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Heart Rate Recovery Index Was Deteriorated
In Diastolic Dysfunction
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Daha 6nce diyastolik kalp yetmezligi dahil cok cesitli kardiak hastalik grubuyla iliskisi gosterilen KHTI nin asemptomatik sol ventrikil diyastolik
disfonksiyonu olan bireylerle normal diyastolik fizyolojiye sahip bireyler arasindaki farkini inceledik.

Calismamiza normal diyastolik fonksiyonlu, Evre 1 DDF ve Evre 2 DDF gruplarina ayrilan 71 hasta dahil edildi. Diyastolik fonksiyon
degerlendirmesi transtorasik ekokardiyografi ile yapilirken, tim hastalar eforlu EKG testinde yasa gore belirlenmis maksimal kalp hizina
cikarildiktan sonra egzersiz bitiminde 1. ve 2. dakikadaki KHTI élctimleri alindi.

Gruplara gore ortalama HRR1 degerleri arasindaki fark degerlendirildiginde, Evre 1 ile Normal DF gruplari arasindaki fark istatiksel olarak
anlamli ve Evre 1 grubunda HRR1 degerleri daha dustk izlenirken, bu fark Evre 1 ile Evre 2 grubu arasinda ve Evre 2 ile Normal DF grubu
arasinda izlenmemistir ancak Evre 2 grubu HRR1 degerlerinde azalmaya yonelik bir egilim de dikkati cekmistir. (Normal DF, Evre 1 ve Evre
2 degerleri sirasiyla 36,6+9,7 25,1+11,1 ve 29,0+10,2 p:0,003). Gruplara gére HRR2 degerleri arasinda ise benzer sonuglar elde edilmistir.
Evre 1 DDF grubunda Normal DDF grubuna gére anlamli olarak daha distk izlenen HRR1 degeri diger demografik kriterlere gore regresyon
analizi ile diizeltme yapildiginda yine anlamli olarak diistk bulunmus olup, aralarinda bagimsiz bir iliski izlenmistir.

Evre 1 DDF olan bireylerde yas, cinsiyet, BKi, DM, HT ve sigara dykistinden bagimsiz olarak KHTI normal bireylere gore dusik izlenmistir.
Bu bulgu asemptomatik diyastolik disfonksiyonu olan hasta grubunda, otonomik bozuklugun semptomlarin baslamasindan daha 6nce
bozuldugunun ve artmis mortalitenin gdstergesi olabilir

Kalp hizi toparlanma indeksi, Diyastolik disfonksiyon, Ekokardiyografi

To investigate Heart Rate Recovery (HRR) in asymptomatic diastolic dysfunction patients.

We enrolled 71 patients, which were divided into 3 groups. Both Grade 1 and Grade 2 diastolic dysfunction and normal diastolic function
patients were evaluated by transthoracic Doppler echocardiography. Heart rate recovery measured at 1st (HRR1) and 2nd (HRR2) minutes
after cessation of exercise without a cool down period.

HRR1 values in Grade 1 djastolic dysfunction group were significantly lower than normal diastolic functions group. Although mean HRR1
values of group 2 showed a trend towards lower than controls, it did not reach any statistical significance comparing with Grade 1 diastolic
dysfunction and control group. (Normal, Grade 1 and Grade 2 HRR1 values were 36,6+9,7 25,1+11,1 and 29,0+10,2 p:0, 003). There was
no significant difference in HRR2 values between groups. Regression analysis showed that the difference of HRR1 values between Grade 1
DDF and Normal DF groups was independent from the presence of other epidemiologic variables (age, sex, DM, HT, smoking).

These findings suggest that HRR index as a marker of autonomic functions was deteriorated in asymptomatic diastolic dysfunction patients.

Heart rate recovery, Diastolic dysfunction, Echocardiography
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Introduction

Although systolic dysfunction has been the main concern for
describing heart failure for many years, it has been shown that
almost half of the patients with typical heart failure symptoms
have normal or near-normal systolic functions'3. This specific
subgroup of heart failure syndrome is named as heart failure
with preserved ejection fraction and we know that the key
pathophysiological mechanism is diastolic dysfunction for he-
art failure symptoms in this patient population. In fact, most
of the people with altered diastolic properties on echocardi-
ography have little or no symptoms in terms of heart failure.
Treadmill test is a non-invasive method to detect the presence
and the severity of coronary artery disease for many years.
Previously it has been also shown that the data, which is deri-
ved from these tests, can be used as a measure of autonomic
nerve system functions®’. Heart rate recovery index (HRRI) is
described as the amount of fall in the heart rate count during
a prespecified time period right after the end of the exercise
protocol in treadmill test®.

