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Reduced low-frequency heart rate variability relates to
greater intimal-medial thickness of the carotid wall in two

samples

Clara Gautier®, Lynn Stine?, J. Richard Jennings?, Kim Sutton-Tyrrell°,
Matthew B. Muldoon®, Thomas W. Kamarck® George A. Kapland,
Jukka Salonen®’ and Stephen B. Manuck®

Introduction We investigated the relationship between
heart rate variability and preclinical carotid intima-media
thickening, a putative index of atherosclerosis.

Methods A sample of 350 men and women (mean age 56.8
years) selected for the presence or absence of untreated
hypertension was assessed for heart rate variability at rest
and separately for carotid intima-media thickness using
duplex ultrasonography (Pittsburgh study). Findings from
this sample were cross-validated in a subsample of 68 men
drawn from the Kuopio Ischemic Heart Disease Risk
Factor trial and selected for the presence or absence of
angina.

Results In both samples, regression analyses, controlling
for known risk factors, showed a significant negative
relationship between mean carotid intima-media thickness
and low-frequency (0.05-0.15 Hz) heart rate variability, but
not high-frequency variability.

Discussion The mechanism underlying this relationship
remains unclear. The absence of difference in high-
frequency variation questions any interpretation in terms of
vagal function; the difference in low-frequency variation

Introduction

Variability in beat-to-beat heart rate has been associated
with cardiovascular disease morbidity and mortality.
Decreased heart rate variability (HRV) has been observed
in persons who have had a myocardial infarction
[1,2]. Furthermore, decreased HRV has been associated
with sudden cardiac death in chronic heart failure
as well as higher mortality risks after myocardial infarction
[3-6]. Angiographically diagnosed coronary athero-
sclerosis and a number of risk factors for coronary
artery disease (CAD) are associated with lower HRV
[7-12]. These studies led us to ask, first, whether
preclinical, less invasive indices of atherosclerosis also
relate to reduced HRV; and second, whether reduced
HRV is a marker of early CAD that is independent of
known risk factors. If so, HRV may have utility as a
predictor of CAD and may contribute to our under-
standing of CAD pathology.
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may implicate vessel wall characteristics or decreased
sympathetic nervous system influence.

Conclusion Decreased amplitude of low-frequency heart
rate variability seems associated with a preclinical
atherosclerotic index. Coron Artery Dis 18:97-104
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The ultrasound measurement of carotid intima—-media
thickness (IMT) is an established marker of preclinical
atherosclerosis. Carotid IMT has been shown to correlate
with angiographic indications of CAD [13,14], with risk
factors for CAD [15,16] and prospectively with coronary
events, such as infarctions [15,17]. Although IMT has
generally been found to associate with coronary athero-
sclerosis, the findings have been stronger in the early
stages of coronary artery changes, and are most predictive
of later disease in preclinical populations [15,18-20].

HRV arises from a combination of sources. Frequency
domain analyses, which use various forms of spectral
decomposition or autoregressive techniques, have divided
HRV into components defined by the frequencies at
which fast and slow periods of relative heart rate occur.
Two components, which primarily reflect the autonomic
control of sinoatrial node firing, are conventionally known
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as high frequency (HF; 0.15-0.4 Hz;) and low frequency
(LF; 0.05-0.15Hz) HRV [21]. The HF component is
associated with the respiratory rhythm (respiratory sinus
arrhythmia), primarily regulated by parasympathetic,
vagal influences on cardiac rhythm. Some researchers
have proffered LF power as an index of sympathetic
modulation of heart rate, whereas others contest this
interpretation because the effects of experimental
sympathetic and parasympathetic stimulation or blockade
do not always produce the effects on LF power that
sympathetic mediation would predict [21]. The LF is
associated with synchronous fluctuations in blood pres-
sure (BP) and baroreflex activity [22]. It has therefore
been suggested that LF reflects vasomotor activity
indirectly, mediated by vagal efferents to the heart, and
is best viewed as reflecting sympatho-vagal balance
[23,24]. For example, in a landmark paper, Akselrod and
colleagues [25] demonstrated by combining vagal and
B-sympathetic blockade that LLF power was enhanced by
sympathetic activation, and also by vagal activation.
The concept of sympatho-vagal balance has also been
operationalized as the ratio of LF and HF power.
As atherosclerosis involves structural changes in the
vessels that significantly alter peripheral reflexes influen-
cing BP and heart rate regulation [26], LF power may also
be altered by the disease state rather than being
antecedent to the development of thickened IMT and
plaque.

