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OBJECTIVE

Higher resting heart rate (rHR) and lower heart rate variability (HRV) are associatedwith
increased risk of cardiovascular disease (CVD) and all-causemortality in people with and
without diabetes. It is unknown whether temporal changes in rHR and HRV may
contribute to this risk. We investigated associations between 5-year changes in rHR and
HRVand risk of future CVDanddeath, taking into account participants’baseline glycemic
state.

RESEARCH DESIGN AND METHODS

In this prospective, population-based cohort study we investigated 4,611 CVD-free civil
servants (mean[SD]age,60[5.9]years;70%men).WemeasuredrHRand/orsix indicesof
HRV.Associationsof5-year change in5-min rHRandHRVwith fatal andnonfatalCVDand
all-causemortalityorthecompositeofthetwowereassessed,withadjustmentsmadefor
relevant confounders. Effect modification by glycemic state was tested.

RESULTS

At baseline, 63%of participantswere normoglycemic, 29%hadprediabetes, and 8%
had diabetes. During a median (interquartile range) follow-up of 11.9 (11.4; 12.3)
years, 298 participants (6.5%) experienced a CVD event and 279 (6.1%) died of non–
CVD-related causes. We found no association between 5-year changes in rHR and
HRVand future events. Only baseline rHRwas associatedwith all-causemortality. A
10 bpm–higher baseline HR level was associatedwith an 11.4% higher rate of all-cause
mortality (95% CI 1.0–22.9%; P5 0.032). Glycemic state did not modify associations.

CONCLUSIONS

Changes in rHR andHRVandpossibly also baseline values of thesemeasures are not
associated with future CVD or death in people with or without dysglycemia.

Cardiovasculardisease (CDV) is the leading causeofdeathgloballyofpatientswithand
without dysglycemia globally (1). Thus, identifying persons at risk for CVD prior to
development of overt disease, by use of risk markers, is essential to prevent later
complications. In large, longitudinal, population-based cohort studies, single
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baseline assessments of high resting
heart rate (rHR) and low heart rate
variability (HRV), characterizing cardiac
autonomic function, have been estab-
lished as markers of increased risk of
future CVD and death in people without
diabetes (2–5) and patients with diabetes
(6–9). High rHR and low HRV are also
associated with preclinical pathological
disease states, such as subclinical inflam-
mation (10), dysglycemia (11,12), and
vascular damage (13), all of which con-
tribute to increased risk of future CVDand
death. Individuals with prediabetes (14)
and diabetes (15,16) are particularly prone
to adverse levels of rHR and HRV. This
can be a sign of diabetic autonomic
neuropathy, a prevalent complication
to prediabetes and diabetes.
Measures of rHR and HRV are easily

obtainable by short-term noninvasive
measures derived from electrocardio-
grams (ECGs); thus, they are obvious
candidates for risk stratification. Tempo-
ral changes in rHR and HRV could be
associated with an additional risk of
CVD and death, over and above the risk
conveyedbybaseline rHRandHRV levels.
If thiswere thecase, sequentialmeasures
could prove to be usefulmonitoring tools
in patient care, because rHR and HRV
assessments could be obtained regularly
at many patient consultations with low
cost and little effort. Todate, however, to
our knowledge, associations between
temporal changes in rHRandHRVand the
risk of CVD and death have not been
investigated in observational epidemio-
logical settings of individuals without
CVD.
To address this limitation, we investi-

gatedtheprospectiveassociationsofmeas-
ures of 5-year changes in rHR andHRVwith
incident CVD and death in normoglycemic
individuals and those with dysglycemia,
such as prediabetes and diabetes, in the
large, population-based Whitehall II co-
hort study with repeated measurements
of rHR and six indices of HRV.

RESEARCH DESIGN AND METHODS

Access todata fromtheWhitehall study is
possible by contacting theWhitehall team
directly (whitehall2@ucl.ac.uk).

Study Participants
The Whitehall II study is an occupational
cohort of 10,308 British civil servants
(6,896 men and 3,412 women aged 35–
55 years) ofmainlyWhite racewho have

been followed with clinical examinations
every 5 years since 1985 (17).

