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Background: The aim of this study was to investigate the relation between low-grade inflammation
and autonomic dysfunction, both of which may be risk markers for sudden cardiac death.

Methods: A total of 269 subjects referred for elective coronary angiography because of clinically
suspected coronary heart disease were included in the study. Of these 27% had a previous myocardial
infarction and 70% had significant coronary stenoses. A 24-hour Holter-recording was obtained from
all subjects, and time-domain heart rate variability indices were analyzed. C-reactive protein was
measured using a high-sensitivity assay.

Results: Mean SDNN was significantly higher in the lower compared to the upper hs-CRP quartile
(140 £ 34 ms vs 113 4+ 29 ms; P < 0.001). Similar results were found for SDNNindex (54 4+ 16 ms
vs 46 & 12 ms; P = 0.002) and SDANN (125 4+ 33 ms vs 101 & 31 ms; P < 0.001). The association
was strongest for subjects with a previous myocardial infarction, subjects with significant coronary
stenoses, and males. In a linear regression analysis, hs-CRP remained an independent determinant
of each of these three heart rate variability indices (all P < 0.001).

Conclusion: C-reactive protein and heart rate variability are independently associated. This may
support a link between low-grade inflammation and autonomic dysfunction.
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Chronic low-grade inflammation plays an impor-
tant role in the initiation and progression of
atherosclerosis,! and the acute phase protein, C-
reactive protein, is an independent predictor of car-
diovascular events in patients with coronary heart
disease®® as well as in apparently healthy individ-
uals.*® It has been suggested that measurement
of C-reactive protein with a highly sensitive as-
say (hs-CRP) should be included in coronary risk
assessment.® However, hs-CRP may also be use-
ful in identifying individuals at increased risk of
suffering sudden cardiac death (SCD).” Heart rate
variability is an indicator of autonomic dysfunction
and a predictor of SCD.®° We have investigated
a possible relation between hs-CRP and heart rate
variability.

METHODS

The present work is a substudy of a cross-
sectional study focusing on the relation between
the intake of marine n-3 polyunsaturated fatty acids
and heart rate variability.!® The subjects were re-
cruited consecutively among patients referred for
elective coronary angiography at the Department
of Cardiology, Aalborg Hospital, Arhus Univer-
sity Hospital, Denmark, due to clinically suspected
coronary heart disease. Subjects with the following
conditions were not enrolled: (1) acute myocardial
infarction (MI) during the past 6 months; (2) cardiac
surgery or angioplasty during the past 6 months; (3)
nonischemic cardiomyopathy; (4) implanted pace-
maker; or (5) permanent tachyarrhythmias. A total
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of 295 patients were enrolled. Four patients had to
be excluded because of technical heart rate vari-
ability errors. In addition, in this substudy subjects
with CRP values >10 mg/L (n = 22) were excluded
from the analysis, since this was regarded as eleva-
tions due to infectious or inflammatory processes
other than atherosclerosis.

Heart Rate Variability

A 24-hour Holter-recording was obtained in each
patient on a flash card with a three-channel dig-
ital monitor. The recordings were analyzed with
commercially available software, flash cards, and
monitors from Diagnostic Monitoring (Santa Ana,
CA). The following time-domain heart rate variabil-
ity variables were analyzed:

1. RR: the mean value of all normal-to-normal (N-
N) interbeat intervals during the 24-hour record-
ing.

2. SDNN: the standard deviation of all N-N inter-
vals in the entire 24-hour recording.

3. SDNNindex: the average of the standard devia-
tions of N-N intervals for each 5-minute period.

4. SDANN: the standard deviation of the average
of N-N intervals for each 5-minute period over
24 hour.

5. PNN50: the percentage of adjacent cycles that
are >50 ms apart.

6. RMSSD: the root mean square successive differ-
ences in milliseconds.

ORS complexes with abnormal morphology and
beats of ectopic origin were excluded from the heart
rate variability analysis, and the recordings were
processed without knowledge of other patient vari-
ables. Owing to the use of digital technology, there
were no speed errors in the recordings.

