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Background - Heart rate and heart rate variability are associated with
functional impairment, morbidity, and mortality in western populations.
It is unclear whether these associations are mediated by lifestyle-related
cardiovascular risk factors. Therefore, we studied these associations in a
population where an affluent sedentary lifestyle is absent and risk factors
of cardiovascular disease and diabetes are rare.

Methods + Among 822 community-dwelling inhabitants aged 50 years
and older in a traditional rural African population in Northeast Ghana, we
measured cardiovascular risk factors, including body mass index (BMI),
waist circumference, glucose level, diastolic and systolic blood pressure,
and ankle-arm index. Heart rate and heart rate variability, measured as
SDNN and RMSSD, were derived from electrocardiograms (ECGs) record-
ed at rest. Physical function was determined by handgrip strength. Mor-
tality was documented during a follow-up period of two years.

Results - Heart rate increased slightly with age and was dependent on
BMI, glucose level, and diastolic blood pressure. Heart rate variability de-
creased with age and was not dependent on cardiovascular risk factors.
Heart rate was associated with neither handgrip strength nor mortality. A
lower heart rate variability was associated with lower handgrip strength
and a higher risk of mortality, independent of age, sex, tribe, and cardio-
vascular risk factors.

Conclusion - Heart rate variability, but not heart rate, is associated with
handgrip strength and mortality in a traditional rural African population,
which indicates that this association is independent of lifestyle-related
cardiovascular risk factors and probably a reflection of a universal deteri-
oration of the body’s autonomic regulation during ageing.

Heart rate and heart rate variability at rest
are established risk factors of various forms
of morbidity and mortality. In the gener-
al population, a high heart rate and a low
heart rate variability are associated with
an accelerated progression of atheroscle-
rosis"® and predict hypertension, coronary
heart disease, heart failure, stroke, and
cardiovascular death.*® In addition to
cardiovascular disease, a high heart rate
and a low heart rate variability are associ-
ated with insulin resistance and diabetes
mellitus®> and predict mortality due to

cancer? and all-cause mortality.>® A low
heart rate variability not only marks mor-
bidity and mortality, but is also associated
with measures of functional impairment,
such as a weak handgrip strength.'314

Two explanations can be given for the as-
sociations of heart rate and heart rate var-
iability with functional impairment, mor-
bidity, and mortality. On one hand, these
associations are attributed to the deteri-
oration of the autonomic nervous system

during ageing.'**¢ The autonomic nervous
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PART II « MEASURING SENESCENCE THROUGH MORBIDITY

system continuously adjusts the heart
rate in response to changes in physiolog-
ic conditions to maintain heemodynamic
stability. A high heart rate and a low heart
rate variability are thought to reflect dys-
function of the flexible autonomic regula-
tion of the heart rate in particular and of
the body’s functioning in general.®*® On
the other hand, a high heart rate and a
low heart rate variability can be brought
about by the risk factors of age-related
diseases such as cardiovascular disease
and diabetes. Heart rate and heart rate
variability depend on body mass index
(BMI),20101518 [ipid levels,>%*1577 glucose
levels,®5 blood pressure,26810:15:16.18 jp-
flammation,>* nutrition,> and physical
inactivity.>**8 While these risk factors
are closely related to lifestyle, research
on heart rate and heart rate variability
has almost exclusively been conducted in
western societies with an affluent seden-
tary lifestyle and high prevalences of these
risk factors. It has therefore been difficult
to determine whether or not heart rate and
heart rate variability are associated with
functional impairment, morbidity, and
mortality independently of cardiovascular
risk factors.”# To disentangle the effects of
ageing and the lifestyle-related cardiovas-
cular risk factors, the associations of heart
rate and heart rate variability with func-
tional impairment, morbidity, and mortali-
ty should also be studied in societies where
an affluent sedentary lifestyle is absent
and these risk factors are rare.

We investigated the associations of heart
rate and heart rate variability with hand-
grip strength and mortality among older
persons in a traditional rural African pop-
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ulation. In this population, contrary to wes-
tern populations, food is scarce, lifelong
manual labour is necessary for subsist-
ence, and obesity, hyperlipidemia, dia-
betes, hypertension, and cardiovascular
diseases are rare (Chapters 9 and 10 of
this thesis).?>3 We have recently shown
that handgrip strength strongly and inde-
pendently predicts mortality in this popu-
lation (Chapter 8 of this thesis).