Both rHR and HRV were measured at
phase 5 (1997–1999), phase 7 (2002–
2004), and phase 9 (2007–2009) of the
study. Although rHR was assessed for all
participants, HRVmeasurement involved
only a subcohort of Whitehall partici-
pants. We used data from phases 5, 7,
and 9 to assess 5-year change in rHR and
HRV, with phase 7 being the baseline for
this study. Changes were assessed for
participants with data from phases 5 and
7. If participants also had additional data
at phase9, then changesbetweenphases
7 and9 alsowere included in the analyses.

Of the6,967studyparticipants atphase
7, we excluded 1,111 (15.9%) with events
of study outcomes such as previous CVD
and stroke. Another 1,245 (17.9%) were
excludedwhohadmissingphase5dataon
rHR or HRV, leaving 4,611 participants for
analyses. Although 5-year changes in rHR
were available for all 4,611 study partic-
ipants, only 1,675 (36.3%) had informa-
tion on 5-year changes in HRV.

The study was reviewed and approved
by theU.K.NationalHealthServiceHealth
Research Authority London-Harrow Ethics
Committee, and written informed consent
wasobtained fromeachparticipantateach
examination phase. The study was con-
ducted according to the principles of the
Helsinki Declaration.

Measurements and Definitions
The rHR and HRV indices were derived
from 5-min resting 12-lead ECG record-
ingsobtainedsubsequent to5-minof rest
in the supine position at phases 5, 7, and
9 of the study. Recordings were filtered
through an automated algorithm, allowing
the analyses of suitable normal-to-normal
sinus rhythm R–R intervals without the
presence of arrhythmias, ectopic beats,
and branch blocks (normal-to-normal
[N–N] intervals).

The following six indices of HRV were
analyzed:1) the SDof all N–N intervals;2)
the root mean square of the sum of the
squares of differences between consec-
utive N–N intervals as measures of the
time domain; 3) low-frequency power
(i.e., in the 0.04–0.15 Hz frequency
band); 4) high-frequency power (in the
0.15–0.4 Hz frequency band); 5) total
power (in the#0.4Hz frequencyband) as
measures of the frequency domain,
using a Blackman-Tukey algorithm; and
6) the calculated ratio between low-

frequency and high-frequency power.
Root mean square of the sum of the
squares of differences between consec-
utive normal-to-normal intervals and
high-frequency power outcomes are as-
sociated mainly with parasympathetic
modulations, whereas the remaining
measures characterize mixed sympa-
thetic and parasympathetic influences.

The rHR was obtained from either the
aforementioned 5-min rHR measures or,
if such measures were not assessable,
rHRwas obtained from standard 10-s 12-
lead ECG recordings by the Burdick
Eclipse 850 ECG recorder.

Plasma glucose, serum insulin, and se-
rum lipid levels, as well as HbA1c and
systolic and diastolic blood pressure at
phases 5, 7, and 9 were measured as
described previously (18). Information
on smoking habit (never, ex-smoker,
or current), physical activity (hours per
week of mild, moderate, and vigorous
physical activity), and medication use
also was collected, using self-administered
questionnaires, at phases 5, 7, and
9 (19).

Glycemic status was determined by
measuring HbA1c using the following
American Diabetes Association criteria
(20): normal glycemia (,5.6%; 39
mmol/mol), prediabetes (5.6–6.4%; 39–
47 mmol/mol), or diabetes ($6.5%; 48
mmol/mol). Diabetes cases were also di-
agnosed outside the study by the treating
physician.

