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ABSTRACT

Background and Objectives: Response to experimental
pain depends on the nature of the pain stimulus, as well as
on gender, racial, cultural and socioeconomic factors. This
study investigates the effect of age on pain sensitivity and
cardiovascular reactivity produced by experimental pain. We
have also compared the values of body mass index (BMI) and
resting blood pressure of volunteers with the normal values.

Materials and Methods: The study was conducted on 83
Indian males of different age groups. The volunteers were
divided into 4 groups: Children, Young Adults, Middle-Aged
Adults and Old Adults; and their basal parameters (BMI, resting
pulse and blood pressure) were recorded. Selected volunteers
were subjected to cold pressor task (CPT). Pain sensitivity (PS)
(pain threshold, tolerance and pain rating on a visual analog
scale) and cardiovascular reactivity (CVR) (increase in pulse and
blood pressure) were recorded.
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Results: Many volunteers had abnormal values of BMI and
resting blood pressure and had to be excluded from the study.
PS and CVR between different groups were compared by one-
way ANOVA. Significant differences in PS were observed, with
highest pain sensitivity in Children and lowest in Old Adults. No
significant differences were observed in the CVR.

Conclusion: The high numbers of volunteers with abnormal
basal parameters (BMI and resting blood pressure) show an
urgent need to educate the general public about the dangers
and risk factors of obesity and hypertension. Less exposure of
children to painful encounters may be responsible for their high
pain sensitivity while higher values of resting blood pressure and
decreased sensitivity of the sensory systems with advancing
age may be responsible for the hypoalgesia observed in old
adults.
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INTRODUCTION

The sensation of pain is a universal phenomenon and is an
indication of disease or tissue damage. The intensity with which
pain is perceived by an individual varies widely, being influenced by
the nature of the noxious stimulus, as well as by genetic [1], racial
[2], cultural [3], and socioeconomic [4] factors. Gender differences in
pain perception have been observed, with women exhibiting lower
pain tolerance than men [5]. Elderly people tend to suffer more
from chronic and acute pain episodes that may be due to higher
prevalence of degenerative changes in the musculoskeletal system.
However, the effect of age on pain sensitivity is unclear, with various
studies reporting decrease, increase or no change in pain sensitivity
with age [6-9]. One factor responsible for the discrepancies in the
results may be the different methods used to induce experimental
pain. Woodrow et al., used a pressure tolerance test on the Achilles
tendon [6], Harkins et al., have used painful thermal stimuli [7], and
Li et al., conducted an observational study on patients requiring 18-
gauge intravenous catheter placement as a part of their treatment [8].
Besides these, laser, radiation, electric current and visceral distension
have also been used as pain stimuli [9]. Various animal and human
pain studies related to aging have been reviewed by Yezierski [10].
In this study, we have investigated the pain response in four different
age groups using cold pressor task to induce experimental pain.
The cold pressor task (CPT) is a simple, non-invasive technigque that
has been safely used to produce experimental pain in children and
adults [11]. Cardiovascular reactivity (CVR, i.e., increase or decrease
in the heart rate and/or blood pressure) and pain sensitivity (PS,
i.e., pain threshold, pain tolerance and pain rating) were used to
estimate the intensity of pain perceived by an individual [4]. We
also took this opportunity to determine the number of persons with
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abnormal values of body mass index and resting blood pressure,
and to establish if such persons were aware of their condition.

MATERIALS AND METHODS

Permission to conduct this study was obtained from the Ethical
Committees of AIIMS, Jodhpur and TMMC & RC, Moradabad,
India where this work was done. Inclusion of female subjects would
have involved recruiting three types of subjects: those that had not
attained menarche (Children), menstruating females of reproductive
age group (Young Adults and Middle Aged Adults), and those
who had attained menopause (Old Adults). Besides, response to
experimental pain in menstruating women is known to vary with the
phase of the menstrual cycle [12]. Therefore only male individuals
aged 6 to 75 years, of North Indian origin were requested to
volunteer for this study.