Methods

Research area

This study was conducted in the Garu-Tem-
pane District in the Upper East Region
in Ghana. The area is rural, remote, and
one of the least developed in the country.
The vast majority of the inhabitants are
involved in non-commercial agriculture
performed by manual labour without prop-
er means of transportation or mechanised
farming. Hospital care is absent. Infec-
tious diseases are highly endemic and con-
stitute the main causes of death, although
the prevalence of human immunodeficien-
cy virus (HIV) is low (< 4%) compared with
other African regions.?

Since 2002, we have kept a demographic
registry of the population within a research
area of 375 km? comprising 32 villages.
During yearly visits we registered the
name, age, sex, tribe, and location of living
of each inhabitant. In 2007 we determined
the property value of each household.
From this value, an index of the socioeco-
nomic status with a standard normal dis-
tribution was calculated according to the
Demographic and Health Survey method.?¢
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In addition, we registered the main drink-
ing water source of each household. Water
from boreholes was classified as safe and
water from open wells and rivers as unsafe,
based on their pathogen contents and their
effects on survival.?” Annual migration rel-
ative to the study population’s size was 2%
into and 1% out of the research area. Elab-
orate descriptions of this study population
have been given elsewhere.?-24:26

Ethical approval was given by the Ethical
Review Committee of Ghana Health Ser-
vices, the Committee Medical Ethics of
Leiden University Medical Center, and the
local chiefs and elders. Because of illiter-
acy, informed consent was obtained orally
in the participant’s own language after ex-
planation of the purpose and conduction of
this research project. The study conforms
to the ethical guidelines of the Declaration
of Helsinki.

Participants and measurements

In 2009 and 2010 we conducted measure-
ments in the morning among 924 inhab-
itants aged 50 years and older, who were
recruited in villages visited consecutively.
To ensure maximal participation, we set up
a mobile field work station in the villages
and, if necessary, brought less mobile par-
ticipants by car. Reasons of non-participa-
tion were death of the individual since the
last registration (n = 48), refusal of partic-
ipation (n = 35), absence from the research
area during our visits because of migration
or travelling (n = 30), and other reasons (n
= 46).

Height, weight, and waist circumference
were measured and BMI was calculated
as weight in kilograms divided by squared
height in metres. Glucose level was meas-
ured in a random capillary blood sample
from a finger (Accutrend Plus, Roche, Rot-
kreuz, Switzerland). Blood pressure was
measured on one arm in a lying and rest-
ing position. Systolic blood pressures were
measured on the dorsalis pedis artery
and the posterior tibial artery of both an-
kles with a Doppler ultrasound machine
(ImexDOP CT+, Natus-Nicolet, Golden,
CO, USA). As a measure of peripheral ar-
terial disease, the ankle-arm index was
calculated by dividing the average systolic
pressure at the ankles by the systolic arm
pressure.>?

(ECGs)
were obtained as two sequential recordings

Twelve-lead electrocardiograms
of ten seconds in a lying and resting po-
sition (AT-104 PC, Schiller, Baar, Swit-
zerland). Three participants with atrial
fibrillation, described in Chapter 10 of this
thesis,?? were excluded from the analyses.
The recordings of the other participants
displayed sinus rhythm with positive P
waves in leads I and II and uniform QRS
complexes. The timing of the QRS com-
plexes was identified automatically. All
recordings were manually reviewed in
detail to verify the automatic identifica-
tion of QRS complexes and to ensure that
only normal RR intervals were included
in the analyses. Recordings with ectopic
complexes were excluded from the anal-
yses, except for twelve participants with
an ectopic complex in the last two seconds
of the recording, in which cases all com-
plexes from the ectopic complex onward
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were excluded. Heart rate in beats per
minute (bpm) and two measures of heart
rate variability in milliseconds (ms) were
determined based on standard methods.?®
Heart rate variability was calculated as the
standard deviation of normal RR intervals
(SDNN) and as the root mean square of the
differences between successive normal RR
intervals (RMSSD).

Handgrip strength was measured using a
calibrated Jamar hand dynamometer (Sam-
mons Preston, Bolingbrook, IL, USA) while
the participant was standing in an upright
position with the arms unsupported paral-
lel to the body. Participants were instruct-
ed to exert maximal force with each hand
once. The handgrip strength of the hand
with the highest measurement was regis-
tered.2®

Data on mortality after the measurements
in 2009 and 2010 were available from the
demographic registry. Follow-up started at
the time of the measurements and lasted
until death, migration out of the research
area, loss to follow-up, or our last visit to
the research area in 2011.