In the current analyses, we investigated the relationship
of HRV and carotid IMT in individuals at increased risk
for CAD. The Pittsburgh study selected participants with
moderate untreated hypertension and no other known
cardiovascular disease as well as comparably aged healthy
controls. The significant relationship between LF and
carotid IMT in this sample led us to perform a parallel
analysis on a subsample from Kuopio Ischemic Heart
Disease Risk Factor study (KIHD), drawn to compare
those with CAD symptoms and healthy controls. This
analysis cross-validated our initial observation, that is,
showed that the finding could be replicated, and further
generalized the result to participants selected on the
basis of a related but not identical cardiovascular disease
symptom.

Methods

Pittsburgh study

Participants

Participants were 40-70 years old and enrolled in a study
conducted at the University of Pittsburgh to identify the
psychosocial and biological correlates of carotid artery
atherosclerosis in Caucasian and African-American indi-
viduals with normal BP or unmedicated hypertension. As
the primary focus of this trial was on the physiology of the
autonomic nervous system and its relation to hyper-
tension, the study sought to eliminate the effect of prior
and current medications that might alter normal auto-

nomic function. Participants were recruited via mass
mailings to the residents of communities of Southwestern
Pennsylvania (principally Allegheny County). Exclusion
criteria included the use of cardiovascular medication in
the period 2 months before enrollment; hypertension
treatment of more than 12 months within the preceding
5 years or lifetime antihypertensive treatment exceeding
2 vyears; and secondary hypertension. Additional exclu-
sions included: angina pectoris; myocardial infarction or
angioplasty in the preceding 12 months; congestive heart
failure, valvular heart disease, atrial fibrillation, renal
insufficiency, suspected secondary hypertension, stroke,
neurological disorders, pulmonary disease, clinically
apparent CAD, or cancer; use of any psychotropic or
glucocorticoid medications; and coronary bypass or
carotid or peripheral vascular surgery. Diabetic patients
were excluded if reporting peripheral neuropathy, use
of insulin, or a fasting serum glucose concentration
> 200 mg/dl. Hypertensive status was defined by two
seated resting BP measurements averaging 140-180 mmHg
systolic BP and/or 90-110 mmHg diastolic BP on each
of the two screening sessions. Normotensive status was
confirmed by similarly assessed BP measurements
< 130mmHg systolic and <85mmHg diastolic. The
study protocol was approved by the University of
Pittsburgh Biomedical Institutional Review Board. An
informed, written consent was obtained from all study
participants. Table 1 provides further characteristics of
the 350 individuals participating in the study.

Design

Carotid measurements were collected from reclining
participants at rest and technicians adjusted the Doppler
probe as necessary to obtain a sequence of cardiac cycles
from which arterial wall thickness could be accurately
assessed. Cardiovascular measures were collected during
a separate session within a few days of the carotid testing,.
This session tested physiological reactivity to stress
challenges. Physiological measures, including heart rate
and respiratory measures, were collected continuously
during 6-min resting baselines that preceded the
performance of six cognitive challenge tasks. Given our
interest in assessing typical resting state, we chose to
assess HRV during a baseline from the middle of the
testing session. Baselines yielded comparable BP mea-
sures, but the baseline from the middle of the session was
judged to be less influenced by the novelty of the testing
procedure and fatigue owing to performance in the
challenge tasks. See procedures in Manuck ¢z a/. [27].

