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CARDIOVASCULAR DISEASE
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Abstract Data on seasonal differences in stroke incidence
are conflicting. Little is known about seasonal variability in
etiological stroke subtypes and population-based data on
possible trigger factors are lacking. The Ludwigshafen
Stroke Study is a prospective population-based stroke reg-
istry. All residents of the city of Ludwigshafen who suffer
from acute stroke or TIA are registered. Patients with first-
ever stroke (FES) were included for the present analysis.
Between January 1, 2006 and December 31st, 2010, 1,779
patients (age 71.7 £ 13.4 years (mean + standard devia-
tion; 897 (50.4 %) women) suffered a FES. Incidence for
FES was lowest in summer (reference) with significantly
higher rates in winter (rate ratio (RR) 1.20, 95 % confidence
interval (CI) 1.05-1.37) and spring (RR 1.21 95 % CI
1.06-1.38). First-ever ischemic stroke (FEIS) was more
common in winter (RR 1.16, 95 %CI 1.01-1.34) and first-
ever intracerebral haemorrhage (FE-ICH) was more frequent
in spring (RR 2.0, 95 %CI 1.24-3.22) than in summer. In
FES, systolic and diastolic blood pressure on admission
(SBP/DBP) showed significant variation with lowest values
in summer (SBP: p = 0.02; DBP p = 0.05). In subtypes of
FEIS, cardioembolism tended to be more common in winter
(p = 0.14). There were no differences in risk factor preva-
lence between seasons. Leukocyte count on admission was
lowest in summer (8.2 £ 1.4/ul) and highest in winter
(8.9 £ 1.9/ul; p = 0.008). The hematocrit showed a similar
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trend (p = 0.06). Our data show higher incidence rates for
FES in winter and spring, for FEIS in winter and for FE-ICH
in spring. Variations in blood pressure on admission and
leukocyte counts were associated with these findings and
may possibly contribute to seasonal stroke variability.
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Introduction

Several studies investigated the influence of seasonality on
stroke incidence. Data are conflicting as some studies
found higher stroke incidence during winter and spring and
lower incidence during summer and autumn [1-5] while no
differences could be observed in other studies [6, 7].
However, several studies were limited by hospital-based
study-design [4, 5, 8], low number of observed strokes [7]
or age restrictions [2, 5]. Moreover, data on seasonal dif-
ferences in etiological subtypes of ischemic stroke are rare.

Several trigger factors, such as acute infections, hyper-
coagulable state and increases in blood pressure due to low
ambient temperature, as well as seasonal differences in
serum lipids and glucose were discussed as possible
explanations for seasonality in vascular diseases [9-11].
However, none of the aforementioned studies on stroke
seasonality provides data on such triggers except for tra-
ditional risk factors.

Population-based data on stroke incidence represent the
most suitable basis for analysing possible seasonal differ-
ences in stroke epidemiology. We therefore studied the
seasonal influence on incidence of total first-ever stroke
(FES), stroke subtypes, stroke etiology in ischemic stroke
and risk factors for ischemic stroke in a population-based
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study. To investigate the possible impact on aforemen-
tioned triggers on stroke seasonality we additionally ana-
lysed laboratory parameters that serve as markers for
inflammation and hypercoagulable state (C-reactive protein
(CRP), fibrinogen, leukocyte count, haematocrit) in first-
ever ischemic (FEIS) stroke.

Subjects and methods

The “Ludwigshafen Stroke Study” (LuSSt) is a prospec-
tive population-based stroke register in the population of
the city of Ludwigshafen starting January 1, 2006. LuSSt
includes all patients with incident stroke or TIA. A detailed
description of LuSSt has been published recently [12]. All
patients with FES until December 31st, 2010 were included
in the present analysis.

