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Abstract: Heart rate variability (HRV) is an established indication of cardiovascular regulation and is often not only 
considered in relation to health, but also to subjective aspects of perceived affect. However, as the various HRV 
parameters are not identical but interrelated, they vary in regard to different aspects of every-day moods, stress, and 
depression. Therefore it is suggested that those HRV parameters would discriminate perceived affect. This study 
compares the relationship of HRV parameters to aspects of every-day affect. In 60 persons heart rate (HR) and HRV 
measures of time domain parameters (including pNNxx parameters), frequency domain parameters, and relative 
parameters (from twenty-four hour electrocardiography recordings) were investigated in relation to perceived stress 
(PSQ), anxiety (STAI-T), depression (BDI-II), general well-being (GWBS), and traits of every-day moods (TRIM-T). 
Results showed that HRV parameters were correlated to most subjective measures (PSQ, BDI-II, GWBS, and good mood 
and relaxation in TRIM-T). Low pNNxx parameters (pNN10 - pNN40) correlated negatively with stress and depression 
and positively with well-being, whereas high pNNxx parameters (pNN125 - pNN175), SDNN, ultralow frequency (ULF), 
and total power (TP) were in particular correlated to good mood. Furthermore, results showed that slow rhythms, in 
particular ULF, were correlated to positive affect (good mood, relaxation), but not to negative affect (stress, anxiety, 
depression). Correlations of cardiovascular activity with well-being are less pronounced, indicating that the construct of 
well being may be seen as a mixture of positive affect and low stress - and is in general less related to cardiovascular 
activity than stress and/or good mood. For relative HRV measures, in particular for log LF/HF (which is often interpreted 
as a measure of autonomic balance), no correlations with every-day affect were observed. Results further indicate that the 
time domain parameters of pNNxx (in particular pNN10 - pNN40 vs. pNN125 - pNN175) are differentially related to 
negative/positive affect, contrary to heart rate, and may therefore be considered as an objective indication of affect. 
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1. INTRODUCTION 