Physiological measurements and processing

Electrocardiograms were collected from electrodes placed
in a modified lead 2 position and the analog signal
digitized at a rate of 1000 Hz. Interbeat intervals, the
times between sequential heart beats, were subsequently
determined by a program that detected the r-wave from
the electrocardiogram and assessed the time between
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Table 1 Demographic characteristics and mean intimal-medial
thickness (IMT) for the control and disease-related samples in the
Pittsburgh sample (n=351) and in the Kuopio Ischemic Heart
Disease Risk Factor study sample (n=63)

Normotensive (1=148) Healthy (n=36)
Hypertensive (n=203) Angina (n=27)
Gender (proportion) 271 Men (0.77) 63 Men (1.00)

80 Women (0.23) 0 Women

(
(
Age mean (SD) 56.8 (8.5) 57.6
Race (proportion) 217 White (0.62) 63 White (1.00)
129 Black (0.36)
5 Other (0.02)

Mean arterial pressure (mmHg) 112 (13) 96 (10)
Total cholesterol (mg/dl) 214 (39) 227 (44)
Body mass index 27.8 (3.6) 27.0 (2.8)
Proportion of nonsmokers 0.37 0.21
Total power (ms?) 53797 (77430) 49720 (76648)
Low-frequency power (ms?) 7377 (9400) 6820 (7436)
High-frequency power (ms?) 5610 (12492) 2310 (4364)*
Log of normalized low-frequency —-2.098 (0.904) -2.104 (0.594)

power
Log of normalized high-frequency -2.649 (1.699) -3.404 (0.775)

power
Mean heart rate (beats per 71 (9) 64 (8)

minute)
IMT mean in mm (SD) 0.88 (0.15) 1.28 (0.27)
Plaque index 1.52 (1.99) -

®For the 0.15-0.50Hz bandwidth, mean power was 3578 with a standard
deviation of 14 848.

r-waves with millisecond accuracy. The distribution of
these intervals and the electrocardiogram with detections
indicated were displayed on a computer screen. Trained
technicians checked these data for physiological validity
and corrected the automated scoring as necessary.
Participants with more than three cardiac arrhythmia’s
(primarily premature ventricular contractions) per min-
ute or nine per total measurement period were omitted
from the sample. Owing to the undue influence of
arrhythmic beats on spectral output, all premature beats
in participants not excluded were edited by splitting the
summed adjacent short and long beats and into equal
length beats.

Respiration data were collected at 1000Hz from a
pneumatic belt placed mid-thorax on the volunteers. A
Statham pressure gauge sensed pressure within the belt
related to respiratory inspiration and expiration. Stored
signals were visually scored for respiratory rate and this
rate was used to determine the respiratory/HF band for
that individual. Movement artifact periods were omitted
when determining respiratory rate; records without a total
of 2min of artifact-free respiration data (less than 5%)
were assigned the mean respiration rate of the rest of the
sample (16 breaths per min or 0.27 Hz with a standard
deviation across participants of 0.05 Hz).

Carotid artery plaque and intima-media wall thickness
measurements were obtained on a separate occasion
(typically during the same week) by duplex (B-mode)
ultrasonography performed under the direction of Dr Kim
Sutton-Tyrell. A 'Toshiba SSA-270A duplex scanner
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Toshiba America, Inc., New York, New York, USA) was
used, and scans were recorded on tape for later scoring.
Trained sonographers obtained detailed B-mode images
of the right and left common carotid artery, carotid
bifurcation and the first centimeter of the internal
carotid. The sonographer focused on the interfaces
required to measure IMT, and the largest area of plaque,
if one was present. Scans were scored by trained readers
who evaluated the video images for the number and size
of atherosclerotic plaques, and the thickness of the
intima and media layers of the arterial wall. IMT was
measured on the near and far walls of the distal common
(1 cm proximal to the carotid bulb), the far wall of the
carotid bulb (the point where the near and far walls of the
common are no longer parallel to the flow divider), and
the far wall of the internal carotid (from the flow divider
to 1 cm distal to this point). Advential-medial and intima-
lumen interfaces were identified for each segment and a
measurement was generated for each pixel for an average
of 140 measures in each segment. To evaluate the
reproducibility of IMT measurements, data from 34
carotid bifurcations were analyzed on two occasions.
Intraclass correlation coefficients were 0.95 for distal
common, 0.93 for the bulb, and 0.97 for the internal
carotid. A plaque score was based on a focal area whose
thickness exceeded that in the adjacent segment by more
than 50%. Each location on the artery was then scored as
0, no plaque; 1, one small plaque; 2, multiple small or a
medium plaque; or 3, large plaque or multiple medium/
small plaques. These scores were then summed across
all artery segments to create the plaque index.