HRRI is an indirect measure of vagal tone and independent
predictor of cardiovascular mortality®1°.

Heart rate and myocardial contractility are two key deter-
mining factors for diastolic functions, which is a product of
sympathetic and parasympathetic nerve system activity. The
aim of the present study is to investigate the HRRI in patients
with diastolic dysfunction.

METHODS
The study patients were selected among our cardiology out-
patient clinic population who underwent echocardiography
evaluation.

Patients with systolic and diastolic heart failure, coronary and
peripheral artery disease, congenital heart disease or more
than mild degree valvular heart disease were excluded. Pa-
tients with grade Il diastolic dysfunction were also excluded.
Patients who are on medication, which affects heart rate (Beta
blockers, Ca channel blockers, digoxin, other anti-arrhythmic
agents) and patients without sinus rhythm on baseline ECG
are also excluded
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Echocardiography and Treadmill Test

Echocardiography was performed by Philips iE33 Diagnostic
Ultrasound System (Bothell, Washington, USA). Conventional
echocardiography and Doppler evaluation was performed in
left lateral decubit position. Early and late mitral inflow velo-
cities of E and A waves, Em and Am values were measured
using mitral annular TDI velocities for each patient respecti-
vely. Patients were classified as grade 1 diastolic dysfunction
(DD), grade 2 DD and normal diastolic function (DF). All me-
asurements were taken according to the related guideline of
the American Society of Echocardiography'.

All patients completed treadmill test with modified Bruce pro-
tocol, and exercise times on treadmill were modified for each
patient until the patient’s heart rate reaches to the calculated
submaximal heart rate (85 % of the age dependent maximal
heart rate). All patients in the study managed to reach the
calculated target heart rates. The exercise of each patient was
stopped abruptly without a cool down period and heart rate
values at the end of 1st and 2nd minutes after the exercise
were noted. These values were subtracted from each patient’s
recorded maximal heart rate during the exercise and these
values are noted as HRR1 and HRR2 for each patient.

Statistical Analysis

Data analysis was made on SPSS for Windows 11.5. Shapiro
Wilk test is used to determine whether continuous variable
distribution is close to normal or not. Defining statistics was
shown as mean =+ standard deviation or median values for
continuous variables and as number of patients and percenta-
ge for categorical variables.

Student’s t test was used to establish the significance of the
average difference between groups when the number of gro-
up was two. When there were more than two groups One
Way Analysis of Variance was used. Kruskal Wallis Test was
used to establish the significance of median value difference
between groups.

Spearman’s Correlation Test was used to determine if there is
a statistically significant correlation between continuous va-
riables or not. Linear Regression Analysis was used on HRR1
values. Regression coefficient and %95 confidence interval
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for every variable was calculated. p<0,05 was accepted as
statistically significant.

RESULTS

A total of 51 patients were assigned in the study (32 male
and 19 female) (Table 1). There was no statistically significant
difference between groups in terms of sex distribution [(male/
female) 13/6 normal DF, 9/6 grade 1 DD and 10/7 grade 2 DD,
p:0, 810]. Mean age of patients was 43,3+14,0. Mean age of
patients in the grade 1 DD and grade 2 DD groups was signifi-
cantly higher than the normal DF group (normal DF: 29,3+8,4
grade 1 DD: 54,5+7,9 grade 2 DD: 49,2+9,7 p<0,001) but
there was no statistical difference between grade 1 and grade
2 DD groups (Table 2).

