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Abstract 

Background:  Dynamic changes of heart rate are 

considered as markers for autonomic nervous system 

(ANS) balance and potentially mood. Objective markers 

of mood are especially of interest when monitoring 

mental health conditions such as bipolar disorder (BD) 

and borderline personality disorder (BPD). 
Methods: Ambulatory ECG recordings, actigraphy and 

mood recordings were collected from 13 BD, 10 BPD and 

15 healthy participants. A total of 246 5-minute segments 

of ECG with a corresponding mood entry and actigraphy 

recording were collected. Heart rate variability (HRV) 

measures were calculated for each segment. 
Results: Significant effects were found for changes in 

positive mood on changes in HRV for BD participants 

(R2=0.076, p=0.009) for mean R-R interval (mRR) and 

(R2=0.061, p=0.026) for high frequency (HF) frequency 

power. Similar effects were found for BPD participants 

for negative mood on mRR (R2=0.126, p=0.014) and on 

negative mood and HF (R2=0.81, p=0.049).  
Conclusions: Objective measures, such as HRV, which 

are shown to be linked to changes in mood could allow 

better understanding of the relationship between mood 

and cardiovascular behaviour in mental health disorders. 

In the future, such metrics could help management of 

these conditions through adjustments in treatments. 
 

1. Introduction 

Mental health disorders such as bipolar disorder (BD) 

and borderline personality disorder (BPD) are associated 

with variable mood [1] and with dysregulation of the 

autonomic nervous system (ANS) through differing levels 

of vagal tone [2,3]. Fluctuations in heart rate (HR) are 

due to complex non-linear interactions between the brain 

and heart, thus heart rate variability (HRV) measures can 

be used to quantify ANS activity [4]. A reduction in HRV 

can indicate problems with self-regulation, stress or other 

pathologies, whereas as increased variability is 

considered healthy [5]. 
A wide range of studies have been carried out which 

investigate HRV metrics in BD patients, with the majority 

performed under controlled environments in a short space 

of time [6]. Meta-analyses and reviews of the literature 

conclude HRV is reduced in BD and there is 

dysregulation of the ANS [7]. There are far fewer studies 

which measure HRV in BPD, however results indicate 

HRV is reduced in a similar manner [8]. These studies all 

show global differences in HRV but do not show how 

HRV changes in mental health disorders under different 

conditions or emotional states. 
Associations between HRV measures and moods have 

been investigated in various controlled environments. A 

study on healthy participants measured resting HRV and 

retrospective questionnaires found a negative relationship 

between high frequency (HF) power and perceived stress 

[9]. Another study measured resting HRV metrics and 

questionnaires on affect and found a similar relationship 

between HF power and negative affect [10]. A summary 

of the literature on ANS activity in emotion reports 

increased HR, HF power and reduced low frequency (LF) 

to HF ratio (LF:HF) with increased anxiety, as well as 

increased HR with increased sadness across varying 

participant groups [11]. It is also reported that increased 

HR, reduced HF power and no change in LF power is 

associated with increased happiness. However, there is 

large variation in the methods and the reported results in 

these studies, with varying mood and stimulated emotion 

showing varying associations between HRV and emotion. 

Moreover, although these studies indicate HRV is altered 

in these patient groups, they do not show how HRV 

behaves during natural mood changes during daily life. 
In order to evaluate more natural links between HRV 

and mood, ambulatory recordings of HRV during daily 

life along with regular moods reports are required. A 

study [12] investigated two to three days of ECG 

recordings from healthy subjects and mood 

questionnaires collected every hour, with correlations 
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found between HRV and mood in daily life. Positive 

correlations were found between changes in HR and 

changes in vigour, whereas negative correlations were 

found between changes in the root mean of successive 

differences of R-R intervals and vigour and changes in 

HF power and vigour. 
Here, we show how HRV measures change with mood 

over short time periods when recorded in daily life and 

how these changes differ between BD participants, BPD 

participants and healthy controls. Such continuous 

information would be valuable to monitor BD and BPD 

patients and adjust treatment to avoid patients entering 

negative mood states. 
 

2. Methods 

2.1. Data collection  

The data was collected as part of the Automated 

Monitoring of Symptom Severity (AMoSS) study at the 

University of Oxford. The study was approved by the 

NRES Committee East of England – Norfolk 

(13/EE/0288). Further description of the study can be 

found in previous works [13–15]. 
Participants wore a mobile ECG (Shimmer Sensing) 

device, recording at 256Hz and an actigraphy 

accelerometer (Proteus) on their torso between 12 and 72 

hours.  They were prompted to self-evaluate six moods 

(Anxious, Elated, Sad, Angry, Energetic and Irritable) 

through a mobile phone app on a seven point Likert scale 

ten times evenly spaced throughout each day. 
Data was collected from 13 BD participants, 10 BPD 

and 15 healthy controls. The demographics of the groups 

were similar, with a mean age of 38.18±11.80years and a 

mean BMI of 26.51±4.92kg/m2. However there were 

differences between genders, with 5/8 male/female BD 

participants, 1/9 for BPD participants and 4/11 for healthy 

controls. In order to determine how HRV changes with 

mood, it is important to remove activity levels as a 

confounding factor. Based on [12], in this study all ECG 

segments with the corresponding acceleration data having 

a mean value over 30mG on the preceding 10 minutes 

were excluded from the analysis. 
A total of 246 five minute valid segments of ECG with 

corresponding actigraphy and a mood entry were 

collected from these participants. 
 

