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Post-stroke fatigue (PSF) is a common symptom after acute cere-
brovascular events (ACE).

The objectives of this study were to identify associations of transient
hyperglycemia at hospital admission in acute ACE patients with risk of PSF
and certain PSF domains during the first year after ACE occurrence.

Material and methods. We enrolled in the study 252 non-diabetic pa-
tients with ACE. Acute transient hyperglycemia was defined as blood glucose
level more than 6,0 mmol/l at hospital admission. Patients' characteristics
had been evaluated at hospital stay, at 1, 3, 6, 9 and 12 months after ACE
occurrence. PSF was measured by three self-report questionnaires: fatigue
assessment scale, multidimensional fatigue inventory-20 and fatigue severity
scale.

Results. In multivariate logistic regression analysis acute transient hy-
perglycemia had significant direct associations with PSF (according to all
used scales) as well as with each PSF domain at hospital stay, whereas at 1
month after ACE occurrence these associations were significant only for
global, physical and mental PSF domains. In the later time points there were
no any associations between acute transient hyperglycemia and PSF. Risk of
PSF and PSF physical component during hospital stay directly depends on
transient hyperglycemia degree, irrespective of other factors (there were sta-
tistical increased risks of PSF between fourth and first quartiles of plasma
glucose concentration).

Conclusions. 1. Acute transient hyperglycemia at hospital admission in
ACE patients was associated with increased risk of global PSF and certain
PSF domains only within the first month after ACE occurrence. 2. Risk of
global PSF and its physical component at hospital stay directly depends on
the level of acute transient hyperglycemia.
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Introduction. Nowadays stroke is one of the most serious health prob-
lems of our society that associated with enormous economic and social bur-
den. Post-stroke fatigue (PSF) is a common but often overlooked symptom
after acute cerebrovascular events (ACE) [5].
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PSF represents a complex interaction of biological, psychosocial, and
behavioral phenomena [13]. Throughout biological factors increased glucose
level in acute stroke considered as potential risk factor of PSF in early post-
stroke period [11] as well as in long-term perspectives [9, 12]. During acute
stroke, stress stimulates the hypothalamus-pituitary-adrenal axis and the
sympathetic nervous system leading to release of stress hormones, which in-
crease glucose levels [7].

On the other hand, PSF is understood as being multidimensional with
mental, physical, motivational and other aspects [1, 4]. In our previous works
we showed that each PSF component has some specific predictors [2,3].
However, up to now almost nothing is known about connections between
acute transient hyperglycemia and risk of each PSF domain in different post-
stroke periods.

The objectives of this study were to identify possible associations of
transient hyperglycemia at hospital admission in acute ACE patients with risk
of global PSF and certain PSF domains during the first year after ACE occur-
rence.

Material and methods. We enrolled in the study 252 patients with
ACE: 168 with ischemic strokes, 37 with hemorrhagic strokes and 47 with
transient ischemic attacks. Patients were included in the study if they agreed
to participate and were able to provide informed consent. Exclusion criteria
were diabetes mellitus (because increased glucose level may be a manifesta-
tion of disease itself but not of acute transient hyperglycemia) and major
medical illness that could cause secondary fatigue (oncological, hematologi-
cal diseases, cardiac, liver, kidney and respiratory insufficiency, progressive
angina pectoris, acute myocardial infarction), alcohol abuse, consciousness
impairments, insufficient cognitive ability (Mini-Mental State Examination
scores less than 24), depressive and anxious disorders (Hospital Anxiety and
Depression Scale scores more than 10 for both pathologies), impaired speech
function to participate (severe dysphasia or dysarthria), impaired language or
written ability to complete the study questionnaire, severe functional disabili-
ties (modified Rankin scale scores >4).

Acute transient hyperglycemia was defined as blood glucose level more
than 6,0 mmol/l at hospital admission.

Patients' characteristics had been evaluated consequently in certain time
points: at hospital stay and then at 1, 3, 6, 9 and 12 months after ACE occur-
rence.

PSF was measured by three self-report questionnaires: fatigue assess-
ment scale (FAS), multidimensional fatigue inventory-20 (MFI-20) and fa-
tigue severity scale (FSS). PSF was identified, according to FAS, — at a
score >22, according to FSS — at a mean score >4. For every MFI-20 sub-
scale dimensions (global, physical, mental, motivational and activity-related
fatigue) critical value was 12 or more [14].
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Socio-demographic factors such as age, gender, marital status (mar-
ried/single), formal education level (higher/non-higher), pre-stroke em-
ployment status (employed/unemployed) were recorded. Pre-stroke fa-
tigue was diagnosed retrospectively if patients reported fatigue lasting
longer than 3 months before the stroke [6]. Patients' tobacco smoking
status was classified as “non-smoker” (who didn't smoke at least 1 year
before the stroke) or “current smoker” (who smoked regularly for the last
1 year before stroke). Subjects were grouped by the level of alcohol con-
sumption (number of drinks per week): none or moderate (<7 for women
and <14 for men) and heavy (>7 for women and >14 for men).

