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Background and Purpose — Post-stroke depression (PSD) is an
important complication of stroke. We studied long-term PSD after
intracerebral hemorrhage (ICH) at young age, as well as anxiety, and
cognitive functioning of the survivors. Methods — We gathered clinical
and imaging data of 336 young ICH patients between age 16 and 49
treated in the Helsinki University Central Hospital. After a median
follow-up of 9.7 (7.0-12.0) years, we interviewed 130 survivors with
structural questionnaires including Beck Depression Inventory 11
(BDI-II), Hospital Anxiety and Depression Scale (HADS), Pain
Anxiety Symptoms Scale (PASS), Brief Pain Inventory (BPI), and
Montreal Cognitive Assessment (MoCA). Univariate and multivariate
analysis was performed to identify factors associated with PSD (BDI-
II score >13). Degree of disability was measured by modified Rankin
Scale score (mRS). Results — PSD was present among 30 (23.1%) and
anxiety among 52 (40.0%) patients (HADS score >6). Higher degree
of disability was associated with symptoms of depression (higher BDI-
II scores, P = 0.001), emotional distress (higher HADS scores,

P =0.004), and pain (higher PASS scores, P = 0.008, and higher BPI
scores, P = 0.003). The only baseline factor identified to associate with
PSD was hydrocephalus (P = 0.014). Median PASS score was 9 (IQR
0-25), median BPI score was 5 (0-23), and median MoCA score was
26 (22-28) hinting to normal or mild cognitive dysfunction.
Antidepressants were used by 9.2%. Conclusions — One of four
survivors of ICH at young age suffers long-term PSD. Higher degree
of disability predicted occurrence of PSD. Treatment of depression
appears as an unmet need in young ICH survivors.
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Intracerebral hemorrhage (ICH) is a significant
cause of mortality and morbidity worldwide (1).
Mortality and morbidity vary according to a
number of factors including the site and cause of
brain bleeding, size of the hematoma, patients’
age, presence of intraventricular hemorrhage,
hydrocephalus, among others (2-4). Multiprofes-
sional rehabilitation is often necessary among
those survivors as most of them have significant
disabilities. Post-stroke depression (PSD) is a
common neuropsychiatric complication and has
been reported to occur more often in the young
stroke patients, females, and those with more
severe symptoms (5-9). Depressed mood has
been reported to be present in 20% of ICH survi-
vors (9). Applicability of early antidepressant

treatment is yet to be resolved (10). PSD is asso-
ciated with increased mortality, morbidity, and
worse functional outcome (11-15). In addition,
anxiety, pain, and cognitive dysfunction may play
a role in young ICH patients’ outcome (16).

In this prospective study of a long-term out-
come of ICH at young age, we aimed to study
the prevalence of PSD and to identify factors
potentially associated with PSD.

Methods

Our study is based on the Helsinki ICH in the
Young Study (3). Consent for registration was
obtained from the patients. This study has been
approved by institutional authorities.
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Patient selection

All patients with a non-traumatic first-ever ICH
at the age of 1649 years treated in the Helsinki
University Central Hospital (HUCH) between
January 1, 2000 and March 31, 2010 were identi-
fied after screening their brain scans and hospital
records (3). After initial check for mortality on
June 25, 2013, survivors (n = 249) were invited to
participate in the study, and those giving their
written informed consent were included.

Baseline data

Data on the early course of ICH, including age
at onset, National Institutes of Health Stroke
Scale (NIHSS) score at arrival, risk factors, struc-
tural cause underlying ICH, hematoma volume,
infratentorial location, and presence of intraven-
tricular extension, hydrocephalus, herniation, and
multiple hemorrhages were obtained from our
Helsinki ICH in the Young Study registry (3).
Data on surgical evacuation of hematoma were
also obtained.

