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Background: With population ageing a significant concern, modifiable factors contributing to healthy ageing must
be identified. Autonomic responding reflected by heart rate variability (HRV) has well-established links to
general health and wellbeing in younger populations; but has yet to be explored in older individuals.

Methods: Forty-five healthy participants (49-82 years old) completed questionnaires about sleep and physical
and psychological health. Autonomic activity was measured during rest and whilst completing a computerised
battery of cognitive tasks. Participants then wore an ambulatory heart rate monitor overnight, and recorded

Keywords: . . .. . . .

Ag}:;; g their sleep and physical activity for one week. HRV parameters reflecting cardiac vagal tone were derived from
Heart rate variability electrocardiograph recordings.

Autonomic Results: Age and resting HRV were not related; however a positive association was identified between higher

Sleep HRV in the 2 h prior to sleep and older age. Higher resting HRV, older age, and better sleep quality significantly

Cognition predicted psychological wellbeing; and fewer somatic and physical health symptoms and older age predicted
Wellbeing better average sleep quality ratings. Older age and poorer general health were significant predictors of cognitive
performance deficits.
Conclusion: These findings suggest that an age-related decline in HRV is not inevitable. Longitudinal designs
exploring within-individual changes in cardiac vagal tone are required to better understand the factors
contributing to healthy ageing.
© 2018 Elsevier B.V. All rights reserved.
1. Introduction wellbeing both in healthy adults, and patients suffering from a wide

Population ageing represents a significant public health challenge in
many countries worldwide [1]. It is therefore imperative that medical
research identifies modifiable factors that facilitate healthy ageing. The
autonomic nervous system (ANS) is one of the key regulatory systems
perturbed by ageing, which may potentiate changes in sleep/wake pat-
terns, and contribute to cognitive difficulties and neuropsychiatric
symptoms [2-5].

Autonomic function can be estimated non-invasively from electro-
cardiograph (ECG) recordings [6,7]. Strong links have been identified
between heart rate variability (HRV) parameters and wellbeing; with
low HRV (reflecting a reduction in parasympathetic activity and a shift
towards greater sympathetic dominance) associated with impairments
in sleep, executive cognitive function as well as emotional and physical
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variety of medical and neuropsychiatric conditions [8,9].

HRV is generally thought to decline with age [10,11]; with lower car-
diac vagal tone in older individuals being found to be associated with
cognitive impairment and functional decline [12,13]. However, these
studies have generally assessed older individuals with health condi-
tions. Thus it is unclear if the observed changes in ANS functioning are
due to age-related bodily changes (physical fitness and body habitus),
lifestyle factors (chronic alcohol or tobacco use, and obesity), or an in-
creasing number of pathophysiological changes that impede optimal
functioning of the body [11,14].

This exploratory study aims to examine if reductions in HRV
reflecting cardiac vagal tone are inevitably linked to ageing even in
healthy individuals. A second objective is to examine whether previ-
ously established relationships in younger individuals between HRV
and sleep quality, cognitive performance, and psychological wellbeing
are maintained in this healthy older group.

2. Methods

Forty-five healthy participants (mean age = 61.6, SD = 7.5, 28 females) with no
known hearing loss, self-reported medical conditions, or medication use that may inter-
fere with autonomic assessment were recruited through community advertisements. Par-
ticipants were stratified by age (based on median split) into “younger” (age < 61 years)


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcard.2018.08.005&domain=pdf
https://doi.org/10.1016/j.ijcard.2018.08.005
erin.cvejic@sydney.edu.au
https://doi.org/10.1016/j.ijcard.2018.08.005
http://www.sciencedirect.com/science/journal/01675273
www.elsevier.com/locate/ijcard

102 J.P.H. Tan et al. / International Journal of Cardiology 275 (2019) 101-103

and “older” (age > 62 years) groups. All participants attended a single, 75 min laboratory
assessment. After completing self-report questionnaires concerning basic demographicin-
formation, sleep, and physical and psychological health, participants sat in a comfortable,
semi-reclined position. Laboratory-based measures of heart rate (three-lead ECG) and res-
piration (strain gauge transducer) were continuously recorded whilst participants lis-
tened to a gentle nature soundscape for 10 min to establish their baseline autonomic
activity; and during the completion of three computerised cognitive tasks (Psychomotor
Vigilance Task, Digit Symbol Coding Task, Stroop task). Overall cognitive performance
was derived by principal component analysis. Participants were fitted with an ambulatory
heart rate and activity monitor (Equivital; Hidalgo, Cambridge UK) to wear while going
about their normal daily routine, including sleep, until the following morning. HRV mea-
sures were derived from the R-R intervals of ECG recordings in 5 min epochs using
LabChart 8, which utilises the Lomb-Scargle periodogram to determine the high frequency
(HF) spectral component (0.15-0.40 Hz), a well validated marker of parasympathetic,
vagal activity [6,15]. Ambulatory HRV data was not available for two participants due to
technical errors (n = 1), or failure to adhere to the testing protocol (n = 1). Participants
also completed a daily sleep and activity diary for one week. This investigation conformed
to the ethical guidelines of the 1975 Declaration of Helsinki as reflected by approval by the
institutional human research ethics committee (HREC Approval #HC15768) and written
informed consent was obtained from all participants. All analyses were conducted in
SPSS version 24 (IBM, Chicago, IL, USA).