 Heart rate variability (HRV) denotes the variation of 
timespan from one heart beat to the next one, i.e. from R- to 
R-wave in the electrocardiogram (ECG) of “normal to 
normal beats” (therefore sometimes called NN beats). Based 
on a huge amount of evidence [1] the variations of the 
interplay of the sympathetic and parasympathetic activity of 
the autonomous nervous system (ANS), which are tightly 
linked to inhibitory pathways in the brain [2-4], are supposed 
to be underlying mechanisms of HRV. For the quantification 
of HRV, besides geometrical methods, the analysis by the 
decomposition in frequency bands (by fast Fourier 
transformation or autocorrelative algorithms) of NN intervals 
resulting in bands labeled as high frequency (HF; 0.15-0.40 
Hz), low frequency (LF; 0.04-0.15 Hz), very low frequency 
(VLF; 0.0033-0.04 Hz), ultra-low frequency (ULF; 0-0.0033 
Hz), and total power (TP) as well as measures in the time 
domain based on the NN- (but at least the RR-) time interval  
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(SDNN, RMSSD, pNN50) is common. Thus, there are 
various measures of HRV, some of them suggested to be 
related (e.g. HF with pNN50 [1, 5]), but not to be identical. 
However, there is only scarce converging evidence on the 
sensitivity of the parameters to physiological mechanisms 
and psychological constructs, except HF, for which 
converging evidence for vagal activation exists. 
 Depending on the respective model in mind and the pre-
assumptions of the researcher, specific parameters are 
commonly selected. For example, when viewing HRV as a 
general phenomenon of flexibility of the autonomic nervous 
system, SDNN and TP were found to be useful, especially 
with the supposed relationship with aspects of health [1, 6, 
7]. 
 In particular the model of distinguishing parasympathetic 
from sympathetic activity led to using HF power as an index 
of parasympathetic activity and LF power as an index of 
sympathetic activation [1]. However this approach is 
challenged by the fact that LF is associated with sympathetic 
activation as well as with parasympathetic activation. 
Therefore also the suggested measure of LF/HF as an index 
of “autonomous balance” is deteriorated [8, 9]. By measu-
ring sympathetic activation with impedance cardiography, 
Berntson et al. [10] suggested a model in which the interplay 
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of parasympathetic and sympathetic activations is not 
necessarily antagonistic but could also take place simultan-
eously in the sense of co-activation or co-deactivation. 
 A recent approach suggested to broaden the traditional 
pNN-analysis by not only taking into account the percentage 
of consecutive NN-intervals differing more than 50 ms 
(pNN50), but also taking into account other limits of the 
NN-intervals (pNNxx). That was proven to be fruitful in 
relation to health (differentiating patients with congestive 
heart failure from healthy persons [11]), neuroautonomic 
dysfunction of psychiatric disorders [12], obstructive sleep 
apnoea [13], depression [14], and physiological load induced 
by a fast increase in altitude by ascent with cable car [15]. 
 The justification to analyze pNNxx is based on the 
observation that pNN50 shows a floor effect (see upper part 
of figure 2 in Mietus et al. [11]), especially in cases of high 
HR and coincidental low HRV. The measures in the range 
from 5 - 30 ms (i.e. pNN05 - pNN30) did not show that 
effect and could therefore be more sensitive than the 
traditional pNN50 to figure out aspects in physiological 
response. Another reason to analyze pNNxx is the 
expectation that various NN-intervals of up to 200 ms would 
reflect different qualities of HRV. 
 There are numerous works on the relationship of HRV 
with health or health-related aspects like physical fitness or 
effects of stress and life events. However, there are only very 
few investigations on subjective experience of affect in 
relation to HRV, and these are most often limited to a single 
construct (e.g. depression [14]). In this study the differing 
relationship of various HRV measures to stress, anxiety, 
depression, well-being, and every-day moods was 
investigated. It was expected that different HRV parameters, 
in particular those of the pNNxx family, reflect different 
aspects of subjective experience of affects in every-day life. 

2. METHOD 

2.1. Subjects 

 Sixty-six persons of European origin participated in the 
study unpaid and voluntarily. However, due to recording 
problems, HR from only 60 persons (aged 18 - 52, M = 26.8, 
SD = 6.24; 18 females) could be analyzed. Test persons had 
a body mass index from 18.4 to 29.0 (M = 22.83, SD = 
2.64), only healthy persons were included. The test persons 
consisted of 23 university students, 25 employees, 7 self-
employed persons, 4 high-school students, and 1 person 
seeking work. Twenty-three of the test persons had a 
university degree, 31 test persons had an academic high 
school diploma with at least 12 years of schooling, and 5 
persons had had 9 years of schooling as their highest level of 
education. Twenty-seven of the test persons were single, 33 
had a steady relationship. Thirty-four of the test persons 
reported to have carried out physical training on the days of 
the 24-hour recordings. 

2.2. Design 

 The study followed a one shot design by correlating HR 
and traditional HRV parameters (SDNN, RMSSD, pNN50, 
ULF, VLF, LF, HF, TP, log LF/HF, ULF%, VLF%, LF%, 

HF%) as well as pNNxx-parameters (pNN05 - pNN200) 
from 24-hour ECG recordings with subjective experience by 
ratings on perceived stress (PSQ), anxiety (STAI-T), 
depression (BDI-II), well-being (GWBS) and trait moods 
(TRIM-T). 