Table 1 Demographics

n=51

Age 43,3+14,0
Gender

Male 32 (%62,7)
Female 19 (%37,3)
Body Mass Index 27,1427
DM 7 (%13,7)
HT 15 (%29,4)

Smokers 24 (%47,1)

Diastolic Dysfunction Grade

19 (%37,3)
15 (%29,4)
17 (%33,3)

Grade 0 (normal)
Grade |
Grade Il

Body mass index (BMI) of patients in the grade 1 DD and gra-
de 2 DD groups were significantly higher than the normal
DF group but there was no difference between two groups.
(BMI Normal DF: 25,2+ 3,4 grade 1 DD: 28,5+1,5 grade 2
27,9+1,1 p<0,001) (Table 2).

The ratio of diabetics among all patients was %13,7. There
was a significant difference of diabetic patients between the
Normal DF group and grade 2 DD group [Normal DF:0 pati-
ents (%0), grade 1: 2 patients (%13,3) and grade 2: 5 patients
(%29,4) p:0, 015] (Table 2).
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Table 2 Demographic and Clinical Variables Among Groups

Grade 0 Grade | Grade |l p-value
Age 29,348,420 54,5+7,9° 49,249,7° | <0,001
Gender 0,810
Male 13 (%68,4) 9 (%60,0) 10 (%58,8)
Female 6 (%31,6) 6 (%40,0) 7 (%41,2)
Body Mass | 55 5,3 490 28,541,5° 27,9+1,1° | <0,001
Index
DM 0 (%0)° 2 (%13,3) 5(%29,4)*> | 0,015
HT 1 (%5,3)*° 7 (%46,7) 7 (%41,2)° | 0,013
Smoker 6 (%31,6)° 6 (%40,0) 12 (°%70,6)> | 0,052
EIE’ 7,2 (4,8-9,4)>> | 8,7 (5,1-10,9)>< (9’11_;’32’4%& <0,001
HRR 1 36,6+9,7a 25,1+11,12 29,0+7,5 0,003
HRR2 48,2+9,4 38,2+13,0 44,6+10,2 0,062

50

40
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Figure 1 HRR1 Values Among Groups

The number of hypertensive patients was higher both in gra-
de 1 and grade 2 groups than the Normal DF patients but
there was not a significant difference between two DD gro-
up of patients. [Normal: 1(%5,3) grade 1: 7(%46,7) grade 2:
7(%41,2) p:0, 013] (Table 2).

In the analysis of mean HRR1 values among all groups, there
was a significant difference between grade 1 DD group and
normal DF group. Although there was no statistical difference
between grade 1 DD and grade 2 DD groups and also betwe-
en grade 2 DD and normal DF groups, there were lower HRR1
values in the grade 2 DD patients than the Normal DF pati-
ents (Normal DF, grade 1 and grade 2 values were 36,6+9,7
25,1+11,1 and 29,0+10,2 respectively p:0, 003). HRR2 values
among all groups were not different statistically (Table 2 and
Figure 1).
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In the correlation analysis between HRR1 values and age, BMI
and E/Em values, the only significant difference was between
age and HRR1 values (r:-0, 384, p:0, 005) (Table 3).

Table 3 Correlation Coefficient and p Values Between HRR1 Values
with Age, Body Mass Index and E/E’ Values

Correlation Coefficient p-value
Age -0,384 0,005
Body Mass Index -0,153 0,282
EIE’ -0,183 0,200

The significant lower values of HRR1 in the grade 1 DD group
comparing to Normal DF group was corrected with regression
analysis according to the demographic criteria. HRR1 values
were still statistically lower suggesting that there is an inde-
pendent relationship between diastolic dysfunction and mean
HRR1 values (Table 4).

Table 4 After Correction Using Linear Regression Analysis for Age, HT,
DM, Smoking History and BMI, the Affect of Grade 1 and Grade 2 DD
over HRR1 Values Comparing to Normal DF
) %95 Confidence
Regression Interval
Coefficient p-value
Lower Upper
Limit Limit
Grade 1 -12,921 0,021 -23,826 -2,016
Grade 2 -6,706 0,166 -16,306 2,894
AGE 0,010 0,954 -0,327 0,346
HT -2,063 0,596 -9,854 5,727
DM -2,485 0,580 -11,469 6,498
SMOKER -4,569 0,134 -10,608 1,470
BMI 0,851 0,189 -0,436 2,138
DISCUSSION

