
I. Introduction

A depressed mood can occur unexpectedly in one’s daily life, 
and repeated bouts of depression can develop into clinical 
depression. The subjective severity and frequency of depres-
sive symptoms vary from person to person and can be ex-
perienced differently. An objective measure for determining 
the severity of depression could help detect depressive symp-
toms before they develop into clinical depression.
 Many studies have attempted to identify a link between 
depression and the autonomic nervous system (ANS) mea-
sured using heart rate variability (HRV) (See [1]). HRV is a 
measure of the interval between heartbeats, and it has been 
suggested that the frequency component of HRV may re-
flect the state of one’s ANS (See [2,3]). The high-frequency 
(HF) component of HRV measures the activity of the car-
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diac branches of the vagus nerve, which is known to indi-
cate parasympathetic nerve activity. In contrast, the low-
frequency (LF) component indicates both parasympathetic 
and sympathetic nerve activity. Therefore, the LF/HF ratio 
indicates the degree of balance between the sympathetic 
and parasympathetic nervous systems. Two meta-analyses 
found that patients with depressive disorders had reduced 
LF and HF components and a higher LF/HF ratio than the 
healthy control group [4,5]. However, not all studies support 
this finding. Some studies found no differences in HRV in-
dices between patients with depressive disorder and control 
groups, and evidence of heterogeneity was found in clinical 
studies [6-10]. Most of those studies investigated HRV indi-
ces of patients with major depressive disorder and compared 
with a healthy control group or examined patients’ HRVs af-
ter a clinical diagnosis had been made [11]. However, to the 
best of our knowledge, no studies have examined whether 
HRV associates with unexpected depressive events in healthy 
people.
 Two healthy volunteers who had no symptoms of clinical 
depression participated the present study. HRV measure-
ments were taken nine times for one participant and 16 
times for the other participant across several months, during 
which time the participants reported experiencing three and 
two unanticipated events of depression, respectively. Since 
the participants were healthy and showed no prior symp-
toms of clinical depression, we were able to examine changes 
in HRV before and after the unexpected depressive event on 
an individual basis. It was hypothesized that changes in the 
participants’ LF/HF ratios would be recorded after the de-
pressive events.

II. Methods

Two women participated in the present study (Table 1). 
After resting in a seated position for more than 10 minutes, 
the participants’ HRV was measured using a computerized 

three-channel digital electrocardiography system (model 
QECG-3; Laxtha Inc., Daejeon, Korea) with bipolar limb 
leads, recording for 310 seconds with a sampling rate of 
256 Hz [12]. HRV was measured at a particular time of day, 
between 19:00 and 20:00. Participants were instructed to 
abstain from smoking, caffeinated beverages, alcohol, and 
heavy exercise for 12 hours before measurements were taken. 
The measurements were taken in a quiet laboratory room. In 
addition, the participants’ self-report ratings of mood were 
estimated using the Beck Depression Inventory II (BDI-II) 
[13] and the Beck Anxiety Inventory (BAI) [14]. The Institu-
tional Review Board of Kongju National University approved 
the present study, and informed consent was obtained from 
all participants.
 The HRV of participant 1 (P1) was measured 16 times with 
intervals of at least 1 week. The average interval between 
measurements was 3.5 weeks. During this time, the partici-
pant reported experiencing two bouts of depression caused 
by interpersonal relationship conflicts. The first incident oc-
curred before the fifth HRV measurement, and the second 
incident occurred before the sixth measurement. After the 
second incident, P1 was admitted to a psychiatric hospital 
and received on-site treatment. Medication was prescribed 
before the seventh measurement (two daily doses taken 30 
minutes after breakfast and dinner). The participant reduced 
the dosage to one daily dose since she felt better after the 
eighth measurement. The participant stopped taking the 
medication around the ninth measurement due to drowsi-
ness. The participant was then prescribed a second medica-
tion regimen to be taken after dinner, however, the medica-
tion was taken irregularly. The first medication regimen 
consisted of a combination of Newpram (escitalopram oxa-
late, 5 mg tablets; Myung In Pharm Co. Ltd., Seoul, Korea), 
Indenol (propranolol hydrochloride, 10 mg tablets; Dongk-
wang Pharm Co. Ltd., Seoul, Korea), and Alpram (0.125 mg 
tablets; Whanin Pharm Co. Ltd., Seoul, Korea). The second 
regimen consisted of Newpram (escitalopram oxalate, 10 mg 

