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ABSTRACT

The autonomic cardiovascular control was determined
as a function of age in 66 military pilots and in 39
referents, both groups aged from 20 to 55 yr. It was
assessed by time-domain and frequency-domain heart
rate variability (HRV) measures and with some HRV-
derived indices. Most sensitive to aging process from
time-domain HRV measures revealed to be short-term
variability and time-domain index, and from
frequency-domain HRV measures frequency-domain
index. The activity of both ANS branches was found to
decline with age, but a different extent of decrease of
sympathetic as compared to parasympathetic activity
was observed: sympathetic activity reflected by the
spectral power of the R-R intervals in the temperature -
mediated spectral frequency band (0.01-0.05 Hz)
decline more slowly than parasympathetic activity
reflected by respiratory sinus arrhythmia - mediated
spectral frequency band (0.15-0.50 Hz). As well as
such age-desynchronized autonomic cardiovascular
control was found only in military pilots but not in
referents it is concluded that the aging process in pilots
is accelerated due to repetitive and prolonged exposure
to persisting stress, caused by the compulsory
underioad (substantial reduction of flying tasks and
physical  exercises coinciding with  personal
interviews). Although the computed Overall Health
Risk values in both groups were not substantially
deviated from “normal”, those in military pilots was
significantly higher.

INTRODUCTION

Aging process is accompanied with regular changes in
the repair and maintenance of most physiological

functions. Functional response integrity and its
adaptive capacity are affected by age. During aging
process physiological functions perturb different extent
of changes.

Age-associated neural, receptor and end-organ changes
modify integration and regulation of cardiovascular
responses. Mechanisms governing cardiovascular
regulation, involve in part autonomic influences.

Considerable interest exists on the effects of age on the
Autonomic Nervous System (ANS) that raises the
question how to measure autonomic function
quantitatively. Heart rate fluctuations are result of
reciprocal control of the sympathetic and
parasympathetic activities. As normal variations in
resting heart rate are due to the tonic changing levels of
activity of both ANS divisions, Heart Rate Variability
(HRV) has been the focus of previous and recent
studies on the effect of age on the ANS. HRV is a
noninvasive method for assessment of autonomic nerve
activity. Three components of HRV are involved in the
autonomic control of heart rate fluctuations:

HRV Components

1. Temperature component of heart rate fluctuations
in the frequency band: 0.01 - 0.05 Hz, related to
thermoregulatory  and  peripheral  vascular
mechanisms, mediated by sympathetic activity (2;
26).

2. Traube-Hering-Mayer wave component of heart
rate fluctuations in the frequency band: 0.06 - 0.14
Hz, reflected short-term blood pressure regulation,
jointly  mediated by  sympathetic  and
parasympathetic activities (2; 35; 45).
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diminished vagal activity accompanying aging (25;
36). Strong evidence for declining of parasympathetic
activity is the change of RSA component of HRV. An
inverse linear relationship between the RSA amplitude
and age (21-54 yr) has been found (18) but no further
decrease in RSA has been observed after age 50 yr in
normal subjects (59). The inverse relationship of RSA
and age has been confirmed, where RSA amplitude
rapidly decreases from 20 to 35 yr and then shows no
further decrease up to 78 yr (19). The RSA amplitude
falls approximately 10 percent per decade (20).
Pronounced reduction of respiratory related heart rate
oscillations in the frequency range (0.15-0.40 Hz)
compared with preserved vasomotor rhythms is found
(38).

Contrary to these findings other studies suggest the
theses of age-associated declining or increasing of
relative  dominance of sympathetic activity in
autonomic cardiac control. Relatively larger decline
has observed in the temperature- , and the T-H-M wave
HRV components (related to thermoregulatory,
vasomotor and renin-angiotensin control mechanisms)
compared to respiratory component (22). In contrast to
the observed decline in the temperature- and the T-H-
M wave HRV components, an increasing of the
temperature-/the RSA ratio (spectral marker of the
sympathetic activity) and the spectral power in the
temperature band (currently considered
sympathetically mediated) in another studies are
attributed to increase in relative dominance of the
sympathetic influence in autonomic cardiac control
with age (8; 61; 62).

In summary it can be stated that changes of the
parasympathetic and sympathetic mediation of heart
rate are important determinants of age dependence of
HRYV and are involved in the age genesis of the HRV
components. Aging may cause opposite effects on the
autonomic functioning: reduction of both sympathetic
and parasympathetic tone; pronounced attenuation of
the predominance of the parasympathetic activity
and/or declining, resp. increasing of the relative
dominance of the sympathetic activity. These data
indicate that the problem of whether both sympathetic
and parasympathetic tone is changed to the same extent
with age is controversial.