Outcome Ascertainment
The primary outcomes were fatal and
nonfatal CVD, total number of deaths,
and a composite end point of CVD or
death. The participants’ unique National
Health Service (NHS) identification num-
bers were linked to the NHS Hospital
Episode Statistics database (21). Inci-
dence of CVD was assessed over the
follow-up period from 2002 to 2004 to
the end of follow-up (30 June 2015) and
included fatal and nonfatal coronary
heart disease (defined by ICD-9 codes
410–414 or ICD-10 codes I20–25) and
stroke. Nonfatal myocardial infarction
was determined using data from ques-
tionnaires, study ECGs, hospital acute
ECGs, cardiac enzyme levels, and physi-
cian records (22). In the definition of
stroke, cases identified by self-report only
were excluded. Stroke included first sub-
arachnoidhemorrhage,cerebral infarction,
intracerebral hemorrhage, not-specified
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stroke (ICD-10 codes I60–I64), and tran-
sient cerebral ischemic attacks (ICD-10
code G45). Cases of stroke were ascer-
tained from participants’ general practi-
tioners, by information extracted from
hospital medical records, or from the
NHSHospital Episode Statistics database.
Ascertainment of cardiovascular events
in the Whitehall II study has recently
been validated (23). All-cause mortality
was assessed from2002 to2004 toendof
follow-up by flagging participants in the
NHS Central Registry, which provided
information on the cause and date of
death.

Statistical Analysis
Incidence rates for CVD, all-cause mor-
tality, or the composite of the two were
estimated in separate models using Pois-
son regression analysis with the corre-
sponding log-risk time as offset. For each
participant, the follow-up period was
split into 1-year age bands to account
for the nonconstant effect of age over
timeon CVD risk and death (24) Exposure
was 5-year changes in HR or HRV mea-
sures between phases 5 and 7.
Analyses were adjusted for age, sex,

race/ethnicity, and baseline rHR or HRV
measures (model 1), and additional ad-
justments were performed for glycemic
state (normoglycemia, prediabetes, di-
abetes); BMI; physical activity; smoking;
systolic blood pressure; levels of total
cholesterol, LDL cholesterol, and trigly-
cerides; and use of tricyclic antidepres-
sants, diuretics, and b-blockers in a
subsequent model (model 2). In model
2, we further tested for a modifying
effect of baseline glycemic state on the
outcome-exposure associations using
the following interaction term: glycemic
state multiplied by rHR or HRV. If signif-
icant, associations were calculated for
the glycemic states separately in both
models 1 and 2. For all HRV exposures,
the models were additionally adjusted
for the simultaneously measured HR at
the current and previous phase.
For the subset of individuals with rHR

or HRVmeasurements at phase 9 (86.6%
for HR and 80.8% for HRV), we updated
the covariates accordingly, treating all
covariates as time varying. For example,
a participant with prediabetes at phase
7 in whom diabetes developed between
phases 7 and 9 first contributed with risk
time in the prediabetes group and sub-
sequently to the diabetes group.

To allow direct comparisons of inci-
dence rate ratios between the exposure
variables, we further calculated stan-
dardized regression coefficients for the
subset of the population for whom rHR
and all six HRV indices were available at
the same time points (ie, the subset with
autonomic function assessed). In a sub-
sidiaryanalysis,we repeated theanalyses
with baseline levels of rHR or HRV meas-
urements as exposure (i.e., removing the
covariate for the5-year changes from the
models).

To avoid exclusion of patients with
missing values, which may lead to biased
results (25), themultivariate imputations
by chained equations method (26) with
missing-at-random assumptions (n 5
50 imputations), and including a number
of auxiliary data on the participants not
used in the analyses, was used to impute
missing data on the covariates at each
phase. Exposure and outcome variables
were not imputed. Estimates of param-
eters of interest were averaged across
the imputation copies according to Rubin
rules (27).

Subset analyses on determinants and
future events were performed for pa-
tients not receivingb-blocker treatment.
Statistical analyses were performed in R,
version 3.6.1 (The R Foundation for Sta-
tistical Computing) and SAS, version 9.4
(SAS Institute, Cary, NC).

Data and Resource Availability
Whitehall II data, protocols, and other
metadata are available to bona fide re-
searchers for research purposes. Please
refer to theWhitehall II data sharing policy
athttps://www.ucl.ac.uk/whitehallII/data-
sharing.

RESULTS

Themedian (interquartile range) follow-up
time was 11.9s (11.4; 12.3) years for
death and 11.9 (11.3; 12.2) years for
CVD and the composite outcome, respec-
tively. In the study population, rHR mea-
sures were available for analysis from
4,611, 4,611, and 4,029 individuals at
phases 5, 7, and 9, respectively. A total
of 4,611 participants had rHRmeasures at
both phases 5 and 7 and 3,991 of these
individuals had additional rHR measures
at phase 9. In total, 8,602 pairs of meas-
ures of rHR at ;5 years apart were used
for analyses of change.