Signs of anxiety and depression were assessed by the Hospital
Anxiety and Depression Scale (anxiety and depression sub-scales using a
cut-off of 4, which has been recommended for persons who have had a
stroke) [10]. Apathy symptoms were assessed by the Starkstein apathy
scale (a cut-off point 14 or more from the total score of the scale was
used to dichotomize the patients into apathetic and non-apathetic). Cog-
nitive impairments were evaluated by the Montreal cognitive assessment
(cut-off scores less than 26) [8]. Sleepiness was measured using Epworth
scale (scores 10 or more indicate excessive daytime sleepiness).

We diagnosed the presence of most spread acute post-stroke com-
plications (pneumonia, urinary tract infections (UTI), pyrexia). Post-
stroke pneumonia was diagnosed as inspiratory crackles and fever or ra-
diographic evidence or purulent sputum. The presence of UTI was de-
fined as clinical signs of dysuria in combinations with significant leuko-
cyturia (>20 cells per visual field). Temperature >37.5°C for more than
24 hours for which no cause has been identified was considered as py-
rexia.

For anthropometric characteristics of abdominal obesity was used
waist circumference (cut-off 102 cm for males and 88 cm for females).
The co-morbidities included arterial hypertension, ischemic heart disease
and atrial fibrillation.

Continuous variables were represented as mean (M) and standard
deviation (SD), categorical data were represented by number (n) and per-
centage (%). Univariate logistic regression analysis was performed to
analyze the odds ratio (OR) with 95% confidence intervals (CI) of fac-
tors associated with PSF. Variables having a p value less than 0,05 in the
univariate analysis were selected and evaluated by multivariate logistic
regression models. Patients with acute transient hyperglycemia were
ranked into quartiles according to blood glucose level. Logistic regres-
sion was used to calculate the OR of PSF risk between quartiles of blood
glucose values. P values less than 0,05 were considered significant. Sta-
tistical analyses were performed using SPSS 14.0 statistics software.
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Results and discussion.

First of all, throughout all studied time points, acute transient hypergly-
cemia was statistically associated with increased risk of PSF only at hospital
stay and 1 month after ACE occurrence.

Table 1.Characteristics of the baseline study sample

Characteristics Value
age (years), M£SD 61,7+7,1

males, n (%) 127 (50,4%)
married, n (%) 178 (70,6%)

higher education, n (%) 80 (31,7%)
pre-stroke employment, n (%) 80 (31,7%)
pre-stroke fatigue, n (%) 51 (20,2%)
current smokers, n (%) 66 (26,2%)

heavy alcohol consumption, n (%) 32 (12,7%)
anxious signs, n (%) 65 (25,8%)
depressive signs, n (%) 67 (26,6%)

apathy symptoms, n (%) 61 (24,2%)
cognitive impairments, n (%) 107 (42,5%)
excessive daytime sleepiness, n (%) 92 (36,5%)

pneumonia, n (%) 25 (9,9%)

UTIL n (%) 34 (13,5%)

pyrexia, n (%) 35 (13,9%)

abdominal obesity, n (%) 86 (34,1%)
co- arterial hypertension, n (%) 222 (88,1%)
morbid- ischemic heart disease, n (%) 197 (78,2%)
ities atrial fibrillation, n (%) 63 (25,0%)

Of all the characteristics that are presented in Table 1, in univariate lo-
gistic regression analysis only pre-stroke fatigue, anxious signs and pneumo-
nia had significant associations with PSF at hospital stay and only pre-stroke
fatigue, cognitive impairments had the same associations 1 month after ACE.
So, only these above-mentioned variables were included in multivariate lo-
gistic regression analysis of associations between acute transient hypergly-
cemia and risk of PSF in corresponding time points after ACE occurrence.

