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Introduction
The heart rate is defined as the number of heart beats per minute 
(HBPM). Locating the heart rate changes casual factors of an 
individual by an expert cardiologist is really a difficult problem. 
Generally, heart rate depends on the body’s oxygen demand. 
Practically, many factors are responsible for a heart rate to vary 
inexplicably, or speed up, or slow down [1-5]. Medical doctors 
and practitioners use the measurement of heart beats per minute 
to select the appropriate medicine for proper treatment, or help 
in the diagnosis, or prescribe the exercise intensity, or tracking 
of medical conditions [6-9]. Recently, determinants of mean 
heart rate of some patients who underwent dobutamine stress 
echocardiography are derived in [9]. Some research articles 
based on cross-sectional and longitudinal studies have shown 
that aerobic endurance training accelerates heart rate recovery 
after exercise in healthy subjects [10-13]. 

Previous research articles [12,13] have used regression and 
meta-analysis to locate the heart rate determinants assuming 
the heart rate variance is constant. But the heart rate for shock 
patients in Statistical analysis [14] is a positive and non-constant 
variance response variable. Therefore, the heart rate data should 

be analysed based on joint gamma and Log-normal models [15-
21]. Best of our knowledge, there are some partial studies of 
heart rate for shock patients [14], using joint generalized linear 
models (JGLMs). These points motivated us to locate the shock 
patients heart rate determinants [14].

The present report aims to justify the following queries. What 
are the shock patients heart rate determinants? How are the 
determinants correlated with the heart rate? How are the 
determinants effecting on the heart rate? This information is 
not well-known in the shock study literature. The current article 
focuses the above hypotheses.

Statistical Methods and Data
Methods
Many positive continuous responses such as heart rates have 
non-normal probability distributions, and they are generally 
analyzed using Log-normal and gamma distribution [15-17].  

For the analysis of positive data iy ’s, Nelder and Lee [17] 
proposed the joint generalized linear models (JGLMs), when

( ) 2 2E(y )  i i i i iand Var Y µµ σ= =  
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where 2
iσ ’s are the dispersion parameters and V (µi

2 ) is the 
variance function. In GLMs, the variance has two parts. One is 

)( iV µ  which dependents on the mean value changes, and the other 
is 2

iσ , independent of mean adjustment. The variance function 
characterizes the GLM family distribution. For example, the 
distribution is Poisson if V(µ)=µ, normal if V(µ)= 1, gamma if 
V(µ)=µ2 etc.

JGLMs for the mean and dispersion parameters (proposed by 
Nelder and Lee [17]) are 

( ) t
i i igη µ χ β= =  and 2( ) t

i i ih wε σ γ= =

where g(µi) and h (σi
2 ) are GLM link functions for the mean and 

the dispersion respectively; and  t
ix , t

iw are respectively, the 
row vectors for the mean and the variance regression models. 
To estimate the mean model parameters, maximum likelihood 
(ML) method is used, and to estimate the dispersion model 
parameters, restricted ML (REML) method is used [16]. 

Shock data
The current shock data set is displayed in [14], and it is 
available at the sites: http://www.umass.edu/statdata/statdata/
data/shock.txt, or https://www.statcrunch.com/app/index.php? 
dataid=1327401.The shock data set includes 20 variables/
factors on 113 subjects. The data set has been collected at the 
Shock Research Unit, The University of Southern California, 
Los Angeles, California. The data set has two measurements 
on the same 113 ill patients and factors/variables. One is at the 
time of admission, and the other is at the time of discharge, 
or just before death. The patient population, shock types, data 
collection method is displayed in [14].

The 20 variables are age, sex (male=0, female=1), systolic 
BP (SBP), diastolic BP (DBP), type of shock (non-shock=1, 
hypovolemic=2, and bacterial, or cardiogenic, or neurogenic, 
or other=3), survival stage (survived=1, death=2), height, 
mean central venous pressure (MCVP),  body surface index 
(BSI), mean arterial BP (MAP), cardiac index (CI), heart rate 
(HR), urinary output (UO), mean circulation time (MCT), 
appearance time (AT), hemoglobin  (HG), plasma volume index 

(PVI), hematocrit (HCT), red cell index (RCI), card sequence 
(initial=1, final =2) (RCORD). 