2.3. Self-Assessment Instruments 

 PSQ. The revised Perceived Stress Questionnaire [16] 
assesses perceived stress during the past two weeks in adults 
with 20 items on a four-point Likert type scale ranging from 
1 (almost never) to 4 (usually). It measures four aspects of 
stress (worries, tension, demands, and [-]joy), resulting in a 
general perceived stress dimension. A Cronbach’s alpha of 
0.92 for healthy adults was reported for this instrument [16]. 
 STAI-T. The Trait Anxiety Inventory [17] assesses trait 
anxiety with 20 items each on a four-point Likert type scale 
ranging from 1 (almost never) to 4 (almost always). For this 
instrument an average internal consistency of Cronbach’s 
alpha of 0.89 was reported [18]. 
 BDI-II. The revised Beck Depression Inventory [19] 
assesses the intensity of depression during the past two 
weeks with 21 items. Each of the items consists of four 
statements about a symptom of depression, the statements 
being arranged in increasing severity. For this questionnaire 
a Cronbach’s alpha of 0.89 was reported for a non-clinical 
sample [20]. 
 GWBS. The General Well-Being Schedule [21] assesses 
general well-being during the past month with 14 items rated 
on a labeled 6-point Likert scale type ranging from 0 (most 
negative option) to 5 (most positive option) and 4 items on 
an 11-point scale with the endpoints 0 (most negative option) 
to 10 (most positive option). A Cronbach’s alpha of 0.91was 
found for this schedule [22]. 
 TRIM-T. Trimmel’s Index of Trait Moods is based on 
the circumplex model of affect [23] with the axes degree-of-
arousal and pleasure (see Fig. 1). The author developed a 16-
item German questionnaire, the TRIM-T (Appendix A). 
Subjects are asked to rate every-day moods on a 5-point 
Likert scale ranging from 1 to 5 with the labels “never (nie) - 
rarely (selten) - sometimes (gelegentlich) - often (oft) - 
always (immer)” following the introductory sentence “In 
general, I am … (Im Allgemeinen bin ich …)”. A prior factor 
analysis of data from a large data set suggested four 
dimensions. First, “energy” (Energie) with the items fresh 
(frisch), energized (energiegeladen), [-]tired (müde), [-
]sleepy (schläfrig), second “good mood” (Gute Stimmung) 
with the items good mood (guter Stimmung), cheerful 
(heiter), [-]depressed (deprimiert), [-]downhearted 
(niedergeschlagen), third “motivation” (Motivation) with the 
items willing to show effort (anstrengungsbereit), willing to 
perform (leistungsmotiviert), [-]bored (gelangweilt), [-
]indifferent (gleichgültig), and fourth “relaxation” 
(Entspannung) with the items relaxed (entspannt), calm 
(gelassen), [-]nervous (nervös), [-]restless (unruhig). 
Cronbach’s alpha in the present study revealed acceptable to 
good consistencies: “energy” α = 0.73, “good mood” α = 
0.75, “motivation” α = 0.68, “relaxation” α = 0.79). Whereas 
the dimensions energy (from energized to tired/sleepy) and 
good mood (from good mood to bad mood) are directly 
related to Russell [23], the dimensions motivation (from 
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motivated to bored) and relaxation (from relaxed to anxious) 
differ from Russell’s model [23], as the moods investigated 
in the TRIM-T seem to be more realistic and essential in 
assessing every-day moods in private and in business 
contexts. 

 
Fig. (1). Structure and dimensions of Trimmel’s index of moods. 

2.4. Physiological Recording and Analysis 

 Electrocardiography was gained by a modified Lead II 
configuration and analyzed by the program Medilog Darwin 
(http://schiller.at). After visual inspection of the signal, 24-
hour HR and HRV parameters (time-domain, frequency 
domain, and relative scores as log LF/HF and percentages of 
the total power in the frequency domain as HF% etc.) from 
NN-intervals (at least 5 consecutive valid and recognized as 
normal PQRST waves) were computed. For the parameters 
of the pNNxx-family, besides intervals of >50 ms (pNN50) 
also intervals of greater than 5, 10, 20, 25, 30, 40, 60, 70, 75, 
80, 90, 100, 125, 150, 175, and 200 ms were considered for 
the measures pNN05 - pNN200. 

