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Correlation of Heart Rate Variability and 
Inflammatory Markers in Patients with 
Depression: A Cross-sectional Study

Introduction
Depression has been found to be associated with cardiovascular 
morbidity and mortality [1]. Autonomic deregulation, and 
inflammatory processes, associated with depression have been 
suggested as one amongst the possible mechanisms [2]. 

Evidences from several prior studies have shown that vagal activity 
regulates the inflammatory responses [3,4]. Heart Rate Variability (HRV) 
measures such as High Frequency (HF), Standard Deviation of all R-R 
interval (SDNN) and Root Mean Square of Successive differences 
(RMSSD) being mainly modulated by parasympathetic activity were 
found to be inversely related to levels of inflammatory biomarkers in 
many study findings [4,5]. A cholinergic anti-inflammatory pathway 
has been proposed in which it is said that stimulation of vagal 
efferent, which denotes parasympathetic component of autonomic 
nervous system, significantly inhibits proinflammatory cytokines 
levels, thereby reducing systemic inflammation [3].

The mechanism of cholinergic anti-inflammatory pathway 
involves vagus nerve signals leading to acetylcholine-dependent 
interaction with the alpha 7 nicotinic acetylcholine receptor 
subunit (α7nAChR) on monocytes and macrophages, resulting 
in reduced cytokine production, While the sympathetic system 
has both pro and anti-inflammatory influences [6]. The HRV has 
been accepted as a non invasive measure of autonomic nervous 
system activity. Higher HRV especially the measures which reflect 
parasympathetic or vagal activity have found to be associated 
with decreased levels of inflammation, while reduced HRV 
reflects excessive cardiac sympathetic modulation, inadequate 

cardiac parasympathetic modulation or both of heart rate with 
raised inflammation [7,8].

Alteration of the sympathovagal balance could lead to activation of 
the proinflammatory pathway, resulting in a proinflammatory state [8]. 
Recently, a meta-analysis showed negative associations between 
HRV measures and inflammation biomarkers [9]. However, a study 
reported a positive association between HRV measures and markers 
of inflammation [8]. Also most of the studies carried out till date to study 
the correlation between HRV measures and Inflammation have been 
conducted on patients of depression with co-morbidity or in different 
clinical scenarios [10,11]. Hence,  the present study aimed to explore the 
relationship between different measures of HRV and IL-6, hsCRP levels  
in depressive patients without any co-morbid diseases. Additionally, the 
role and influence of severity of depression, in affecting the relationship 
between HRV and inflammatory biomarkers was also evaluated.

Materials and Methods 
This cross-sectional study was conducted in Department of 
Physiology, in collaboration with the Department of Psychiatry and 
Biochemistry, Lady Hardinge Medical College, New Delhi, India, from 
November 2010 to march 2012. The Institute’s Ethics Committee 
approved the study protocol. Written informed consent was obtained 
from all the patients after informing the objectives of study.

Inclusion criteria: The drug naïve patients of either gender, 
with a diagnosis of depression by a qualified Psychiatrist as per 
International classification of diseases-10 (ICD-10) guidelines [12], 
in the age group of 20-45 years were included in the study. 
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ABSTRACT
Introduction: Depression has been found to be associated with 
cardiovascular morbidity and mortality. Autonomic dysregulation and 
inflammation have been implicated as the possible mechanisms. A 
cross-talk between the autonomic nervous system and inflammatory 
pathways has been observed in different clinical studies.

Aim: To examine the inter-relationship between Heart Rate Variability 
(HRV), a measure of autonomic function, and inflammatory 
biomarkers measured by high sensitivity C-Reactive Protein (hsCRP) 
and Interleukin-6 (IL-6) in patients with depression, without any co-
morbid conditions.

Materials and Methods: This cross-sectional study was conducted 
in Department of Physiology, in collaboration with the Department 
of Psychiatry and Biochemistry, Lady Hardinge Medical College, 
New Delhi, India, from November 2010 to March 2012. Total 30 
drug naive cases (without any co-morbid diseases) diagnosed 
with depression (mild, moderate and severe depression) as per 
International classification of diseases-10 (ICD-10) guidelines, in 
the age group of 20-45 years old were included in the study. Heart 
rate variability measures were recorded and analysed, frequency 
domain measures Low Frequency (LF), High Frequency (HF) and 

time domain measures like Standard Deviation of all NN interval 
(SDNN) and Root Mean Square of Successive differences of 
NN intervals (RMSSD). The IL-6 and hsCRP levels were also 
measured and severity of depression by Hamilton Depression 
Rating Scale (HDRS) was also assessed and correlated. Data 
was analysed using the Statistical Package for Social Sciences 
(SPSS) version 16.0. Normality of data was assessed using the 
Shapiro-Wilk test.