Analyses

Because of their skewed distributions,
SDNN and RMSSD were transformed log-
arithmically. Changes in heart rate and
heart rate variability with age were as-
sessed using linear regression with age and
sex as independent variables. Changes in
the variances of heart rate and heart rate
variability with age were assessed using
Levene’s test comparing 5-year age groups.
Associations of heart rate and heart rate

Number of individuals
Men, n (%)
Age, years
Tribe, n (%)
Bimoba
Kusasi
other
Household property value, US$
Safe drinking water, n (%)
Waist circumference, cm
Body mass index, kg/m?
Blood pressure, mmHg
diastolic
systolic
Ankle-arm index
Heart rate, bpm

Heart rate variability, ms

1085 (516-1944)
721 (87.7)

18.1 (16.6-19.6)

822 Table 11.1 +« General
characteristics of the

421 (51.2) .
Ghanaian study pop-
65 (56-72) ulation. Data are pre-
sented as medians with
572 (69.6) interquartile ranges un-
195 (23.7) less specified otherwise.
55 (6.7) Heart rate variability was

calculated as the stand-
ard deviation of normal
RR intervals (SDNN) and
as the root mean square
of the differences be-
tween successive normal
RR intervals (RMSSD).
Bpm: beats per minute.

77 (72-81)

70 (65-80)

120 (110-135)
1.15 (1.08-1.23)

70 (62-78)

SDNN
RMSSD

19.6 (13.6-29.3)
18.0 (11.4-28.4)
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Figure 11.1 - Distributions of heart rate and heart rate variability over age in
the Ghanaian study population. The data represent age-specific medians (continuous
lines) and interquartile ranges (dashed lines) of heart rate and heart rate variability. Heart
rate variability was calculated as the standard deviation of normal RR intervals (SDNN)
and as the root mean square of the differences between successive normal RR intervals

(RMSSD). Bpm: beats per minute.

variability with handgrip strength were
tested with three linear regression models:
one without adjustments; one minimally
adjusted for age, sex, tribe, and height; and
one fully adjusted for height and all demo-
graphic and cardiovascular characteristics
shown in Table 11.1. Hazard ratios were de-
termined by three Cox regression models:
one without adjustments; one minimally
adjusted for age, sex, and tribe; and one
fully adjusted for all demographic and
cardiovascular characteristics shown in
Table 11.1. In the fully adjusted models, the
associations of heart rate with handgrip
strength and mortality were adjusted for
SDNN, but the results were similar when
adjusting for RMSSD instead. The analyses
were performed with SPSS Statistics 20
(IBM, Armonk, NY, USA).

Results

Table 11.1 provides the demographic and
cardiovascular characteristics of the Gha-
naian study population. Of the 924 indi-
viduals who participated in the measure-
ments, 822 could be included with data
on heart rate, heart rate variability, and
handgrip strength. Both measures of heart
rate variability, SDNN and RMSSD, corre-
lated with Spearman’s p = 0.83 (p < 0.001).
After logarithmic transformation, median
(with interquartile range) SDNN was 2.98
In ms (2.61—-3.38), median RMSSD was
2.89 In ms (2.43-3.35), and their correla-
tion remained similar with Pearson’s r =
0.84 (p < 0.001).

Figure 11.1 shows the distributions of heart
rate and heart rate variability over age.
As age increased one year, heart rate in-
creased with 0.15 bpm, SDNN decreased
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Table 11.2 - Determinants of heart rate and heart rate variability in the Ghanaian study population

Difference in heart rate
in bpm (95% CI)

Difference in SDNN
in In ms (95% CI)

Difference in RMSSD
in In ms (95% CI)

Age, years
Men
Tribe
Bimoba
Kusasi
other
Wealth index
Safe drinking water
Body mass index, kg/m?
Waist circumference, cm

Capillary glucose, mmol/I

Diastolic blood pressure, mmHg

Systolic blood pressure, mmHg

Ankle-arm index

Heart rate, bpm

+0.16 (+0.08 to +0.25) **
-9.45 (-11.13 to -7.78) **

Ref.

