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CARDIOVASCULAR RESPONSE TO ACUTE COLD STRESS IN
NON-OBESE AND OBESE HEALTHY ADULTS
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ABSTRACT

BACKGROUND: Obesity is a global epidemic with important health care and financial implications. The
cold pressor test (CPT) which is considered to be a sympathy-excitatory manoeuvre is a simple,
noninvasive and validated test. The objective of this study was to assess and compare the cardiovascular
response to cold pressor test in non-obese and obese healthy adults.

METHODS: The study included 400 subjects, of which the study group included 200 adults who had
body mass index (BMI) of more than 30 Kg/m,?and 200 non-obese adults were enrolled as controls with
BMI less than 25 kg/m®. The study was conducted for a period of two months. CPT was used to assess
cardiac response to acute cold exposure in the present study. Baseline systolic and diastolic blood
pressure recording was done using mercury sphygmomanometer during resting condition and following
cold pressor test. The results were expressed as mean, standard deviation, and data were analyzed using
ANOVA test. P < 0.05 was considered statistically significant.

RESULTS: The mean change in systolic blood pressure before and after cold pressor test (CPT) was less
in obese (7.12 + 5.28) as compared to non-obese subjects (10.38 £6.35). This was statistically significant
which indicates impaired sympathetic function in otherwise healthy obese.

CONCLUSION: The study concluded that blood pressure response to cold pressor test was reduced in
obese compared to non-obese subjects indicating reduced sympathetic activity in healthy obese adults.
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INTRODUCTION particularly cardiovascular diseases, diabetes

mellitus type 2 and certain types of cancer (1).

Obesity is one of the common and significant
health hazards. It is a medical condition in which
excess body fat accumulates to the extent that it
may have an adverse effect on health, leading to
reduced life expectancy and/or increased health
problems (1). Obesity is a result of chronic
imbalance between energy intake and energy
expenditure. Energy balance is regulated by
various neural and hormonal mechanisms. Obesity
is a global epidemic characterized by
hemodynamic and metabolic alterations. Obesity
is implicated in pathogenesis of various diseases
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Obesity is measured by body mass index (BMI), a
measure based on individual’s weight and height.
Based on unequivocal data of morbidity; BMI >
30 is most commonly counted as threshold for
obesity (2). It has been reported that both central
and peripheral nervous systems are involved in
development of obesity and also in its various
cardiovascular,  metabolic and  respiratory
physiology complications (3). Several studies in
literature suggest that the autonomic nervous
system of obese individuals is chronically altered
(4, 5). Since autonomic nervous system is
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involved in the energy balance and regulation of
cardiovascular system, alteration in autonomic
nervous can been strongly implicated in the
development of obesity and pathophysiology of
various cardiac complications (6).

Among the different non-invasive techniques
available  for  assessing  the  autonomic
cardiovascular status, the cold pressor test is
considered to be a sympatho-excitatory
manoeuvre (7). It is a simple, non- invasive and
validated test of sympathetic activation. The cold
pressor test in healthy subjects triggers a vascular
sympathetic activation and an increase in blood
pressure. Hence, the blood pressure responses to
environmental stressors as acute exposure to cold
could be used as indicators of global sympathetic
activation, and thus of cardiac status (8). Studies
suggest that obesity is associated with sympathetic
imbalance which is implicated in both
development of obesity and various cardiovascular
complications (9, 10). Sympathetic nervous
system is a determinant of energy balance, and its
underactivity contributes to weight gain, while in
contrast, sympathetic over-activity predisposes to
development of obesity related cardiovascular
complications. Previous studies provided evidence
that reduction in sympathetic activity is associated
with weight gain (11). There is also evidence that
obesity-associated sympathetic activation
represents potential mechanism contributing to
increased cardiovascular complications in obesity
(12). Hence, this study was undertaken to assess
the cardiovascular response to cold pressor test
(CPT) in non- obese and obese healthy adults.

METHODS AND MATERIALS

Ethical clearance: The study was conducted in
the Department of Physiology, Dayanand Medical
College and Hospital, Ludhiana, India. It was
conducted over a two month period. The study
protocol was approved by the Institutional Review
Board of Dayanand Medical College and Hospital.
Informed consent was obtained from each subject
before the beginning of the study.