Results: The mean age of the cases was 30.33±6.97 years. There 
were 14 males and 16 females. There was no significant correlation 
found between the HRV measures and inflammatory biomarkers 
(LF vs hsCRP: p-value=0.781, HF vs hsCRP: p-value=0.713, SDNN 
vs hsCRP: p-value=0.262, RMSSD vs hsCRP: p-value=0.50, LF 
vs IL-6: p-value=0.477, HF vs IL-6: p-value=0.425, SDNN vs IL-6: 
p-value=0.137, RMSSD vs IL-6: p-value=0.328). Correlation of 
HDRS with HRV measures or inflammatory markers was not found 
to be significant.

Conclusion: Future studies with larger sample size and wide 
array of inflammatory biomarkers besides IL-6 and hsCRP is 
warranted. No significant correlation was observed between 
HRV and inflammatory markers in depression patients. 
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24-item version of the scale was used, which rated about symptoms 
of depression. The scale consists of 24 items, 

Rated 0 to 4 for 13 items such as depressed mood, guilt, •	
suicide, work and interests, 

Rated from 0 to 2 for 11 items like insomnia, agitation, general •	
somatic symptoms.

The first 17 items measure the severity of depressive symptoms, 
while the extra seven items are related to depression, but are not 
measures of severity [14,15]. Although the HDRS lists 24 items, the 
total scoring for correlation is obtained from first 17 items 

Eight items were rated from 0 to 4, •	

Nine items were rated from 0 to 2 •	

Iitem 16 was divided into A and B section and each were rated from 
0 to 2 and added to provide a cumulative score for the patient. A 
total score of 0 to 7 was considered to be within normal range, while 
total scores range from minimum score of 0 to a maximum possible 
score of 52 [15].

Statistical analysis
Data was analyzed using the Statistical Package for Social Sciences 
(SPSS) version 16.0. Normality of data was assessed using the 
Shapiro-Wilk test. Continuous co-variates were expressed as mean 
with standard deviation or median with interquartile range. The IL-6 
and hsCRP were expressed as Median with Interquartile Range (IQR) 
due to non normal distributions. Discrete co-variates were expressed 
as frequencies and percentages. To correlate, Spearman and Pearson 
correlations were used depending on the distribution of data. The 
p-value of <0.05 was considered significant in all the tests.

Results
The mean age of the cases was 30.33±6.97 years. The gender 
distribution among the cases group shows 14 males and 16 females. 
The distribution of other baseline socio-demographic parameters 
among cases is shown in [Table/Fig-1]. 

Exclusion criteria: Patients with any known previous or current 
systemic diseases, psychiatric illness besides depression, diabetes 
mellitus, any previous cardiovascular diseases and peripheral 
neuropathy were excluded from the study. Patients with any known 
history of substance dependence, using any medications which may 
affect autonomic functions or inflammatory marker levels, practising 
yoga were also excluded from the study. 

A convenient sample size of 30 drug naïve depression patients 
as diagnosed by ICD-10 guidelines [12] visiting Department of 
Psychiatry, Lady Hardinge Medical College were recruited into the 
study after satisfying inclusion and exclusion criteria.

Procedure
As per the ICD-10 classification of mental and behavioural disorders 
[12], out of 30 depression patients:

Mild Depression: n=8•	

Moderate depression: n=16•	

Severe depression- n=6•	

In depressive episodes of all three varieties (mild, moderate and 
severe), the individual usually suffers from depressed mood, loss 
of interest and reduced energy leading to increased fatigability and 
diminished activity. Other common symptoms includes, reduced 
concentration and attention, reduced self-esteem, ideas of guilt, 
ideas, or acts of self-harm or suicide, disturbed sleep and diminished 
appetite and unworthiness bleak and pessimistic views of future [12]. 
All of the basic socio-demographic details were collected by using 
a semi-structured proforma. Body mass index was also computed 
as body weight in kilogram (kg) divided by square of standing height 
in meters [13].