Executive summary of study population, case
ascertainment and standard definitions

Ludwigshafen is an industrial city in the state of Rhine-
land-Palatinate in West Germany. The total source popu-
lation was 167.657 inhabitants (83.009 males and 84.648
females) on December 31st, 2008. The patients’ postal
address accounted for affiliation to the study population.
Multiple overlapping methods of patient identification
were used to achieve complete case ascertainment as
described before [12]. Case ascertainment in hospitalized
patients was ensured by collaboration with all hospitals in
the city of Ludwigshafen and surrounding hospitals outside
the city boundaries that treat stroke patients. To identify
patients that have been treated in other hospitals or hos-
pitals abroad and those patients that were non-hospitalized,
all general practitioners, specialists in internal medicine
and neurologists practicing in Ludwigshafen were regularly
contacted and asked to report on such patients. Further-
more, we contacted nursing and residential homes and
reviewed death certificates obtained by the local health
authority. Patients that were treated at the Klinikum Lud-
wigshafen and those being treated outside the Klinikum,
but who gave written consent by themselves or their legal
representatives were examined by a professional member
of the study team using a structured questionnaire. Data
could be registered including personal data. If informed
consent was not available in patients being treated outside
Klinikum Ludwigshafen, study data were obtained by the
attending physician and transmitted to the study centre in
pseudonomized form. In stroke patients that have been
identified via death certificates we intensely tried to obtain
more information (especially on current stroke symptoms
and status of stroke recurrence) by contacting the patients’
general practitioner. The study was approved by the ethics
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committee of the Landesédrztekammer Rhineland-Palatinate
and by the data protection commissioner of Rhineland-
Palatinate.

Stroke was defined according to the definition of the
World Health Organization (WHO) [13]. Stroke subtype
classification was based on the results of brain imaging,
discriminating between ischemic stroke (IS), intracerebral
hemorrhage (ICH) or subarachnoid hemorrhage (SAH). If
no brain imaging was available, for example in those
patients that died before hospital admission, stroke type
was defined as undetermined (UND).

Etiology of ischemic stroke and vascular risk factors

Assignment to etiology in ischemic stroke was performed
using modified TOAST-criteria as described in detail
before [14, 15]. Stroke due to large artery-atherosclerosis
was diagnosed in patients with with stenoses >50 %
diameter reduction on Duplex sonography or CT-, MR- or
digital subtraction angiography of brain supplying arteries
and brain infarcts >1.5 cm in the absence of any source of
cardioembolism. Cardioembolism was defined as presence
of high- or medium-risk source for cardiac embolism in the
absence of other etiologies. Stroke of microangiopathic
origin was assigned to patients with typical lacunar syn-
drome in the absence of brain infarcts >1.5 cm and no
evidence of cortical dysfunctions. In patients with rare
causes of ischemic stroke, such as hematologic disorders,
stroke of other determined etiology was diagnosed. Origi-
nal TOAST-criteria were modified by inserting the cate-
gory “stroke of probable atherothrombotic origin”.
“Probable atherothrombotic stroke” was diagnosed in
patients with stenoses <50 % diameter reduction of brain
supplying arteries and brain infarcts >1.5 cm in the
absence of any source of cardioembolism. In patients with
more than one potential cause for stroke, etiology was
assigned to the most likely causative mechanism according
to the SSS-TOAST classification [16].

Cardiovascular risk factors were defined according to
current national and international guidelines as described in
detail before [14, 17]. In brief, hypertension was diagnosed
in case of antihypertensive medication on admission, a
respective diagnosis by a physician before or if blood
pressure was >140/90 mmHg in 2 or more measurements
>3 days after stroke. Diabetes mellitus was acknowledged
in patients with fasting blood glucose level above 125 mg/
dl, with antidiabetics on admission or if a physician had
previously made this diagnosis. Hypercholesterolemia was
diagnosed in patients with fasting cholesterol levels
>200 mg/dl or LDL-cholesterol >140 mg/dl or with cho-
lesterol-lowering medication on admission. AF was ascer-
tained based on ECG or Holter monitoring or in case of a
previous respective diagnosis.
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Laboratory tests and clinical characteristics
on admission

CRP [particle-enhanced immunoturbidimetric assay CRPL3
(cobas®)], fibrinogen (Clauss method on IL Coagulation
Systems, Instrumentation Laboratory), blood glucose [enzy-
matic in vitro test Gluco-quant (cobas®)], leukocyte count and
hematocrit (XE analyser XE-2100; Sysmex) were determined
shortly after admission. Latency between stroke onset and
venipuncture was recorded on daily level. Parameters were
assessed in patients with FEIS and patients admitted to the
Klinikum Ludwigshafen. About 90 % of all patients with FES
in the source population are admitted to this hospital.

