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Abstract
Postexercise heart rate (HR) measurement by pulse palpation likely results in a HR estimate that is 
lower than the true exercise HR. The degree of inaccuracy is not well defined and may  depend on 
the time delay in measuring HR postexercise.
PURPOSE: To measure the typical delay in obtaining palpated postexercise HR (PEHR) by 
participants in a group exercise class and to determine if actual exercise HR (AEHR) can be 
predicted from immediate PEHR recovery measures.
METHODS: Fifty-four females (19.9 + 1.6 y) were filmed during exercise class; Video tapes were 
reviewed to determine time taken for each subject to obtain self- palpated HR (SPHR) at the 
exercise class mid-point (MP) and end-point (EP). HR was also recorded at 10 s intervals during 
and for 1 min after exercise with a HR monitor (HRM) to determine AEHR and PEHR, respectively. 
Subjects were blind to HRM measures.
RESULTS: The maximum average delay before obtaining MP and EP SPHR measures were 19.4 +
4.0 s and 17.3 + 4.2 s, respectively. 2 x 2 repeated measures ANOVA revealed a significant 
difference (p ≤ 0.05) between the means for AEHR and SPHR at MP (169.4 ± 13.4 vs. 143.7 ± 23.2 
beats/min) and EP (165.5 ± 15.6 vs. 143.2 ± 19.3 beats/min). Regression analyses showed that 
exercise EHR is predicted well from PEHR as determined with a HRM. The adjusted R2 values 
ranged from 0.911 to 0.653 (p ≤ 0.05) when HR recovery was measured from 10 to 60 s 
postexercise in 10 s increments. One way ANOVA with repeated measures between means of 
arithmetically derived prediction equations (Q-Pred) and actual exercise HR from HRM showed no 
significant difference (p ≤ 0.05) between the two (F (3, 321) = 1.09, p =.353).  
CONCLUSIONS: The significant difference between AEHR and SPHR is likely attributable to the 
near 20 s delay before a typical person obtains a palpated HR postexercise. In addition, the near 
linear decline in HR in the first min after exercise can be used to predict AEHR. Future studies 
should determine if SPHR can be used to predict AEHR.
Supported by PolarUSA.

Introduction

• Measuring Actual Exercise HR (AEHR) is an excellent way to gauge 
exercise intensity.  

• Commonly, postexercise HR (PEHR) measures involve counting of 
pulse at the carotid or radial artery through palpation.  

• Delay in postexercise palpation of HR causes underestimation of 
true exercise HR due to rapid HR recovery (HRR). This may lead to 
a sense of poor effort and subsequent overexertion or injury.

• DeVan et al. (2005) demonstrated that palpated HR underestimated 
actual exercise HR by 20-27 beats. 

• If a relationship exists between PEHR and AEHR, exercise HR 
could be predicted accurately from PEHR measures.

• The purposes of this study was to measure the delay in obtaining 
palpated PEHR by participants in a group exercise class and to 
determine if AEHR can be predicted from monitored PEHR recorded 
within the first minute postexercise. 

• We hypothesized that:-

- There would be a significant difference between AEHR compared to 
PHER measured via palpation or those obtained at 10-second 
intervals postexercise by a heart rate monitor (HRM).

- There would be a linear drop in PEHR recovery measures for the 
first minute postexercise allowing prediction of AEHR. 

Methods

• All participants were taught the palpation technique and used it to 
record HR twice during every class on a HR recording card.

• The subjects were not told the true nature of the study to avoid any 
influence on their palpated HR measuring habits.

• Subjects signed an informed consent form, filled out an exercise 
history questionnaire, and attended three mandatory classes prior to 
the data collection trial class that was video taped.

• In the mandatory classes, subjects exercised in the presence of 
video cameras and  wore HR monitors (PolarUSA) to get 
accustomed to data collection procedures.   

• All data collection procedures were completed during the video taped 
class. AEHR and PEHR were measured by HRM during the full class 
time and for one minute postexercise.

• Film review was done after every class and delay for each participant 
in obtaining palpated HR was recorded with a stop watch.

• Delay was the time elapsed in seconds between stopping exercise 
and completion of  pulse count indicated by the removal of fingers 
from the pulse site. 

Data Analysis

• Descriptive statistics for delay in obtaining palpated HR at the mid-
point (MP) and end-point (EP) of the trial class were calculated.

• 2 x 2 ANOVA with repeated measures were conducted to determine 
if method (monitored & palpated) and time of measurement (MP & 
EP) influenced accuracy of obtained palpated HR.