In the studypopulation,HRVmeasures
were collected from 2,381, 3,069, and

3,495 individuals at phases 5, 7, and 9,
respectively. A total of 1,675 participants
had HRV measures at both phases 5 and
7 and 1,353 of these individuals had
additional HRV measures at phase 9.
In total, 3,028 pairs of measures of
HRV at ;5 years apart were used for
analyses of 5-year HRV change.

All measures of HRV diminished dur-
ing the study period, as described pre-
viously (28). Changes during the study
are presented in Supplementary Fig. 1.
At baseline (phase 7), the study pop-
ulation consisted mainly of men (3,235
[70.2%] men vs 1,376 [29.8%] women);
the mean (SD) age was 60.5 (5.9) years
and the mean (SD) rHR was 68.0 (11.4)
bpm. A majority of participants were
normoglycemic, and glycemic state of
participants was distributed as follows
(interquartile range reported in paren-
theses): 63.3% (61.9; 64.7) were nor-
moglycemic, 29.1% (27.8; 30.5) had
prediabetes, 1.8% (1.4; 2.2) had diabe-
tes detected on screening, and 5.8%
(5.1; 6.5) had known diabetes. Detailed
characteristics of the study population
at phase 7 are listed in Table 1.

During follow-up, 298 (6.5%)of the study
participants had a CVD event (n5 47 fatal;
n5 251 nonfatal). An additional 279 (6.1%)
died of non–CVD-related causes, resulting
in a total of 577 (12.5%) events for the
composite outcome (Table 2).

There was no modifying effect of
glycemic state on any of the associations
between 5-year change in rHR or HRV
measures and the rate of an event (P $
0.051). Hence, the interaction term was
removed from the model.

We found no statistically significant
association of 5-year changes in rHR or
HRVwith risk of first CVD event, all-cause
mortality, or the composite (see Table 3,
Fig. 1, and Supplementary Table 1 for
estimates of an SD in change in deter-
minants). The range of rate ratios per
10-unit change in rHR or HRV measures
was from 0.96 to 1.10, indicating small or
neutral effect size. One association (be-
tween 5-year change in SD of all N–N
intervals and rate of the composite
event) reached statistical significance
(P 5 0.046), suggesting a clinically not
important negative association, which
was expected, given the number of
tests performed. Subset analyses on pa-
tients not receiving b-blocker treatment
(Supplementary Table 3) showed no dif-
ference in results.
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In the subsidiary analyses of baseline
levels of rHR and HRV, we found similar
results. There was no modifying effect of
glycemic state on any of the associations
(P$0.298), and therewasno association
between baseline levels of rHR or HRV
and risk of first CVD event, all-cause
mortality, or the composite end point
(Fig. 1 and Supplementary Table 2). The
range of rate ratios per 10-unit–higher
baseline rHR or HRV measures was from
0.91 to 1.11 (most at ;1.00), indicating
small or neutral effect size. Again, one
association (between baseline rHR and
rateall-causemortality)withtheexpected
direction reached statistical significance

(P5 0.040) with a rate ratio of 1.11 (95%
CI 1.00–1.22).

CONCLUSIONS

Inthis large,population-based, longitudinal
study of people without CVD, 5-year
changes in rHR indices or HRV were not
associated with future CVD events in a
median follow-up of 12 years. The null
finding was observed irrespective of par-
ticipants’glycemic stateat thebeginningof
follow-up. In subsidiary analyses, high
baselinerHRwasassociatedwith increased
mortality risk, but no other associations of
baseline levels of HRV with subsequent
events were found in this cohort.

