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IntrOductIOn
Pregnancy is the most important and essential physiological 
adaptation in the body. Overwhelming changes occur virtually in all 
the systems of the body, modifications in the cardiovascular system 
are constituent of the same. Systolic and diastolic blood pressures 
are found to decrease during second trimester. Cardiac output, 
heart rate and stroke volume tend to increase during pregnancy, 
thereby reducing the myocardial oxygen demand [1].

Myocardial oxygen consumption is relatively high compared to other 
organs. High oxygen consumption by the myocardium is required 
for the contraction and relaxation of cardiac muscle. Hence, the 
myocardial metabolism and function are closely related [2]. These 
adaptations during pregnancy are usually well tolerated by healthy 
women. However, there is a threat to those who are with ischemic 
heart diseases. 

Acute Myocardial Infarction (AMI) is rare in women of child bearing 
age. But increase in risk of AMI has been shown from 3-4 fold [3-6]. 
Recent advances in reproduction and child bearing by older women 
are expected to increase the occurrence of AMI [7]. 

The double (rate-pressure) product (DP) is an increasingly used 
surrogate measure of myocardial oxygen demand and cardiac 
workload. It is systolic blood pressure (SBP) multiplied by heart 
rate (HR). The strong collation of DP with left ventricular mass has 
identified it as determinant of cardiovascular risk in hypertensive 
patients [8,9]. 

Fick’s principle is used to persuade the myocardial oxygen con-
sumption in human beings, which is an invasive procedure and 
cannot be performed routinely. DP calculation by multiplying HR and 
SBP is non-invasive predictor of myocardial oxygen consumption 
that can be easily used on a larger population [10].

However, there is no previous study on the potential diagnostic use 
of the DP in pregnancy in our country. So this study was intended to 
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ABStrAct
Introduction: Maternal cardiovascular changes in pregnancy are 
numerous and increase in double product throughout pregnancy is 
the part of the same process. Double product is a cardinal surrogate 
of the myocardial oxygen demand and cardiac workload. It is the 
product of heart rate and systolic blood pressure and an important 
determinant of cardiovascular risk in hypertensive patients. 

Aim: This study was intended to determine the double product 
by comparing normal individuals with different trimesters of 
pregnancy.

Materials and Methods: A cross sectional study was conducted 
in 220 healthy women in the age range of 18-35 years with 60 
subjects each in 1st, 2nd and 3rd trimesters and 40 non pregnant 
subjects as control group. Cardiovascular parameters were 
recorded in both the groups. Statistical analysis was done by 

comparison of parameters using one-way ANOVA and post-hoc 
by Tukey-Krammer test. Correlation of double product and weeks 
of pregnancy was done using Pearson’s correlation. Regression 
analysis was done to know the predictor of double product. 

results: It was observed that there was statistically very highly 
significant increase (p=0.000) in the double product throughout 
the pregnancy and duration of pregnancy was found to be the 
predictor of the product. 

conclusion: The increase in the double product is due to 
increase in heart rate and stroke volume. Double product is the 
useful predictor for early identification of preeclampsia and acute 
myocardial infarction in pregnant women when compared to normal 
non- pregnant women and hence helps in the early management 
of complications. 
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determine the double product by comparing normal individuals with 
different trimesters of pregnancy.

MAterIAlS And MethOdS
The present cross-sectional study was conducted in the Department 
of Physiology of a Shri B.M. Patil Medical college and Research 
center, Bijapur to determine the cardiovascular changes in 1st, 2nd 
& 3rd trimesters of pregnancy and to compare the results with age 
matched healthy non pregnant women.

Method of collection of data
Study Group comprised of 180 pregnant women in the age group of 
18-35 years attending the outpatient department of Obstetrics and 
Gynecology of a tertiary care hospital. The study group was further 
subdivided into 3 subgroups. Each sub group comprised of 60 
women in 1st, 2nd and 3rd trimesters of pregnancy and Control Group 
comprised of 40 apparently healthy age matched (18-35 years) non 
pregnant women. Apparently healthy subjects were included in the 
study. History taking and thorough clinical examination was done 
to assess the apparent health status of the subject. Patients with 
history of cardiovascular diseases, diabetes mellitus, hypertension, 
tobacco consumption, alcohol intake, endocrine disorders, obesity 
& moderate to severe anaemia were excluded from the study. 