Kuopio Ischemic Heart Disease Risk Factor study

We tested the replicability and generality of the findings
from the Pittsburgh study by performing a parallel
analysis in another sample of individuals selected to vary
in risk for vascular disease. Archival data from the KIHD
study were available for a subset of the individuals
participating in a cardiovascular reactivity session as part
of the second wave of data collection for this project [28].
KIHD is a community study in Kuopio, Finland,
organized by Jukka Salonen [29,30]. All men born in
the region in the following four birth years were invited to
participate: 1926-1927, 1932-1933, 1938-1939, and
1944-1945. A total of 2682 men (82.9% of those eligible)
participated in the baseline examination. The current
data are from a cohort of 1038 KIHD participants who
completed a 4-year follow-up re-evaluation between
March 1991 and December 1993. Of these men, 902
participated in the cardiovascular reactivity testing, and
archival digital tape recordings of these data were
available on approximately half of the men. Carotid
IMT was assessed during the same 4-year follow-up re-
evaluation. Those with taped cardiovascular reactivity
data, whose responses on the Rose Questionnaire [31]
were indicative of angina (z = 33), were selected for
study on the basis of the assumption that vascular disease
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would be more prevalent. Individuals reporting angina,
but also reporting confounding chronic disease and
medication use, were excluded from the angina sample.
A sample of 39 men with the same ages and availability of
tape recordings, was then selected using the criteria of
the absence of either angina or any report of chronic
disease or medication use. The tape recordings of these
72 men were then processed to recover the electro-
cardiogram and apply the same analytic procedures as
were done for the Pittsburgh study. Technical difficulties
and poor initial recordings reduced the sample to 27 men
with reported angina and 36 healthy men for comparison.
Table 1 shows their characteristics.

Physiological data collection in KIHD was similar to that
in the Pittsburgh study. The ultrasound data collection
was very similar to that described for the Pittsburgh
study, but only the common carotid wall was imaged.
Imaging was performed with a Bio-sound Phase 2 scanner
equipped with a 10-MHz annular array probe [32]. The
stress-reactivity and baseline sessions were essentially
identical to those of the Pittsburgh study and the same
mid-session baseline was assessed for HRV. Respiratory
rate was, however, unavailable and a standard respiratory
band at 0.25-0.30 Hz was defined as the HF band for
purposes of HRV assessment. This band encompassed the
mean respiratory rate of the Pittsburgh study and was of
comparable bandwidth, but a wider band (0.15-0.50 Hz)
was also examined to see whether bandwidth altered the
results.

Statistical analyses

For both data sets, the sequential cardiac interbeat
interval time series from the selected resting baseline was
assessed to determine its component frequencies using a
point process analysis developed at the University of
Amsterdam, PSPAT [33]. This program vyields results
similar to a Fourier decomposition, but does not assume a
continuous underlying generator function. Conceptually,
the analysis is consistent with the integral-pulse-
frequency-modulation approach used in recent modeling
of the neural basis of HRV [34]. Total power, power at the
individual’s mean respiratory frequency =+ 0.015Hz for
the Pittsburgh sample or at 0.25-0.30 Hz and 0.15-0.50
for the KIHD sample (HF band power), and power at 0.1
*0.015Hz (LF band power) were calculated. The
+0.015 bands were chosen on the basis of our prior
experience suggesting that respiratory-specific variation
as well as LF variability were encompassed by this
bandwidth. We employed as dependent variables the
total power and the normalized LLF and HF power. As
noted in the Task Force guidelines [35], expressing LF
and HF as a proportion of total power (normalizing)
better represents the relative contribution of power in
these bands to the control of HRV. This is particularly
true when substantial variation in total power between
participants, which characterized this sample, may

obscure the relative contribution of vagal and sympa-
thetic influences. Following Task Force recommenda-
tions, however, Table 2 also presents the power values in
their original units. Owing to the skewness of distribution
of these scores, the natural logarithm of the scores was
used as the dependent variable in statistical tests in order
to better meet the assumptions of parametric analyses.
The same variables were derived in the KIHD sample.