A total of 140 persons agreed to volunteer for this study. The basal
parameters (height, weight, resting pulse, and blood pressure) and
a personal history of disease and medication were recorded for
each individual. The following inclusion and exclusion criteria were
observed while recruiting volunteers for the study:

Inclusion Criteria
e Body mass index (BMI) between 18-23 kg/m? in case of adults.
In case of children, normal range was established for age [13].

e Resting blood pressure < 140/90 mm Hg for adults [14]. In
case of children, normal range of blood pressure for age and
height was obtained from A Pocket Guide to Blood Pressure
Measurement in Children [15]. Hypertensive children were
excluded from the study.
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Exclusion Criteria

e  History of chronic or acute illness at the time of experiment,

e |ndividuals who had taken antipyretic or analgesic medicine in
the past 12 hours

e Smokers, tobacco chewers, and persons consuming alcoholic
beverages daily or frequently,

e |nour past studies, some persons with a history of bone injury
in the hand that was immersed in cold water reported a longer
lasting pain, therefore persons with a history of bone injury in
the non-dominant hand were excluded from this study.

On the basis of the above criteria, 83 persons were selected for

the study, and written informed consent was obtained from each

selected subject, or his parent (in case of children below 18 years
of age).

The subjects were divided into four groups on the basis of their age:

Children (CH): 8-13 years; Young Adults (YA): 18-25 year; Middle-

Aged Adults (MAA): 35-45 year; and Old Adults (OA): 55-70 year.

Cold pressor task (CPT) was performed on each individual

[12]. The subject was seated comfortably in a quiet room

maintained at 22-26°C. After 10min, his resting pulse and blood

pressure were measured manually, in the sitting position, using a

sphygmomanometer and stethoscope.

The subject was asked to immerse his non-dominant hand in the
cold water bath, maintained at 0-1 degree Celsius, up to 2cm above
wrist, palm down and fingers spread out. He was asked to report the
time when he felt the pain (pain threshold) and to remove his hand
from the water whenever he chose not to bear the pain anymore.
Pain tolerance was calculated by subtracting pain threshold from the
total time of immersion. Pain threshold and total time of immersion
were recorded in seconds using two separate stop watches.
Heart rate and blood pressure were recorded manually before and
immediately after the CPT. The subject was asked to grade the pain
experienced during CPT on a visual analog scale (VAS) [12]. The
cardiovascular reactivity was obtained in terms of increase in pulse
(dPulse) and systolic (dSBP) and diastolic (dDBP) blood pressure,
and pain sensitivity was obtained in terms of pain threshold, pain
tolerance, and pain rating.

Data from persons with total time of immersion greater than 30
seconds was used for analysis. Therefore, data of 4 children with
total time of immersion less than 30s was excluded from analysis
[16]. [Table/Fig-1] shows the total number of volunteers of each age
group, the number of individuals excluded due to different criteria,
and the number of subjects from whom data was finally obtained
for analysis (total 79 in number). Pre-hypertensive individuals (both
children and adults) were included in this study.

The parameters of cardiovascular reactivity (increase in pulse and
blood pressure) and pain sensitivity (pain threshold, pain tolerance,
and pain rating on VAS) in different age groups were compared by
one-way ANOVA using SPSS version 21. P-Values less than 0.05
were considered significant.

Volun- | BMI BMI Pulse
RSBP | RDBP | Immersion | Subjects
CIoup teers | <NV >NV >100 )y | Ny | Time <30s | Selected
(/min)
Children 33 7 3 3 2 2 4 17
Young
Adults 32 0 9 1 4 4 0 21
Middle-
Aged Adults 35 0 15 0 7 12 0 22
Old Adults 40 0 18 0 18 13 0 19
Total 140 7 45 4 31 31 4 79
% 100 5 |[32.14 5.7 2214 | 2214 2.9 56.43

[Table/Fig-1]: Total number of volunteers of each age group, number of individuals
excluded due to different criteria, and number of subjects finally selected for the
study

BMI: Body mass index, RSBP: Resting systolic blood pressure, RDBP: Resting
diastolic blood pressure, NV: Normal Value for that age

www.jcdr.net

RESULTS

Pain sensitivity parameters (pain threshold, pain tolerance and pain
rating) are summarized as mean + SD in [Table/Fig-2] and one-way
ANOVA has been used to compare the values of each parameter
between the groups. Highly significant differences (p-value <0.001)
were observed in Pain Threshold and Pain Tolerance, the Bonferroni
post-hoc analyses have been presented in the table. No significant
differences were obtained in Pain Rating (p-value 0.624).