Institutional ethical clearance was obtained. Purpose of the 
study was explained to the subjects who had volunteered for the 
study. An informed written consent was obtained. A thorough 
physical & systemic examination (cardiovascular system) of 
each subject was done. Recordings were taken between 9 am 
to 12 Noon. The study was conducted from December 2009 to 
January 2011.

the following parameters were recorded
record of Study Parameters: After giving 20mins of rest in supine 
position, Blood Pressure (SBP and DBP in mmHg) and ECG were 
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recorded. Heart rate was calculated by 1500/R-R interval. The 
double product was calculated by multiplying SBP by HR (mmHg/
min).

StAtIStIcAl AnAlySIS
Statistical analysis was done using SPSS 20. Data was analysed 
for normal distribution [Table/Fig-1]. Comparison of parameters 
was done using one-way ANOVA and post-hoc by Tukey-Krammer 
test. Correlation of DP and weeks of pregnancy was done using 
Pearson’s correlation. Regression analysis was done to know if 
duration of pregnancy is the predictor of DP.

reSultS
Mean + SD of HR, SBP, DBP and double product was calculated 
and compared using one-way ANOVA test and post-hoc by Tukey-
Krammer test and have been tabulated in [Table/Fig-1]. One-way 
analysis of variance showed a significant difference in heart rate, 
SBP, DBP and DP between the control group and 1st, 2nd, 3rd 
trimesters of pregnancy.

Parameters r2 b  Significance 

Weeks of pregnancy 0.200 0.447 0.000

[table/Fig-2]: Linear regression analysis model.
 

heart rate: Although heart rate was in the normal range, it 
was significantly higher during different trimesters of pregnancy 
compared to the control group. The maximum increase in heart rate 
was observed in 3rd trimester.

SBP: In comparison with the control groups there was a slight 
decline in SBP in 1st, 2nd and 3rd trimesters of pregnancy with 
maximum decline in 2nd trimester.

DBP: In comparison with the control groups there was a decline in 
DBP in 1st and 2nd trimester of pregnancy with maximum decline in 
2nd trimester.

DP: DP was significantly elevated in all three trimesters with peak 
value in 3rd trimester.

correlation between Weeks of Pregnancy and dP 
On Pearson correlation we observed a significant positive correlation 
(r = 0.447, p = 0.000) between weeks of pregnancy and DP [Table/
Fig-2]. 

Linear regression analysis was done to predict the value of DP based 
on duration of pregnancy. We observed that duration of pregnancy 
was a significant predictor of DP and overall regression model is a 
good fit for the data [Table/Fig-3,4].

regression equation: DP = 8891.89 + 62.809 * weeks of pregnancy.

dIScuSSIOn
Pregnancy is a normal physiological process. There occur widespread 
adaptations in all the systems during pregnancy. The pregnancy 
induced changes in the cardiovascular system develop primarily to 
meet the increased metabolic demands of mother & fetus.

Our study revealed reduction in SBP and DBP in the 2nd trimester of 
pregnancy compared to control group and also when compared to 

[table/Fig-3]: Data showing normal distribution.

[table/Fig-4]: Correlation graph of double or rate pressure product and duration 
of pregnancy.