Stroke severity was determined using National Institute
of Health Stroke Scale (NIHSS) [18]. The first systolic and
diastolic blood pressure (SBP, DBP) measured on admis-
sion was used for the analyses.

Statistical analyses

We calculated crude incidence rates for FES and stroke
dividing numbers of stroke events by the person-years of
subjects at risk in the source population. Exact 95 % ClIs
for the rates based on the Poisson distribution were deter-
mined. To assess seasonal trends for FES, we applied a
Poisson regression model to model the rate of strokes by
month. The accumulated monthly cases for FES were
counted and a crude incidence rate was calculated as
IR = Ni/M. Here, M is the population times the relative
length of the month (e.g. 31/365) times the number of
observation years (5) as an approximation of the person-
years for each month and N; is the total number of strokes
in month i (i = 1,...,12). The population experienced little
change over the observation period from 2006 to 2010,
therefore we used a constant population. The monthly
crude incidence rates (CIR) were then modelled with a
Poisson regression model by:

Ln[N;/M] = o+ B x sin(i/6 x @) + B, X cos(i/6 x n)
(1)

The underlying model assumption is that the seasonal
pattern can be described as a sinusoidal function [19]
with 12 months period length. B; and [, are regression
coefficients to describe seasonal variation over i. In order to
test the Null hypothesis that seasonal variation would not
contribute to the variation pattern we compared the above
model with the base model using a log likelihood ratio (LLR)
test. The LLR test was performed calculating the model
difference in log likelihood, —2 [log likelihood base
model—Ilog likelihood model (1)], which is asymptotically
Chi square distributed with 2 degrees of freedom under
the null hypothesis. We also fitted more complex models

additionally including the covariables age, sex and calendar
year. In FES, FEIS and FE-ICH, incidence rates were
calculated in total and for each season of the year (winter:
December—February; spring: March—-May; summer: June—
August; autumn: September—November). Month of stroke
onset accounted for seasonal assignment.

We calculated incidence rate ratios (RR) between sea-
sons using summer as the baseline season for FES, FEIS
and FE-ICH by comparative analysis of rates with 95 % CI
proposed by Miettinen and Nurminen [20]. The X*-test was
used to analyse seasonal differences in binary risk factors
for stroke, and the F-test (Analysis of Variance) was used
to analyse seasonal differences for laboratory parameters.
Leukocyte count, fibrinogen and CRP were log-trans-
formed prior to analysis. Confidence intervals for means
were calculated. Log-transformed means and CI values
were reconverted by exponentiation.

Correlation between parameters was analysed with
Spearman correlation coefficient. All tests were two-sided.
Level of significance was set to 5 %. All calculations were
performed using SAS 9.2. PROC GENMOD and PROC
GLM were used for regression analysis.

Results

Between 2006 and 2010, 1,779 patients (897 (50.4 %)
women, 868 (48.8 %) men, 14 (0.8 %) unknown sex) suffered
a FES. Mean age was 71.7 years (SD 13.5). Of all 1,779
patients with FES, 1,547 (87.0 %) suffered FEIS. In 152
(8.5 %) FE-ICH was diagnosed. SAH was assigned in 50
patients (2.8 %). Stroke subtype remained undetermined in 30
patients (1.7 %). Figure 1 presents monthly crude incidence
rates for FES (with 95 % ClIs) and the results for the Poisson
model using the sinusoidal function. We observe a significant
seasonal pattern (p < 0.001) with lowest rates at late summer
and highest rates in late winter. Further modelling showed that
this seasonal pattern was not confounded by age, sex or cal-
endar year. Crude incidence rates for FES, stroke subtypes,
and clinical characteristics on admission (NIHSS, SBP, DBP)
according to season are presented in Table 1.

