the remote effect of inflammation on depressive symptoms could
be weaker than in the acute phase of the stroke. Moreover, the persistence of depressive symptoms beyond the
acute phase of stroke might require additional vulnerabilities, including unresolved inflammation, genetic predis-
position, or alteration in neuronal networks responsible for mood regulation. We cannot exclude the possibility
that our study had too low statistical power to detect an association between CRP and depressive symptoms
occurring 3 months after stroke. It should also be noted that inflammatory markers might be selectively associ-
ated with only specific dimensions of depression. In MDD, circulating inflammatory markers are especially linked
to atypical depression characterized by increased appetite and weight gain®*.

There are several limitations to our study. First, the PROPOLIS was designed to determine frequency, pre-
dictors and clinical consequences of post-stroke delirium. Depressive symptoms were considered as a secondary
end-point of the study and statistical power was not calculated a priori to check if the study was able to detect
an association between CRP and depressive symptoms. Second, no formal psychiatric diagnosis of depression
was made. Instead, we used a validated questionnaire to assess depressive symptoms. Third, the CRP level was
measured only once. Repeated measurements of inflammatory parameters at different time points after stroke
could give better insight into relationships between inflammation and depression. Fourth, about 27% of patients
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who were examined in acute stroke did not attend a control visit. These patients were older and had a more severe
neurological deficit on admission. Fifth, about 13% of our patients took anti-depressants 3 months after stroke.
CRP can interact with anti-depressive medication. In MDD patients, the elevated CRP level was associated with
treatment resistance®.

There are also some advantages to our work. These include the prospective design of the study and assessment
of pre-stroke psychiatric symptoms and cognitive decline.

Observational studies are not able to demonstrate if an association between CRP and depressive symptoms is
causative. To verify this association, we need an interventional study that will examine if the anti-inflammatory
treatment will reduce post-stroke depressive symptoms. From a clinical perspective, depression that occurs early
after stroke (e.g., during the first 2 weeks after stroke onset) is associated with long-term poor functional out-
come®*?’, Thus, anti-inflammatory strategies attenuating systemic inflammatory reaction could have a beneficial
effect on stroke outcome.

In conclusion, higher levels of serum CRP are associated with early depressive symptoms after ischemic stroke.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.
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V. Streszczenie

Celem pierwszej pracy byla ocena wpltywu majaczenia w ostrej fazie udaru
na funkcjonowanie psychiczne pacjentow w trakcie hospitalizacji, po 3 1 12
miesigcach od udaru. Zbadano réwniez czestos¢ wystepowania zaburzen
emocjonalnych (depresji, Igku, apatii 1 agresji) u wszystkich pacjentow kolejno
przyjmowanych na oddziat udarowy 1 spethiajacych kryteria wiaczenia. Oceny
funkcjonowania psychicznego dokonano w trakcie hospitalizacji, po 3 1 12
miesigcach od udaru. Do badania wilaczono grupe kolejnych 750 o0s6b
z rozpoznaniem udaru (niedokrwiennego/krwotocznego) lub TIA. Od 1 do 7
dnia pobytu w szpitalu pacjenci byli oceniani skalami przesiewowymi
(Confusion Assessment Method/Confusion Assessment Method for the
Intensive Care Unit) w celu identyfikacji majaczenia. Rozpoznanie delirium
stawiano w oparciu o kryteria diagnostyczne DSM — V. W 7-10 dobie
hospitalizacji dokonano pomiaru stanu emocjonalnego za pomoca skal:
do pomiaru depresji —Kwestionariusz Zdrowia Pacjenta — 9 (PHQ - 9),
do pomiaru lgku — Inwentarz Stanu 1 Cechy Leku STAI, do pomiaru agresji —
Skala Agresji Buss — Durkee (SABD), do pomiaru apatii — The Apathy
Evaluation Scale w wersji dla klinicysty (AES — C). Po 3 1 12 miesigcach
pacjenci zostali ponownie przebadani tymi samymi skalami do oceny stanu
emocjonalnego, co w trakcie trwania hospitalizacji.