Table 2. Associations between acute transient hyperglycemia and risk
of PSF at hospital stay

PSF scale Logistic regression model, OR
univariate Multivariate
FAS 2,2 (CL, 1,2-4,1; 2,1 (Cl, 1,1-4,0;
p=0,01) p=0,02)
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FSS 2,0 (CIL,1,1-3,7; 2,0 (CI, 1,1-3,7;
p=0,03) p=0,03)
MEFI- | global 2,5 (CI, 1,3-4,6; 2,4 (CI, 1,2-4,6;
20, fatigue p<0,01) p=0,01)
dimensions | physical 2,6 (CI, 1,4-4,9; 2,4 (ClI, 1,3-4,6;
p<0,01) p=0,01)
mental 2,8 (CI, 1,5-5,2; 2,6 (CI, 1,4-5,0;
p<0,01) p<0,01)
motivational | 2,4 (CI, 1,3-4,5; 2,3 (CI, 1,2-4,6;
p<0,01) p=0,02)
activity- 2,3 (ClI, 1,2-4,3; 2,2 (CI, 1,1-4,2;
related p=0,01) p=0,02)

Table 2 shows that acute transient hyperglycemia had significant direct
associations with PSF (according to all used scales) as well as with each PSF
domain at hospital stay that can indicate acute transient hyperglycemia as in-
dependent risk factor for PSF development. Importantly, these associations
were retained in multivariate analysis. In other works it also had been shown
that admission hyperglycemia was associated with PSF (according to FSS) in
acute stroke patients [3, 4].

Table 3. Associations between acute transient hyperglycemia and risk
of PSF at 1 month after ACE

PSF scale Logistic regression model, OR
univariate Multivariate
FAS 1,9 (CI, 1,0-3,6; -
p=0,04)
FSS 2,8 (CI, 1,5-5,5; 2,9 (CI, 1,5-5,7;
p<0,01) p<0,01)
MFI- | global 2,3 (CI, 1,2-4,6; -
20, fatigue p=0,01)
dimensions | physical 3,0 (CI, 1,6-5,8; -
p<0,01)
mental 3,0 (CI, 1,5-5,7; 3,0 (CI, 1,5-6,0;
p<0,01) p<0,01)

As can be seen from Table 3, in univariate logistic regression analysis
acute transient hyperglycemia had significant associations with global PSF
and only with certain (not all) PSF domains after 1 month after ACE occur-
rence. It’s interesting that unlike hospital stay, majority of these associations
disappeared in multivariate analysis.

In the later time points (3, 6, 9, 12 months after ACE) there were no
any significant associations between acute transient hyperglycemia and PSF.
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From time-based PSF conception, acute transient hyperglycemia, as a bio-
logical factor, can be considered as predictor of the so-called «early» PSF
(PSF that present only in early post-stroke period) [2], whereas most likely
for PSF persistence are needed some more additional factors.

Up to now, only one work is devoted to connections between acute
transient hyperglycemia and PSF during later post-stroke periods: acute se-
rum glucose level was positively correlated with FSS score at 6 and 12
months after the stroke [5].

All cases of acute transient hyperglycemia were ranked on quartiles by
blood glucose level: Q1 (6,1-7,5 mmol/l), Q2 (7,7-8,8 mmol/l), Q3 (8,9-10,5
mmol/l) and Q4 (>10,6 mmol/l). Among all calculations there were statistical
increased risks of PSF only between fourth and first quartiles of plasma glu-
cose concentration at hospital stay.

Table 4. Associations between acute transient hyperglycemia level
(fourth quartile compared to first quartile) and risk of PSF at hospital stay

PSF scale Logistic regression model, OR

univariate Multivariate

FAS 6,3 (CI, 1,4-28,3; p=0,02) | 9,4 (CL 1,5-61,1;
p=0,02)
FSS 5,5 (CL, 1,3-22,7; p=0,02) | 8,0 (CL 1,4-454;
p=0,02)
MFI-20 | global | 5,5 (CL, 1,3-22,7; p=0,02) | 9,4 (CL 1,5-61,1;
p=0,02)
physical | 5,5 (CI, 1,3-22,7; p=0,02) | 9,4 (CL, 1,5-61,1;
p=0,02)

mental | 4,1 (Cl, 1,1-16,1; p=0,04)

Table 4 demonstrates that risk of PSF during hospital stay directly de-
pends on transient hyperglycemia degree irrespective of other factors.

Up to now there are no explanations about associations between acute
transient hyperglycemia and PSF. Maybe in these mechanisms are involved
(directly or indirectly) multifaceted deleterious effects of hyperglycemia on
brain tissue and cerebral vessels reactivity [25]. Anyway, this question re-
quires further special research.

From clinical point of view it’s important to take into account acute
transient hyperglycemia for PSF clinical course prognostication.

Conclusions.

1. Acute transient hyperglycemia at hospital admission in ACE patients
was associated with increased risk of global PSF and certain PSF domains
only within the first month after ACE occurrence.
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2. Risk of global PSF and its physical component at hospital stay di-
rectly depends on the level of acute transient hyperglycemia.