As incidence rates were lowest in summer we calculated
RR for incidence of FES, FEIS and FE-ICH in each season
with reference to summer (Figs. 2, 3, 4). Incidence of FES
was significantly higher in winter and spring than in
summer whereas difference between summer and autumn
was of borderline significance. In FEIS incidence was
significantly higher in winter, whereas in FE-ICH, inci-
dence was 100 % higher in spring than in summer
(Fig. 4). In total 58 FES (3.3 %) [winter: n = 13 (22.4 %);
spring: n =24 (41.4 %); summer: n= 10 (17.2 %);
autumn: n = 11 (19.0 %)] occurred outside the City of
Ludwigshafen.
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Table 1 Seasonal incidence rates (per 100,000 person-years) for FES, 2006-2010, stroke subtypes and clinical characteristics
Winter Spring Summer Autumn Total p value
(Dec./Jan./Feb.) (Mar./Apr./May) (Jun./Jul./Aug.) (Sept./Oct./Nov.) 1,826 daysd
451 days? 460 days® 460 days® 455 days?
First-ever stroke cases N (%) 466 (26.2) 480 (27.0) 396 (22.3) 437 (24.6) 1,779
Incidence Rates/100,000 224.6 (204.6-246.6) 226.8 (208.2-248.3) 187.1 (169.5-206.6) 208.8 (189.8-229.9) 211.8 (198.9-225.4) 0.03
person years (95 % CI)
Mean Age (SD) 72.4 (13.7) 71.8 (13.2) 72.2 (12.9) 70.6 (13.8) 71.7 (13.4) 0.20
NIHSS (95 % CI) 6.8 (6.1-7.4) 5.9 (5.2-6.5) 5.8 (5.2-6.4) 6.3 (5.6-6.9) 6.2 (5.9-6.5) 0.12
Systolic Blood Pressure 156.7 (153.6-159.8) 159.1 (155.9-162.3) 152.1 (149.0-155.2) 156.3 (153.3-159.4) 156.2 (154.6-157.7) 0.02
(SBP) on admission
95 % CI)
Diastolic Blood Pressure 85.6 (84.1-87.2) 87.2 (85.6-88.8) 84.0 (82.5-85.6) 86.0 (84.5-87.5) 85.7 (85.0-86.5) 0.05
(DBP) on admission
95 % CI)
Hypertension N (%)° 387/443 (87.4) 403/455 (88.6) 339/384 (88.3) 358/413 (86.7) 1,487/1,695 (87.7) 0.82
Ischemic Stroke N (%) 407 (26.3) 407 (26.3) 356 (23.0) 377 (24.4) 1,547 (87.0)
Incidence Rates/100,000 1962 (177.8-216.6) 1923 (1742-212.3)  168.2 (151.2-187.0)  180.1 (162.6-199.6)  184.2 (173.0-196.0)  0.08
person years (95 % CI)
Local 68 (29.3) 50 (21.6) 63 (27.2) 51 (22.0) 232 (15.0)* 0.24
atherothrombotic (%)°
Cardioembolic (%)° 140 (28.6) 111 (22.7) 112 (23.0) 125 (25.6) 488 (31.5)* 0.14
Large-artery 48 (23.1) 65 (31.3) 44 (21.2) 51 (24.5) 208 (13.4)* 0.20
atherosclerosis (%)
Microangiopathic (%)° 95 (24.1) 114 (28.9) 86 (21.8) 99 (25.1) 394 (25.5)" 0.26
Other (%)° 23 (30.3) 20 (26.3) 18 (23.7) 15 (19.7) 76 (4.9)* 0.62
Unknown (%)° 33 (22.1) 47 31.5) 33 (22.1) 36 (24.2) 149 (9.6)* 0.34
Intracerebral hemorrhage 38 (25.0) 50 (32.9) 25 (16.4) 39 (25.7) 152 (8.5)
N (%)
Incidence Rates/100,000 18.3 (12.8-25.3) 23.6 (17.5-31.2) 11.8 (7.6-17.5) 18.6 (13.3-25.3) 18.1 (15.4-21.3) 0.04
person years (95 % CI)
Subarachnoid hemorrhage 15 (30.0) 10 (20.0) 9 (18.0) 16 (32.0) 50 (2.8) 0.6
N (%)
Undefined N (%) 6 (20.0) 13 (43.3) 6 (20.0) 5(16.7) 30 (1.7) 0.2