U 203 (27,07%) 0s6b rozpoznano delirtum. W trakcie hospitalizacji objawy
depresyjne wystapity u 51,2% wszystkich wtaczonych do badania pacjentéw
(w tym u 47,14% o0s0b bez majaczenia i u 72,6% pacjentOw z majaczeniem). Po
3 miesigcach od udaru objawy depresyjne wystepowaly u 56,18% oséb (w tym
u 53,4% pacjentow bez majaczenia i 73,91%, u ktérych wystepowato delirium

w trakcie hospitalizacji). Po 12 miesigcach objawy depresyjne utrzymywaty
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si¢ u 52,14% badanych (w tym u 52,36% o0s0b bez majaczenia 1 u 50%
pacjentdw z wczesniejszym majaczeniem).

Podczas hospitalizacji objawy lekowe wystapity u 29,03% wszystkich
wlaczonych do badania pacjentow (w tym u 26,55% oséb bez majaczenia
11 40,48% pacjentOw z majaczeniem). Po 3 miesigcach od udaru objawy lgkowe
wystepowaty u 26,96% oséb (w tym u 23,13% pacjentéw bez 1 49,02%
z delirtum w trakcie hospitalizacji). Po 12 miesigcach objawy Igkowe
utrzymywaty si¢ u 16,89% badanych (w tym u 15,58 % o0s6b bez 1 u 26,92%
pacjentow z wczesniejszym majaczeniem).

Podczas hospitalizacji apatia wystapita u 31,35% wszystkich wlaczonych
do badania pacjentow (w tym u 25,56% osO6b bez majaczenia 1 u 65,57%
pacjentdow z majaczeniem). Po 3 miesigcach od udaru apatia wystgpowata
u 34,72% osob (w tym u 30,27% pacjentdow bez 1 65,12% z majaczeniem
w trakcie hospitalizacji). Po 12 miesigcach objawy apatii utrzymywaly si¢
u 24,68% badanych (w tym u 21,05 % osob bez majaczenia 1 u 59,09%
pacjentdw z wczesniejszym majaczeniem).

W trakcie hospitalizacji czynnik Agresja pojawit si¢ u 8,62% o0sob,
a Wrogos¢ u 48,03% (w tym u 7,34% (Agresja) 1 42,93% (Wrogos¢) osob bez
majaczenia 1 u 15,07% (Agresja) 1 75,34% (Wrogos¢) pacjentow
z majaczeniem). Po 3 miesigcach od udaru czynnik Agresja pojawit
si¢ u 10,12% osob, a Wrogos¢ u 21,39% (w tym u 9,76% (Agresja) 1 19,53%
(Wrogos¢) bez majaczenia i u 12,24% (Agresja) 1 32,65% (Wrogos¢) pacjentow
z majaczeniem). Po 12 miesigcach czynnik Agresja utrzymywat si¢ u 7,25%
0sob, a Wrogos¢ u 21,26% (w tym u 6,95% (Agresja) 1 21,39% (Wrogos¢) osob
bez majaczenia 1 u 10% (Agresja) 1 20% (Wrogos€) pacjentow
ze zdiagnozowanym wczesniej majaczeniem).

Wyniki analiz wskazuja, ze majaczenie stanowi czynnik ryzyka depresji,
leku 1 wrogosci w trakcie trwania hospitalizacji 1 3 miesigce pozniej oraz agresji

1 apatii w trakcie catego okresu trwania obserwacji. Majaczenie jest tez
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niezaleznym czynnikiem ryzyka depresji 1 agresji podczas trwania hospitalizacji,
leku po 3 miesigcach oraz apatii podczas calego okresu trwania obserwacji.

Wyniki badania pokazuja, ze zaburzenia emocjonalne sg czestym nastepstwem
udaru moézgu, a wystgpienie delirium stanowi dodatkowy czynnik ryzyka ich

wystgpienia.