Examination of the age-associated ANS functioning
will contribute to the clarifying of the effect of aging
on sympathetic and parasympathetic branches of the
ANS in military pilots.

The aim of the present study was to determine the
functional role of the autonomic cardiovascular control
as a function of age in military pilots.

Determination of age-modified autonomic control in
military pilots would help to understand whether
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stressful work environment would alter the pattern of
normal aging process.

This study will test the hypothesis that the functional
role of the autonomic cardiovascular control is changed
as a function of age. The proposition inherent in this
hypothesis is that a cause-effect relationship exists
between age-modified autonomic control and
cardiovascular function.

METHODS
Subjects

Two groups of subjects participated in this study:
military pilots and referents (employees). First group
consisted of 66 male military pilots employed by the
Bulgarian Military Air Force and students of the
Bulgarian Military Air Academy whose ages ranged
from 20 to 55 years (mean age X+SD 34.85+10.71).
Referent group consisted of 39 male subjects who were
employees in institutions matched for age (X+SD
34.13+11.00; age range: 20 to 55 yr) to the military
pilots.

Criteria for exclusion included: systolic blood
pressure>130 mmHg; diastolic blood pressure>85
mmHg; body-mass index>25 kg/m* smoking; using
medications; diabetes; cholesterolaemia; and a history
or evidence of cardiovascular, respiratory, renal,
hepatic, gastrointestinal or systemic disease.

Procedure

HRV data were determined from 10 min ECG
recordings between 9 a.m. and 11 am. in supine
position after 1 h rest period. HRV data were obtained
in three consecutive days and mean individual values
from the measurements were calculated.

Heart Rate Variability

Computerized method for analyzing of HRV was
applied (12). An ECG was registered from a bipolar
standard Ist lead.

A portable electronic device was used to transform
ECG signal into R-R intervals and to emit (fransmit) R-
R intervals to IBM compatible PC for on-line
processing. ECG signal is transformed to R-R intervals
by AC converter (QRS detector and timer, resolution
time 2224 samples per second). This sampling rate
gives a variation of 0.48 msec in locating the peak of
R-wave and results in a minimum accuracy of 99.55 %
in computing heart rate up to 140 beats/min.

Time-domain and frequency-domain HRV measures,
and HRV derived indices were analyzed:
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Fig. 1. Mean values of the PT(mSZ) and

PRSA(II]S2) in referent and military pilots
groups.

Pt, Prsa (msz)

PT PRSA

[JReferent group EMilitary pilots group

MS (arb. un.)

Fig 2. Mean values of the M S (arb.un.) in
referent (I) and military pilots (IT) groups.
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Fig. 3. Mean values of the HR (%) in referent (I)
and military pilots (II) groups.




2. Age Dependencies of HRV

Autonomic cardiovascular control assessed by HRV
declines progressively as a function of age in pilots.
This pattern was observed for both time- and
frequency-domain HRV measures.

e Time-domain HRV measures: STV and TDI
decreased markedly with age while (whereas) LTV
decreased more gradually with age. Regression
coefficients are presented in table 2.

e Frequency-domain HRV measures: Differentiated
spectral powers of R-R intervals in the respective
frequency bands declined slowly with advancing
age compared with time-domain HRV measures.
Slowest extent of age decline showed Pr, Contrary
to the slow decline of Py, Pryy and Prgs, FDI
(P1/Pgsa) demonstrated rapid decline with aging.
Regression coefficients are presented in table 2.

e HRV-derived indices: In contrast to HRV measures
MS, HR and FA increased progressively with
advanced age. Regression coefficients are presented
in table 2.

Table 2. Significant regression coefficients of
dependence of age on HRV.

Variables Referent  Military
group  pilot group

Time-domain
HRYV measures

STV - -1.00%
LTV - -0.72 %%
TDI - -0.97%**
Frequency-domain
HRYV measures
FDI - -0.62%%*
Pr - -0.09%*:*
PTHM - -020***
Prsa - ~0.2] %%
HRV-derived
indices
PS -0.04 %% 0.04%%*
MS -0.03 %% 1.01%%*
HR - 1.15%%%
FA 0.77%%* 1.01 %%
X (mean R-R) - -
Heart rate - -
*#%p<0.0005

In referents significant regression coefficients of
dependence of age on HRV were observed for FA, PS
and MS. Regression coefficients are presented in table
2.
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3. Association of Health Risk with HRV measures

Although the Health Risk (HR) values were normal
among both groups, HR was significantly increased in
military pilots compared with referents (table 1 and
fig. 3).