• Simple regression analyses were conducted between AEHR and 
PEHR recovery measures (from HRM) at 10 s, 30 s, and 60 s 
intervals postexercise.

• Q-Pred equations were formulated using 108 sets of data (MP and 
EP for 54 subjects).

• Regression prediction equations formulated from slope and intercept.

• Predicted HR obtained from regression equations and the Q-Pred 
equations based on accuracy of the prediction was done. 

Results

Table 1
Delay in HR palpation after exercise

Note: Values in seconds represent the time delay before subjects 
obtained palpated PEHR measurement. Duration of measure indicate 
total time taken by subjects to count pulse. Subjects counted pulse for   
ten seconds (n=13) and six seconds (n=41) at the MP and at EP.

Results

• AEHR vs. SPHR

Figure 1. Comparison between monitored AEHR and palpated PEHR. 
Values are means and standard deviations for AEHR and palpated   
PEHR for both mid-point and end-point; * indicates that palpated PEHR 
was significantly less (p<0.05) than AEHR at both times.

Methods

• 54 female students with a mean age of 19.9 + 1.6 years recruited 
from group exercise classes held at the Ithaca College Fitness 
Center served as subjects.

• They typically exercised for approximately 56.0 + 28.1 min/day and 
4.3 + 1.4 days/week over the previous 9.2 + 7.3 months.

Figure 2. Line graphs plotted on mean PEHR recovery measures 
obtained from HRM at 10 s intervals in the first minute postexercise.

• Regression prediction equations            Q-Pred equations

a) PHR = 0.97(HRR10) + 10.1                     PHR = HRR10 x 1.03
b) PHR = 0.78(HRR30) + 48.3                     PHR = HRR30 x 1.1
c) PHR = 0.72(HRR60) + 68.1                     PHR = HRR60 x 1.23
Where PHR, HRR10, HRR30, and HRR60 represent predicted HR and
HRR at 10 s, 30 s, and 60 s, respectively.

• Linearity of PEHR recovery measures

Results

Table 2
Classification of predicted HR from HRR measures at 10 s, 30 s,                  
and 60 s using Q-Pred equations and regression equations

130

140

150

160

170

180

0 10 20 30 40 50 60

Time

HR
 in

 b
ea

ts
/m

in.

Mid-Point
End-Point

Discussion

• Main cause for delay in palpated measures was a low subject 
understanding of the importance of measuring HR immediately          
after exercise. Reasons for delay were:

- Inability to locate pulse quickly
- Engaging in conversations with acquaintances
- Priority to quenching thirst

• Delay allowed rapid HRR (approx. 30 beats in first min) resulting           
in palpated HR (SPHR) being significantly different form AEHR.

• Linear HRR allowed formulation of prediction equations for AEHR.

• Prediction equations minimize observed error in SPHR of 21-27 
beats/min to less than 10 beats in most applications

• Regular exercisers can use regression or simpler Q-Pred equations  
with reasonable accuracy (83% at 10 s.) Regression equations had an 
accuracy of 65-71% at 30 s and 60 s, respectively. Q-Pred equations 
had an accuracy of 51% and 41% at 30 s and 60 s, respectively.           
An HRM should be worn if AEHR must be accurately recorded.

• These prediction equations seem useful but it is necessary to test their 
accuracy with varying gender, age, and fitness of the user. Accuracy 
also needs examination on a larger scale (greater N) if to be made 
applicable for use in everyday life by regular and  irregular exercisers.      

Note: Method indicates the equation used to predict HR at 10 s, 
30 s, or 60 s interval. All values represent number of data points
where predicted HR were within or equal to 5 beats, >5 but
≤10 beats, and >10 beats of monitored EHR.

Conclusion

• Pulse palpation is not an appropriate method of measuring         
exercise HR and delay in measuring palpated HR causes the measure      
to be inaccurate by 21-27 beats/min. 

• PEHR recovers linearly which allows prediction of exercise HR with 
reasonable accuracy using regression and Q-Pred equations. 

• An HRM should be worn if accurate recording of AEHR is required.

Duration of measure
Mean Std. Dev. Mean Std. Dev.

Ten Second 19.4 4.0 17.3 4.2
Six Second 18.9 3.4 16.9 2.2
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Method ≤5 beats >5 & ≤10 beats >10 beats
Qpred10 90 14 4
Qpred30 56 30 22
Qpred60 45 39 24
Rpred10 92 16 0
Rpred30 71 21 16
Rpred60 68 23 17
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