Toour knowledge, this is thefirst study
to assess temporal changes in rHR and
HRV in relation CVD and death in people
without CVD. In a post hoc analysis of the
double-blind, randomized trials Ongoing
Telmisartan Alone and in Combina-
tion with Ramipril Global Endpoint Trial
and Telmisartan Randomized Assess-
ment Study in ACE Intolerant Subjects
With Cardiovascular Disease (6) with a
56-month follow-up, the associations of
changes in rHRwith cardiovascular events
were studied in patients with coronary,
peripheral, or cerebrovascular disease, or
diabetes with end-organ damage. Par-
ticipants were assigned to receive 10mg

Table 1—Baseline (phase 7) characteristics of the study participants by sex

n (% available)* Total Men Women

No. of participants 4,611 3,235 1,376

White race (%) 4,611 (100) 93.0 (92.2–93.7) 95.0 (94.2–95.7) 88.2 (86.4–89.9)

Age (years) 4,611 (100) 60.5 (5.9) 60.3 (5.8) 60.7 (5.9)

Height (cm) 4,610 (100) 171.3 (9.1) 175.4 (6.6) 161.5 (6.5)

BMI (kg/m2) 4,599 (100) 26.4 (4.2) 26.3 (3.7) 26.7 (5.1)

Current smoker (%) 4,580 (99) 7.4 (6.7–8.2) 6.9 (6.0–7.8) 8.8 (7.3–10.4)

Moderate to vigorous exercise (h/week) 4,538 (98) 11.5 (4.3; 20.0) 12.8 (5.0; 21.5) 8.5 (2.5; 16.3)

Alcohol intake (units/week) 4,541 (98) 8.0 (3.0; 17.0) 10.0 (4.0; 20.0) 4.0 (0.0; 10.0)

Glycemic state
Normoglycemia (%) 4,525 (98) 63.3 (61.9–64.7) 63.8 (62.1–65.4) 62.3 (59.7–64.9)
Prediabetes (%) 4,525 (98) 29.1 (27.8–30.5) 29.4 (27.8–31) 28.5 (26.1–31)
Screening-detected diabetes (%) 4,525 (98) 1.8 (1.4–2.2) 1.6 (1.2–2.1) 2.2 (1.5–3.2)
Known diabetes (%) 4,525 (98) 5.8 (5.1–6.5) 5.3 (4.5–6.1) 6.9 (5.6–8.4)
Family history of diabetes (%) 4,545 (99) 10.3 (9.4–11.2) 9.2 (8.2–10.3) 13.0 (11.2–14.9)

Medication
Antihypertensive treatment (%) 4,592 (100) 18.4 (17.3–19.5) 17.8 (16.5–19.1) 19.8 (17.7–22.0)
Lipid lowering treatment (%) 4,592 (100) 6.9 (6.1–7.6) 6.5 (5.7–7.4) 7.7 (6.4–9.3)
Tricyclic antidepressants (%) 4,611 (100) 2.6 (2.1–3.1) 2.1 (1.6–2.7) 3.7 (2.8–4.8)
Diuretics (%) 4,592 (100) 6.9 (6.2–7.7) 5.9 (5.1–6.8) 9.2 (7.7–10.9)
b-blockers (%) 4,592 (100) 6.8 (6.0–7.5) 6.6 (5.8–7.5) 7.1 (5.8–8.6)

Blood measurements
Total cholesterol (mmol/L) 4,574 (99) 5.8 (1.0) 5.7 (1.0) 6.0 (1.0)
HDL cholesterol (mmol/L) 4,574 (99) 1.6 (0.5) 1.5 (0.4) 1.9 (0.5)
LDL cholesterol (mmol/L) 4,526 (98) 3.6 (0.9) 3.6 (0.9) 3.6 (1.0)
Triglycerides (mmol/L) 4,574 (99) 1.4 (0.9) 1.4 (1.0) 1.2 (0.7)
Systolic blood pressure (mmHg) 4,608 (100) 127.2 (16.3) 127.9 (15.6) 125.6 (17.8)
Diastolic blood pressure (mmHg) 4,608 (100) 74.2 (10.3) 74.7 (10.2) 72.8 (10.4)
Fasting plasma glucose (mmol/L) 4,567 (99) 5.4 (1.1) 5.5 (1.1) 5.2 (1.0)
2-h plasma glucose (mmol/L) 3,852 (84) 6.5 (2.0) 6.5 (2.1) 6.5 (1.9)
HbA1c (%) 4,519 (98) 5.7 (0.6) 5.7 (0.6) 5.7 (0.7)
HbA1c (mmol/mol) 4,519 (98) 38.4 (6.7) 38.3 (6.4) 38.7 (7.3)