Initial bivariate correlations showed that among the
physiological measures collected during the rest period,
only mean interbeat interval, that is, resting heart rate,
and baseline BP were related to the HRV measurements.
Mean arterial pressure was controlled by entering it with
other risk factors in regression analyses, and mean
interbeat interval was entered along with each power
into analyses.

Carotid artery measurements were selected to maximize
comparability between the samples. The mean IMT was
calculated as the mean of all measures from the right and
left common carotid arteries. This measure has been
shown to index the atherosclerotic process in the arteries
and relate to cardiovascular disease outcomes [17,36].
Maximum IMT measures were available in both samples,
but mean and maximum IMT were highly correlated, for
example 7= 0.96 in the Pittsburgh sample, and yielded
essentially similar relationships, thus we present only the
mean IMT results. A plaque index was available from the
Pittsburgh sample, but a comparably calculated index was
not available from KIHD.

Table 2 Hierarchical regression analysis results for the Pittsburgh
study

Predictors B t R? Incremental R?
Standard risk factors 0.320%**
Age 0.442 8.90%*
Education -0.125 —2.54%
BMI 0.083 1.71
Cholesterol 0.227 4.78%*
Smoking 0.003 0.06
MAP 0.200 3.91%*
Race 0.088 1.64
Sex -0.178 —3.38%*
Low-frequency heart rate variability 0.333** +0.012%
I1BI —-0.004 -0.08
LF -0.120 —2.36%*
High-frequency heart rate variability 0.321%* +0.001
1BI 0.028 0.58
HF 0.009 0.19
Total power heart rate variability 0.321%* +0.001
1BI 0.029 0.62
Total power 0.006 0.13

Note: Standard cardiovascular risk factors are entered initially. Baseline cardiac
interbeat interval and power estimates are added separately to see whether a
significant increment in predictivity occurs (N of 350, reduced to 332 owing to
missing data on one or more predictors).

BMI, body mass index; MAP, mean arterial pressure; IBl, inter-beat-interval; LF,
low frequency; HF, high frequency.

*P<0.05, **P<0.01.
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Regression analyses (Statistica, StatSoft Inc., Tulsa,
Oklahoma City, USA) were used to ask three questions.
First, whether LE, HE or total HRV was related to mean
IMT. Second, whether HRV indices accounted for any
IMT variability beyond that associated with standard risk
factors for atherosclerosis or with average heart rate.
Separate analyses were performed within hypertensive
and normotensive groups for the Pittsburgh sample and
within angina and comparison groups for the Kuopio
sample. Comparable results were routinely obtained,
suggesting that the relationships to be reported were
not modulated by the presence of either hypertension or
angina.

Results

Table 1 presents the demographic and descriptive
variables for the two samples. The samples are similar
in average age but differ notably in sex composition, racial
composition, and sampling criteria (hypertension and
angina).

Pittsburgh sample

In simple bivariate analyses, mean carotid IM'T was found
to correlate inversely with LF power (r= -0.19,
P <0.001) and total power (r=-0.16, P<0.01),
whereas no significant relationship existed between HF
power or the ratio of LF/HF power and IMT. The plaque
index was similarly correlated with LF power (» = —-0.13,
P <0.05) and total power (r= -0.16, P < 0.01).

We then asked whether HRV accounted for any variance
in IMT or plaque index beyond that associated with
standard risk factors for atherosclerosis and baseline heart
rate (mean interbeat interval). In this stepwise analysis,
we first entered the basic risk factors for atherosclerotic
disease (age, race, sex, education, body mass index,
cholesterol, smoking, and mean arterial pressure), and in
the second step we separately assessed LE HE and total
power. Power estimates were entered along with mean
interbeat interval to see whether power contributed to
variance in carotid IMT independently of the simpler
measure of autonomic control. Table 2 provides the
results of these analyses. The Pittsburgh sample showed
that standard risk factors explained a large portion of the
variance in IMT. Nonetheless, in this regression model,
lower LF power still contributed independently as a
predictor of greater wall thickening. Figure 1 illustrates
the relationship by plotting quartiles of LF power versus
mean IMT. In parallel analyses, no relationship was
evident between total power or HF power and IMT
or between any of the HRV measures and the plaque
index, once standard risk factors were entered. Given
recent standards for glucose levels defining diabetes, all
analyses were rerun including only participants with
glucose < 125mg/dl (2 =319). All significant effects
remained significant and in this group LF power
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Low frequency power: heart rate variability