p values are in bold

@ Percentages related to FEIS in total

b Percentages related to the proportion of the respective season in total years

c

d
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Clinical characteristics on admission showed a trend
towards lower NIHSS for FES on admission in spring and
summer as compared to winter and autumn. Significant
seasonal differences were registered for SBP (p = 0.02)
and DBP (p = 0.05) with lowest values in summer. Delay
between stroke onset and time point of BP measurement
showed no significant differences on daily level
(p = 0.47). Correlation between blood pressure and stroke
severity (NIHSS) was marginal with a correlation coeffi-
cient of 0.08 for SBP (p = 0.003) and 0.06 (p = 0.002) for
DBP. There was no seasonal difference regarding the
prevalence of stroke risk factors (Table 2).

Stroke etiology in ischemic stroke according to modified
TOAST-criteria showed no significant seasonal differ-
ences. There was a trend towards higher incidence of stroke
due to cardioembolism in winter (p = 0.14).

Results of laboratory tests on admission in patients with
FEIS are presented in Table 3. Most blood samples (80 %)
were taken within 24 h after stroke. There were no seasonal
differences in time delay between stroke onset and venipunc-
ture on daily level (p = 0.47). Significant seasonal differences
could be shown for leukocyte count (p = 0.008) on admission,
with highest values during winter. A similar, although non-
significant difference was seen for hematocrit (p = 0.06). The
correlation coefficient between leukocyte count and NIHSS on
admission was 0.20 (p < 0.001). There were no seasonal dif-
ferences for fibrinogen, blood glucose levels or CRP.

Discussion

We analysed seasonal differences in FES incidence in a
population-based stroke registry and included stroke sub-
types, blood pressure and, especially in ischemic stroke,
risk factors, blood glucose and markers of inflammation
and coagulation.

Fig. 2 Rate ratio in seasonal
stroke incidence for FES
WINTER

The risk of FES showed significant seasonal variations
with an about 20 % higher incidence in winter and spring
as compared to summer months. This observation is in line
with other studies on seasonal variation in stroke incidence
[2, 4, 8]. However, some studies reported no seasonal
influence on stroke incidence [6, 7]. Analysing seasonal
distribution of FES occurring outside study area does not
point towards a possible summer bias on stroke seasonality
as seasonal pattern was comparable to that of all FES.
Furthermore, the majority of cases are beyond retirement
age. Different to younger families with school children,
this age group can also spend vacation outside peak sum-
mer season, when prices are highest. We therefore do not
think that seasonal variation of the population present in
the study area could have had a major effect.

Considering clinical characteristics on admission, SBP
and DBP showed significant seasonal variation in stroke
patients with lowest values in summer. This might be a hint
towards seasonal differences in blood pressure in the
general population of our study as variations in blood
pressure have been reported with lower values during
summer and higher values in colder months [21]. As
multiple trials and meta-analyses have shown that a mod-
erate decrease in SBP and DBP reduces the relative risk for
stroke up to 40 %, seasonal variations in blood pressure
might partly explain variations in stroke incidence [22, 23].
However, due to descriptive design of our study causality
can not be inferred from our data. Several studies have
addressed seasonal variation in blood pressure to changes
in outdoor temperature as they found an inverse relation-
ship [24, 25]. Additionally, seasonal changes in multiple
climate factors such as particulate matter and ozone might
also play a role in seasonal variation of blood pressure [26].
Stress induction might be one pathway linking seasonal
changes in climatic factors and stroke.
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Fig. 3 Rate ratio in seasonal
stroke incidence for FEIS
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Fig. 4 Rate ratio in seasonal