Parameters

group 1
(n=40)
Control

group 2
(n=60)
1st tri

group 3
(n=60)
2nd tri

group 4
(n=60)
3rd tri p-values 

SBP (mmHg) 118.6+4.34 116.3±7.28 109.63±5.53*# 117.6±7.76 ƒ 0.000

DBP (mmHg) 74.0+4.83 74.46 + 6.47 66.8+5.03*# 75.9+7.09 ƒ 0.000

HR (b/mins) 75.58+4.17 83.38 + 8.20* 88.26+8.54*# 95.7+6.66*# ƒ 0.000

DP (mmHg/min) 8998±615.92 9692.8±1114.0* 9626.2±1032.79* 11237±1007.5*#ƒ 0.000

[table/Fig-1]: Blood pressures, heart rates and double products of control and study group subjects.
Data presented are Mean±SD. Analysis of data was done by one-way ANOVA and post-hoc by Tukey- Krammer test. The *depicts comparison with Group 1, # depicts 
comparison with group 2, the ƒ depicts comparison with Group 3 *p < 0.05, # p < 0.05, ƒ p < 0.05. Group 1 (Control), Group 2 (1st Trimester), Group 3 (2nd Trimester), Group 4 
(3rd Trimester). SBP is the systolic blood pressure, DBP is diastolic blood pressure, HR is heart rate and DP is double product.

1st and 3rd trimesters of pregnancy, which was found to be significant 
statistically. In the normal course of pregnancy, the blood pressure 
during the first few months is similar to that of pre-pregnant women. 
In pregnancy there is usually 6-8% drop in SBP with 20-25% drop 
in DBP in second trimester. Pressures return to pre-pregnant level 
at term. The hormones oestrogen, progesterone, prostacyclins and 
prostaglandin E2 act as vasodilating factors thereby reducing the 
systemic vascular resistance. In addition decreases in pressures are 
also due to arteriovenous shunting in placenta [11]. Our study is in 
agreement with the findings of studies by Schier RW and Voss A et 
al., [12,13].

Statistically significant increase in the heart rate in all trimesters of 
pregnancy as compared to non pregnant women was noticed in our 
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cOncluSIOn
The increase in the double product throughout pregnancy in 
all trimesters may be useful predictor for early identification of 
preeclampsia and acute myocardial infarction in pregnant women 
when compared to normal non- pregnant women. It is the safe and 
non- invasive test for determination of myocardial oxygen demand 
and hence helpful for early determination of complications and their 
management.
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study. Heart rate increased by approximately 15% in the 5th week. 
It increased after 8th week to a maximum of approximately 85-90 
beats per minute. There is usually an increase of 10-20 beats per 
min of heart rate in the last trimester of pregnancy. The increase in 
heart rate may have been prompted to maintain the cardiac output 
in a state of relative hypovolaemia [12]. The decrease in the both 
parasympathetic tone and vagal baroreflex activity are the mainstay 
for increase in heart rate [13]. The increased heart rate recompense 
for the fall in the stroke volume resulting from caval compression 
[14]. Our study was in agreement with the findings of the study 
conducted by Schier RW [12].

There was statistical significant increase in double product in 
all trimesters when compared with the control group. The rise 
was more noticed in the third trimester. The reason is being an 
enhanced stroke volume and heart rate during pregnancy [1] and 
also increasing the myocardial oxygen demand. 

Oxygen supply to myocardium is decreased during pregnancy due 
to reduced diastolic blood pressure and physiological anaemia. 
Myocardial oxygen consumption is increased by 3-folds due to 
anxiety, pain and contraction of uterus during labour. Above factors 
may lead to of myocardial ischemia when coronary blood supply is 
compromised [3].

A study by Ayala D et al., identified Rate Pressure product as one of 
the cardiovascular risk factor. Their study on hypertensive pregnant 
women also showed linear increase in RPP throughout gestation until 
34 weeks of pregnancy and found values were significantly elevated 
in complicated pregnancies and computed as the results should be 
taken into consideration for early identification of preeclampsia in 
both normotensive and hypertensive pregnant women [8].

lIMItAtIOn
There are certain limitations to our study; firstly it’s a cross-sectional 
study whose outcome is not as accurate as longitudinal study. 
Second because of the conventional blood pressure monitoring 
in the study the actual blood pressure variation associated with 
exertion i.e, ambulatory blood pressure monitoring could not be 
done.  
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