Mean carotid IMT as a function of quartile of power in the low frequency
heart rate variability band for the Pittsburg sample. Quartile 1 is lowest
amount of variability; Quartile 4 the highest.

was now significantly associated with the plaque index
(f=-0.116, r=-2.06, P<0.05) with standard risk
factors controlled.

Kuopio Ischemic Heart Disease Risk Factor study
sample

As LF power showed statistically significant but not
substantial relations in the Pittsburgh study, replication of
this result was important. Replication in a separate
sample, similarly at risk for atherosclerotic disease, would
provide strong evidence of the generalizability of the
results and support the validity of the statistical evidence
of this from the Pittsburgh sample.

Within the KIHD sample, simple bivariate analyses
showed again that LF power was found to correlate
inversely with mean carotid IMT (= -0.23, P = 0.06) as
did total power (= —0.24, P < 0.05), whereas no signi-
ficant relationship existed between HF power (at both
0.25-0.30 and 0.15-0.50 Hz bandwidths) or a ratio of
LF/HF power and IMT. Given these results, a hierarch-
ical regression analysis parallel to that of the Pittsburgh
study was performed.

Table 3 provides the findings of regression analyses of the
KIDH sample and specifically shows that LF power was
again a significant predictor independent of standard
risk factors. The standard cardiovascular risk factors
entered as step 1 were not significantly predictive of
IMT in this small subsample (but see results for whole
sample) [30]. When baseline heart rate and LF
were entered, LF was independently predictive of IMT
(r=-2.20, P<0.05), but the overall model was not
significant (R*=0.172, NS). Figure 2 illustrates the
relationship between LF power and carotid IM'T. Again in
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Table 3 Hierarchical regression analysis for Kuopio Ischemic
Heart Disease Risk Factor study subsample (n=63)

Predictors p t R? Incremental R?
Standard risk factors 0.098
Age -0.047 -0.36
Education -0.031 -0.23
BMI 0.124 0.86
Cholesterol 0.145 0.98
Smoking 0.240 1.80
MAP -0.033 -0.24
Low-frequency heart rate variability 0.172 +0.086
IBI -0.166 —-1.01
LF -0.372 -2.20%
High-frequency heart rate variability® 0.101 +0.003
IBI 0.042 0.30
HF 0.045 0.34
Total power heart rate variability, with 1Bl 0.186 +0.074
1BI -0.019 -0.13
Total Power -0.233 -1.62

Note: Standard cardiovascular risk factors are entered initially. Baseline cardiac
interbeat interval and power estimates are added separately to see whether a
significant increment in predictivity occurs.

BMI, body mass index; MAP, mean arterial pressure; 1B, inter-beat-interval; LF,
low frequency; HF, high frequency.

#Values presented for 0.25—0.30 Hz. For the 0.15-0.50 Hz bandwidth, IBl had a
B and t value of —0.05 and —-0.36, and HF a § and ¢ value of 0.15 and 1.18.
These as well as the incremental R? of 0.02 were statistically nonsignificant.
*P<0.05, **P<0.01.

this sample, neither HF nor total power was significantly
related to IMT.

Discussion

A pattern of correlation of lower LF power with greater
carotid IMT was evident in the larger Pittsburgh sample,
and repeated in the smaller KIHD subsample. In light of
the substantial differences between KIHD and Pitts-
burgh samples, as well as the less marked methodological
differences, the replication of the correlation between LF
power and IMT is suggestive of a robust, albeit modest,
relationship between LF and a putative index of coronary
atherosclerosis. The strength of the relationship was
similar to the strength of the relationship between total
cholesterol and carotid IMT in this sample (= 0.21 for
cholesterol, 7= —0.19 for LF power). Furthermore, LF
power was predictive independently of the heart rate and
the standard risk factors we assessed (including resting
BP). The latter may be particularly important in that
carotid IMT is likely influenced both by atherosclerotic
processes and by vascular remodeling related to BP
[37,38].