HR indices
HR from ECG (bpm) 4,611 (100) 68.0 (11.4) 67.7 (11.7) 68.9 (10.6)
SDNN (ms) 3,069 (67) 33.9 (25.5; 44.6) 33.8 (25.3; 44.7) 34.1 (26.1; 44.5)
RMSSD (ms) 3,069 (67) 20.5 (13.6; 30.1) 19.7 (13.2; 28.7) 21.8 (14.6; 32.7)
LF power (ms2) 3,069 (67) 286.9 (158.8; 528.7) 301.1 (165.0; 554.2) 264.7 (151.6; 474.4)
HF power (ms2) 3,069 (67) 115.0 (55.5; 232.6) 105.9 (50.5; 213.7) 146.4 (66.3; 295.0)
LF/HF ratio 3,069 (67) 2.59 (1.58; 4.09) 2.91 (1.81; 4.51) 1.92 (1.14; 3.03)
Total power (ms2) 3,069 (67) 1,011 (573; 1,742) 1,010 (571; 1,778) 1,012 (586; 1,678)

Data are reported as mean (SD), median (25th; 75th percentiles), or proportion (95% CI). HF, high-frequency; LF, low-frequency; RMSSD, root mean
squareof the sumof the squaresof differences between consecutiveN–NR–R intervals; SDNN, standarddeviationofN–NR–R intervals. *n (%) refers to
the number of participants (percentage of total cohort) with data on the respective variable prior to multiple imputation.
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of ramipril daily, 80 mg of telmisartan
daily, or their combination, or either
80 mg of telmisartan daily or placebo
telmisartan daily, or their combination.
Both higher baseline rHR and greater
in-trial increases of rHR were associated
with an increased CVD incidence with no
threshold value for rHR (6). These ob-
servations may suggest that temporal
changes in rHRmay be a valid riskmarker
only in patients at a high risk of CVD.
Except for greater mortality risk in

participantswithhighbaseline rHR, base-
line levels of rHR and HRV were not
associated with the end points of our
study. In previous investigations, re-
searchers have reported partly inconsis-
tent findings. In the U.S. Framingham
(3,29) and Atherosclerosis Risk in Com-
munities (ARIC) studies (2), for example,
high rHR and low HRV were linked to
increased risk of future CVD and all-
cause mortality. Similar findings for rHR

were seen in the FINRISK cohort with
regard to CVD (4). The baseline clinical
markers of our study population were
collected more recently (2002–2004)
than the clinical markers from the Fra-
mingham (1948–1971),ARIC (1987–1989),
and FINRISK (1982–1997) studies,
reflecting a period of more aggressive
preventivemedicationtreatments,which
may explain weaker associations in the
Whitehall II study. However, the level of
HRV (measured during 1989–1990) was
not associated with death in participants
with and without diabetes in the Mon-
itoring of Trends and Determinants in
Cardiovascular Disease/Cooperative
Health Research in the Region of Augsburg
(MONICA/KORA) study (30).

Among patients with diabetes in the
Diabetes Control and Complications Tri-
al/Epidemiology of Diabetes Interven-
tions and Complications (DCCT/EDIC)
(31), Action to Control Cardiovascular