+1.13 (-0.74 to +3.00)
-1.78 (-5.15 to +1.59)
-0.26 (-0.86 to +0.33)
-0.26 (-2.64 to +2.11)
-0.50 (-0.99 to -0.01) *
0.00 (-0.18 to +0.18)
+2.11 (+1.31 to +2.91) **
+0.24 (+0.14 to +0.35) **
+0.01 (-0.04 to +0.06)
+1.96 (-1.70 to +5.61)

-0.010 (-0.014 to -0.005) **
-0.023 (-0.109 to +0.063)

Ref.

+0.014 (-0.075 to +0.104)
-0.156 (-0.317 to +0.006)
+0.038 (+0.010 to +0.067) *
-0.103 (-0.217 to +0.010)
+0.010 (-0.013 to +0.033)
-0.008 (-0.017 to 0.000)
-0.004 (-0.042 to +0.035)
-0.001 (-0.006 to +0.004)
+0.001 (-0.001 to +0.003)
-0.153 (-0.328 to +0.022)
-0.019 (-0.022 to -0.016) **

-0.011 (-0.016 to -0.006) **
-0.060 (-0.161 to +0.034)

Ref.

+0.024 (-0.078 to +0.125)
-0.157 (-0.339 to +0.026)
+0.050 (+0.018 to +0.083) *
-0.049 (-0.178 to +0.079)

0.000 (-0.027 to +0.026)
-0.004 (-0.014 to +0.005)
-0.010 (-0.054 to +0.034)

0.000 (-0.005 to +0.006)
+0.002 (-0.001 to +0.004)
-0.081 (-0.280 to +0.117)
-0.030 (-0.034 to -0.026) **

The data represent the differences in heart rate or heart rate variability per unit change in each characteristic. Tribes are compared with

the Bimoba tribe as reference (Ref.). Men and safe drinking water source are compared with women and unsafe drinking water source as
references. Heart rate variability was calculated as the standard deviation of normal RR intervals (SDNN) and as the root mean square
of the differences between successive normal RR intervals (RMSSD). Each association of each characteristic with heart rate or heart rate
variability was adjusted for those of the other characteristics. Bpm: beats per minute. * p < 0.05; ** p < 0.001.
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with 0.013 In ms, and RMSSD decreased
with 0.016 In ms (all p < 0.001). The vari-
ances of heart rate and heart rate variabili-
ty were constant with age.

As shown in Table 11.2, we explored the
determinants of heart rate and heart rate
variability in a multivariate model includ-
ing all demographic and cardiovascular
characteristics. Heart rate was higher in
older individuals, in women, in individu-
als with a lower BMI, in individuals with
a higher glucose level, and in individuals
with a higher diastolic blood pressure.
Both SDNN and RMSSD were lower in old-
er individuals, higher in individuals with a
higher wealth index, and lower in individ-
uals with a higher heart rate.

307 p = 0.605 307
)
< 294 29+
c
©
c
(0]
5 28 28
(9]
o
5)
2 277 274
©
T
26- 26-
S \& S S
$® \66 .§Q/ $®
Y =& VY

Tertiles of heart rate

p = 0.019

& Q‘\\é\

Tertiles of SDNN

Heart rate, heart rate variability, and
handgrip strength

Table 11.3 describes the associations of
heart rate and heart rate variability with
handgrip strength. Handgrip strength was
lower in individuals with a higher heart
rate and higher in individuals with a high-
er SDNN or RMSSD (all p < 0.001). After
adjustment for age, sex, tribe, and height,
heart rate was not associated with hand-
grip strength, but handgrip strength re-
mained higher in individuals with a higher
SDNN (p = 0.009) or RMSSD (p = 0.013).
After additional adjustment for other de-
mographic and cardiovascular character-
istics, these associations did not change
(p < 0.025). When stratifying the fully ad-

30 p = 0.023
29+

28

274

26-

(] X X
N & 2
$®

\/0

) 6&6 ‘\Q/é‘
AR

Tertiles of RMSSD

Figure 11.2 . Estimates of handgrip strength per tertiles of heart rate and heart
rate variability in the Ghanaian study population. The data represent estimated
means of handgrip strength per tertiles of heart rate and heart rate variability. Heart
rate variability was calculated as the standard deviation of normal RR intervals (SDNN)
and as the root mean square of the differences between successive normal RR intervals
(RMSSD). The estimated means were fully adjusted for age, sex, tribe, height, drinking
water source, body mass index, waist circumference, glucose level, diastolic and systolic
blood pressure, ankle-arm index, and heart rate or heart rate variability (p values for
trends). Bpm: beats per minute.
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justed model, the association of heart rate
variability with handgrip strength was not
different between men and women, indi-
viduals younger and older than 65 years, or
individuals with and without underweight,
defined as a BMI below 18.5 kg/m=.