Future investigations should be directed toward interconnections be-
tween acute transient hyperglycemia and post-ischemic inflammatory re-
sponse due to risk of PSF.
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Iocmincynomna emoma (I1IB) — po3noscioodcene YCKIAOHEHHS 20CH-
Ppux nopyutersb Mo3x06020 kpogooovicy (I'TIMK).

Mema oocnidxncenna: suguumu acoyiayii Minc HAs8HICMIO MPAH3UMO-
pHoi cinepenikemii nio uac eocnimanizayii y nayienmis 3 I'TIMK ma puzuxom
HaseHocmi okpemux komnonenmie I1IB npomseom nepuioco poxy nicis pos-
sumky I'TIMK.

Mamepian ma memoou. B oocniodxcenns 0yno exknouerno 252 nayicnmu
be3 yykposozco diabemy. I ocmpa mpanzumopHa 2inepaiikemis 0iacHoCmy6a-
JAcb npu pieHi enoko3u Kposi dinvute 6,0 Mmonv/n nio uac eocnimanizayii.
Obcmedicenns nayienmie npogoounocs nio yac nepedOysamHs 6 cmayionapi,
uepes 1, 3, 6, 9 ma 12 micayie nicaa poszsumxy I'TIMK. Hassnicme I1IB 6u-
3HAYANACH 30 MPbOMA ONUMYBATLHUKAMU: UWKALIOK OYIHKU 6MOMU, WKATOK
8aHCKOCMI 6MOMU MA 6A2AMOMIPHOIO WKATIOI0 OYIHKU 8MOMU.

Pe3ynomamu. 3a pezyriomamamu Myn1bmuapiaHmHo20 102i4HO20 pe-
2pecitiHo20 ananizy, 20Cmpa mpaH3umopHa 2inepeiikemis Mae npami, cma-
mucmuyHo 0ocmosipui acoyiayii 3 puzukom uasenocmi IIIB (32i0Ho ycix
wxan), mak i 3 ycima komnonenmamu I1IB (enobanvnum, gizuunum ncuxiu-
HUM, MOMUBAYIIHUM, NO8 A3AHUM 3 AKMUBHICIIO) NPOmsA2oM nepiody nepe-
OysanHs nayienmis 6 cmayionapi, mooi sx uepes 1 micayv nicaa I'TIMK yi
acoyiayii 3anuwanucs 00CMOBIPHUMU MINbKU 015 2100aNbH020, QI3UUHO20
ma ncuxiynoeo komnoneumie I1IB. B 6inbus ni3Hix CMpoKax cnocmepeicenHs
He OYl0 8UABNEHO 0YO0b-AKUX OOCMOGIPHUX 38 A3KI8 MIJC 20CMPOI0 MPAH3U-
MOPHOIO 2INepeliKeMi€l0 Ma pPUSUKOM HASBHOCMI 0YOb-5KO20 KOMNOHEHMY
1IIB. Kpim moeo, pusux I1IB ma ii ¢i3uunoco komMnoneHmy npomszom nepi-
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00y 3HAXO0OJICEHHS 68 CIMAYIOHAPI, He3ANeJHCHO BI0 coyio-oemocpagpiunux ma
KIIHIKO-HEBPONIOCTYHUX (aKmopie, NPsAMo acoyitoemvpcs 3i cmyneHem eupa-
JHCEHOCMI MPAH3UMOPHOI 2inepenikeMii (cnocmepieascs cmamucmudHo nio-
suwenuti pusux I1IB y nayiecnmis 3 suwum, y nopieHAHHI 3 HUNCUUM K8APMU-
JIAAMU NOKA3HUKIG 2TIIOKO3U KPOBI).

Bucnoexu. 1. 'ocmpa mpanzumopna 2inepaiikemis nio uac eocnimani-
sayii 3 npueody I'TIMK npsamo acoyitoemvbcs 3 nioguWeHUM pusuKom enooa-
avnoi IIIB ma okpemux ii KOMNOHEHmMI8 NpoOmsA2coM Nepulo2o Micsays Nicis
pozseumky I'TIMK. 2. ITio uac nepebysanusn 6 cmayionapi 3 npusody I'TIMK,
pusux enobanvuoi I1IB ma ii (izuuno20 KOMNOHEHMY NPAMO 3AJeHCUMb 8i0
PIBHS MPAH3UMOPHOIL 2inepaiikemii.

Knrwouoei cnosa: nocmincynomua 6moma, mpan3umopHa 2inepaiikemisi.
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