stroke incidence for FE-ICH
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Although NIHSS on admission showed a trend towards
lower stroke severity in summer, blood pressure values on
admission were likely not influenced by stroke severity as
both values showed only marginal correlation. We could
not detect seasonal variation for history of arterial hyper-
tension in our study. This might be explained by the fact
that history of hypertension is already known for long time
in the majority of stroke patients, and therefore seasonal
variation might especially influence level of hypertension
but not the diagnosis of hypertension per se. Recent data
suggesting better control of blood pressure during summer
months in hypertensive patients support this thesis [27].

In FEIS, incidence was 16 % higher in winter as com-
pared to summer. This finding is in line with results from
the FINMONICA Stroke Register observing comparable
seasonal variation of FEIS [2]. We found no seasonal
variation for history of risk factors in our study, which is in
line with recent studies indicating seasonal differences in

@ Springer

stroke incidence being independent of the risk factor profile
per se [4]. Laboratory results in FEIS showed significant
seasonal differences for leukocyte count and a non-signif-
icant trend for hematocrit towards lower values in summer.
Leukocyte counts were lowest during summer and highest
in winter and spring, which like in blood pressure might
point to variation of leukocyte count in our source popu-
lation. Elevated leukocyte counts have shown to be asso-
ciated with an elevated risk for future cardiovascular and
cerebrovascular events [28-30]. On one hand, leukocyte
count might simply represent a marker of inflammation, on
the other hand, leukocytes may also be directly involved in
complications of atherosclerosis, such as plaque rupture
and thrombosis [30]. Acute infections (e.g. acute respira-
tory infections, influenza) have been shown to temporally
increase stroke risk. They show distinctive seasonal pat-
terns with lower incidence in summer and higher incidence
in winter and spring. A higher rate of infections during
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Table 2 Distribution of risk factors according to season in patients with FEIS

Risk factors® Winter Spring Summer Autumn Total p value®
(Dec./Jan./Feb.)  (Mar./Apr./May) (Jun./Jul./Aug.) (Sept./Oct./Nov.) 5 years = 1,826
451 days® 460 days® 460 days® 455 days® days®
Hypertension N (%) 349/399 (87.5) 353/399 (88.5) 398/351 (87.8)  322/373 (86.3) 1,332/1,522 (86.1) 0.84
Diabetes N (%) 142/393 (36.1) 126/395 (31.9) 107/349 (30.6)  118/372 (31.7) 493/1,509 (32.7) 0.39
Hypercholesterolemia N (%) 240/385 (62.3) 252/389 (64.8) 230/345 (66.7)  235/365 (64.4) 957/1,484 (64.5) 0.68
Atrial fibrillation N (%) 133/389 (34.2) 112/391 (28.6) 100/336 (29.8)  117/370 (31.6) 462/1,486 (31.1) 0.37
Coronary artery disease N (%)  81/389 (20.8) 91/381 (23.9) 82/339 (24.2) 86/359 (24.0) 340/1,468 (23.2) 0.65
Current smoking (%) 98/362 (27.1) 84/364 (23.1) 68/316 (21.5) 82/324 (25.3) 332/1,366 (24.3) 0.35
Total cases 407 407 377 1,547
* Number of observations/total number of cases
P Seasonal comparison, Chi square-test
¢ Number of days during study period
Table 3 Laboratory results on admission in patients with FEIS, 2006-2010, according to season
Laboratory results Winter Spring Summer Autumn Total p value
(Dec./Jan./Feb.) (Mar./Apr./May) (Jun./Jul./Aug.) (Sept./Oct./Nov.) 1,547 cases
407 cases 407 cases 356 cases 377 cases
Leucocyte count n (%" 377 (92.6) 377 (92.6) 344 (96.6) 356 (94.4) 1,454 (94.2) 0.008
(x1,000/mm?) Mean 8.9 8.5 8.2 8.4 8.5
95 % CI)  (8.62-9.28) (8.25-8.82) (7.92-8.52) (8.09-8.67) (8.37-8.67)
Fibrinogen (mg/dl) n (%" 355 (87.2) 357 (87.7) 330 (92.7) 346 (91.8) 1,388 (89.7) 0.33
Mean 380.0 375.4 366.9 370.5 373.3
(95 % CI) (370.25-390.02) (364.66-386.51) (356.29-377.83) (360.52-380.82) (368.13-378.58)
CRP (mg/dl) n (%% 367 (90.2) 366 (89.9) 339 (95.2) 355 (94.2) 1,427 (92.2) 0.67
Mean 0.92 0.93 0.86 0.89 0.90
95 % CI)  (0.84-1.02) (0.83-1.03) (0.78-0.95) (0.81-0.98) (0.86-0.95)
Hematocrit (%) n (%" 375 (92.1) 373 (91.6) 341 (95.8) 353 (93.6) 1,442 (93.2) 0.06
Mean 41.2 41.0 40.3 40.9 40.9
95 % CI)  (40.65-41.68) (40.52-41.53) (39.73-40.84) (40.37-41.41) (40.59-41.12)
Blood glucose (mg/dl)  n (%%) 330 (81.1) 328 (80.6) 304 (85.4) 306 (81.2) 1,268 (82.0) 0.16
Mean 138.3 146.8 134.5 1394 139.9
(95 % CI)  (132.02-144.67)  (136.54-157.10)  (128.57-140.43)  (132.28-146.58) (136.03-143.72)