2.5. Procedure 

 German speaking test persons were fitted with 
ambulatory ECG recording devices (Medilog AR12 Holter 
ECG recorders from Schiller-Engineering, Graz, Austria, 
http://schiller.at) in the afternoon to take recordings of at 
least 24 hours. Then they filled in the questionnaires 
(German versions) and were asked to come back on the next 
day to return the devices. 

2.6. Statistical Analysis 

 Statistical analysis and the testing of the respective 
assumptions were performed with the program IBM SPSS 
Statistics 22. 

3. RESULTS 

 Descriptive statistics (mean and SD) of investigated 
variables as well as correlation coefficients of HR and HRV 
parameters with subjective experiences of stress, anxiety, 
depression, well-being, and every-day moods are presented 
in Table 1. Patterns of correlations with a 95% CI not 
including 0 (as computed by IBM SPSS22 bootstrapping) 

were compared for the relationship of physiological 
parameters with the questionnaires. 
 Results showed correlations with a 95% CI not including 
0 of HRV parameters with perceived stress (PSQ), 
depression (BDI-II), general well-being (GWBS) as well as 
with good mood and relaxation (TRIM-T). 
 With the exceptions of motivation and energy, 
correlations with subjective ratings were found in the pNNxx 
family, with highest correlations of pNN10 - pNN40 to 
perceived stress and to depression. GWBS displayed 
relatively high correlations with pNN20 - pNN50, whereas 
good mood was predominantly (highly) correlated with 
pNN100 - pNN175 and relaxation with pNN125 - pNN175. 
 Other time domain parameters related to subjective 
ratings were RMSSD (negatively correlated to PSQ and 
positively to GWBS) and SDNN (positively correlated to 
good mood and relaxation). 
 Correlations with a 95% CI not including 0 of HRV 
measures from frequency domain showed positive 
correlations to good mood in all frequency bands (ULF, 
VLF, LF, HF, TP) and to relaxation in ULF, VLF, and TP. 
With the exception of HF the powers of all other frequency 
bands were negatively correlated to PSQ. 
 For relative HRV measures no significant correlations 
with a 95% CI not including 0 with subjective measures 
were observed; in particular not for log LF/HF, for which 
only a marginal trend (r = 0.21, p = 0.105, two-tailed) with 
energy was observed. 
 In HR, correlations with a 95% CI not including 0 were 
positive with PSQ, STAI-T, BDI-II and negative with 
GWBS, good mood, and relaxation. The correlations of 
HRV measures with the questionnaire data showed opposite 
correlations. 

4. DISCUSSION 

 Ratings of subjective qualities of affect and stress were 
found to be correlated to HRV in general as expressed by 
time domain parameters, in particular that from the pNNxx 
family. Parameters from frequency domain were in particular 
highly correlated to good mood and to relaxation, but also to 
stress, depression, and well-being. 
 For relaxation correlations appeared to be very 
systematic in the frequency domain. Ultra- and very low 
frequencies (ULF, VLF, and TP) are positively correlated to 
relaxation whereas in higher frequencies (LF and HF) 0 is 
within the CI. Frequency domain parameters (except HF), 
were negatively correlated with stress. For good mood all 
parameters of the frequency domain were relatively highly 
and positively correlated. Thus, frequency domain measures 
are positively correlated to positive affect, negatively to 
stress, and - at least in this study - not correlated to trait 
anxiety (STAI-T), depression, and well-being. Results also 
indicate that frequency domain parameters (from ULF up to 
HF) differ only gradually in the correlations with subjective 
measures; in particular the differences between LF and HF 
are marginal. Furthermore the negative correlation of LF 
with stress challenges the model that LF reflects sympathetic 
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activation, as in that case one would expect a positive 
correlation. 
 Contrary to frequency domain parameters, measures of 
the pNNxx family showed a more specific pattern. Whereas 
low pNNxx parameters, especially pNN20 - pNN40, are 
highly negatively correlated to stress and depression and to 
some extent positively to well-being, high pNNxx 
parameters (pNN100 - pNN175) are highly correlated to 
good mood and relaxation. Thus results indicate that low 
pNNxx parameters are more related to negative affect 
whereas high pNNxx parameters are more related to positive 
affect. 