Heart Rate Variability (HRV): A 2 hour fasting was ensured prior 
to testing and patients were instructed to abstain from caffeine (tea 
or coffee) or nicotine for at least 24 hours before the recording. The 
Blood Pressures (BP), was recorded for each subject after 10-15 
min of rest. The patients were asked to lie down supine during the 
recordings, and were awake and relaxed. A 5 minutes segment 
basal recording of continuous Electrocardiogram (ECG) in standard 
test conditions was obtained. The HRV was recorded by Autonomic 
Neuropathy analyzer supplied by Recorders and Medicare System, 
Chandigarh, India. The data was stored in a computer and analysed 
using a computer programme developed by RD Recorders and 
Medicare system, Chandigarh, India to obtain [7]:

Time domain parameters•	

	 a) Standard deviation of all R-R intervals (SDNN) 

	 b) Root Mean Square of Successive Differences (RMSSD

Frequency domain parameters•	

	 a) Low Frequency (LF) in normalized unit 

	 b) High Frequency (HF) in normalized unit

The HRV recording and interpretation of data were done as described 
by the guidelines of Task Force of European Society of Cardiology and 
the Northern American Society of Pacing Electrophysiology (1996) [7].

Inflammatory biomarkers: A 3 mL of fasting blood was drawn from 
the same patients and were collected between 9.00 am and 12.00 
noon for assessing the baseline levels of IL-6 and hsCRP. Serum 
samples obtained were immediately stored in aliquots at -70°C 
until the time of analysis. Inflammatory markers were assayed using 
Enzyme Linked Immuno-Sorbent Assay (ELISA).

Serum IL-6 levels were estimated using ELISA kit supplied by •	
Diaclone research (France), sensitivity was less than 2 pg/mL.

High sensitivity C-reactive Protein (hsCRP) levels were •	
determined by ELISA kit supplied by Calbiotech, Inc., sensitivity 
of ELISA kit was 0.01 mg/L.

Hamilton Depression Rating Scale (HDRS): This is the most 
widely used clinician-administered rating scale for depression. The 

Variables Mean (SD)/Median (IQR) or frequency (%)

Age (years) 30.33±6.97

Gender 

Male  14 (46.7)

Female 16 (53.3)

Body mass index (kg/m2) 22.74±1.75

Heart rate (bpm) 77.63±10.5 

Systolic blood pressure (mmHg) 110.50±8.5

Diastolic blood pressure (mmHg) 69.20±7.5

Hamilton depression rating scale score 21.23±4.14

Diagnosis#

Mild depression 8 (26.7)

Moderate depression 16 (53.3)

Severe depression 6 (20)

Inflammatory biomarker

IL-6 (pg/ml)  2.6 (1-6.68)

hsCRP (mg/l) 2.2 (1.94-2.34)

Heart rate variability

LF (nu) 76.13±2.98

HF (nu) 24.09±3.14

SDNN (ms) 58.70±35

RMSSD (ms) 35.40±15.4

[Table/Fig-1]:	 Baseline demographic and clinical characteristics of depression 
patients.
SD: Standard deviation; IQR: Interquartile range; IL-6: Interleukin-6; hsCRP: high sensitivity  
C-reactive protein; LF (nu): Low frequency in normalized unit; HF (nu): High frequency in 
normalized unit; SDNN: Standard deviation of all R-R intervals; RMSSD: root mean square 
successive difference; #: ICD-10 Classification of mental and behavioural disorders
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Although SDNN and RMSSD, which reflect parasympathetic 
vagal activity, showed a negative correlation (SDNN vs IL-6: 
r-value=-0.278, p-value=0.137; RMSSD vs IL-6: r-value=-0.185, 
p-value=0.328, SDNN vs hsCRP: r-value=-0.211, p-value=0.262; 
RMSSD vs hsCRP: r-value=-0.128, p-value=0.50) with IL-6 
and hsCRP levels, but were not statistically significant. The HF-
HRV showed a positive correlation (HF vs IL-6: r-value=0.151, 
p-value=0.425; HF vs hsCRP: r-value=0.070, p-value=0.713) with 
inflammatory markers and was not significant [Table/Fig-2].

in regulation of inflammation and experimental studies suggest 
that inflammatory pathways are under direct control of vagus 
nerve via cholinergic anti-inflammatory pathway [3,16]. In a meta-
analysis study, results showed negative associations between HRV 
measures and biomarkers of inflammation such as IL-6, C-reactive 
protein amongst others [9]. 