Table 1

Sample demographic, clinical and lifestyle characteristics, and autonomic and HRV param-
eters during rest, stratified by age. Data are presented as mean (standard deviation) unless
otherwise specified.

Participant characteristics Younger Older Combined
(n=122) (n=123) (n =45)
Sex
Male, n (%) 8 (36) 9(39) 17 (38)
Female, n (%) 14 (64) 14 (61) 28 (62)
Age (years) 55.55 (4.01) 67.35(5.17) 61.58(7.52)
Medication use, n (%) 6 (27) 9(39) 15 (33)
Antihypertensives 4 2 6
Low-dose aspirin 2 1 3
Selective serotonin reuptake - 1 1
inhibitors
Statins 3 5 8
Thyroxin 1 2 3
Body mass index (BMI; kg/m?) 25.04 (4.92) 25.25(3.80) 25.15(4.34)
MoCA*? 28.36 (1.56) 28.35(1.23) 28.36(1.38)
Caffeine consumption (cups/day) 259 (1.59) 2.35(1.30) 247(1.44)
Alcoholic drinks (std drinks/week) 436 (4.96) 457 (5.67) 4.47(5.28)
Total exercise (hours/week) 7.86 (1443) 7.89(8.01) 7.88(11.46)
SPHERE
Somatic symptom subscale 0.91(1.19) 0.91(1.53) 0.91(1.36)
Psychological symptom subscale 1.09 (1.82) 039(0.72) 0.73(1.41)
Total symptom score 3.95(4.87) 3.78(5.20) 3.87(4.98)
Health-related quality of life (SF36)
Mental component summary*® 80.74 82.89 (9.23) 81.84
(13.34) (11.35)
Physical component summary*® 84.63 (8.99) 82.40(9.37) 83.49 (9.15)
Sleep quality (PSQI) 3.91(298) 3.91(1.81) 3.91(242)
Pain (McGill) 2.09 (2.86) 3.43(4.42) 2.78(3.76)
Perceived stress (PSQ) 56.05 50.04 (9.04) 52.98
(20.00) (15.52)
Psychological distress (K10) 13.27 (4.99) 12.83(3.06) 13.04 (4.07)
Epworth sleepiness scale (ESS) 468 (298) 6.17(3.71) 544 (342)
Patient health questionnaire (PHQ9)  2.59 (3.33) 2.17(2.21) 2.38(2.79)
Resting autonomic and
HRV parameters
Heart rate (beats p/min) 63.98 (8.71) 63.21 (8.64) 63.59 (8.58)
Respiratory rate (breaths p/min) 13.82(2.99) 13.34(2.08) 13.58(2.56)
RMSSD (In(ms)) 3.17 (0.56)  3.17(0.77)  3.17 (0.67)
Total spectral power (In(ps?)) 7.07 (092) 6.88(1.11) 6.97(1.02)
HF spectral power (In(ps?)) 540 (131) 523(1.41) 531(1.35)
HF spectral power (nu) 46.64 47.30 46.97
(21.56) (20.09) (20.59)

MoCA: Montreal Cognitive Assessment; SPHERE: Somatic and Psychological Health
Report; SF36: Medical Outcomes Study 36-item Short Form Health Survey; PSQI:
Pittsburgh Sleep Quality Index; PSQ: Perceived Stress Questionnaire; K10: Kessler
Psychological Distress Scale; HRV: heart rate variability; RMSSD: root mean square of
successive R-R interval differences; HF: high frequency band (0.15-0.4 Hz).

2 Indicates that a higher score reflects better functioning.

3. Results

Demographic, clinical, and lifestyle characteristics of the 45 partici-
pants are displayed in Table 1. Independent samples t-tests revealed
no significant differences between older and younger groups on any
self-reported questionnaire measure. Notably, the majority of the par-
ticipants recruited in this sample endorsed very few physical or psycho-
logical symptoms. Similarly, no group differences were observed on any
resting HRV parameter, so analyses were based on individual differ-
ences apparent in the sample as a whole. Similarly, the analyses re-
ported below utilised HF (in normalised units; nu) HRV as a marker of
cardiac vagal tone [15]; sensitivity analyses using the root mean square
of successive differences in R-R intervals (RMSSD) were also conducted
which generated compatible results.