Figure 11.2 provides estimates of hand-
grip strength per tertiles of heart rate and
heart rate variability, adjusted for all de-
mographic and cardiovascular characteris-
tics. From the lowest to the highest tertile
of heart rate, handgrip strength declined
non-significantly with 0.57 kg. From the
lowest to the highest tertile of SDNN,
handgrip strength increased with 1.00 kg.
From the lowest to the highest tertile of
RMSSD, handgrip strength increased with
1.12 kg.

Heart rate, heart rate variability, and
mortality

Table 11.4 describes the associations of
heart rate and heart rate variability with
mortality. Data on follow-up were availa-
ble for 814 (99.0%) participants and com-
prised 1396 person-years and 42 deaths.
Heart rate was not associated with mor-
tality. Heart rate variability was inversely
associated with mortality: risk of mor-
tality was lower in individuals with a
higher SDNN (p = 0.006) or RMSSD (p =
0.048). After adjustment for age, sex, and
tribe, these associations remained simi-
lar and remained significant for SDNN (p
= 0.021), but lost significance for RMSSD
(p = 0.121). After additional adjustment
for other demographic and cardiovascular
characteristics, the associations remained
similar.

Sensitivity analyses

To examine the consistency of the results,
we repeated the analyses in restricted
groups of participants. Firstly, we excluded
twelve participants who had shown ectop-
ic complexes in the last two seconds of the
ECG. The associations of heart rate with
handgrip strength and mortality remained
absent in the minimally and fully adjusted
models. The associations of heart rate vari-
ability with handgrip strength and mortal-
ity remained similar. Secondly, we exclud-
ed 28 participants with sinus arrhythmia,
defined as the presence of consecutive nor-
mal RR intervals differing by more than
120 ms. The associations of heart rate with
handgrip strength and mortality remained
absent in the minimally and fully adjust-
ed models. The associations of heart rate
variability with handgrip strength were
strengthened; their associations with mor-
tality remained similar (data not shown).

Discussion

This study aims to assess whether heart
rate and heart rate variability at rest are
associated with handgrip strength and
mortality among older persons in a tra-
ditional rural African population where
obesity, hyperlipidemia, diabetes, hyper-
tension, and cardiovascular diseases are
rare (Chapters 9 and 10 of this thesis).>-23
Heart rate increased slightly with age and
was dependent on BMI, glucose level, and
diastolic blood pressure. Heart rate var-
iability decreased with age and was not
dependent on cardiovascular risk factors.
Heart rate was associated with neither
handgrip strength nor mortality. A lower
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heart rate variability was associated with
lower handgrip strength and, correspond-
ing with our previous report that low
handgrip strength predicts mortality,> a
higher risk of mortality. These associations
were independent of age, sex, tribe, and
cardiovascular risk factors.