Age-modified autonomic cardiovascular control in
military pilots was related to health risk. Correlation of
age with HR is r=0.56, p<0.0001. Significant
correlations were observed between HR and time-
domain HRV measures: STV (r=-0.83, p<0.0001),
LTV (1=0.71, p<0.0001), TDI (r=0.86, p<0.0001); and
frequency-domain HRV measures: FDI (r=0.83,
p<0.0001), Pr (=0.45, p<0.0001), Prum (=0.72,
p<0.0001), Prsa (r=-0.86, p<0.0001).

In referent group significant correlations of HR with
HRYV measures were not observed.

DISCUSSION

Autonomic cardiovascular control examined by HRV
measures and HRV-derived indices changed as a
function of age in military pilots. Both sympathetic and
parasympathetic mediated HRV measures: time-
domain measures (STV, LTV and TDI) and frequency-
domain measures (Pr, Prum, Prsa and FDI) declined
with advancing age. The most sensitive changes to
aging process revealed STV (thought to reflect
respiratory sinus arrhythmia) (12; 47), TDI (thought to
reflect sympathetic/parasympathetic influences on
histogram R-R intervals distribution) (12) and FDI
(thought to represent ratio of
sympathetic/parasympathetic modulation on R-R
intervals) (12).

Our results revealed that both ANS divisions declined
with age but we observed different extent of decreasing
of sympathetic and parasympathetic determinants
involved in the age genesis of HRV components. It is
important to note that the observed by us dependencies
of age on HRV measures (assessed by linear regression
analysis) are valid only for age range 20-55 yr.

Sympathetic activity mediating Py declined more
slowly with increasing age than parasympathetic
activity mediating Prsa . This pattern was observed also
for age-associated LTV change. Compared to STV and
TDI, LTV decreased more slowly with advancing age.
In contrast to parasympathetically mediated RSA
explaining STV change, LTV represents baroreflex-
and  thermoregulatory-related HRV  that are
sympathetically and parasympathetically mediated.
This result is consistent with finding of Korkushko et
al. (27) who reported a different pattern of impairment
of sympathetic and parasympathetic tone: power in
high-frequency band (0.2-0.4 Hz) declines from the



4. According to the doctrine of the autonomic space of
Cacioppo et all. (8) and Berntson et all. (4) the
examined age-associated autonomic cardiovascular
control can be defined as “coupled non-reciprocal
(co-inhibition) mode of autonomic control”.

5. Although the health risk values among both groups
were normal, military pilots revealed higher values
of health risk compared with referents.

REFERENCES

1. AGARD Advisory Report 324. In: G. Caldwell, G.
Wilson, M. Cetinguc, A. Gaillard, A. Gunder, D.
Lagarde, S. Makeig, G. Myhre, N. Wright (Eds.)
Psychophysiological Assesment Methods. 1994
SPS, Longhton.

2. Akselrod S., Gordon D., Ubel F., Shanon D.,
Barger A., Cohen R. Power spectrum analysis of
heart rate fluctuation: a quantitative probe of beat-
to-beat cardiovascular control. Science 1981, 213,
220-222.

3. Altman D. Practical statistics for medical research.
Chapman and Hall. 1991, 590 pp.

4. Berntson G., Cacioppo J., Quigley K. Autonomic
determinism: The modes of autonomic control, the
doctrine of autonomic space, and the laws of
autonomic constraint. Psychol. Review 1991, 4,
459-487.

5. Bootsma M., Swenne C., Brushke A. Similar
orthostatic defence in active, healthy young adult
and late middle-aged men. Am. J. Cardiol. 1995,
76, 922-927.

6. Boutcher S. and Stocker D. Cardiovascular
response of young and older males to mental
challenge. J. Gerontol. 1996, 5, P261-267.

7. Byme E., Fleg J., Vaitkevicius P., Wright J., Porges
S. Role of aerobic capacity and body mass index in
the age-associated decline in heart rate variability.
J. Appl. Physiol. 1996, 81, 743-750.

8. Cacioppo J., Uchino B., Berntson G. Individual
differences in the autonomic origins of heart rate
reactivity: The psychometrics of respiratory sinus
arrhythmia and pre-ejection period. Psychophysiol.
1994, 31, 412-419.

9. Clark D., Tolan G., Johnson R., Hickman J.,
Jackson W., McGranaham G. The West Point
Study: 40 years of follow-up. Aviat. Space Environ.
Med. 1994, 5, A71-74.

10.Cooke J. The ageing pilot: Is increased scrutiny
justified? Europ. Heart J. 1999, 1/D, D48-52.

11.Cowan M., Pike K., Burr R. Effects of gender and
age on heart rate variability in healthy individuals
and in persons after sudden cardiac arrest. J.
Electrocardiol. 1994, 27, 1-9.

25-9

12.Danev S. Informativeness of heart rhythm in
occupational physiological aspect. D. Sc. Thesis,
Sofia 1989.

