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Abstract
Background: Seasonal fluctuation in incidence of invasive pneumococcal disease, pulmonary
embolism, deep vein thrombosis and coronary heart disease etc has been reported since long time. So,
the present study was conducted to evaluate the seasonal variation in hematological and hemodynamic
parameters, heart rate and blood pressure in the month of November, February and May.
Materials and methods: 15 male subjects in the age group of 18.5±1 year were matched on
haematological parameters, heart rate and blood pressure in three different seasons and the results
were compared.
Results: Packed cell volume in winter (February), Erythrocyte Sedimentation Rate in summer (May)
were increased (P< 0.001) as compared to basal level in November month with non significant
variation in Hemoglobin concentration and Red Blood Cell count. Total Leukocyte count significantly
increased (p <0.001) in winter, while on differential and absolute leukocyte count Eosinophil,
Basophil, Monocyte, Lymphocyte (%) were elevated (p <0.001) and Neutrophil (%) decreased (p
<0.001) in summer. Total Protein concentration, serum Albumin level was higher in winter. Heart rate
shows insignificant seasonal changes but blood pressure, both systolic and diastolic was lower (p<
0.001) in summer and rate pressure product (RPP) was higher (p<0.05) in winter.
Conclusion: So, these findings indicate that variations in different parameters do occur to adapt to the
environmental conditions which may be responsible for susceptibility to different diseases e.g. asthma
and ischemic heart diseases in different seasons.

Key words
Blood pressure, Hematological parameters, Heart rate, Seasonal variation, Total protein concentration.

Page 54

Singh K, Kaushik NK. Seasonal variations in hematological and hemodynamic parameters. IAIM, 2016; 3(9): 54-60.

Introduction
In a tropical country like India there is wide
variation in environmental temperature during
summer (up to 40°C) and winter months (up to
0°C) [1, 2]. Variation in thromboembolic
diseases have been noted in different seasons [3].
The epidemiology of invasive disease due to
streptococcus pneumoniae exhibits a seasonal
fluctuation with a peak incidence during winter
months [4]. Significant changes in lipid levels
occur seasonally and this variation does not
appear to be associated with changes in diet,
activity or gender [5-7]. There is growing body
of evidence that acute myocardial infarction
(AMI) and coronary heart disease (CHD) tend to
exhibit a seasonal pattern with peak incidence in
winter months [7]. However, there is paucity of
data showing seasonal fluctuations in
hematological parameters. The liquid connective
tissue i.e., blood is having varied compositional
heterogeneity and functional diversity. So it was
felt necessary to investigate the seasonal changes
in hematological parameters which may be
responsible for higher incidence of different
diseases in different seasons.
Therefore, the present study was planned to note
the variations in hematological parameters, total
and differential cell count, Hemoglobin (Hb)
concentration, erythrocyte sedimentation rate
(ESR), total serum protein and albumin levels,
heart rate (HR) and blood pressure (BP) and rate
pressure product (RPP) in different seasons in
same subjects.

Materials and methods
The present study was carried out in male
medical students (n=15) of first professional
(MBBS) with the mean age 18.5 ± 1.0 years,
average height 175.4 ± 2.9 cm, average weight
68.6 ± 2.8 kg, body surface area (BSA) 1.83 ±
0.05 m2 after taking written consent.
Parameters were recorded in November
(representing comfortable temperature, so control
month),
February
(representing
cold
temperature), and May (representing hot

temperature). Study was performed on the same
subjects, same gender and on the same time of
the day.
Heart rate and blood pressure of the subjects
were recorded by palpation of radial artery and
sphygmomanometer using auscultation method
in supine posture from right upper limb,
respectively. RPP was calculated as systolic BP
X HR /100 and value thus obtained was
expressed as mmHg. Beats/min [8]. Various
blood samples (about 8-10 ml) were drawn
without stasis around 10 a.m. from each subject
and put in pre-heparinized container and were
analyzed for hematocrit parameters. The
counting of total red blood cells (RBC), total
white blood cells (WBC), Hb estimation,
measurement of packed cell volume (PCV) were
done as described by Dacie and Lewis [9].
Erythrocyte sedimentation rate (ESR) was
estimated by Westergren’s method. The
differential leukocyte count (DLC) and absolute
leukocyte count were carried out by staining the
blood film with Leishman’s stain and washed
with buffered distilled water of pH 6.8. Total
plasma protein concentration (TP) and serum
albumin levels were analyzed in Biochemistry
Department of the institute.
Statistical analysis
The data was analyzed statistically using paired
student t-test and p-values were obtained. The
statistical analysis was carried out using SPSS
PC software version 13.0.
P value > 0.05 was considered as not significant.
P value < 0.05 was considered as significant.
P value < 0.01 was considered as highly
significant.
P value < 0.001 was considered as very highly
significant.