This study is the first to investigate heart
rate and heart rate variability in relation
to physical function and mortality in tra-
ditional Africa. Few studies have assessed
heart rate at rest and its associations with
cardiovascular risk factors in rural African
populations and have reported results that
are in accordance with our results. Heart
rate was, compared with the Ghanaian
study population, similar in rural Tanzani-
an populations®3° and among hypertensive
patients attending hospitals in different
Sub-Saharan countries,® but higher in a
population close to our research area with
younger participants and higher preva-
lences of cardiovascular risk factors.? In
these populations, heart rate was constant
with age, higher in women, and positively
related with blood pressure and lipid lev-
els, although less strongly than in western
populations.®1©3°32 Heart rate was found to
be higher in Congolese children and ado-
lescents with a lower socioeconomic status
and with malnutrition or obesity.® Heart
rate variability has been measured only in
hospitals in several Sub-Saharan countries
and without assessing its associations with
physical function, morbidity, or mortali-
ty. In these studies, heart rate variability
declined with age and was higher in wom-
en.3%3t
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Heart rate and heart rate variability at rest
vary across populations and ethnicities
due to both genetic and environmental
factors,*3%3¢ which complicates compari-
sons between populations. Still, the study
of heart rate and heart rate variability in
populations without an affluent sedentary
lifestyle aids the solution of questions that
remain despite the research conducted in
western populations. Heart rate in western
populations is higher in women and de-
pendent on various cardiovascular risk fac-
tors, as in the Ghanaian study population,
but it has been inconsistently described
to decrease, be constant, or increase with
age.”®1518  Conflicting results have also
been reported on differences in heart rate
between European and African Ameri-
cans.'»35% A study comparing Americans
of European origin, Americans of African
origin, and American immigrants from
Ghana without hypertension, cardiovascu-
lar disease, and diabetes found no differ-
ences in heart rate.s® Other studies showed
that differences in heart rate between Eu-
ropean and African Americans can be at-
tributed to cardiovascular risk factors.37:3
The findings from traditional African pop-
ulations reinforce the possibility that heart
rate is dependent on cardiovascular risk
factors rather than age and that it is only
associated with functional impairment,
morbidity, and mortality when these risk
factors are present. As a biological expla-
nation, cardiovascular risk factors such
as obesity, hyperlipideemia, hypertension,
and diabetes can increase heart rate by in-
ducing hamodynamic alterations, cardiac
conduction abnormalities, and sympathet-
ic hyperactivation.®15.4°
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Heart rate variability decreases with age
in western populations as in the Ghanaian
study population and other African pop-
ulations.>1017:4143 Heart rate variability in
the Ghanaian study population was similar
to that in different western populations
investigated with comparable methodol-
ogies, despite differences in cardiovascu-
lar risk factors.44+ Although conflicting
results have been reported on differences
in heart rate variability between European
and African Americans, these differences
seem independent of cardiovascular risk
factors.3+4-48 Not only in the Ghanaian
study population, but also in western pop-
ulations heart rate variability has been re-
ported to be unaffected by cardiovascular
risk factors.'®344249 These findings, com-
bined with those from traditional African
populations, suggest that heart rate varia-
bility is associated with functional impair-
ment, morbidity, and mortality through
mechanisms independent of cardiovascu-
lar risk factors. Most likely, heart rate vari-
ability declines during ageing as a result of
a deteriorating autonomic regulation of the
heart rate that occurs across populations
with different lifestyles.!3142%5° More re-
search in populations without an affluent
sedentary lifestyle is required to substanti-

ate our interpretations.

Since a high heart rate is a long-established
predictor of morbidity and mortality, it is
regarded as a potential therapeutic target
of cardiovascular disease."3” While phar-
macological lowering of the heart rate has
been found to benefit patients with heart
failure, it fails to do so in patients without
heart failure.’* In line with our study, it is
posited that the heart rate is accelerated

not as a cause, but as an effect of cardio-
vascular disease.*s' It could be that in the
detection and prevention of cardiovascular
disease the role of heart rate is overrated,
while that of heart rate variability has re-
mained underrated.

This study has the following limitations.
Firstly, ECGs were recorded during 20
seconds, while longer recordings are of-
ten preferred.?® Heart rate variability in
short recordings cannot be measured by
frequency-domain methods, cannot be
compared with longer recordings used in
most studies, and is determined with less
precision. However, SDNN and RMSSD
as measures of heart rate variability can
be used to investigate short recordings?®
and several studies of similarly short re-
cordings have demonstrated that these
measures are associated with morbidity
and mortality.44+4 Moreover, the less pre-
cise determination of heart rate variability
in short recordings is thought to result in
underestimation rather than overestima-
tion of the true associations.*+ Second-
ly, mortality was registered during only a
short follow-up period, which attenuates
the statistical power of the mortality anal-
yses. Thirdly, associations of heart rate
and heart rate variability with incidence
of morbidity could not be assessed, since
diseases were not registered. Lastly, the
effects of some lifestyle-related risk fac-
tors on heart rate and heart rate variability
could not be studied. Although nutritional
status was reflected by BMI, dietary com-
position, physical activity, and smoking
were not formally documented.
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In conclusion, this study shows that a high
heart rate is not, but a low heart rate varia-
bility is associated with handgrip strength
and mortality among older persons in a
traditional rural African population as it is
in western populations. This suggests that
the association of heart rate with physi-
cal function and mortality as described
in western populations is predominantly
mediated by lifestyle-related risk factors
of cardiovascular disease and diabetes.
By contrast, the association of heart rate
variability with physical function and mor-
tality probably reflects a universal deteri-
oration of the body’s autonomic regulation
during ageing. Across various environ-
ments, heart rate variability can be meas-
ured to predict functional impairment and
mortality.
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