Study Sample and sampling technique

This study was a cross-sectional comparative
study. Four hundred subjects (male and female)
aged more than 25 years were divided into an
obese group (n=200) and lean group (n=200)
based on BMI. Subjects who volunteered to

participate and met the inclusion criteria were
included in the study. Sample size was calculated
using the formula n=4(pg/L?) where p =
population proportion of positive character, g=1-p
and L = Allowable Error. For this study, L was
presumed to be 10% of p giving a power of (1-L)
i.e. 90% to study. p was taken as 30%, the
minimum known overall of obesity under
consideration. After calculation of the study
sample using a statistical software, the final
sample size was calculated to be 424. After
exclusion of drop-outs, 400 subjects were finally
recruited for the study which were equally
categorized into healthy obese and non-obese
subjects.

Various  parameters  employed: Study
participants were selected on the basis
Anthropometric parameters in which height
(meters) and weight (kg) were noted for each
subject. Height was measured using a standard
stadiometer with the subjects standing in erect
posture. The readings were taken to the nearest 0.1
cm. Weight was measured using calibrated
weighing machine. These data were used to
calculate Body Mass Index of each subject.
Subjects were divided in obese and non-obese
groups depending on the BMI given by World
Health Examination (WHO) classification (13).
The study group included those who had a BMI
>30 kg/m? (Obese), and the control group included
those with a BMI <25 kg/m? (non-obese).

Table 1: WHO Classification of BMI

BMI Classification
<185 Underweight
18.5t024.9 Normal
25t029.9 Overweight
30t039.9 Obese

Inclusion criteria and general examination:
Subjects who aged 25 years and older were
included in the study. The detailed relevant
clinical history was obtained from the subjects.
This was followed by a brief general and physical
examination. Healthy subjects who could follow
instructions and who were non-smokers and non-
alcoholics were included in the study. Those
subjects with history of any respiratory,
cardiovascular and neurological disorders, in
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addition to being incapable of performing a cold
pressor test, were excluded from the study.
Patients with abnormal random blood sugar (tested
with glucometer) were also excluded from the
study. Details of proceedings and need of history
was described to each volunteer so that each
subject was in a state of calmness and free from
anxiety at the time of the test.

Cold Pressor Test (CPT): The cold pressor test
was performed according to Hine’s protocol. After
the nature of the test was explained, each
participant was asked in a supine position in a
quiet room. A resting blood pressure reading was
noted at the start of the study. For the purpose of
this study, a blood pressure level of less than
140/90 mm Hg was taken as normotension. The
subjects were then asked to immerse their hand in
cold water (4-6 °C) upto wrist for 2 minutes.
During the period of ice-immersion, the blood
pressure readings were taken in the opposite arm
at 20 second interval; the highest of these readings
was designated as peak blood pressure. The
difference between the peak and basal blood

pressures determined the level of vascular activity.
Maximum increase in systolic and diastolic
pressures during cold pressor test was calculated
and recorded.

Statistical analysis: Data were cleaned, entered
into computer and analyzed using SPSS Windows
Version 16. Descriptive analysis was done using
frequencies and percentages.The results were
expressed in mean + S.D., and were compared
with the control group. The data was analyzed
using ANOVA test. P-values of < 0.05 were
considered statistically significant.

RESULTS

Mean age of study subjects in the control group
and study group was 34.8+ 10.24 and 33.38+8.73
years respectively. Table 2 depicts the
anthropometric variables of study (obese) and
control group (non-obese). The mean BMI of the
study group was 34.25 + 3.13 kg/m?, and that of
control group was 23.78 + 2.06 kg/m® with age
and sex matched in both the groups.

Table 2: Variables of study (obese) & control group (non-obese)

Variable Control group Study group
Age (yrs) 34.86+ 10.24 33.38+8.73
Sex Male 72 (36%) 56 (28%)
Female 128 (64%) 144 (72%)
BMI (kg/m?) 23.78 £ 2.06 34.25+3.13

Comparisons of change in mean systolic and
diastolic blood pressure in response to CPT in the
control and study group are indicated in Table 3.
The difference in mean systolic blood pressure
(SBP) recorded before and after cold pressor test
was low in the study group (Obese) (7.12 +5.28
mmHg), as compared to the control group (10.38
+ 6.35 mmHg), and the difference was statistically
significant. (p=0.006). The difference in mean
diastolic blood pressure (DBP) recorded before
and after CPT was lower in the study group (7.32

+ 3.95 mmHg) as compared to the control group
(7.84 £3.72 mmHg), but the difference was not
statistically significant. (p=0.500). Figure 1
indicates that there was reduced rise in mean SBP
on CPT in the study group (7.12 + 5.28 mm of
Hg) as compared to the control group (10.38 +
6.35 mm of Hg). Figure 2 indicates that there was
a decrease DBP change in response to CPT in the
study group (7.32 + 3.95 mm of Hg) as compared
to control group (7.84 + 3.72 mm of Hg).
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Table 3: Effect of BMI on systolic and diastolic blood pressure during Cold-Pressor test