Cardiovascular reactivity to pain was obtained in terms of increase
in pulse and blood pressure. The increase in pulse (dPulse) and
systolic (dSBP) and diastolic (dDBP) blood pressure are presented
as mean + SD in [Table/Fig-3]. The mean values obtained for each
parameter between the four groups have been compared by one-
way ANOVA. No significant differences were obtained (p-values
>0.05).

Group
Parameter | cpjigren (CH) | Young Adults | Middle Aged | Old Aduits | P-Value
(YA) Adults (MA) (OA)
Pain
9.24 + 17.71 = 15.91+ 33.11 +

(T;)‘reSho'd 3.85% 7.348 10.36° 1274 | <0001
?;'grame 31.65+ 50.90 + 38.23+ 189.95+ | o oo
© 0.45 ¢ 41,718 16.55¢ 118.10 :
('f/aA'g)Rat'“g 6.82+ 1.47 | 6.71+1.76 | 7.23= 151 | 716 +1.01 | 0.624

[Table/Fig-2]: Comparison of Pain Threshold, Pain Tolerance and Pain Rating
between the four groups of subjects by one-way ANOVA

Significance between:
*: CH and YA: 0.04,
#: CH and OA, %: YA and OA and £: MA and OA: <0.001

Group p-
Parameter
Children | Young Adults | Middle Aged Adults | OId Adults | Value
dPulse (/min) | 7.53 + 6.15 | 3.71 £ 6.43 527 + 4.84 4,95 +1.93 | 0.163
dSBP(mmHg) | 5.29 + 5.96 | 4.86 + 7.31 564 +1.71 7.26 £3.90 | 0.491
dDBP(mmHg) | 5.65 + 5.11 | 4.29 + 4.39 518 +2.36 2.74 +1.91 | 0.08

[Table/Fig-3]: Comparison of cardiovascular reactivity parameters between the four

groups of subjects by one-way ANOVA

DISCUSSION

[Table/Fig-1] shows the percentage of persons in different age
groups having abnormal values of BMI and resting blood pressure.
In case of children, BMI values normal for age were selected
according to the criteria given by Khadilkar et al., [13]. In case of
adults, BMI ranging form 18 to 23 kg/m? was considered normal.
Values of BMI lower than normal were observed in 7 children and in
none of the adults. Values of BMI higher than the normal value for
age were observed in all four age groups. Many such persons were
unaware of their overweight or obese status.

In case of adults, systolic blood pressure higher than 120 mmHg
was considered pre-hypertensive, higher than 140 mmHg was
considered hypertensive. Diastolic blood pressure values above 80
mmHg were considered pre-hypertensive while those above 90 mm
Hg were considered hypertensive [14]. Measurement and analysis
of blood pressure in children was done according to A Pocket
Guide to Blood Pressure Measurement in Children [15]. Majority of
the pre-hypertensive/hypertensive volunteers (both young and old)
were unaware of their condition. Most of the children and some of
the adults were having their blood pressure measured for the first
time. It is possible that white coat hypertension was present in at
least some of these individuals. Guardians of hypertensive children
and the hypertensive adults were informed and advised to consult
a physician. Surprisingly, the incidence of high blood pressure
was more in children of low socioeconomic status than in those
belonging to affluent families.
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Of the 18 pre-hypertensive/hypertensive children, only one had BMI
higher than normal for age and height, suggesting that the high
blood pressure observed in the selected group of children was not
linked to obesity. In all other age groups, obesity with high blood
pressure was more common (YA: 7; MAA: 8; OA: 15).