Follow-up interview

All patients were interviewed with structured
questionnaires: Beck Depression Inventory II
(BDI-II) was used to identify patients with
depression, Hospital Anxiety and Depression
Scale (HADS) was used to identify patients with
anxiety, Pain Anxiety Symptoms Scale (PASS-20)
to verify pain-related anxiety, and Brief Pain
Inventory (BPI) to identify patients with pain.
Montreal Cognitive Assessment (MoCA) and
clinical examination (n = 76) were performed to
those living within 50 km from HUCH by a sin-
gle investigator (R.-J.K.). Degree of disability
was measured by the modified Rankin Scale
(mRS) score by a single investigator (R.-J.K.).
Fatigue was assessed by three fatigue-related
questions in BDI-II. Employment and marital
status were recorded.

Statistical analyses

Normality of continuous variables was tested.
Categorical variables were compared with chi-
square test. Mann—Whitney U-test was used to
compare continuous variables with a skewed dis-
tribution between 2 and Kruskal-Wallis test
between >2 groups. Presence of PSD was classi-
fied as having more than 13 points measured by
BDI-II (17-19). HADS was used to find the pro-
portion of patients with symptoms of depression
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(more than 11 points measured by HADS-total),
and with symptoms of anxiety (more than 6
points measured by HADS-total) (17, 20). Pain-
related anxiety was defined as having more than
30 points by PASS (21). Pain was defined non-
existent, mild, moderate, or severe by BPI scores
0, 1-48, 49-72, and 73-120, respectively (22).
Mild cognitive impairment was defined by the
MoCA score between 18 and 26; moderate cogni-
tive impairment between 10 and 17; and severe
cognitive impairment <10 (http://www.mocatest.
org/FAQ.asp). Results were analyzed between
males and females and between three patient age
groups (from 16 to 29 years, from 30 to 39 years,
and from 40 to 49 years) at ICH onset. The effect
of ICH treatment was analyzed by comparing
those who had hematoma surgically evacuated
with those who had no hematoma evacuation.
Follow-up time was analyzed by years. Correla-
tions between the degree of disability were mea-
sured by the mRS. Univariate analysis was
performed to identify factors associated with
PSD. Logistic regression analysis with backward
likelihood ratio method was performed with fac-
tors with tendency to associate with PSD
(P <0.1) in our univariate analysis. A two-sided
P-value <0.05 was considered significant. SPSS 22
for Windows (IBM Inc., Armonk, NY, USA)
was used for statistical analyses.

Results

Out of the original cohort of 336 patients (59.5%
males, median age at ICH onset 42 years [IQR
34-47]), 87 (25.9%) patients had died, 13 (3.9%)
patients were lost to follow-up, 101 (30.1%)
patients did not wish to participate in the study, 4
(1.2%) patients withdrew their consent, and 1
(0.3%) patient was unable to participate due to
severe aphasia. The follow-up interview was car-
ried out for 130 (38.7%) patients and a structural
clinical examination for 76 (22.6%). The median
age of patients was 50.3 (IQR 44.6-55.3) at follow-
up. The median follow-up time was 9.7 (7.0-12.0)
years. Baseline factors were compared between
included and excluded patients. In those included,
proportion of females was higher, etiology of ICH
was more often structural, and NIHSS scores were
lower at arrival to hospital (median 4 [1-11] vs 9
[2-18], P = 0.002) (Table S1).

Presence of PSD, anxiety, and pain

Median BDI-II, HADS, BPI and PASS-20 scores
are presented in Table 1. PSD was present among
30 (23.1%) patients. In HADS, 25 (22.3%)



patients had symptoms of depression, and 52
(40.0%) had symptoms of anxiety. Pain-related
anxiety in PASS-20 was present among 25
(19.2%) patients. Mild pain, moderate pain, or
severe pain were present among 66 (50.8%), 10
(7.7%), and 1 (0.8%) patient, respectively. Degree
of disability was significantly associated with all
of these scores: Those with more severe disability
had higher scores (Table 2). Gender (67 [51.5%]
males), follow-up time categorized in years, and
age at ICH onset (8 [21.5%] patients between 16
and 29 years, 26 (20.0%) between 30 and
39 years, 76 (58.5%) between 40 and 49 years]
were not associated with any of these scores.
Those who had hematoma evacuation had lower
BDI-II scores, P = 0.031), BPI scores, and PASS-
20 scores (Table 1). Antidepressant medication
was used by 12 (9.2%) patients.