Analysis, Findings and Interpretations of Heart 
Rate of Shock Data
Analysis of heart rate
The heart rate for the shock patients is considered as the dependent 
variable, and the remaining others are treated as the independent 
variables. The JGLM Log-normal and gamma model analyses 
have been performed on the dependent variable heart rate based 
on the remaining other explanatory variables. Both the models 
give same results, so we have presented here the gamma models 
analysis results in Table 1. The analysis outcomes (or results) 
for both the mean and variance models are displayed in Table 
1. Based on the lowest Akaike information criterion (AIC) value 
in each class, the final models have been selected.  It is known 
that AIC selects a model which minimizes the predicted additive 
errors and the squared error loss (20, p. 203-204). Based on 
minimum AIC value (2023.387), the final fitted gamma models 
have been included in Table 1. The final considered models (Table 
1) include some partially significant determinants (gender, shock 
types, BSI, MCT, DBP), which are considered as confounders in 
epidemiology. It is well-known that all the selected effects are not 
necessarily significant [20,21]. The JGLMs graphical analysis or 
diagnostic plots (residual and normal probability) of gamma fitted 
models (Table 1) have been presented in Figure 1. 

Figure 1(a) reveals the absolute residual values plot with respect 
to fitted values. The residuals plot is exactly fat diagram with 
respect to running means except the right tail. The right tail is 
increasing due to a larger boundary value. Figure 1(b) presents 
the normal probability plot of the fitted gamma mean model 
(Table 1), which does not show any lack of fit.

Results of heart rate
Table 1 shows the analysis of heart rate outputs for shock 
patients. From Table 1, it is observed that the mean heart rate 
is separately directly correlated with age (P<0.0001), systolic 
BP (SBP) (P=0.0281), diastolic BP (DBP) (P<0.0001), cardiac 

   
 Figure (1a)                                                                                                                Figure 1(b)

Figure 1. For the gamma fitted models of heart rate the (a) absolute residuals plot with respect to fitted values, and the (b) normal probability plot 
of the mean model.
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index (P<0.0001), mean circulation time (MCT) (P=0.0606), 
hematocrit (HCT) (P=0.0606). The mean heart rate is separately 
inversely correlated with mean arterial BP (MAP) (P<0.0001), 
body surface index (BSI) (P=0.1361), appearance time (AT) 
(P<0.0001). The mean heart rate is negatively partially 
associated with the card sequence (RECORD) (P= 0.0591). 

The heart rate variance is inversely correlated with the age 
(P=0.0055) and MAP (P=0.0110). The heart rate variance is 
lower for female (P=0.0057), than male shock patients, and it is 
negatively partially associated with the shock types (P=0.1104). 
The heart rate variance separately directly correlated with the 
DBP (P=0.0615),  mean central venous pressure (MCVP) 
(P=0.0060),  urinary output (UO) (P=0.0076), red cell index 
(RCI) (P=0.0243). 

Interpretations of heart rate (HR) determinants
Mean model (Table 1) interprets the following: 

1. The mean heart rate (MHR) for shock patients is 
positively associated with age (P<0.0001), implying that 
the MHR decreases at the younger ages, and it increases 
at higher ages. 

2. The MHR has partially positive correlation with the sex 
(female=1, male=0) (P=0.1408), implying that the MHR 
is lower for male shock patients than female.      

3. The MHR is positively partially associated with the 
shock type (neurogenic, or bacterial, or cardiogenic, 
or other=3, hypovolemic=2, and non-shock=1) at level 
(hypovolemic=2) (P= 0.1579) and at level (neurogenic, 
or bacterial, or cardiogenic, or other=3) (P=0.1065), 
implying that the MHR is lower for the non-shock 
patients than shock patients with levels at 2 or 3.

4. The MHR is positively correlated with systolic BP 
(P=0.0281) for the shock patients, implying that the 
MHR decreases as systolic BP decreases, and vice versa. 

5. The MHR is reciprocally correlated with the mean 
arterial BP (MAP) (P<0.0001), indicating that MHR 
decreases as MAP increases. 

6. The MHR is positively related with the diastolic BP 
(DBP) (P<0.0001) for the shock patients, implying that 
MHR decreases as DBP decreases.

7. The MHR is negatively partially related with the body 
surface index (BSI) (P=0.1361), indicating that HR 
decreases as BSI increases. 

8. The MHR is positively correlated with the cardiac index 
(CI) (P<0.0001) for the shock patients, implying that the 
MHR decreases as CI decreases, and vice versa.

9. The MHR is inversely correlated with the appearance 
time (AT) (P<0.0001), indicating that  MHR decreases 
as AT increases.

10. The MHR is positively associated with mean circulation 
time (MCT) (P=0.0606), indicating that MHR decreases 
as MCT decreases, and vice versa.