Reductions in total power, LE and HF power have been
related to cardiovascular disease [39,40]. HF power can
be interpreted in terms of vagal influence on the heart,
but LF power, not HF power, was related to carotid IMT
in the current samples. Neural and vascular wall
mechanisms may be relevant to the relation of reduced
LF power and greater carotid IM'T.

Fig. 2
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Quartile 1
Low frequency power: heart rate variability

Carotid mean IMT as a function of power in the low frequency heart rate
variability band for the KIHD subsample. Quartile 1 is the lowest
amount of variability; Quartile 4 is the highest.

Considering neural mechanisms first, LF power is known
to reflect directly sympathetic and parasympathetic
influences on the heart. The observed association
between carotid artery IMT with reduced LE but not
HF power, might then suggest a relationship between
atherosclerosis and reduced sympathetic nervous system
activity [25,35]. This interpretation tends to contradict
the body of evidence suggesting that heightened, not
damped, sympathetic activation relates to cardiovascular
disease [41]. Even in the current studies, other evidence
links heightened sympathetic reactivity and carotid IMT
[42-44]. We could speculate that chronic sympathetic
overactivity might downregulate vascular sympathetic
receptors over time, leading to the observed relationship
between low LF power and carotid IM'T.

Alternatively, vascular wall characteristics may influence
LF power and these may interact with autonomic
function. The stiffening of vessel walls and impaired
vascular endothelial function found in atherosclerosis may
have implications for LF power. Rhythmic vascular
contractions will alter baroreceptor output and subse-
quently HRV. Changes in vessel walls may diminish both
the amplitude and regularity of vessel wall contractions,
and also the sensitivity of the baroreceptors. Reduced
baroreceptor stimulation could be due to stiffening of the
vessel wall that surrounds the receptors [45,46]. De-
creased baroreceptor gain was related to greater carotid
IMT in a Pittsburgh sample similar to the current one
[47]. Colhoun e a4l [12] described an alternative
mechanism involving the reverse causal relationship, in
which autonomic dysfunction may contribute to the
pathogenesis of atherosclerosis. They review evidence
that sympathetic denervation may cause vascular smooth
muscle cells to dedifferentiate, resulting in a cell
phenotype associated with intimal migration and extra-
cellular matrix production, characteristic of atherosclero-
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sis. Such a scenario may relate to the suggestion of
Sloan ¢z al. [48] that low HRV may be due to high and
unregulated BP wvariability. They further suggest that
high BP variability contributes to the development of
coronary atherosclerosis. In short, the current observa-
tions may relate either to changes in autonomic control
that contribute to atherosclerosis or to atherosclerotic
change that alters HRV. Prospective and experimental
studies will be required to resolve the direction of
causation.

Limitations

Our results are limited by their cross-sectional nature and
the sampling involved. Both of our samples were selected
for disease status rather than random sampling. As such,
they can demonstrate the likelihood of a relationship
between HRV and carotid atherosclerosis, but not its
generalizability to unselected populations. Our HRV
measures would ideally have been informed by the
assessment of respiratory volume and frequency in the
Pittsburgh sample and by the measurement of both in the
KIHD sample. Within the KIHD sample, we adopted a
relatively narrow respiratory bandwidth on the basis of
the average of the Pittsburgh sample. This provided
statistical comparability, but may have missed substantial
HF variability in individuals breathing outside of this
range. Assessment of a wider band, 0.15-0.50 Hz, showed
the same pattern of results, however. Details of the
carotid assessment also differed between samples and
comparable plaque indices were unavailable.

Conclusion

Similar findings of lower LF power and atherosclerotic
vessel changes in individuals who do not have advanced
CAD suggests that LF may be useful in increasing the
predictive accuracy of coronary artery progression.
Although relationships of LF HRV and pathogenesis are
complex, a prime contributor is likely to be diminished
vascular wall distensibility, resulting in decreased barore-
flex influence on heart rate. Prospective studies making
use of increasingly well identified markers for risk of CAD
are needed to further explore pathogenic relationships
among autonomic function, HRV, and atherosclerosis.
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