There was no association between age and resting state HRV (r(44)
= 0.10, p = 0.53); yet HRV in the 2 h preceding sleep was associated
with age, with older participants showing greater HRV (r(42) = 0.41,
p = 0.006). Most variables showed no significant correlation with age
including sleep quality (r(44) = —0.07, p = 0.64) and somatic symp-
toms (r(44) = —0.02, p = 0.88), however the endorsement of psycho-
logical symptoms was inversely associated with age (r(44) = —0.36,p
= 0.014). Multiple linear regression found that poorer sleep quality (B
= 0.31, 95% CI: 0.18 to 0.44, p < 0.001), lower resting baseline HRV (B
= —0.02, 95% Cl: —0.04 to —0.01, p = 0.011) and younger age (B =
—0.06,95% Cl: —0.10to —0.01, p = 0.012) were all significant indepen-
dent predictors of greater psychological symptoms.

Poorer sleep quality was linked with greater psychological (r(44) =
0.53, p<0.001) and somatic symptoms (r(44) = 0.49, p = 0.001) and
higher levels of perceived stress (r(44) = 0.48, p = 0.001). Moreover,
multiple linear regression modelling identified that more refreshing
sleep was associated with older age (B = 0.06, 95% CI: 0.01 to 0.12, p
= 0.014) and fewer somatic and physical health symptoms (B =
—0.20, 95% CI: —0.28 to —0.12, p < 0.001). The inclusion of autonomic
and sleep duration parameters did not improve the model fit.

Finally, both older age (B = 0.06, 95%CI: 0.03 to 0.10, p = 0.001) and
reduced general health (B = —0.03, 95% CI: -0.05 to 0.00, p = 0.03) sig-
nificantly predicted poorer overall cognitive performance. Resting state
HRYV failed to make a significant unique contribution to the final model.

4. Discussion

There was no clear association between age and resting HRV in our
healthy older participants. Moreover, a positive association was ob-
served between age and HRV in the hours leading up to sleep. These re-
sults are in contrast to previous studies demonstrating an age-related
decline in HRV [11,14] and may be explained by the targeted recruit-
ment in many of these studies of participants with a physical and/or
mental impairment [12,13]. As such, the age-associated decline in car-
diac vagal tone may reflect a general decline in wellbeing rather than
age specifically. In the current study, by only recruiting healthy individ-
uals reporting no major physical or mental health concerns we may
have generated a healthy survivor bias [16]. These results suggest that
an age-related decline in HRV is not inevitable and cardiac vagal tone
in respect to ageing may be better utilised as a way of predicting dys-
function (or lack thereof) and informing management strategies to pro-
mote healthy ageing.

Research on healthy community dwelling older adults suggests that
cognitive functioning declines gradually with age, particularly beyond
70 years [4]. Other studies have shown that high levels of cognitive per-
formance are associated with better mental and physical functioning
[17]. Commensurate with these findings, increasing age and poorer gen-
eral health were found to be significant predictors of poorer cognitive
performance. At odds with the natural cognitive and physical decline
that tends to occur with ageing, older adults enjoy high levels of affec-
tive wellbeing and emotional stability [4,18]. Concordant with existing
findings, older age was associated with better psychological health. A
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possible explanation could be that increasing age is associated with an
increased competence to regulate emotional states, due to experience
and maturation in certain perspectives in life [ 19]. Regression modelling
also identified that older age, greater HRV at rest and better sleep qual-
ity significantly predicted psychological wellbeing. These findings are
consistent with previous studies linking higher resting HRV with more
adaptive self-regulation and social engagement [8]. Finally, the relation-
ship between sleep quality and psychological symptoms can be bi-di-
rectional, with emotional states influencing sleep patterns [20].
Indeed, we found that fewer somatic and psychological health symp-
toms and older age predicted better sleep quality over a week, and the
longer-term index of sleep quality (PSQI) significantly predicted psy-
chological symptoms.

The cross-sectional nature of this study, and others [8,12], make it
difficult to determine the directionality of age, HRV and health associa-
tions. Large longitudinal cohort studies following healthy individuals
over prolonged periods are essential to accurately assess these relation-
ships, and explore if within-individual changes in autonomic activity
precede or follow physical and mental health changes.

5. Conclusion

This unique exploration of the association between autonomic
functioning, sleep quality, cognitive functioning, and psychological
wellbeing adds a number of novel insights to the existing literature on
ageing. We found no age-associated decline in HRV in an older sample
endorsing very few physical or psychological symptoms. Cognitive per-
formance was less accurate and slower with increasing age, but not as-
sociated with autonomic activity. Overall, increasing age was associated
with better psychological health and sleep quality. In light of an ageing
population, there remains a pressing need to better understand factors
that contribute to improved wellbeing and functioning for older indi-
viduals. These results indicate that HRV reflecting cardiac vagal tone
may be a useful index of wellbeing in older individuals, and moreover,
may be a modifiable factor which can be targeted to facilitate healthy
ageing.
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