Obesity is the sixth most important risk factor contributing to
the overall burden of diseases throughout the world [16,17].
Various population studies suggest that at least two-third cases
of hypertension are due to obesity [16-19]. The problems due
to undiagnosed obesity and hypertension need to be tackled
immediately [20]. Fifty per cent of the patients are unaware of their
obese status in the United States, and the number is probably even
more in India [21,22]. Health risks associated with obesity include
type 2 diabetes mellitus, gall bladder diseases, dyslipidemia,
metabolic syndrome, breathlessness, hypertension, coronary artery
disease, sleep apnea, stroke, and congestive heart failure [18,20,21].
Obesity has also been linked with glomerulopathy [23] and weight
loss by morbidly obese individuals was found to be associated with
significant reduction of urinary protein excretion [24].

Health measures taken by the government have been successful
in decreasing mortality due to communicable diseases; however,
rapidly changing lifestyles have resulted in increasing the mortality
due to non-communicable diseases [25]. Health policy makers of
the country need to provide sufficient resources for the control and
prevention of the existing communicable diseases, as well as for
the increasing incidence of non-communicable diseases. Since the
programs for the prevention and control of communicable diseases
drain the meagre resources, India faces a serious handicap in
planning and initiating programs to combat non-communicable
diseases. Surveillance of cardiovascular diseases involves a lot of
human and financial resources for its sustainability. Surveillance
targeted at special settings (schools, workplaces, hospitals) can be
carried out by the medical students in the form of small projects
(e.g., the Short Term Studentship program established by the
Indian Council of Medical Research to develop research skKills in
the dental and medical students). Such programs can also include
educating the general public about risk factors of CVD and other
non-communicable diseases.

Comparison of the pain sensitivity parameters [Table/Fig-2] showed
highly significant differences in Pain Threshold and Pain Tolerance
between the four groups of subjects. Lowest mean values of Pain
Threshold and Pain Tolerance were observed in Children. It is
possible that due to their young age, children have less experience of
painful encounters and are therefore more pain sensitive. Old Adults
had the highest mean values of Pain Threshold and Pain Tolerance.
Diminished pain sensitivity has been demonstrated in hypertensive
animals and humans [26]. Bruehl et al., have shown that reduced
pain sensitivity precedes the development of frank hypertension
[27]. Duschek et al., have reported increased pain sensitivity in
persons with low blood pressure [28]. McCubbin et al., suggest
exaggerated opioid analgesia in persons at high risk of hypertension
[29]. Altered blood pressure control mechanisms in the early stages
of hypertension may be linked to altered neuropeptide regulation of
pain. The mean Pain Threshold was higher in Young Adults group
compared with the Children, and the mean Pain Tolerance was
higher compared to both Children and Middle-aged Adults [Table/
Fig-2]. Questioning the subjects about their daily physical activity
revealed that subjects of the YA group were physically more active
than the subjects of CH and MAA groups. Lower pain sensitivity
(higher Pain Threshold and Pain Tolerance) has been demonstrated
in athletes compared to non-athletes [30,31], therefore, therefore
greater level of physical activity may be partly responsible for the
decreased pain sensitivity in this group. Sensitivity in sensory
systems is known to decrease with increase in age. A decrease
in the number of peripheral receptors along with the deterioration
of the supporting tissues [10] may also be responsible for the
decreased pain sensitivity observed in old age.
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There was no significant difference in the Pain Rating between
the groups, indicating that subjects of all four groups preferred to
tolerate a maximum pain of almost equal perceived intensity. Also,
the range of Pain Rating was wide in each group, so that differences
were not generated.

No significant differences were observed in the parameters of
cardiovascular reactivity [Table/Fig-3]. In spite of the longer duration
of pain tolerated by the OA group, the CVR of this group was similar
to that of the other groups. Since there was no significant difference
in the Pain Rating, it is possible that similar perception of pain
intensity produced similar CVR in the different age groups.

Since the number of subjects in each age group was relatively
small (17-22 subjects), and each age group included subjects
belonging to different socioeconomic backgrounds, a larger study
with a socioeconomically more homogenous group of subjects is
required.