Celem drugiej pracy byta ocena zmian w funkcjonowaniu (rozumianych
jako poziom niepelnosprawnosci) oraz $miertelnosci w ciggu roku od udaru
u pacjentdow, u ktorych wystapity lub nie objawy depresyjne. Do badania
wlaczono 524 pacjentdow z diagnozg udaru lub TIA. Oceny wystgpowania
objawow depresyjnych dokonano miedzy 7-10 dniem hospitalizacji za pomoca
Kwestionariusza Zdrowia Pacjenta (PHQ — 9). Po 3 i 12 miesigcach od udaru
zebrano dane na temat poziomu niepetnosprawnosci lub $mierci pacjenta.
Do oceny stopnia niepetnosprawnosci uzyto Zmodyfikowanej Skali Rankina
(mRS).

W badanej grupie objawy depresyjne zdiagnozowano u 54,58% pacjentéw
w trakcie pobytu na oddziale. Osoby z depresjag w poréwnaniu do tych bez
objawow depresyjnych byly istotnie starsze, czesciej plci zenskiej, rzadziej
wystepowat u nich udar lewopotkulowy 1 leczenie rekombinowanym
tkankowym aktywatorem plazminogenu (rt — PA). U osob depresyjnych czesciej
wystepowato zapalenie ptuc i mialty wyzszy poziom biatka C-reaktywnego
(CRP) w trakcie trwania hospitalizacji. Ponadto przed przyjeciem byty znacznie
bardziej niepetnosprawne fizycznie, czgsciej miaty TIA lub udar w przesztosci
i wigcej choréb wspolistniejagcych. Wcezesnie pojawiajacym si¢ objawom
depresyjnym istotnie czesciej towarzyszyly tez inne stany neuropsychiatryczne
tj. apatia, lek, majaczenie i demencja.

Wyniki przeprowadzonych analiz wskazuja, ze pacjenci, u ktérych
wystapity objawy depresyjne w ostrej fazie udaru, mieli okoto szeSciokrotnie

wigksze ryzyko zgonu po trzech miesigcach od udaru i prawie 4,5-krotnie
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wieksze ryzyko po 12 miesigcach, w poréwnaniu z pacjentami bez depres;ji.
Depresja poudarowa negatywnie wplyneta na poziom niepelnosprawnosci
1 Smiertelno$¢ po 3 1 12 miesigcach od udaru. Oba wyniki byly niezalezne

od ciezkos$ci udaru 1 wspotistniejgcych zaburzen neuropsychiatrycznych.

Celem trzeciego badania byta ocena zwigzku pomiedzy poziomem biatka
C-reaktywnego (CRP) w krwi obwodowej a wystapieniem objawow depresji
poudarowej. Do badania wlaczono pacjentow, u ktorych zdiagnozowano udar
niedokrwienny lub TIA i oznaczono poziom CRP w surowicy w ciggu 48 godzin
od wystagpienia objawow udaru. Pomiaru depresji dokonano za pomoca
Kwestionariusza Zdrowia Pacjenta (PHQ — 9) u 405 pacjentow pomiedzy
7-10 dniem pobytu na oddziale oraz u 306 badanych 3 miesigce po udarze.
W porownaniu do pacjentéw z mniej nasilonymi objawami depresyjnymi, osoby
z wyzsza punktacja w PHQ — 9 (=10) czgsciej byly plci zenskiej, cierpiaty
z powody nadcis$nienia tgtniczego, wczesniejszego udaru, obnizenia funkcji
poznawczych przed udarem, przyjmowaly leki przeciwdepresyjne przed
wystgpieniem udaru i1 mialy wyzszy wynik w skali oceniajgcej wystgpowanie
wspolistniejacych  zaburzen neuropsychiatrycznych (ocena Inwentarzem
Neuropsychiatrycznym NPI). Poziom CRP byl wyzszy u os6b z bardziej
nasilonymi objawami depresyjnymi.