Table 1. Characteristics of participants

Sex Age (yr) Height (cm) Weight (kg) BMI (kg/m2) SMM (kg)
Number of HRV 

measurements

P1 Female 25 164.2 54.3 20.1 19.7 16
P2 Female 23 167.3 67.3 24.0 22.4 9
P3 Female 22 157.6 41.4 16.7 17.1 13
P4 Male 25 160.0 61.4 24.0 44.8 10

During the present study, P1 and P3 did not engage in physical exercise, P2 swam regularly, and P4 played soccer weekly.
BMI: body mass index, SMM: skeletal muscle mass.
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tablets), Indenol (propranolol hydrochloride, 10 mg tablets), 
and Alpram (0.125 mg tablets). The subjects’ scores for de-
pression and anxiety measured by the BDI-II and BAI were 
assessed after the sixth HRV measurement were 18 points 
(14–19 indicates mild depression) and 14 points (8–15 indi-
cates mild anxiety), respectively.
 The HRV of participant 2 (P2) was measured nine times 
across 6 months with intervals of at least 1 week. The aver-
age interval between measurements was 2.5 weeks. The par-
ticipant reported experiencing depression three times due 
to deadlines for work assignments. The participant reported 
that these bouts of depression were temporary. The partici-
pants’ BDI-II and BAI scores were measured after the second 
measurement, during which the first depressive event was 
reported, were 4 points (0–9 indicates minimal depression) 
and 6 points (0–9 indicates normal or no anxiety), respec-
tively.
 The time and frequency domains of the HRV data were an-
alyzed, which included the standard deviation of NN inter-
vals (SDNN), the percentage of successive RR intervals that 
differed by more than 50 ms (pNN50), root mean square of 
successive differences between adjacent RR intervals (RMS-
SD), total power (TP; 0–0.4 Hz), very-low-frequency power 
(VLF; 0–0.04 Hz), low-frequency power (LF; 0.04–0.15 Hz), 
high-frequency power (HF; 0.15–0.4 Hz), and the LF/HF ra-
tio (ratio of LF to HF power).

 In addition, HRV data were obtained from two healthy 
participants (participants 3 and 4; P3 and P4 in Table 1) 
who did not report experiencing depressive event during the 
course of the study. The average measurement intervals were 
1.1 weeks for P3 and 1.2 weeks for P4, respectively.

III. Results

The changes in the LF/HF ratio for P1 are shown in Figure 
1A. The fifth and sixth measurements showed a decline in 
the LF/HF ratio, in which P1 reported experiencing depres-
sion caused by unexpected interpersonal conflicts. P1’s LF/
HF ratio remained low (average LF/HF ratio for 7–16 mea-
surements, –1.243), and did not recover to pre-depression 
levels (average LF/HF ratio for 1–4 measurements, –0.137; p 
= 0.011 two-tailed Student t-test). P1’s LF/HF ratio increased 
temporarily to 0.977 and –0.550 at the seventh and eighth 
measurements, respectively, while the participant was taking 
medication. However, the ratio decreased again to –1.563 at 
the ninth measurement after the participant stopped taking 
medication. The averages of analyzed HRV indices before 
and after the two depressive experiences are shown in Table 
2.
 The changes in the LF/HF ratio of P2 are shown in Figure 
1B. P2 reported experiencing depression caused by work-
related stress during the second, fifth, and seventh measure-
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Figure 1.   Changes in the LF/HF ratio in four participants: (A) P1, (B) P2, (C) P3, (D) P4. Black dots indicate when the participants re-
ported having experienced depression. LF: low frequency power, HF: high frequency power.
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ments, after which relatively low LF/HF ratios were observed 
(–2.074, –2.028, and –2.107, respectively). After P2 com-
pleted the work assignments, P2’s LF/HF ratios increased 
to 0.347, –1.252, and –1.384 for the third, sixth, and eighth 
measurements, respectively (p < 0.001 two-tailed Student t-
test) (see also Table 2).
 The changes in LF/HF ratios for P3 and P4, who reported 
no event of depression, are shown in Figure 1C and 1D, re-
spectively. Smaller variations in LF/HF ratios were observed 
than in P1 and P2. The standard deviations of LF/HF ratios 
across measurements were 0.642 for P1, 0.547 for P2, 0.489 
for P3, and 0.347 for P4, and the mean values of the LF/HF 
ratios were –0.962 for P1, –1.507 for P2, 0.210 for P3, and 
0.920 for P4 (Table 2).
 Exploratory analyses were performed to examine the re-
lationships between individual bouts of depression and the 
other HRV indices in addition to the LF/HF ratio. However, 
no significant patterns were observed.