Fatigue

Sixty-one (46.9%) patients reported to have cur-
rently less energy than before ICH, and 12
(9.2%) patients reported not having energy for
multiple tasks. Seventy (53.8%) patients reported
fatigue more than before ICH, and 5 (3.8%)
patients reported difficulties to carry out daily
activities due to fatigue. Mild difficulties with
sleeping were reported by 53 (40.8%), and mod-
erate or severe difficulties were reported by
another 24 patients (18.5%).

Cognition

MoCA score increased with decreasing age at
ICH onset, and with lesser disability (Table 3).
No correlation was found with MoCA score and
follow-up time (P = 0.325), gender (40 [53%]
males, P =0.714), or hematoma evacuation in
comparison with conservative treatment (17
[22.4%] patients operated, P = 0.522), or pres-
ence of PSD (P = 0.119).

Table 1 Post-stroke depression, emotional distress, and pain according to
surgical treatment for intracerebral hemorrhage

Depression after cerebral hemorrhage

Factors associated with PSD

In our univariate analysis of demographic factors,
baseline hydrocephalus was the only baseline fac-
tor associated with PSD in addition to higher BPI,
and PASS-20 scores. 62% of our patients were cur-
rently employed, and PSD was less frequently pres-
ent among those who were employed. In our
multivariate model only hydrocephalus and
PASS-20 score were independently associated with
increased prevalence of PSD (Tables 4 and 5).
Intraventricular extension of hemorrhage was
more often present in those with hydrocephalus in
comparison with those without hydrocephalus
(52.4% vs 19.0%, P = 0.001). Furthermore, hema-
tomas were larger among those with hydrocepha-
lus (20 [9.2-34] ml vs 5.9 [0.7-23] ml, P = 0.014).

Discussion

Our study of long-term prognosis of ICH at
young age revealed that PSD is fairly common
and that its severity correlates with increased dis-
ability. PSD often goes untreated. Among the
early phase characteristics of ICH, only hydro-
cephalus was associated with late PSD. Reason
for this remains unresolved, and the finding
should be verified by another, prospective study.
Post-stroke fatigue, anxiety, pain, and sleeping
difficulties were very common in this cohort.

PSD may be caused by the brain injury or psy-
chological reaction to the illness (10, 23). One
study has reported etiology of PSD as a ‘complex
mixture of prestroke personal and social factors,
and stroke-induced social, emotional, and intel-
lectual handicap’ (24). Several different question-
naires have been used to detect PSD, BDI-II
being one of them (9, 10, 18, 25, 26). BDI-II and
HADS have been accepted as relevant tools to
measure prevalence of PSD (19).

Several previous studies concerning PSD have
concentrated on survivors of ischemic stroke, and

Table 2 Degree of disability, post-stroke depression, emotional distress, and
pain according to modified Rankin Scale subgroup

Conservative Evacuation of
All treatment hematoma
Factor (n =130 [100%])) (n =90 [69%]) (n =40 [31%]) P-value
BDI-II 7(1-13) 7(2-14) 4(0-11) 0.031
HADS 5(3-10) 6 (3-10) 4 (2-10) 0.172
BPI 5 (0-23) 10 (0-29) 0 (0-6) 0.008
PASS 9 (0-25) 11 (2-29) 0(0-12) 0.001

BDI-Il, Beck Depression Inventory II; HADS, Hospital Anxiety and Depression
Scale; BPI, Brief Pain Inventory; PASS, Pain Anxiety Symptoms Scale.

Data are median (IQR).