Measurement of hs-CRP

CRP was measured using a highly sensitive as-
say using a BNII nephelometer (Dade Behring
Marburg GmbH, Marburg, Germany) that em-
ploys time-fixed kinetic measurement at 840 nm.!!
Polystyrene beads coated with murine monoclonal
antibodies bind CRP present in the serum, result-
ing in light-scattering aggregates proportional to the
content of CRP. The lower detection limit was 0.17
mg/L. The intrarun precision (coefficient of varia-

tion) was estimated to 2.9 and 3.0% at concentra-
tions of 0.43 and 2.08 mg/L, respectively.

Coronary Angiography

Stenoses of >50% lumen reduction were consid-
ered statistically significant.

Statistical Analysis

Subjects were divided into quartiles based on
CRP levels. Since hs-CRP values are positively
skewed, they were logarithmically transformed in
univariate and multivariate analyses. For continu-
ous variables Mann-Whitney test was used to com-
pare two groups, whereas Kruskal-Wallis test was
used when more than two groups were compared.
Spearman'’s test was used to determine correlations
between continuous variables. The chi-squared test
was used for discontinuous variables. A multiple
linear regression analysis (forward) was performed
with SDNN, SDNNindex, and SDANN as depen-
dent variables. As independent variables, we in-
cluded parameters that were associated to these
heart rate variability indices in univariate analyses.
In addition, we included other variables that are
known from literature to have an impact on heart
rate variability (listed in Table 4). A P value <0.05
(two-tailed) was considered statistically significant.
All analyses were performed using SPSS software
version 10.0 (SPSS Inc., Chicago, IL).

Ethical Aspects

The Regional Ethical Committee approved the
protocol, and signed informed consent was ob-
tained from all patients.

RESULTS

Data from a total of 269 subjects (171 men and
98 women, mean age 60 + 8 years [range 39-77
years]) were evaluated. The median hs-CRP level
in the study population was 2.08 mg/L (interquar-
tile range 1.04-4.34 mg/L). Table 1 gives selected
demographic and coronary risk factors in each CRP
quartile and in the whole study population.

Mean SDNN was significantly higher in the
lower compared to the upper hs-CRP quartile (140
£ 34 ms [mean + SD] vs 113+ 29 ms; P < 0.001).
Similarly, SDNNindex (54 + 16 ms vs 46 + 12 ms; P
= 0.002) and SDANN (125 + 33 ms vs 101 &+ 31 ms;
P < 0.001) was significantly higher in the lower
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Table 1. Patient Characteristics According to CRP Quartiles

CRP Quartiles

All
First Second Third Fourth Subjects
(n = 68) (n = 67) (n = 67) (n = 67) (n = 269)
Male, n (%) 45 (66%) 40 (60%) 52 (78%) 34 (51%)* 171 (64%)
Age, years 58 +8 61 +8 50+ 8 60 +9 60 + 8
Body-mass index, kg/m? 27 + 4 27 + 4 28 + 4 29+ 4 28 + 4
Current smoking, n (%) 15 (22%) 20 (30%) 34 (51%) 29 (43%)7 98 (36%)
History of hypertension, n 16 (24%) 20 (30%) 21 (31%) 28 (42%) 85 (32%)
History of diabetes, n (%) 7 (10%) 3 (4%) 7 (10%) 4 (6%) 21 (8%)
Previous MI, n (%) 14 (21%) 20 (30%) 19 (24%) 19 (24%) 72 (27%)
Coronary artery stenoses, n (%) 38 (56%) 44 (66%) 57 (85%) 49 (73%)t 188 (70%)
LVEF, % 73+ 13 72 £ 15 72 £ 13 68 + 14 71 £ 14
Cardiovascular medication
Beta-blocker, n (%) 40 (59%) 33 (49%) 31 (46%) 32 (48%) 136 (51%)
ACE inhibitor, n (%) 13 (19%) 14 (21%) 15 (22%) 21 (31%) 63 (23%)
Statin, n (%) 18 (26%) 18 (27%) 18 (27%) 20 (30%) 74 (28%)
Aspirin, n (%) 60 (88%) 57 (85%) 54 (81%) 52 (78%) 223 (83%)
Lipid parameters
Total cholesterol, mmol/L 54+0.9 55+ 1.1 55+ 1.0 56+ 1.0 55+ 1.0
LDL cholesterol, mmol/L 3.34+0.8 36+1.0 35+£1.0 3.5+09 35+0.9
HDL cholesterol, mmol/L 1.4+ 0.4 1.4+ 04 1.1+04 1.3+0.4 1.3+0.4
Triglycerides, mmol/L 1.6+ 1.1 1.4+0.8 1.9+1.0 1.7+ 1.0 1.7+ 1.0
Blood glucose, mmol/L 474+1.0 46+0.8 494 2.1 48+ 15 484+ 1.4

Data present mean + SD or number of patients.