The degenerated autonomic control of heart rate in individu-
als with primarily systolic dysfunction was well documented in
previous studies'>'*. The primary mechanism for this degene-
ration in patients with systolic dysfunction was suggested as
decreased vagal activity’>'>. Phan et al.’® has documented that
heart rate recovery index (HRRI) of patients with heart failure
with preserved ejection fraction is statistically lower than the
control group in a previous study.
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Previous studies has already documented that both in heart
failure patients with and without systolic dysfunction, HRRI is
abnormal and this finding is a sign of degenerated autono-
mic tone, especially vagal activity. In this study, the HRRI at
the 1st minute for the patients with asymptomatic left vent-
ricular diastolic dysfunction were significantly lower than the
healthy control group. This finding might be explained as the
deterioration of vagal activity starts even before the beginning
of heart failure symptoms in patients with left ventricular di-
astolic dysfunction. The clinical significance of this finding is
unknown on the other hand.

This significantly impaired HRR1 values in grade 1 diastolic
dysfunction patients might let us create a hypothesis that
worsening diastolic dysfunction is going to lead more impa-
irment of HRR1 values, but although HRR1 values of grade 2
DD patients tends to be lower, it is not significant in statistical
analysis. This might be explained with the lesser number of
patients in the grade 2 DD group and we still think that with
larger number of patients, one might find the same significant
difference of HRR1 values as in grade 1 DD patients compa-
ring to control group.

Since diabetes is a well known disease which affects the auto-
nomic nerves and causes autonomic dysfunction, one might
predict that, in demographic subgroup analysis of this study
diabetic patients would have significantly lower HRR1 values
comparing to non diabetics. But we were not able to docu-
ment such finding and this again, might be explained with the
relatively small number of patients with diabetes in the whole
patient population (e.g. 7 patient, 13% of all patients).

Considering the whole study population, the number of in-
dividuals with history of smoking, diabetes and hypertensi-
on were significantly higher in the total diastolic dysfunction
group than the controls as expected. The mean BMI values
of patients were significantly higher in patients with diasto-
lic dysfunction and this relationship of obesity and diastolic
dysfunction is described in a previous study’.

Analyze of the relationship between HRR1 values and all of
the demographic subgroups, only age have shown a signi-
ficant negative correlation with HRR1 values. This might be
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interpreted, as aging is a destructive process on autonomic
functions independent of all other systemic diseases, which
has destructive effects on autonomic nervous system. But we
need more studies with larger number of patients to reach at
such conclusion.

In the previous study Cole et al. has published, they have set
up a threshold value for the HRRI, so the patients with the
values under this threshold was considered abnormal dividing
the study population into two groups. The subgroup with ab-
normal HRR values had statistically larger number of patients
with hypertension and diabetes. Since we haven’t set up such
a threshold analyzing this kind of a relationship is impossible.
But the presence of diabetes, hypertension and smoking his-
tory doesn’t have a significant correlation with HRR1 values
in this study. This lack of correlation might be explained with
small patient population again. On the other hand in a pre-
viously published study Phan et al.’® has divided their control
group into two groups as hypertensives and normotensives
and compared two groups in terms of HRR values. These two
groups didn’t have a significant difference either. We think
that there is a need for specifically designed studies about this
matter to reach more definitive conclusions.

The correlation of higher mortality with lower HRR values has
been well documented by Cole et al.’® In a study by Halley CM
et al.19 it has been documented that the mortality rates of
medium and severe diastolic dysfunction patients were signi-
ficantly higher than normal patients, independent of all other
risk factors in a retrospective single center study. Combining
the data we provided with these studies, we think there might
be a higher mortality risk with disrupted vagal activity especi-
ally in asymptomatic grade 1 DD patient group comparing to
normal individuals.

CONCLUSION

Asymptomatic grade 1 DD patients has significantly lower
HRR1 values than the patients with normal diastolic function
which reflects an autonomic function deterioration.

This difference is independent from age, presence of diabetes
and hypertension, smoking history and BMI values.
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LIMITATIONS

The number of patients for each group was very low to reach
a more definitive conclusion for the results of the study. Espe-
cially lack of enough patient number in the grade 2 DD group
might have affected the statistics. Larger number of patients
for each group is needed to reach more definite conclusions.
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