P-values < 0.05 are in bold

mRS 0 mRS 1 mRS 2 mRS 3 mRS 4
Factor (n=30) (n=37) (n=31) (n=127) (n=75) P-value

BDHI 2(0-6) 6(1-12)  9(3-14) 10(5-15) 12(12-12)  0.001
HADS 3 (1-6) 5(2-10)  6(4-13)  6(4-14) 10 (8-15) 0.004
BPI 0(0-7) 2(0-13) 10(0-39) 16(4-34) 11(0-13) 0.003
PASS  4(0-11) 6(0-17) 10(0-29) 20(9-28) 40 (20-65)  0.008

mRS, modified Rankin Scale; BDI-Il, Beck Depression Inventory Il; HADS, Hospital
Anxiety and Depression Scale; BPI, Brief Pain Inventory; PASS, Pain Anxiety
Symptoms Scale.

Data are median (IQR).

P-values < 0.05 are in bold
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Table 3 Cognitive functioning measured with Montreal Cognitive Assessment
(MoCA) according to age group and modified Rankin Scale (mRS) subgroup after
intracerebral hemorrhage at young age

Factor MoCA P-value
All (n = 76) 26 (22-28)
Age
16-29 (n = 16) 28 (26-29) 0.004
30-39 (n = 17) 27 (24-28)
40-49 (n = 43) 25 (21-27)
mRS
0 (n=20) 27 (26-28) <0.001
1(n=24) 27 (26-28)
2 (n=15) 21 (21-26)
3(n=17) 23 (21-25)

Data are median (IQR).
P-values < 0.05 are in bold

the patients have mainly been older in compari-
son with our young ICH cohort (10, 27-29). PSD
occurs in approximately 30% of general stroke
survivors (7, 27). Among ICH patient cohorts,
depressed mood (Hamilton Depression Rating
Scale score >10) was present in 20% of 596
patients, and PSD detected by Zung Self-Rating
Depression Scale was present in five of twelve
patients (42%) (9, 30). One study reported symp-
toms of PSD being stable and chronic, while
another study reported the prevalence of PSD
being rather dynamic with some recovering and
others becoming chronic (27, 31). In several stud-
ies, patients with ischemic or hemorrhagic stroke

with increased occurrence of PSD associate with
physical disability, stroke severity, hypertension,
and cognitive impairment, which is in line with
our findings (6, 7, 9, 26, 32).

Hydrocephalus has not previously been
reported directly in association with PSD. Hydro-
cephalus is, however, often associated with
increased tissue damage, which could be the cause
for PSD by both the neuropathophysiological
and psychological mechanisms. According to our
findings, those having surgical hematoma evacua-
tion seem to have less symptoms of depression
and pain, but no clear association with increased
or decreased prevalence of PSD was found.

One meta-analysis found no association between
the lesion location and PSD (33). Multidisciplinary
approach has been promoted to treat PSD (34).

Current employment in our study was associ-
ated with decreased prevalence of PSD. This is in
contrary to a recent retrospective study of young
stroke patients (35). Those able to do work most
likely have less disabilities, which quite certainly
affects their mental health.

A major proportion of patients with PSD go
untreated (36). Our findings support this notion, as
only 9% received antidepressant medication, while
PSD was present among 23%. ICH patients under
rehabilitation should be more attentively followed
at the outpatient clinic or rehabilitation unit. Struc-
tured questionnaires, such as BDI-II, should be

Table 4 Analysis between factors associated with post-stroke depression (BDI-Il >13 points) at long-term follow-up

Factor Depression absent n = 100 Depression present n = 30 P-value
Female (n = 63) 52 (52.0) 15 (50.0) 0.848
Age 41 (30-46) 43 (37-48) 0.241
Risk factors