 Only for well-being this distinction does not appear in a 
vivid form. Interestingly, general well-being was not as 
highly correlated to HRV as good mood, perceived stress, 
and depression. This can be seen in line with a recent 
suggestion [24] that the relation of HRV to subjective well-
being is “mediated by the habitual use of strategies of 
emotion regulation that involve executive functions”, with 
the well-known impact of positive affect on health in general 
[25], and even with social cognition [26]. An alternative 
interpretation could be that the construct of well-being may 
be seen as a mixture of experiencing positive affect (good 
mood) together with the absence of stress, thus resulting in a 
measure reflecting both aspects. 

Table 1. Descriptive statistics (M and SD) of variables and correlation coefficients (r) of HR and HRV parameters with subjective 
measures of perceived stress (PSQ), trait anxiety (STAI-T), Beck’s depression inventory (BDI-II), general well-being 
(GWBS), and trait moods (TRIM-T). Correlations with a 95% CI not including 0 are displayed in italics and highest 
coefficients (not less than 0.01 below the highest ones) in each block of a column are displayed in bolds. 

 

r  PSQ STAI-T BDI-II GWBS TRIM-T 
Energy 

TRIM-T  
Good Mood 

TRIM-T 
Motivation 

TRIM-T 
Relaxation 

 M 30.4 33.8 5.20 81.9 3.63 4.15 4.06 3.71 

 (SD) (17.6) (8.86) (5.08) (15.6) (0.64) (0.56) (0.54) (0.71) 