CONCLUSION

A part of this study may be considered as a pilot study for the survey
of undiagnosed obesity and hypertension in Indian males of different
age groups. There appears an urgent need to screen the general
population for these parameters and to educate them about the
risk factors of CVD. People must be encouraged to adopt healthier
life styles.

Children were most sensitive to pain, while the old adults were the
least sensitive.

There was no significant difference in the cardiovascular reactivity
parameters between the groups, indicating that similar pain ratings
(PR) produced similar effect on CVR. This suggests that the CVR is
an indication of the pain rating.

ACKNOWLEDGEMENTS
STS-ICMR to Abhijeet Singh Barath is gratefully acknowledged.

REFERENCES

[11 Kim H, Mittal DP, ladarola MJ, Dionne RA. Genetic predictors for acute
experimental cold and heat pain sensitivity in humans. J Medical Genetics.
2006;34:e40. (electronic letter).

[2] Rahim-Williams FB, Riley JL, Herrera D, Campbell CM, Hastie BA, Filingim RB.
Ethnic identity predicts experimental pain sensitivity in African-Americans and
Hispanics. Pain. 2007;129:177-84.

[3] Nayak S, Shiflet SC, Eshun S, Levine FM. Culture and gender effects in pain beliefs
and prediction of pain tolerance. Cross-Cultural Research. 2000;34:135-51.

[4] Kumar M, Saxena |, Srivastava A, Khan MM. Effect of socioeconomic status on
response to experimental pain. Int Lett Ser Therap Edu. 2011;7:1-6.

[5] Arendt-Nielsen L, Bajaj P, Drewes AM. Visceral pain: Gender differences in
response to experimental and clinical pain. Eur J Pain 2004; 8: 455-72.

[6] Woodrow KM, Friedman GD, Siegelaub AB, Collen MF. Pain tolerance: Differences
according to age, sex and race. Psychosomatic Medicine. 1972;34(6):548.

[7]1 Harkins SW, Price DD, Martelli M. Effects of age on pain perception:
Thermonociception. J Gerontol. 1986;41(1):58-63.

[8] Li SF, Greenwald PW, Gennis P, Bijur PE, Gallagher EJ. Effect of age on acute
pain perception of a standardized stimulus in the emergency department. Ann
Emerg Med. 2001;38(6):644-47.

[9] Lautenbacher S. Experimental approaches in the study of pain in the elderly. Pain
Med. 2012;13:S44-50.

[10] Yezierski RP. The effect of age on pain sensitivity: Pre-clinical studies. Pain Med.
2012;13(Suppl 2):527-36.

[11] Staahl C, Drewes AM. Experimental human pain models: A review of standardised
methods for preclinical testing of analgesics. Basic Clin Pharmacol Toxicol.
2004;95:97-111.

[12] Kumar M, Narayan J, Verma NS, Saxena |. Variation in response to experimental
pain across the menstrual cycle in women compared with one month response
in men. Indian J Physiol Pharmacol. 2010;54(1):57-62.

[13] Khadilkar V, Yadav S, Agrawal KK, Tamboli S, Banerjee M, Cherian A, et al.
Revised IAP Growth charts for height, weight and body mass index for 5- to 18-
year-old Indian children. Indian Pediatrics. 2015;52:47-55.

[14] Pal GK. Blood pressure and its regulation. In: Pal GK, Pravati P, Nanda N, editors.
Text Book of Medical Physiology. 2nd ed. New Delhi: Ahuja Publishing House;
2011. pp. 647.

[15] A Pocket Guide to Blood Pressure Measurement in Children. From the National
High Blood Pressure Education Program Working Group on High Blood Pressure
in Children and Adolescents. US Department of Health and Human Services,
National Institutes of Health. NIH Publication 07-5268; May 2007.



Indu Saxena et al.,

[e]

7]
(el
(9]

[20]

[21]

[22]

[23]

Pain and Age

Jain AK. Autonomic nervous system testing. In Manual of Practical Physiology.
4™ ed. Sirmour (HP): Arya Publications; 2012. pp. 291.