Risk inDiabetes (ACCORD) (8), andAction
in Diabetes and Vascular Disease: Pre-
terax and DiamicronMR Controlled Eval-
uation (ADVANCE) (9) trials, baseline
measures of rHR and HRV were linked
to future events. The baseline clinical
markers were collected in 1993–2006,
2001–2005, and 2001–2013, respec-
tively, and thus recommendations for
CVD prevention were similar as for the
Whitehall population. These were inter-
ventional trials and assessments were
done on either in-trial associations or
post-trial follow-up. Hence, results can-
not be regarded as observational and
maybeconfoundedby trial participation.
On the other hand, a causal relationship
cannot be ruled out either. It has been
hypothesized that increased rHR and
sympathetic overactivation, as seen in
prediabetes and diabetes, can contribute
to vascular disease through mechanisms
such as the promotion of atherosclerosis,
increasing oxygen demand of the heart,
and the promotion of cardiac arrythmias
(32–34). These mechanisms may play a
role in the development of vascular
disease in prediabetes and diabetes.
However, a causal relationship has yet
to be established. Notably, interven-
tional trials targeted at a reduction of
HR in patients with existing CVD has only
shown an improvement in heart failure
outcomes (35) but not in vascular disease
(36). There is not a tangible explanation
of why the data from this study do not
exhibit any differences in association in

Table 2—Number of CVDevents, all-causemortality, or the composite of the twoby
glycemic state in study population prior to imputation

CVD
All-cause
mortality

Composite
outcome

n % n % n %

Normal glycemia 161 5.6 184 6.4 321 11.2

Prediabetes 90 6.8 102 9.7 181 13.7

Diabetes 38 11.1 33 8.1 61 17.8

Unclassifiable 9 10.5 7 8.1 14 16.3

Total population 298 6.5 319 6.9 577 12.5

n 5 number of events; % 5 percentage of group with an event.

Table3—Rate ratioswith95%CIof10-unitdifference in5-yearchanges inHRorHRVonthe incidenceofCVD,all-causemortality,
or the composite of the two

CVD All-cause mortality Composite

5-years change in: Model RR P* RR P* RR P*

rHR (10 bpm) 1 1.08 (0.95–1.23) 0.258 1.01 (0.90–1.14) 0.855 1.03 (0.93–1.12) 0.602

2 1.10 (0.96–1.25) 0.166 1.01 (0.90–1.14) 0.864 1.03 (0.94–1.13) 0.518

SDNN (10 ms) 1 0.96 (0.92–1.00) 0.058 0.97 (0.92–1.02) 0.250 0.97 (0.93–1.00) 0.046

2 0.96 (0.93–1.00) 0.076 0.97 (0.92–1.02) 0.224 0.97 (0.94–1.00) 0.053

RMSSD (10 ms) 1 0.98 (0.95–1.00) 0.103 0.99 (0.95–1.03) 0.511 0.98 (0.96–1.00) 0.106

2 0.98 (0.95–1.01) 0.150 0.99 (0.95–1.03) 0.538 0.98 (0.96–1.01) 0.155

LF power (10 ms2) 1 1.00 (1.00–1.00) 0.301 1.00 (1.00–1.00) 0.294 1.00 (1.00–1.00) 0.123

2 1.00 (1.00–1.00) 0.371 1.00 (1.00–1.00) 0.342 1.00 (1.00–1.00) 0.172

HF power (10 ms2) 1 1.00 (1.00–1.00) 0.559 1.00 (1.00–1.00) 0.316 1.00 (1.00–1.00) 0.259

2 1.00 (1.00–1.00) 0.604 1.00 (1.00–1.00) 0.289 1.00 (1.00–1.00) 0.272

LF/HF ratio (10 units) 1 1.00 (0.37–2.66) 0.997 1.06 (0.40–2.80) 0.913 0.97 (0.48–1.97) 0.941

2 0.95 (0.36–2.52) 0.924 1.02 (0.39–2.65) 0.968 0.95 (0.47–1.90) 0.882

Total power (10 ms2) 1 1.00 (1.00–1.00) 0.424 1.00 (1.00–1.00) 0.420 1.00 (1.00–1.00) 0.240