11. The MHR is positively associated with mean hematocrit 
(HCT) (P=0.0185), indicating that HR decreases as HCT 
decreases, and vice versa.

12. The MHR is inversely related with card sequence 
(final=2, initial=1) (RCORD) (P=0.0591), implying that 
MHR is lower at the final stage. 

13. Variance model (Table 1) interprets the following:

Model Covariate Estimate Standard error t-value P-value

Mean Model 

Constant 4.0706 0.1817 22.39 <0.0001
Age (X1) 0.0037 0.0010 3.46 <0.0001

Sex (F x 32) 0.0490 0.0331 1.47 0.1408
Shock type (F x 52) 0.0551 0.0388 1.41 0.1579
Shock type F x  53) 0.0586 0.0361 1.62 0.1065

SBP (X6) 0.0032 0.0014 2.21 0.0281
MAP (X7) -0.0244 0.0044 -5.47 <0.0001
DBP (X9) 0.0244 0.0041 6.78 <0.0001
BSI (X11) -0.1161 0.0775 -1.49 0.1361
CI (X12) 0.0848 0.0150 5.64 <0.0001
AT (X13) -0.0256 0.0065 -3.87 <0.0001

MCT (X14) 0.0068 0.0035 1.88 0.0606
HCT (X19) 0.0057 0.0024 2.37 0.0185

 RECORD (F x 202) -0.0563 0.0296 -1.89 0.0591

Dispersion
Model

Constant -2.4146 0.7782 -3.103 0.0022
Age (X1) -0.0209 0.0075 -2.803 0.0055

Sex (F x 32) -0.6112 0.2186 -2.795 0.0057
Shock type (F x 52) -0.3872 0.3384 -1.144 0.2539
Shock type (F x 53) -0.4852 0.3027 -1.603 0.1104

MAP (X7) -0.0411 0.0160 -2.565 0.0110
DBP (X9) 0.0367 0.0195 1.880 0.0615

MCVP (X10) 0.0659 0.0238 2.773 0.0060
MCT (X14) 0.0193 0.0132 1.464 0.1447
UO (X15) 0.0024 0.0009 2.694 0.0076
RCI (X17) 0.0453 0.0200 2.268 0.0243

Table 1. Results for mean and dispersion models of Gamma model fit of heart rate.
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14. The heart rate variance (HRV) is negatively associated 
with the age (P=0.0055), implying that HRV decreases 
at the higher ages.     

15. The HRV is reciprocally correlated with the gender, 
indicating that HRV is lower for female (P=0.0057), 
than male shock patients,

16. The HRV is inversely partially related with the shock 
types (P=0.1104), indicating that HRV is more for the 
non-shock patients than the other shocked patients. 

17. The HRV is reciprocally correlated with the MAP 
(P=0.0110), indicating that HRV decreases as MAP 
increases.  

18. The HRV is directly related with the diastolic BP 
(P=0.0615), implying that HRV decreases as DBP 
decreases. 

19. The HRV is directly correlated with the mean central 
venous pressure (MCVP) (P=0.0060), implying that 
HRV decreases as MCVP decreases, and vice versa.  

20. The HRV is directly related with the urinary output 
(UO) (P=0.0076), implying that HRV decreases as UO 
decreases, and vice versa. 

21. The HRV is positively associated with the red cell index 
(RCI) (P=0.0243), implying that HRV decreases as RCI 
decreases, and vice versa.

22. The HRV is directly partially related with the mean 
circulation time (MCT) (P=0.1447), indicating that HRV 
decreases as MCT decreases, and vice versa.

Concluding Remarks
The heart rate variability factors for the shock patients are derived 
in Table 1. Effects of the determinants on heart rate have been 
described in the interpretation section. Here it is shown that both 
SBP & DBP are positively associated, while mean arterial BP 
is inversely correlated with mean heart rate. Mean circulation 
time, haematocrit, cardiac index, shock type and sex are also 
directly related with the mean heart rate. Body surface index, 
appearance time, and card sequence are reciprocally related 
with mean heart rate. Many determinants are related with the 
variance of heart rate. For example, age, sex, shock types, MAP 
are inversely correlated, while DBP, MCVP, MCT, UO, and 
RCI are directly related with the heart rate variance.

The current short research report has derived many casual 
factors of heart rate for shock patients. It is expected that 
the medical experts, general individuals, and shock patients 
will be benefited from the current findings. Heart rate may 
be considered along with the shock types, gender, age, blood 
pressure, cardiac index, urinary output etc. In addition, the 
present report shows many casual factors for the heart rate 
variability, and the current findings may be considered for 
better shock patients treatment.  
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