Variable Control group Study group P
Mean SBP change during CPT in mm Hg 10.38 +6.35 7.12 £5.28 0.006 *
Mean DBP change during CPT in mm Hg 7.84 £3.72 7.32 £3.95 0.5
* = Significant
DISCUSSION
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Fig 1: Systolic blood pressure (SBP) change in
response to CPT in both the groups
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Fig 2: Diastolic blood pressure (DBP) change in
response to CPT in both the groups

In the present study, the cardiovascular response
to cold pressor test was assessed and compared in
non-obese and obese healthy adults. The study
indicated that the systolic and diastolic BP
responses were reduced in obese subjects when
compared to the non-obese subjects on exposure
to acute cold. The impaired CPT in the control
group (obese) could possibly be because of
hypofunctional sympathetic nervous system in
obesity. The results of the study correlate with
observations made by other authors (14, 15).

The cold pressor test, a provocative test
developed by Hines, is considered to be a
potentially useful indicator of future hypertension
(16). Cold pressor test is often used to evaluate the
sympathetic influence on circulation in humans. It
is a well-known fact that the cold pressor test
provokes a remarkable increase in sympathetic
activity in healthy humans, and is an indicator of
vasoconstrictor tone (17). The CPT pressor
response is mediated by central command and
local metabolites, particularly adenosine (18).
Obesity impairs autonomic control of heart rate
and blood pressure. The results of the study
showed a reduction in the blood pressure
responses among the obese on exposure to cold.
The afferent fibres for this response are pain fibres
stimulated on exposure to cold, and efferent fibres
are sympathetic fibres. Hence, lesser increase in
blood pressure response to CPT points to
sympathetic insufficiency in obese adults.

The results of this study are in accordance
with observations made by other authors, who also
suggest blunted sympathetic response in obese
adults (19, 20). This reduced sympathetic response
in established obesity may be responsible for the
maintenance of obese state (21). The decrease in
sympathetic activity may result in a disordered
homeostatic mechanism, thus promoting excessive
storage of energy (22).
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Sympathetic nervous system is a determinant of
energy expenditure. It has been indicated that
individuals with low resting muscle sympathetic
nerve activity may be at risk for body weight gain
resulting from a lower metabolic rate (23).
Sympathetic underactivity may contribute to
deficient thermogenesis, positive energy balance
and weight gain (24). Moreover, experimental
evidences have demonstrated that an increase in
sympathetic and thermogenic activity reduces
food intake (25, 26). Therefore, the obesity can be
due to an increase in food intake associated with a
reduced activity of the sympathetic nervous
system and thermogenesis.

Obesity can also result from impaired
sympathetic nervous activity and low activity of
adrenal medulla (27). It has been suggested by a
study that, with weight gain, there is a decrease in
sympathetic activity and reduction in baroreflex
functioning because of central sympatho inhibition
(28). Obese individuals manifest lower
sympathetic nervous system activity against
physiological perturbations as cold exposure and
food intake. Weight loss following low calorie diet
can cause improvement in autonomic function as
is demonstrated by a study in which there was
improvement in blood pressure to stress test as
cold pressor test (29).

There were few limitations in the current
study. Firstly, we assessed the cardiovascular
response to CPT in obese subjects, but we did not
analyze its correlation with age and sex groups.
This assessment may have allowed us to explain
the tendency of older obese subjects to have a
blunted sympathetic response to Cold Pressor test.
Secondly, we focused on the effect of obesity on
cardiovascular response to Cold Pressor test, but
we did not analyze the overweight and the
underweight group. Thus, future studies could be
undertaken for assessment in this regard.

The results of the study show that obesity is
associated with reduced sympathetic reactivity to
acute cold stress. This reduced sympathetic
reactivity in established obesity may be
responsible for the maintenance of obese state.
Therefore, CPT, being a reliable, non-invasive and
simple screening tool in early diagnosis of
autonomic cardiac dysfunction, may prove an
important aid in identification of those prone to
weight gain and are at higher risk of
cardiovascular complications.

The findings of our study suggested impaired
cardiovascular response on cold pressor test in the
obese. Thus, CPT could be employed as a mode of
screening for those prone to obesity, allowing for
early interventional programmes (lifestyle and
dietary modifications) in order to prevent the onset
of obesity related cardiovascular sequelae in
future.
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