Wyniki analiz wskazujg rowniez, ze poziom CRP powyzej 9,2 mg/L byt
zwigzany z wyzszym poziomem depresji w ostrej fazie udaru. Po 3 miesigcach
od udaru w analizie jednoczynnikowej poziom CRP powyzej 4,3 mg / 1 wigzal
si¢ z wigkszymi objawami depresyjnymi, natomiast zwigzek ten tracil istotnos¢
w analizie wieloczynnikowej skorygowanej o nadcisnienie tetnicze, cukrzyce,
majaczenie, stosowanie lekow przeciwdepresyjnych 1 wynik w skali NPIL
Uzyskane w badaniu wyniki wskazuja, ze wyzszy poziom CRP jest zwigzany

z wezesnym wystgpieniem objawow depresyjnych w udarze niedokrwiennym.
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VI. Summary

The aim of the first study was to evaluate the impact of delirium
on mental functioning of patients during hospitalization, 3 and 12 months
after the stroke. The frequency of emotional disorders (depression, anxiety,
apathy and aggression) in all patients consecutively admitted to the stroke
unit and meeting the inclusion criteria was also examined. Mental
functioning was assessed during hospitalization, 3 and 12 months after the
stroke. The study included a group of consecutive 750 patients diagnosed
with stroke (ischemic or hemorrhagic) or transient ischemic attack (TIA).
From day 1 to day 7 of hospital stay, patients were assessed using screening
scales (Confusion Assessment Method / Confusion Assessment Method
for the Intensive Care Unit) to identify delirtum. The diagnosis of delirium
was made on the basis of the DSM-V diagnostic criteria. On the 7-10th day
of hospitalization, the emotional state was assesed using the following scales:
for depression - Patient Health Questionnaire - 9 (PHQ - 9), for anxiety -
State and Features Inventory STAI anxiety, for aggression - Buss - Durkee
Aggression Scale (SABD), for apathy - The Apathy Evaluation Scale -
version for the clinician (AES - C). After 3 and 12 months, the patients were
re-examined with the same scales.

Delirium was diagnosed in 203 (27.07%) patients. During hospitalization,
depressive symptoms occurred in 51.2% of all patients included in the study
(in 47.14% of patients without delirium and in 72.6% of patients with
delirium). Three months after the stroke, depressive symptoms were present
in 56.18% of patients (in 53.4% of patients without delirium and in 73.91%

of patients with delirium during hospitalization). After 12 months, symptoms
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of depression were identyfied in 52.14% of the respondents (in 52.36%

of those without delirium and in 50% of patients with delirium).

During hospitalization, anxiety symptoms occurred in 29.03% of all patients
enrolled in the study (in 26.55% of those who were not diagnosed with delirium
and in 40.48% of patients with delirium). Three months after the stroke, anxiety
symptoms occurred in 26.96% of patients (in 23.13% of patients without
delirium and in 49.02% of patients with delirium during hospitalization). After
12 months, anxiety symptoms persisted in 16.89% of the subjects (in 15.58%
of those without delirium and in 26.92% of patients with delirtum).

During hospitalization, apathy occurred in 31.35% of all patients enrolled
in the study (in 25.56% of those with delirtum and in 65.57% of patients with
delirtum). After 3 months, apathy was present in 34.72% of patients (in 30.27%
of patients without delirium and in 65.12% of patients with delirium during
hospitalization). After 12 months, symptoms of apathy were persistent
in 24.68% of the subjects (in 21.05% of those without delirium and in 59.09%
of patients with in-hospital delirtum).

During hospitalization, the Aggression factor appeared in 8.62% of patients,
and Hostility in 48.03% (including 7.34% (Aggression) and 42.93% (Hostility)
of people who without delirtum and in 15, 07% (Aggression) and 75.34%
(Hostility) of patients with delirium). Three months after the stroke, Aggression
appeared in 10.12% of people and Hostility in 21.39% (in 9.76% (Aggression)
and in 19.53% (Hostility) of people without delirium and in 12.24%
(Aggression) and in 32.65% (Hostility) of patients with delirium). After
12 months, the Aggression factor was present in 7.25% of the subjects,
and Hostility in 21.26% (in 6.95% (Aggression) and 21.39% (Hostility) of those
without delirium and in 10% (Aggression) and in 20% (Hostility) of patients
previously diagnosed with delirium).

The results of the analyzes indicate that delirium is a risk factor

for depression, anxiety and hostility during hospitalization and 3 months later,
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as well as for aggression and apathy throughout the observation period. Delirium
is also an independent risk factor for depression and aggression during
hospitalization, anxiety after 3 months, and apathy during the entire follow-up
period.