Results
Hemoglobin (Hb) concentration and RBC count
did not show variations in the months of
November, February and May. Packed cell
volume (PCV) and total leukocyte count (TLC)
were increased (P < 0.001) in winter (month of
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February) compared to basal level in November
month, while Erythrocyte sedimentation rate
(ESR) was increased (P < 0.001) in summer
(month of May) (Table - 1 and Table - 2).
On differential leukocyte count (DLC) and
absolute count Neutrophil (N%) in winter and
Eosinophil (E%), Basophil (B%), Monocyte
(M%) and Lymphocyte (L%) count were raised

during summer in comparison to control month
(Table - 2). Total plasma protein concentration
and serum albumin were more during winter
compared to November month (Table - 3). There
was no change in HR in summer or winter
seasons, while blood pressure, both systolic and
diastolic was reduced significantly ((P < 0.001)
in summer versus November month. RPP was
increased significantly (p<0.001) (Table - 3).

Table - 1: Seasonal variation in hematological parameters (Mean ± SD).
Month and Date

Hb concentration (g%)

PCV (%)

ESR (mm in 1st RBC
count
hour)
(million/ cu mm)

27.11.98
12.5 ± 1.8
49.75± 8.4
3.6 ± 1.4
4.13 ± 0.92
5.2.99 (Winter)
12.9 ± 1.89
52.9 ±5.0*** 5 ± 2.06
4.37 ± 0.55
10.5.99 (Summer)
12.8 ± 1.02
48.75 ± 5.82 13.33 ± 9.68*** 4.63 ± 0.57
*** - very highly significant
Hb – Haemoglobin, PCV – Packed cell volume, ESR – Erythrocyte sedimentation rate
Table - 2: Seasonal variation in hematological parameters (Mean ± SD).
Month
TLC
DLC (%)
and Date (/cu mm of blood) N
E
B
M
27.11.98
8,455.55 ± 2547.3
49.9 ± 8.03 9.2 ± 0.03
9.9 ± 6.42 5.0 ± 0.1
5.2.99
7,220 ± 1913.0*** 37.2
± 8.75 ± 2.94
5
± 9
±
(Winter)
18.78***
3.55***
2.8***
10.5.99
7,755.5 ± 1257.0*
34.4
± 10.25 ± 6.72 13.3
± 18.3
±
(Summer)
10.6***
4.7***
6.3***
*highly significant, ***very highly significant
TLC – Total Leucocyte count, DLC – Differential Leucocyte count
N – Neutrophil, E – Eosinophil, B – Basophil, M – Monocyte, L – Lymphocyte

L
30.85 ± 12.32
39.75 ± 6.1***
40 ± 17.3***

Table - 3: Seasonal variation in total protein concentration, serum albumin level and hemodynamic
parameters (Mean ± SD).
Month
Total Protein
Serum
HR
BP (mm/ Hg)
RPP
and Date Concentration
Albumin
(Beats/ min)
(mm Hg.
(g%)
Level (g%)
Systolic
Diastolic bpm)
27.11.98
6.2 ± 0.25
3.05 ± 0.26 72.0 ± 6.02
120 ± 9.8
72 ± 7.9
85.4 ± 3.5
5.2.99
7.16 ± 0.16***
3.9 ± 0.12* 75.75
± 122 ± 12.5
76 ± 9.4
91.35
±
(Winter)
10.03
4.8*
10.5.99
(Summer)