Haslam DW, James WP. Obesity. Lancet. 2005;366:1197-209.
Krause RM, Winston M, Fletcher BJ, Grundy SM. Obesity.
cardiovascular disease. Circulation. 1998;98:1472-76.

Devi P, Rao M, Sigamani A, Faruqui A, Jose M, Gupta R, et al. Prevalence,
risk factors and awareness of hypertension in India: a systematic review. J Hum
Hypertension. 2013;27:281-7.

Mohan S, Reddy KS, Prabhakaran D. Chronic non-communicable diseases in
India. Reversing the tide. New Delhi: Public Health Foundation of India; 2011.
Diaz VA, Mainou AG, Koopman RJ, Greesev ME. Undiagnosed obesity:
implications for undiagnosed hypertension, diabetes and hypercholesterolemia.
Fam Med. 2004;36:639-44.

Ayanian JZ, Zaslavsky AM, Weissman JS, Schneider EC, Ginsburg JA.
Undiagnosed hypertension and hypercholesterolemia among uninsured and
insured adults. Third National Health and Nutrition Examination Survey. Am J
Pub Health. 2003;93:2051-54.

Praga M. Obesity — a neglected culprit in renal disease. Nephrol Dial Transplant.
2002;17:1157-59.

Impact on

[24]

[25]

[26]

[27]
[28]
[29]
[30]

[31]

www.jcdr.net

Chagnac U, Weinstein T, Herman M, Hirsh J, Gafter U, Ori Y. The effect of
weight loss on renal function in patients with severe obesity. J Am Soc Nephrol.
2003;14:1480-86.

Shah B, Mathur P. Surveillance of cardiovascular risk factors in India: The need
and scope. Indian J Med Res. 2010;132(5):634-42.

Ghione S. Hypertension-associated hypalgesia: evidence in experimental
animals and humans, pathophysiological mechanisms, and potential clinical
consequences. Hypertension. 1996;28:494-504.

Bruehl S, Carlson CR, McCubbin JA. The relationship between pain sensitivity
and blood pressure in normotensives. Pain. 1992;48:463-67.

Duschek S, Schwarzkopf W, Schandry R. Increased pain sensitivity in low blood
pressure. J Psychophysiol. 2008;22(1):20-27.

McCubbin JA, Helfer SG, Switzer FS, Galloway C, Griffith WV. Opioid analgesia
in persons at high risk for hypertension. Psychsom Med. 2006;68:116-20.
Manning EL, Filingim RB. The influence of athletic status and gender on
experimental pain responses. J Pain. 2002;3(6):421-28.

Tesarz J, Gerhardt A, Schommer K, Treede RD, Eich W. Alterations in endogenous
pain modulation in endurance athletes: an experimental study using qualitative
sensory testing and cold pressor task. Pain. 2013;154(7):1022-29.

PARTICULARS OF CONTRIBUTORS:

R N N

Assistant Professor, Deparment of Biochemistry, AlIMS Jodhpur, Rajasthan, India.

Professor, Department of Physiology, TMMC & RC, Moradabad, Uttar Predesh, India.

Student, AIIMS Jodhpur, Rajasthan, India.

Demonstrator, Department of Physiology, TMMC & RC, Moradabad, Uttar Predesh, India.
Assistant Professor, Department of Physiology, SIMS, Hapur, Uttar Predesh, India.
Social Worker, Department of Community Medicine, TMMC & RC Moradabad, Uttar Predesh, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Manoj Kumar,

Professor, Department of Physiology, Teerthanker Mahaveer Medical College & Research Center,
Nh-24, Paskbara, Moradabad, Up- 244001, India.

E-

mail : premmanoj2001@yahoo.co.in

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Date of Submission: Jun 26, 2015
Date of Peer Review: Jul 22, 2015
Date of Acceptance: Aug 17, 2015

Date of Publishing: Sep 01, 2015

Journal of Clinical and Diagnostic Research. 2015 Sep, Vol-9(9): CC05-CC08