The SDNN and power in the high frequency band of HRV 
(HF-HRV), both reflecting parasympathetic activity, showed 
the strongest negative correlation with inflammatory markers 
compared to other time domain and frequency domain measures 
of HRV. The HF-HRV as another index of cardiac vagal regulation, 
was also found to be inversely related to inflammatory markers 
[9]. But in present study HF (nu) which signify parasympathetic 
influences was not found to be negatively correlated with any 
of the inflammatory markers. Additionally in the present study, 
the HRV measures SDNN and RMSSD, which also reflect 
parasympathetic activity were found to be negatively or inversely 
correlated to IL-6 and hsCRP levels, in accordance with what 
prior studies have suggested [4,5], but it was not significant.

Carney MR et al., reported in depressed patients with coronary heart 
disease, IL-6 levels was negatively correlated with one measure of 
HRV (total power), and was marginally related to VLF and LF power, 
while CRP was not significantly related to any measure of HRV [17]. 
A study done by Alen NV et al., found a robust inverse association 
of HF-HRV with interleukin-6 (IL-6), C-reactive protein (CRP), 
similar inverse associations were observed between LF-HRV and 
IL-6 and CRP [18]. Furthermore, Cooper TM et al., found that HF-
HRV and LF-HRV were significantly and inversely related to several 
inflammatory markers, LF-HRV was found to be inversely associated 
with CRP and IL-6, while HF-HRV was inversely associated with 
CRP [19]. However, in present study findings LF-HRV also showed 
similar negative correlation with IL-6 and hsCRP levels but was 
not significant, while HF-HRV on contrary showed nonsignificant 
positive correlation with IL-6 and hsCRP levels.

In a study by Aeschbacher S et al., which was conducted in 
young and healthy adults showed relationship between SDNN 
and hsCRP was significant and negatively associated, suggesting 
interrelationship between inflammatory pathways and the ANS [4]. 
Frasure-smith N et al., found all HRV measures were negatively 
and significantly associated with inflammatory markers (IL-6, CRP), 
and relationship between HRV measures and CRP were stronger 
in patients with elevated depression symptoms Beck Depression 
Inventory-II (BDI-II) ≥14 in coronary heart disease patients [20]. 
Evidences from previous studies are consistent with the cholinergic 
anti-inflammatory pathway and suggest the parasympathetic 
modulation of inflammation through the vagus nerve [10,11,21]. 
However, in present study, no difference in correlation between HRV 
measures and IL-6, hsCRP levels was observed with increasing 
severity of depression, although SDNN and RMSSD showed 
negative correlation with IL-6 and hsCRP levels but were not 
significantly related.

Variables (N=30) LF (nu) HF (nu) SDNN (ms) RMSSD (ms)

hsCRP (mg/l)
r=-0.053 r=0.070 r=-0.211 r=-0.128

p=0.781 p=0.713 p=0.262 p=0.500

IL-6 (pg/ml)
r=-0.135 r=0.151 r=-0.278 r=-0.185

p=0.477 p=0.425 p=0.137 p=0.328

[Table/Fig-2]:	 Spearman correlations between heart rate variability and inflamma-
tory markers in patients with depression. 
Spearman correlations, *p-value <0.05 was considered as significant

Variable 
(N=30) LF (nu) HF (nu) SDNN RMSSD  

hsCRP 
(mg/L)

IL-6 
(pg/ml)   

HDRS 
scores

r=0.195† r=-0.220† r=-0.155† r=-0.267† r=0.116‡ r=0.082‡

p=0.303 p=0.243 p=0.412 p=0.154 p=0.540 p=0.665

[Table/Fig-3]:	 Correlation coefficients between heart rate variability measures, 
inflammatory markers with HDRS scores in patients with depression. 
†Pearson correlations, ‡Spearman correlations, *p-value <0.05 was considered as significant

Variables

Interleukin-6 (pg/mL)

Mild depression 
(n=8)

Moderate depression 
(n=16)

Severe depression 
(n=6)