6.47 ± 0.20

2.98 ± 0.93

76.25 ± 9.28

111 ± 8.3***

60
± 83.58
7.6***
2.73

*highly significant, ***very highly significant
HR – Heart rate, BP – Blood pressure, RPP – Rate pressure product
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Discussion
Utilizing the same test subjects and one gender
during whole of the study period helped to
ensure a homogenous test group for seasonal
comparisons.
Circannual
variability
of
thromboembolic diseases and pulmonary
embolism has been reported in literature [3]. It is
stated that seasonal changes in serum lipid and
cholesterol levels with peak level in winter and
trough in summer may play important role in
winter excess of cardiovascular deaths [6, 10].
There is no variation in Hb concentration and
RBC count in summer or winter in the present
study as seasonal changes in erythropoietin level
is not reported while increase in RBC count in
cold temperature is demonstrated by Kneating, et
al. [6, 11]. Similarly it is documented that
Hemoglobin Ic (Hb Ic) is 0.4% lower in summer
than in winter [6]. However we found PCV was
increased in winter season. An increase in
hematocrit following different types of stress has
been reported [12]. It is also suggested that lower
water intake during wet season would lead to
hemoconcentration. In another study highest Hb,
PCV and RBC value were obtained in winter
than summer. During summer high ambient
temperature (HAT) increases body temperature,
respiration, respiratory water loss, and O2
consumption in birds. Increased O2 consumption
raises pO2 in blood, which reduces erythropoiesis
and thus RBC count. While in winter increased
O2 demand increases BMR, increases food intake
which results in increased erythropoiesis. Raised
ESR in summer in this study can be explained by
decreased viscosity with raised temperature [13].
Excess leukocyte count in winter may be stress
(cold) related, and thus raised glucocorticoids
may be responsible for increased count in winter,
which may be correlated with higher incidence of
infections in winter months [4, 14-16]. Although
exact cause of such variation is not known but it
may be due to alteration in environmental factors
and host airway mucosa, variation in light dark
exposure, less clearance of encapsulated
organisms by respiratory mucosa. All these
factors may be responsible for peak incidence of

pneumococcal disease and infections in winter
month [4].
On Differential (%) and absolute leukocyte count
Eosinophil,
Basophil,
Monocyte
and
Lymphocyte shows an increased pattern in
summer while Neutrophils show down fall in
those months. It has been clinically observed that
asthma and allergic disorders are common in
summer that may attribute to increased count of
these cells in this duration [17]. Total protein
concentration, serum albumin level show
increment in winter month in present study. It is
known that platelets, RBC count and blood
viscosity increase with cold temperature [11].
Fibrinogen concentration also shows seasonal
variation as its concentration is higher (23%) in
colder part of the year [18]. Reason for raised
protein concentration is not understood or it may
be related to lower water intake with decrease
temperature and this could be the one reason of
increased blood viscosity and relatively increased
hypercoagulability of blood and may explain
higher incidence of thromboembolic phenomena
and coronary heart disease in winter months [11].
HR in present study does not appear to be
affected by seasons. In contrast, increased HR is
demonstrated by Kumar in winter [1]. They
explained it by raised level of catecholamines in
winter [19]. Arterial blood pressure both systolic
and diastolic is found to be reduced in summer in
current study. It is in collaboration with other
scientists [1, 2].
Reasons for seasonal changes in BP are complex,
involving both long term regulating factors and
acute responses to environmental temperature.
Reduction in BP is in part because of decreased
peripheral resistance in response to warm
environmental temperature in summer and vice
versa [1, 2, 20]. Similar observations were
reported by Rose and Brennan in mild
hypertension [21, 22]. In contrast, some workers
reported rise in BP in winter [1, 2]. They explain
it by increased sympathetic reflex triggered by
skin cooling and raised level of catecholamines
resulting in vasoconstriction [19, 23]. In present
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study, although BP is not found to be elevated in
winter (though found to be insignificantly higher
than basal level), but RPP is raised in winter
suggestive of increased sympathetic activity [8].
Total protein concentration and serum albumin
level are also found to be more in present study
in winter. Thus increased viscosity may be the
contributing factor for raising BP. It is reported
that elevated BP is associated with increased
WBC count (6700 cells/cu.mm) in patients of
coronary syndrome [24-28]. In this study
although subjects are young normotensives,
leucocytes are within normal limits in winter but
are significantly higher (p <0.001) than base line
WBC count.
Recent evidences suggest that neutrophils are
leucocytes, most strongly associated with
coronary risk [25, 27, 29]. It is interesting to note
that on differential and absolute count of WBCs,
neutrophils are found to be more in winter in this
study. They are thought to be associated with
increased incidence of ischemic heart disease
[25, 30]. Finally stress induces not only
sympathetic nervous system but also vascular
reactivity
to
catecholamines
through
glucocorticoids, thus increases leukocyte count
[16, 25]. Increased leukocyte count may cause
spasm, microvascular injuries, hypercoagulable
state and endothelial dysfunction, helping in
raising the BP [24, 25, 29, 32]. It is also
suggested that cold induced dehydration leads to
decreased tissue perfusion caused by insufficient
blood volume due to inappropriate secretion of
antidiuretic hormone (ADH) and angiotensin II.
RPP is regarded as an index of myocardial O2
consumption and work done and indicates load
on the heart [8]. Thus raised BP along with
increased RPP may contribute to more incidence
of ischemic heart disease in winter [33].

Conclusion
Present study gives some positive indications of
disturbances in hematological and hemodynamic
parameters in different seasons. Our study puts
forward that antihypertensive and anticoagulant
therapy must be used carefully in winter months

(dose has to be increased) to avoid any ill effects
of seasons. And further studies are needed to
explore the basic mechanisms behind these
variations.
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