The results of the study show that emotional disorders are a common
consequence of stroke, and the occurrence of delirium is an additional risk factor

for their occurrence.

The aim of the second study was to assess changes in functioning
(understood as the level of disability) and mortality within one year of stroke
in patients with or without depressive symptoms. The study included 524
patients diagnosed with stroke or TIA. The occurrence of depressive symptoms
was assessed between 7-10th day of hospitalization using the Patient Health
Questionnaire (PHQ - 9). Three and 12 months after the stroke, data on the level
of disability or death of the patient was collected. The Modified Rankin Scale
(mRS) was used to assess the degree of disability.

In the study group, depressive symptoms were diagnosed in 54.58%
of patients during hospitalization. Compared to those without depressive
symptoms, people with depression were significantly older, more often females,
less frequently had left-hemispheric stroke and received treatment with
recombinant tissue plasminogen activator (rt - PA). Pneumonia was more
common in depressed patients and they also had higher levels of C-reactive
protein (CRP) during hospitalization. They also were significantly more
physically disabled prior to hospitalization, less often had TIA or stroke
in the past, and had more comorbidities. Early depressive symptoms were
significantly more often accompanied by other neuropsychiatric disturbances
such as apathy, anxiety, delirium and dementia.

The results of the analyzes indicate that patients who developed depressive

symptoms in the acute phase of stroke had an approximately six-fold higher risk
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of death three months after the stroke and almost 4.5-fold higher risk
at 12 months, compared to patients without depression. Post-stroke depression
negatively affected the level of disability and mortality 3 and 12 months after
the stroke. Both outcomes were independent of the stroke severity

and coexisting neuropsychiatric disorders.

The aim of the third study was to evaluate the relationship between the level
of C-reactive protein (CRP) in the peripheral blood and the development
of symptoms of post-stroke depression. The study enrolled patients who had
been diagnosed with ischemic stroke or TIA and had CRP assessed within
48 hours of the stroke onset. Depression was measured using the Patient Health
Questionnaire (PHQ - 9) in 405 patients between 7-10th day of hospitalization
and in 306 patients 3 months after the stroke. Compared to patients with less
severe depressive symptoms, those with higher PHQ-9 scores (=10) were more
often women; suffered from hypertension, previous stroke, and pre-stroke
cognitive decline; took antidepressants before index stroke, and had higher score
on the scale assessing the presence of comorbid neuropsychiatric disorders
(assessment with the NPI Neuropsychiatric Inventory). CRP levels were higher
in people with more severe depressive symptoms.

The results of the analyzes also indicate that CRP levels above 9.2 mg/l were
associated with greater depression symptoms in the acute phase of stroke.
Three months after the stroke CRP levels above 4.3 mg/l were associated with
greater depressive symptoms in univariate analysis. This association was
non-significant in the multivariate analysis adjusted for hypertension, diabetes
mellitus, delirium, the use of antidepressant and the NPI score. The results
obtained in the study indicate that a higher CRP level is associated with the early

onset of depressive symptoms in ischemic stroke.
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VII. Podsumowanie

Powyzszy cykl publikacji wnosi nast¢pujgce nowe informacje:

1. Zaburzenia emocjonalne sg czgstym nastepstwem udaru mézgu. Depresja
poudarowa utrzymuje si¢ u ponad potowy pacjentow az do 12 miesigcy
po udarze.

2. Majaczenie stanowi niezalezny czynnik zwigkszajacy ryzyko wystgpienia
zaburzen emocjonalnych po udarze.

3. Wystapienie  depresji  poudarowej  istotnie  zwigksza  ryzyko
niepelnosprawnosci 1 $mierci po 3 1 12 miesigcach od udaru

4. Wyzszy poziom biatka C-reaktywnego (CRP) jest zwigzany z wczesnym

wystgpieniem objawoéw depresyjnych po udarze.
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Krakéw, dn. (3.0Z- LO2A

(tytut, imie i nazwisko)

OSWIADCZENIE

Jako wspédtautor pracy pt. ,C-reactive protein and post-stroke depressive symptoms”
o$wiadczam, iz méj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji to korekta merytoryczna manuskryptu
publikacji.

