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Affect of Cold Pressor Stress on Glycemic Response of Healthy College Aged Subjects
Taylor C. Curtis, Samantha P. Krause, Katelyn K. Schmit, Frances Ragsdale, Ted Wilson
Department of Biology, Winona State University, Winona, MN

INTRODUCTION

RESULTS

Stress is associated with sympathetic nervous system
output and the appearance of catecholamines in the
plasma. Sympathetic drive results in an increase in heart
rate, blood flow to skeletal muscle and bronchodilation as
part of the fight or flight response. Norepinephrine
promotes glucogenolysis to supply energy needed for the
body’s “fight or flight” response to stress.

Figure 1: Administration of a 50g oral glucose tolerance test with cold pressor stimulus (3X30 second ice
bath exposures) did not significantly alter blood glucose relative to control (Time P= 0.0001; TRT P=0.79)

METHODS
This study was approved by the Winona State University
Institutional Review Board. After completing a 12 hour
fast, subjects signed consent forms and were randomly
assigned to the control (CO=43) or cold pressor exposure
(CP = 40) treatment group. Cold pressure exposure
consisted of immersions of the left arm in an ice bath for
30 seconds at -10 minutes prior to OGTT administration
and 10, and 20 minutes post OGTT administration. Time-0
minute began when the individual had completely
consumed the 50g OGTT beverage.
Blood glucose, blood pressure, and heart rate were
obtained at -15, 0, 30, 60, and 120 minutes. Blood
glucose was determined in duplicate using finger stick and
ReliOn Ultima glucose meters. Heart rate and blood
pressure were determined using blood pressure cuffs and
a finger heart rate monitor. Statistics were compiled using
JMP Pro 10 with ANOVA (analysis of variance).
Covariance was used to evaluate treatment, time,
treatment x time, age, and weight. Data are expressed as
± standard error of the mean.
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Figure 2: Cold pressor stimulus appeared to alter
mean arterial pressure, but the difference was not
significant when compared with control
(Time P=0.04; TRT P=0.69)
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Figure 5: Heart rate was significantly different
following cold pressor treatment relative to control
(Time P= 0.0001; TRT P=0.02; TRT*Time=0.50)
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The cardiovascular and glycemic response to a cold
pressor stimulus was evaluated in a cohort of 83 healthy
college subjects. This study suggests that cold pressure
stress and presumed sympathetic nervous stimulation
does not alter the glycemic response. This has an
important clinical implication for persons who might be
nervous about an OGTT and the health consequences
associated with a potential false positive diagnosis for
diabetes.
Cold pressor treatment had no statistically significant effect
systolic, diastolic or mean arterial pressure. Cold pressor
treatment did significantly affect heart rate, indicating that
the cold pressure stimulus was robust enough to alter the
output of the sympathetic nervous system. Future
modifications of this study may include utilizing longer ice
bath immersions to examine an OGTT following a more
robust SNS response or to examine the response in
persons with known impairments of insulin sensitivity (i.e.
pre-diabetes).
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Figure 4: Cold pressor stimulus did not alter
diastolic blood pressure relative to control
(Time P= 0.0006; TRT P=0.28; TRT*Time P=0.62)
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Figure 3: Cold pressor stimulus appeared to alter
systolic blood pressure, but the difference was not
significant when compared with control
(Time P=0.43; TRT P=0.53)
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3) Systolic pressure was not affected by time or cold
pressor treatment.

5) Heart rate was significantly affected by time and cold
pressor treatments.
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glycemic response to a 50g OGTT relative to control.

4) Diastolic pressure was not significantly affected by cold
pressor exposure, but was affected by time.
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Misdiagnosis of diabetes due simply to stress about
testing could be a life-altering implication. This study
examined physiological affects of a modified cold pressor
test on the glycemic response and cardiovascular function
in the healthy 17-26 year olds. Three shorter 30 second
ice bath immersions were used in order to permit study
approval by the university IRB.
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Oral glucose tolerance testing (OGTT) is central to the
clinical diagnosis of type 1, type 2 and gestational
diabetes. Positive testing for diabetes can carry important
implications for patient glycemic health, patient medical
history, future insurance costs and the patients perception
of wellbeing. Mental stress about these implications could
result in increased SNS output and an artificially high
blood glucose during OGTT. ‘
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1) Cold pressor stimulus did not significantly affect
2) Mean arterial pressure (MAP) decreased significantly
across time, with no significance between treatments.
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Sudden exposure to cold temperatures stimulates the
sympathetic nervous system. The cold pressor (CP) test
is used to stimulate the sympathetic nervous system and
to examine physiological effects of SNS stimulation
(Desborough 2000). Typical cold pressor tests use a
single arm immersion for 4 minutes prior to cardiovascular
changes (Moro 2011).
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Diastolic pressure (mmHg)

Elevated blood glucose levels (BGL) are often associated
with physical or psychological stressors in non-diabetic
patients (Blair 1991). SNS stimulation could promote
increased plasma glucose resulting from impaired insulin
sensitivity or increased glycogenolysis.
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