13.Emdad R., Belkic K., Theorell T. Cardiovascular
dysfunction related to threat, avoidance, and
vigilant work: application of event-related potential
and critique. Inter. Physiol. Behav. Sci. 1997, 3,
202-219.

14. Fluckiger L., Boivin J., Quilliot D., Jeandel C.,
Zannad F. Differential effects of aging on heart rate
variability and blood pressure variability. J.
Gerontol. A. Biol. Med. Sc¢i.1999,5, B219-224.

15. Gaillard A., Wientjes C. A framework for the
evaluation of work stress by physiological
reactivity. In: L. Levi (Ed.). A Healthier Work
Environment. 1993 Copenhagen: World Health
Organization.

16.Grossman P., Stemmler G., Meinhardt E. Paced
respiratory sinus arrhythmia as an index of cardiac

parasympathetic tone during varying behavioral
tasks.Psychophysiol. 1990, 4, 404-416.

17. Hankins T., Wilson G. A comparison of heart rate,
eye activity, EEG and subjective measures of pilot
mental workload during flight. Aviat. Space
Environ Med. 1998.4, 360-367.

18. Hellman J., Stacy R. Variation of respiratory sinus
arrhythmia with age. J. Appl. Physiol. 1976, 41,
734-738.

19. Hirsh J., Bishop B. Respiratory sinus arrhythmia in
humans: Low breathing pattern modulates heart
rate. Am. J. Physiol. 1981, 241, H620-629.

20. Hrushesky W., Fader D., Schmitt O., Gilbertson V.
The respiratory sinus arrhythmia: a measure of
cardiac age. Science 1984, 224, 1001-1004.

21. Hutchins P., Lynch C., Cooney P., Cursen K. The
microcirculation in experimental hypertension and
aging. Cardiov. Res. 1996, 32, 772-780.

22.Jennings J., Mack M. Does aging differentially
reduce heart rate variability related to respiration?
Experim. Aging Res. 1984, 10, 19-23.

23.Jensen-Urstad K., Storck N., Bouvier F., Ericson
M., Lindblad L., Jensen-Urstad M. Heart rate
variability in healthy subjects is related to age and
gender. Acta Physiol. Scand. 1997, 3, 235-241.

24.Katona P., Jih E. Respiratory sinus arrhythmia: a
measure of parasympathetic cardiac control. J.
Appl. Physiol. 1975, 39, 801-805.

25.Kawamota A., Shimada K., Matsubayashi K.,
Chikamori T., Kuzume O., Ogura H., Ozawa T.
Cardiovascular regulatory functions in elderly
patients with hypertension. Hypert. 1989, 13, 401-
407.

26.Kitney R. An analysis of the nonlinear behavior of
the thermal vasomotor control system. J. Theor.
Biol. 1975, 52, 231-248.



54. Tsuji H., Venditti F., Manders E., Evans J., Larson
M., Feldman C., Levy D. Reduced heart rate
variability and mortality risk in an elderly cohort.
The Framingham Heart Study. Circul. 1994., 90,
878-883.

55.Tsuji H., Venditti F., Manders E., Evans J., Larson
M., Feldman C., Levy D. Determinants of heart rate
variability. J. Am. Coll. Cardiol. 1996, 28, 1539-
1546.

56. Umetani K., Singer D., McCraty R., Atkinson M.
Twenty-four time domain heart rate variability and
heart rate: Relations to age and gender over nine
decades. J. Am. Coll. Cardiol. 1998, 31, 593-601.

57.Veltman J., Gaillard A. Physiological indices of
workload in a simulated flight task. Biol. Psychol.
1996,42,323-342.

58. Weise F., Heydenreich F., Kropf S., Krell D.
Intercorrelation analyses among age, spectral
parameters of heart rate variability and respiration

in human volunteers. J. Interdiscipl. Cycle Res.
1990, 21, 17-24.

25-11

59. Wheeler T., Watkins P. Cardiac denervation in
diabetes. Br. Med. J. 1973, 4, 584-586.

60. Wientjes C., Veltman J, Gaillard A.
Cardiovascular and Respiratory Responses during a
Complex Decision - Making Task under Prolonged
Isolation. In: Advances in Space Biology and
Medicine, JAI Press Inc. 1996,5,133-155.

61.Yeragani V., Pohl R., Berger R., Balon R,
Srinivasan K. Relationship between age and heart
rate variability in supine and standings postures: a
study of spectral analysis of heart rate. Pediatr.
Cardiol. 1994, 15, 14-29.

62. Yeragani V., Sbolewski E., Kay E., Jampala V.,
Igel G. Effect of age on long-term heart rate
variability. Cardiovasc. Res. 1997, 35, 35-42.