IV. Discussion

The LF/HF ratio, which may indicate the balance of the 
ANS, decreased when participants reported experiencing 
depression caused by external stressors (P1 and P2), and in-
creased after the psychological stressors were resolved, either 
due to completing stressful work assignments (P2) or taking 
medicine (P1). Such changes in LF/HF ratio were observed 
repeatedly in P2, suggesting a consistent pattern of decreases 
in the LF/HF ratio corresponding to subjective experiences 
of depression. P1’s LF/HF ratio continued to decrease at the 
fifth and sixth measurements, suggesting that the two suc-
cessive interpersonal conflicts led to increases in depression 
severity. Indeed, P1 reported experiencing a severe depres-
sive mood after the second interpersonal conflict, which 
occurred before the symptoms arising from the first conflict 
were not yet resolved. Conversely, variations in the LF/HF 
ratios of P3 and P4, who did not report any depressive event, 
were small compared to those observed in P1 and P2.
 A reduced LF/HF ratio is believed to indicate that parasym-
pathetic nerve activity is more active than sympathetic nerve 
activity. Considering this context, increased parasympathetic 
nerve activity in P1 and P2 caused by bouts of depression 
in their daily lives may have led to ANS imbalances. This 
observation may contrast with previous findings, in which 
increases were observed in the LF/HF ratios of patients with 
depressive disorders [4,5]. Thus, it is plausible that the rela-
tionship between HRV and depression might differ between 
people with and without depressive disorders. Further stud-

ies with a large sample size (n = 84 in a matched-pairs design 
with an effect size of 0.4; α = 0.05; and power of 0.95) are re-
quired to examine group effect on the experience of depres-
sion and its correlation with HRV.
 The following limitations should be considered when in-
terpreting the findings of this study. First, the findings are 
based on a case study of two healthy women in their twenties 
who experienced depression during the course of the study. 
The types of depressive symptoms and their severity were 
not examined, and participants’ experience of depression 
were assessed subjectively. Therefore, the findings cannot be 
generalized to patients with depressive disorder. Second, the 
findings of this study may differ for men, younger adults, 
and older adults. The relationship between HRV and depres-
sion may be stronger for men than for women [15]. A meta-
analysis of older adults found decreases in LF, but not in HF 
[10]. This previous finding contrasted to that of a meta-anal-
ysis of younger adults showing decreases in HF, but not in 
LF [4]. Therefore, future studies should consider the roles of 
sex and age in HRV. Third, we were not able to continuously 
monitor HRV. Since one’s HRV varies over the course of the 
day, the present findings might have been affected by day-to-
night variations observed in healthy people [16]. However, 
it should be noted that HRV of P1 and P2 were measured at 
the same time of day, between 19:00 and 20:00, to reduce the 
effect of daily variations in HRV. Lastly, although LF/HF ra-
tio is known to correspond to the degree of autonomic nerve 
balance, it would help to verify the findings of this study to 
examine the associations between LF/HF ratio and various 
physical indicators such as respiration, electromyography, 
and electroencephalography.
 Despite these limitations, this study observed changes in 
HRV indices before and after the onset of subjective feelings 
of depression in healthy adults. The bouts of depression in 
healthy individuals corresponded to a decrease in one’s LF/
HF ratio. This finding suggests that LF/HF ratio may be a 
biological substrate that links abnormal physiological func-
tion to depression. LF/HF ratio may provide an early objec-
tive indicator of subjective feelings of depression in daily life 
before the development of clinical depression.
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