Jednoczeénie wyrazam zgode na przedtozenie w/w pracy przez mgr Katarzyne Kowalska, jako
cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutéw opublikowanych w
czasopismach naukowych.

Oéwiadczam, iz samodzielna i mozliwa do wyodrebnienia czes¢ w/w pracy wykazuje
indywidualny wktad mgr Katarzyny Kowalskiej przy zbieraniu danych do badania i przygotowaniu
manuskryptu publikacji.
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Krakow, dn. X O. OL.2A

E ELZPICTA LUHIEC -HEEH C

(tytut, imie i nazwisko)

OSWIADCZENIE

Jako wspdtautor pracy pt. ,C-reactive protein and post-stroke depressive symptoms”
oswiadczam, iz méj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji to zbieranie danych.

Jednoczesnie wyrazam zgode na przedtozenie w/w pracy przez mgr Katarzyne Kowalskg, jako
cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutdw opublikowanych w
czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ w/w pracy wykazuje
indywidualny wktad mgr Katarzyny Kowalskiej przy zbieraniu danych do badania i przygotowaniu
manuskryptu publikacji.

Elibipea (Llmeec -Tloikal
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N2
Krakéw, dn, OF- O<

(tytut, imie i nazwisko)

OSWIADCZENIE

Jako wspdtautor pracy pt. ,C-reactive protein and post-stroke depressive symptoms”
oswiadczam, iz méj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji to zbieranie danych.

Jednoczesnie wyrazam zgode na przedtozenie w/w pracy przez mgr Katarzyne Kowalska, jako
czgs¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutéw opublikowanych w
czasopismach naukowych.

Odwiadczam, iz samodzielna i moiliwa do wyodrebnienia cze$é w/w pracy wykazuje
indywidualny wktad mgr Katarzyny Kowalskiej przy zbieraniu danych do badania i przygotowaniu
manuskryptu publikacji.
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Krakéw, dn.

Ctt Cr /Cm

(tytut, imie i nazwisko)

OSWIADCZENIE

Jako wspdtautor pracy pt. ,C-reactive protein and post-stroke depressive symptoms”
os$wiadczam, iz mdj wtasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji to opracowanie koncepcji badania i korekta
merytoryczna manuskryptu publikacji.

Jednoczesnie wyrazam zgode na przedtozenie w/w pracy przez mgr Katarzyne Kowalskg, jako
czes¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutéw opublikowanych w
czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czes¢ w/w pracy wykazuje
indywidualny wktad mgr Katarzyny Kowalskiej przy zbieraniu danych do badania i przygotowaniu
manuskryptu publikacji.
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Krakéw, dn. 03 .02 2924

(tytut, imie i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. ,C-reactive protein and post-stroke depressive symptoms”
oswiadczam, iz méj wtasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badar oraz przedstawienie pracy w formie publikacji to opracowanie koncepcji badania, nadzér nad
jego prowadzeniem i opracowanie manuskryptu publikacji.

Jednoczeénie wyrazam zgode na przedtozenie w/w pracy przez mgr Katarzyne Kowalska, jako
czes¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutéw opublikowanych w
czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$é w/w pracy wykazuje
indywidualny wkfad mgr Katarzyny Kowalskiej przy zbieraniu danych do badania i przygotowaniu
manuskryptu publikacji.
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(tytut, imie i nazwisko)
OSWIADCZENIE

Jako wspdtautor pracy pt. ,C-reactive protein and post-stroke depressive symptoms”
o$wiadczam, iz mdj wtasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji to opracowanie koncepcji badania, nadzér nad
prowadzonym badaniem i korekta merytoryczna manuskryptu publikacji.

Jednoczesnie wyrazam zgode na przedtozenie w/w pracy przez mgr Katarzyne Kowalska, jako
cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutéw opublikowanych w
czasopismach naukowych.

Oéwiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ w/w pracy wykazuje
indywidualny wktad mgr Katarzyny Kowalskiej przy zbieraniu danych do badania i przygotowaniu
manuskryptu publikacji.
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