Hypertension (n = 35) 28 (28.0) 7(23.3) 0613

Diabetes (n = 9) 8(8.0) 1(33) 0.377

Cardiac disease* (n = 4) 3(3.0) 1(33) 0.926
NIHSS score at arrival 3(1-8) 5(1-14) 0.375
Hematoma volume (ml) 6 (1-23) 17 (1-29) 0.248
Infratentorial location of hematoma (n = 20) 18 (18.0) 2 (6.7) 0.147
Intraventricular extension (n = 30) 20 (20.0) 10 (33.3) 0.099
Hydrocephalus (n = 21) 12 (12.0) 9 (30.0) 0.014
Multiple hemorrhages (n = 8) 6 (6.0) 2(6.7) 0.855
Herniation (n = 11) 8(8.0) 3(10.0) 0.685
Hematoma evacuation (n = 40) 34 (34.0) 6 (20.0) 0.145
Structural etiology (n = 48) 40 (40.0) 8(26.7) 0.184
mRS score 1(0-2) 2 (1-3) 0.01
MoCA 27 (25-28) 23 (21-26) 0.119
BPI 2 (0-14) 24 (6-38) <0.001
PASS 5(0-18) 36 (11-41) <0.001
Living alone (n = 32) 26 (26.0) 6 (20.0) 0.503
Currently employed (n = 62) 53 (53.0) 9 (30.0) 0.027

BDI-Il, Beck Depression Inventory II; T1D, type 1 diabetes mellitus; T2D, type 2 diabetes mellitus; NIHSS, National Institutes of Health Stroke Scale; mRS, Modified Rankin
Scale; MoCA, Montreal Cognitive Assessment; BPI, Brief Pain Inventory; PASS, Pain Anxiety Symptoms Scale; HADS, Hospital Anxiety and Depression Scale.

Data are n (%) or median [IQR].
P-values < 0.05 are in bold
*Any of coronary artery disease, atrial fibrillation or heart dysfunction.
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Table 5 Logistic regression analysis on factors associated with PSD (BDI-Il >13
points)

Factor OR (95% Cl) P-value
Intraventricular extension 1.37 (0.45-4.22) 0.583
Hydrocephalus 478 (1.55-14.77) 0.007
mRS
0 1 N.A.
1 0.78 (0.18-3.61) 0.754
2 0.95 (0.20-4.52) 0.953
3 1.41 (0.30-6.61) 0.666
4 0.19 (0.01-4.50) 0.305
BPI per point 1.02 (0.99-1.04) 0.267
PASS per point 1.05 (1.03-1.08) <0.001
Currently employed 1.15 (0.30-5.13) 0.852

OR, odds ratio; Cl, confidential interval; mRS, modified Rankin Scale; BPI, Brief
Pain Inventory; PASS, Pain Anxiety Symptoms Scale; HADS, Hospital Anxiety and
Depression Scale.

P-values < 0.05 are in bold

used more often to detect PSD. Treatment of PSD
should be initiated earlier. Antidepressants have
been reported to improve the outcome in patients
even without clinical depression suggesting their
possible beneficial effects on neural recovery
(37-39). Even prophylactic use of antidepressants
has been reported to improve the outcome, but the
optimal timing and duration of the medication,
and the best benefiting patients for the use of
antidepressants is yet to be resolved (40, 41).

Our patients had anxiety even more frequently
than PSD. Anxiety in general, rather than pain-
related anxiety, seems to play a greater role in
young ICH patients. A recent retrospective study
showed that 19% of young ischemic stroke
patients had anxiety after 12-year follow-up,
which was less than in our cohort (35).

In stroke patients, MoCA has been validated
as a screening measure of cognitive impairment
(42-45). Our findings indicate that young patients
seem to suffer less often from cognitive impair-
ment. In one study, post-stroke fatigue occurred
in 45% of 3-month survivors and was predicted
by anxiety and depression symptoms (46), which
is in line with our findings.

Our study has limitations. One-third of the
invited patients did not wish to participate, which
may be due to being free from physical or emo-
tional symptoms. That may have caused a biased
sample indicating symptoms to be more prevalent
than in reality. As our sample size also was rela-
tively small, our results, especially the effect of
surgical hematoma evacuation, and association
between hydrocephalus and PSD should be
confirmed in a larger prospective study. Strengths
of the study are a prospective study setting, sys-
tematic interviews, and nevertheless largest so

Depression after cerebral hemorrhage

far cohort of young ICH patients, and a long
follow-up period to enlighten young ICH
patients’ outcome in long perspective.
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