2.2. Heart rate variability calculation 

For each recording, QRS peaks were detected using 

traditional widely available algorithms. Visual inspection 

and manual correction were performed to avoid 

misclassifications. Well known HRV measures were 

calculated from the R-R interval series, with time domain 

and frequency domain measures shown in Table 1. 

 
Table 1. HRV measures calculated and their physiological 

interpretations. 

Measure  Interpretation 

Mean R-R interval mRR Heart rate 

Standard deviation of 

R-R intervals 

SDNN Variability 

Root mean squared 

of successive 

differences 

RMSSD Variability 

High frequency 

(0.15-0.4Hz) power 

HF Parasympathetic 

activity 

Low frequency 

(0.04-0.15Hz) power 

LF ANS activity 

Low to high 

frequency ratio 

LF:HF Sympathovagal 

balance 

 

2.3. Mood analysis 

As self-reported absolute values for mood ratings are 

inherently subjective, differences between consecutive 

mood reports were used. As in [12], HRV measures were 

normalised by participant, the minimum value of each 

participant was subtracted from the rest of their measures 

before being divided by the range of their HRV measures. 

The time difference between successive recordings of 

HRV and mood varies greatly, especially across a night. 

To standardise the time differences, changes in mood and 

HRV were only calculated when the recordings were 

between one and three hours apart. 
The first three principal components of the mood 

entries, negative, positive and irritable mood, were used 

in the analysis [14]. 
In order to account for inter-subject variability, a linear 

mixed effects model was used to calculate R2 values and 

corresponding p-values between each pair of mood 

changes (negative, positive and irritable) and the changes 

in HRV measures in Table 1.This accounts for variation 

in gradient and intercept with the effect of mood in 

individual participants. 
 

3. Results 

In Figure 1, the effects of HRV and positive mood 

changes are depicted. Figure 1 (a), (d) and (g) show the 

statistically significant relationships found in BD 

participants between changes in positive mood and mRR, 

HF power and LF:HF respectively. Figure 1 (c) shows the 

statistically significant relationship between changes in 

positive mood and change in mRR in healthy controls.  

In BPD participants, effects were found for changes in 

negative mood, depicted in Figure 2. The relationship 

between changes in negative mood and changes in mRR 

and HF power can be seen in Figure 2 (b) and (e). 
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4. Discussion 

HRV was linked to changes in mood in BD and BPD 

participants during daily life, with elimination of 

confounding factors such as activity and inter-patient 

variability. Similar results were described in the literature 

[9–11] with associations found between both HR and 

parasympathetic activity compared to positive and 

negative moods. 
The significant effects found for BD participants were 

associated with positive mood. The negative relationship 

with mRR suggests HR increases as positive mood 

increases, with changes in mood explaining 7.6% of the 

variance. The negative trend with HF power suggests 

there is a reduction in parasympathetic activity with 

increasing positive mood. Changes in positive mood can 

also explain 12.1% of the variance in change in LF:HF 

power in BD. The only significant relationship found in 

healthy controls was also changes in positive mood on 

changes in mRR. These results agree with the literature 

[11] which reported increased HR, reduced HF power and 

unchanged LF power (thus increased LF:HF ratio) with 

an increase in happiness.  Negative mood in BPD 

participants had a significant impact on mRR, suggesting 

HR increases as moods become more negative. The HF 

power, thus parasympathetic activity, decreases with 

irritable mood and the LF:HF ratio increases as irritable 

mood increases.  
The limitations of this study include medication of 

participants not being taken into account which could 

have effects on HRV. In addition, there are many external 

influences such as food, drink and smoking which also 

affect HRV measures, this may explain the low R2 values 

as variance in HRV is likely to be affected by these other 

factors. The effects of circadian rhythms have not been 

corrected for as there may be some natural variation in 

HRV measures throughout the day [15]. 

 

5. Conclusion 

We have shown short term monitoring of ECG during 

daily life reveals changes in HRV can be associated with 

changes in mood, with HRV varying with positive mood 

changes in BD, whereas HRV varies with negative mood 

changes in BPD. Finding objective markers of mood 

changes in mental health disorders could allow for better 

 
Figure 1 - Statistically significant effects of mood on HRV are shown with a solid line. Significant effects were found in BD 

participants for: positive mood on mRR (R2=0.076, p=0.009) in (a), positive mood on HF power (R2=0.061, p=0.026) in (d) and 

positive mood on LF:HF (R2=0.121, p=0.004) in (g). A statistically significant effect was found for healthy control participants for 

changes in positive mood on changes in mRR (R2=0.137, p=0.007) shown in (c). 
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monitoring of mood. This could allow for adjustments in 

treatments to be made in order to help prevent transitions 

into negative states. 
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Figure 2 - Statistically significant effects of moon on HRV are shown with a solid line. Significant effects were found in BPD 

participants for: negative mood on mRR (R2=0.126, p=0.014) in (b) and negative mood on HF power (R2=0.081, p=0.049) in (e). 
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