HR 72.3 (8.33) .38 .28 .35 -.26 -.20 -.36 -.21 -.41 

SDNN 183 (48.5) -.26 -.18 -.26 .23 .17 .41 .13 .33 

RMSSD 52.7 (17.7) -.31 -.16 -.24 .23 .02 .35 .03 .23 

pNN05 83.7 (5.44) -.36 -.17 -.34 .21 -.04 .19 -.03 .09 

pNN10 71.0 (8.80) -.39 -.18 -.36 .24 -.03 .22 -.01 .10 

pNN20 52.3 (12.1) -.40 -.19 -.36 .27 -.03 .25 .01 .13 

pNN25 45.1 (12.6) -.40 -.19 -.35 .28 -.03 .27 .02 .15 

pNN30 39.5 (12.7) -.39 -.18 -.35 .28 -.02 .27 .03 .15 

pNN40 30.4 (12.1) -.37 -.17 -.34 .28 -.01 .29 .04 .16 

pNN50 23.6 (11.1) -.36 -.17 -.32 .27 .00 .30 .05 .17 

pNN60 18.5 (9.92) -.34 -.17 -.31 .26 .02 .32 .06 .19 

pNN70 14.6 (8.82) -.33 -.16 -.29 .25 .03 .33 .06 .20 

pNN75 13.0 (8.29) -.32 -.16 -.29 .25 .04 .33 .06 .21 

pNN80 11.6 (7.76) -.32 -.17 -.28 .24 .05 .34 .06 .21 

pNN90 9.33 (6.82) -.30 -.17 -.26 .23 .06 .35 .06 .22 

pNN100 7.53 (5.95) -.29 -.17 -.25 .23 .07 .36 .06 .23 

pNN125 4.53 (4.20) -.26 -.17 -.20 .21 .09 .37 .05 .25 

pNN150 2.80 (2.96) -.23 -.15 -.14 .18 .09 .37 .04 .24 

pNN175 1.75 (2.12) -.19 -.14 -.09 .15 .08 .36 .02 .24 

pNN200 1.09 (1.52) -.15 -.12 -.03 .12 .07 .35 .00 .23 

ULF 167 (107) -.21 -.16 -.10 .19 .02 .37 -.03 .27 

VLF 4037 (2593) -.27 -.14 -.09 .19 .02 .34 -.15 .26 

LF 1847 (1067) -.27 -.14 -.03 .13 -.04 .32 -.15 .19 

HF 975 (676) -.23 -.08 -.15 .13 -.06 .29 -.03 .12 

TP 7028 (4147) -.28 -.14 -.09 .18 -.01 .35 -.14 .24 

log LF/HF 0.331 (0.227) .02 -.09 .17 -.04 .21 .01 .00 .13 

ULF% 0.024 (0.007) .15 -.03 .07 -.03 .06 .09 .18 .10 

VLF% 0.570 (0.069) .08 .01 .09 .03 .13 .05 .03 .13 

LF% 0.268 (0.046) -.06 -.07 .09 -.09 .03 -.08 -.07 -.01 

HF% 0.137 (0.059) -.06 .05 -.19 .04 -.18 .00 .01 -.16 
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 High periodicity of HRV in general as indicated by TP as 
well as by all other frequency bands (ULF, VLF, LF, HF) 
and in time domain parameters of SDNN and RMSSD as 
well as in pNNxx parameters were in particular correlated to 
good mood. A somewhat comparable effect was observed in 
an early work, but using short-term recordings for affects of 
appreciation [27]. Contrary to positive affect, negative affect 
was inversely correlated to HRV in general. 
 HR too was correlated to subjective measures, with the 
exception of energy and motivation, for which no 
relationship was found in the present study. It is speculated 
that these dimensions are more correlated to short-term 
measures at particular physiological states than to 24 hour 
recordings. HR was in particular highly negatively correlated 
with relaxation, good mood, and well-being and positively 
correlated with stress, anxiety and depression. Such a pattern 
of correlations indicates that HR is not able to distinguish 
between positive and negative affect, contrary to HRV 
parameters, in particular parameters of pNNxx. Moreover, to 
differentiate affect by HRV, measures of high pNNxx 
parameters combined with ULF could furthermore be 
considered as an index of good mood. 
 Empirical evidence on the impact of trait anxiety on 24-
hour HRV seems to be rare, whereas for short term measures 
and in particular for state anxiety a reduced HRV has been 
observed [28, 29]. In the present study only HR was 
correlated to trait anxiety, but no measure of HRV. This is in 
line with the conclusion of Dishman et al. [30] that vagal 
modulation of HR is sensitive to perceived emotional stress, 
regardless of a person’s disposition towards experiencing 
anxiety. 
 Relative HRV parameters did not show any significant 
relationship to ratings on subjective qualities of affect, in  
 

particular no correlation (not including 0) of log LF/HF was 
observed. 
 Furthermore, the viewpoint that HF and pNN50 are 
highly correlated [1, 5] was not supported by the present 
study. Whereas pNN50 was found to be negatively 
correlated to stress and depression, and positively with well-
being and good mood, HF was only correlated to good 
mood. 
 Limitations of the study can be seen in the relatively 
small sample of rather young, well educated, healthy, and 
rather athletic persons with an unequal distribution of sex. A 
further weakness can be seen in the fact that the amount of 
physical activity within the recording period was not 
included in the analysis. As in this study only 24-hour ECG 
recordings were correlated to “general” aspects of affect in 
the sense of the trait-concept, the relationship of 
cardiovascular characteristics to state-related emotions 
remains unclear. 
 Altogether, it was observed that LF and HF activity are 
only gradually differing in the relationship to subjective 
measures. This also challenges the model that LF/HF would 
be an index of the traditional concept of autonomic balance. 
LF and HF showed also less discrimination in the 
relationship to affect than ULF and VLF. Furthermore, 
results indicate that negative affect like stress and depression 
are negatively related to HRV with highest correlations 
found in pNN10 - pNN40. Positive affect was highly 
correlated to a general high HRV and particularly expressed 
by ULF as well as by time domain measures of SDNN and 
of pNNxx around pNN125. One can suggest that the 
differentiating aspects of pNNxx can be considered as an 
objective indication of assessing affect in every-day moods 
in private and business contexts. 

APPENDIX A 
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