p value is in bold

# Percent of patients with measurement

winter months may explain higher leukocyte counts during
this season and may partly account for seasonal variations
in incidence of FEIS [31]. As a limitation, we did not
directly assess pre stroke infection in this study, however.
Recent studies have shown leukocytosis on admission to be
related to severity of ischemic damage suggesting that
NIHSS on admission may confound the relationship
between leukocyte count and variability of stroke inci-
dence. However, we found only a weak correlation
between stroke severity on admission and leukocyte count

[32]. Considering hematocrit, we observed a non-signifi-
cant trend towards elevated values during winter. Hemat-
ocrit is the major contributor to blood viscosity. Highly
elevated values have been identified as a risk factor for
ischemic stroke [33]. Variation in hematocrit with lowest
values in summer has been reported previously [34, 35],
suggesting heat acclimatization and intravascular fluid
shifts during summer as possible explanation. Seasonal
patterns of hematocrit were negatively associated with
mean monthly temperature. Hemoconcentration during
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cold weather might also contribute to seasonality in stroke
incidence. In FE-ICH, incidence was significantly higher in
spring as compared to summer which is again in line with
results from the FINMONICA Stroke Register [2].

Our study has strengths and limitations. We provide
data from a population-based stroke registry without age-
restrictions. Compared to first 2 years of registration, crude
incidence rates remain stable indicating robust quality of
case ascertainment. Data analysis is based on a large sample-
size. However, due to stroke epidemiology, number of FE-
ICH is rather low and results have to be interpreted with
caution. As our study design is primarily descriptive we
might only describe associations between stroke incidence
and possibly interfering factors like leukocyte count or blood
pressure. We may therefore only give presumptions of
potential causal relationships. Furthermore, laboratory
analysis does not include neutrophil counts although neu-
trophils have been shown to be a better predictor than total
leukocyte count for ischemic stroke [28]. Due to population-
based study design laboratory results are not complete.
However, laboratory results could have been analysed in
approximately 90 % of all patients with ischemic stroke.

Conclusion

Our data show significant variations in seasonal incidence
for stroke in the city of Ludwigshafen. In FES, FEIS and
FE-ICH lowest incidence was observed in summer whereas
incidence was elevated in winter for FES and FEIS and in
spring for FES and FE-ICH. Seasonal differences in SBP
and DBP on admission with lower values during summer
and higher values in winter and spring in FES are associ-
ated with stroke seasonality and might partly play a role.
In FEIS differences in leukocyte count are concomitant and
may reflect the impact of infection and inflammation on
stroke seasonality.
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