LF (nu)
r=-0.070 r=-0.241 r=0.319

p=0.866 p=0.368 p=0.538

HF (nu)
r=0.071 r=0.299 r=-0.319

p=0.87 p=0.261 p=0.538

SDNN
r=-0.238 r=-0.272 r=0.348

p=0.570 p=0.308 p=0.499

RMSSD
r=-0.024 r=0.041 r=0.145

p=0.955 p=0.879 p=0.784 

[Table/Fig-4]:	 Spearman correlations between heart rate variability measures and 
IL-6 (pg/ml) levels in patients with mild, moderate and severe depression.
*p-value <0.05 was considered as significant

Variables

hsCRP (mg/L)

Mild depression 
(n=8)

Moderate depression 
(n=16)

Severe depression 
(n=6)

LF (nu) r=-0.144 r=-0.186 r=0.406

p=0.734 p=0.491 p=0.425

HF (nu) r=0.143 r=0.196 r=-0.40

p=0.730 p=0.467 p=0.420

SDNN r=-0.192 r=-0.150 r=0.667

p=0.649 p=0.579 p=0.148

RMSSD r=-0.012 r=0.004 r=0.493

p=0.978 p=0.987 p=0.321 

[Table/Fig-5]:	 Spearman correlations between heart rate variability measures and 
hsCRP (mg/L) levels in patients with mild, moderate and severe depression.
*p-value <0.05 was considered as significant

No significant correlation was observed between HDRS scores, 
which assess the severity of depression with HRV measures, 
although HDRS scores were negatively correlated with HF (nu), 
SDNN and RMSSD (HDRS vs HF: r-value=-0.220, p-value=0.243; 
HDRS vs SDNN: r-value=-0.155, p-value=0.412; HDRS vs RMSSD: 
r-value=-0.267, p-value=-0.154) signifying reduced parasympathetic 
activity with increasing HDRS scores. Additionally, HDRS scores 
and IL-6, hsCRP levels were positively correlated (HDRS vs IL-6: 
r-value=0.116, p-value=0.540; HDRS vs hsCRP: r-value=0.082, 
p-value=0.665) reflecting increased inflammatory biomarker levels 
with increasing HDRS scores, but were not significant [Table/Fig-3].

The results did not find any significant correlation between HRV 
measures and IL-6, hsCRP with respect to mild, moderate and 
severe depression, when compared [Table/Fig-4,5]. This shows 
that severity of depression does not influences or strengthen the 
correlation between HRV measures and IL-6, hsCRP levels in 
present study, although it might be attributed to small sample size.

Discussion
The study was done to check the correlation between HRV measures 
and inflammatory biomarkers in patients with depression. The 
present study did not find any correlation between HRV measures 
namely LF (nu), HF (nu), SDNN, RMSSD and hsCRP, IL-6 levels. 
Recent evidences suggest role of parasympathetic nervous system 
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As there are only few studies done to investigate the relationship 
between HRV measures and inflammatory markers in depression 
patients, the present study adds to the growing literature which 
have investigated the relationship [17,20]. The cholinergic 
anti-inflammatory pathway could be an important mechanism 
associated with comorbidity of depression and cardiovascular 
disease [22,23]. Additionally, the bidirectional relationship between 
the parasympathetic nervous system and the inflammation could 
provide a novel insight regarding clinical interventions targeting 
regulation of both for inflammatory illnesses [24]. Identifying the role 
of the vagus nerve may aid clinically in the development of new 
therapies for inflammatory diseases and thus suggest its importance 
in clinical applications [25].

Limitation(s) 
There are some limitations in the present study, one is small sample 
size which might was not sufficient to detect significant correlation 
between HRV measures and IL-6, hsCRP levels as suggested by 
prior studies. The cross-sectional nature of study limits us to draw 
any inference about the direction and strength of any possible 
bidirectional relationship exist between HRV and inflammation. 

CONCLUSION(S)
Thus, it can be concluded from the study findings, that no 
correlation was observed in between HRV measures and 
inflammatory markers (IL-6, hsCRP). There was no significant 
correlation found between HRV and IL-6, hsCRP, with respect to 
severity of depression. As there are only few previous studies done 
in depression patients to study the cross-sectional relationship 
between autonomic nervous system and inflammatory pathways, 
and how severity of depression influences the relationship 
between HRV and inflammation. Therefore, further future 
research is warranted with a larger sample size and wide array 
of inflammatory biomarkers besides IL-6, hsCRP could also be 
included in future studies. The longitudinal studies are required 
to be done to evaluate the directionality of relationship between 
HRV and inflammatory markers. 
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