2 1.00 (1.00–1.00) 0.487 1.00 (1.00–1.00) 0.475 1.00 (1.00–1.00) 0.298

HF, high frequency; LF, low frequency; RMSSD, rootmean square of the sum of the squares of differences between consecutive N–NR–R intervals; RR,
rate ratio; SDNN, standard deviation of N–N R–R intervals. *P value for the test of the rate ratio being equal to unity (i.e., no effect).
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different glycemic states. It could be
speculated that autonomic dysfunction
characterized as high rHR and low HRV
could be signs of different pathogenic
mechanisms in these states. Patients
with normoglycemia are not exposed
to high blood glucose levels and, there-
fore, autonomicdysfunction in this group
may be a sign of other conditions than in
individuals with dysglycemia. However,
the lack of differences between glycemic
groups may be just a sign of the possible
lack of predictive value of rHR and HRV in
general.
The lack of associations in our study

could be attributed to recent changes in
the distribution of risk factors of CVD in
younger birth cohorts. Such cohort ef-
fects have been described in the White-
hall II cohort study, showing that younger

birth cohorts have a higher BMI com-
pared with older cohorts but with lower
levels of total cholesterol (37). This may
indicate a change in associations be-
tween CVD riskmarkers (e.g., that higher
BMI is not as strongly associated with
cholesterol levels as previously) and,
therefore, may not be as strong a risk
marker for CVD when preventive treat-
ment with, for example,, cholesterol-
lowering medication is implemented.
It is possible that rHR and HRV may
have lost their association with later
events due to preventive medicine.

Strengths and Weaknesses
Our study benefits from its large sample
size, the comprehensive measurements of
outcomes and exposures assessed simul-
taneously, and an extensive adjustment

for confounders. Importantly, the prospec-
tive design with repeated data allowed us
to assess associations of changes in rHR
and HRV with major future events. End
points were adjudicated by health care
professionals ensuring valid diagnoses.

The study population was predomi-
nantly of European descent and based
on people employed as civil servants, so
the results may not be generalizable to
other ethnic groups, unemployed peo-
ple, those employed in the private sector
or who do manual labor. In addition, the
cohort seems to have a high level of
physical activity and a low prevalence of
smokers comparedwith national surveys
performed in the U.K. (38). Therefore,
the study findings may not be fully
generalizable to the general population.
In addition, the present cohort consists

Figure 1—Association of 5-year change in HR andHRV (A) or higher baseline values of themeasures (B) with incidence of events. Association of (A) 1 SD
difference in 5-year change in rHR andHRVor of (B) 1 population SDhigher baseline value inHR or in the log of HRV indices at baselinewith incidence of
a fatal or nonfatal CVD, all-causemortality, or the composite of the two. Data shown for rHR are only for participantswith simultaneous HRVmeasures.
Analyses were adjusted for age, sex, race/ethnicity, and, for (A), also baseline HR/HRV (model 1: gray lines). HRV indices were additionally adjusted for
the simultaneouslymeasuredHR. Additional adjustmentsweremade for glycemic state; BMI; physical activity; smoking; systolic blood pressure; levels
of total cholesterol, LDL cholesterol, and triglycerides; and use of tricyclic antidepressants, diuretics, andb-blockers (model 2: black lines). The x-axis is
logarithmic. HF, high frequency; LF, low frequency; RMSSD, root mean square of the sum of the squares of differences between consecutive N–N
intervals; SDNN, standard deviation of all normal-to-normal R-R intervals.
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of a relatively small subset of participants
with diabetes at baseline (n5 343) and,
therefore, interpretation of results for
patients with diabetes should be done
with caution. The HRV measures were
short-termmeasures of 5 min. Such mea-
sures may be prone to some issues with
reproducibility,whichmay affect outfind-
ings. It is possible that longer measuring
periods might have revealed an associa-
tion with end point (e.g., the circadian
rhythm of HRV is associated with future
events [39]). In addition, more robust
measures for estimating autonomic dys-
function, such as cardiovascular auto-
nomic reflex tests, may prove to have
associations in contemporary cohorts
with future CVD, as show previously (40).
For cerebral vascular disease, transient

ischemic attack was accepted as a valid
diagnosis for cerebral CVD. Transient is-
chemic attack may be a less reliable di-
agnosis for cerebral ischemia because it
is a transient deficit that may not exhibit
measurable paraclinical signs that can
validate the diagnosis.

Conclusion
In summary, our study findings suggest
changes in rHR and 5-min HRV may not
be useful risk markers for the development
of the first CVD event or all-cause mortality
in people with and without dysglycemia.
Also, baseline measures of theses markers
may not be riskmarkers of future events in a
contemporary, general, CVD-free population.
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