*P < 0.05, P < 0.01 (Kruskal-Wallis test for continuous variables, chi-square test for discontinuous variables).
MI = myocardial infarction; LVEF = left ventricular ejection fraction.

compared with the upper hs-CRP quartile (Fig. 1).
No statistically significant difference between the
upper and the lower quartile was found for RR,
RMSSD, or PNN50 (P = 0.077, P = 0.96, and P =
0.85, respectively).

Correlation coefficients for logCRP and SDNN,
SDNNindex, and SDANN are given in Table 2.
There was a weaker correlation between logCRP
and RR (Spearman’s rho -0.128; P = 0.036) but
no correlations were found between logCRP and
RMSSD or logCRP and PNN50 (P = 0.71, and P =
0.62, respectively)

When dichotomizing the data according to his-
tory of a previous MI, presence or absence of an-
giographically documented coronary stenoses, gen-
der, or smoking status, the associations between
logCRP and HRV remained unchanged in all sub-
groups. However, the association was strongest for
subjects with a previous MI, subjects with signifi-
cant coronary stenoses, and males (Table 2).

Univariate associations between the three heart
rate variability indices (SDNN, SDNNindex, and
SDANN) and selected clinical and paraclinical vari-
ables are given in Table 3.

In a multiple linear regression analysis (Table
4), hs-CRP remained an independent determinant
of SDNN, SDNNindex, and SDANN. In addition,
smoking had an impact on all three heart rate vari-
ability indices, treatment with beta-blocker had an
impact on SDNN and SDNNindex, and gender had
an impact on SDNN and SDANN.

DISCUSSION

In the present study, we found an inverse as-
sociation between hs-CRP and indices of heart
rate variability. The subjects all had clinically
suspected angina pectoris, in 70% coronary an-
giography revealed significant coronary stenoses,
and 27% had a previous MI. The association was
strongest for patients with angiographically docu-
mented atherosclerosis or a previous MI.

Our results are in line with a recently published
cross-sectional study by Sajadieh et al.,'? who re-
ported that heart rate variability was significantly
and independently related to hs-CRP in 643 sub-
jects without coronary heart disease. There was
a higher prevalence of cardiovascular risk factors,
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Figure 1. HRV according to CRP quartiles. Data represent mean + SEM.*P = 0.01 (upper

vs lower quartile)

such as diabetes (11.4%), hypertension (36%), and
tobacco use (47%), compared to our study group,
and the mean age was higher (64 + 7 years). As
pointed out by Sajadieh et al.,'? in coronary heart
disease as well as in conditions such as MI, hyper-
tension, obesity, cigarette smoking, diabetes melli-

tus, and hyperglycemia, elevated hs-CRP levels has
been reported by some authors, and an attenuated
heart rate variability has been reported by others.
However, only few studies have addressed a rela-
tion between inflammation and heart rate variabil-
ity. An association between heart rate variability
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Table 2. Correlations between logCRP and Heart Rate Variability Indices in the Whole Population and in

Subgroups
SDNN SDNNindex SDANN

All subjects n =269 r=-0.28% r=-0.24% r=-0.24%
Previous Ml n=72 r=-0.28% r=-0.22% r=-0.25%

+

- n=197 r=-0.26* r=-0.30} r=-0.25%
Coronary artery stenosis n=188 r=-0.27% r=-0.22% r =-0.24}

+

- n=38l1 r=-0.29% r=-0.28* r =-0.24*
Current smoking n =98 r=-0.29¢ r=-0.02 r=-0.29%

+

- n=171 r=-0.22% r=-0.31% r=-0.16*
Gender n=171 r=-0.31% r=-0.21% r=-0.27%

Male

Female n =98 r=-0.22¢ r=-0.28% r=-0.18

*P < 0.05; P < 0.01; tP < 0.001 (Spearman’s rank correlation)

MI = myocardial infarction.

and the leukocyte count has been reported in
healthy young men.!® Both in women with coro-
nary heart disease!* and in patients with decom-
pensated heart failure,’® an inverse relation has
been shown between interleukin-6, which stimu-
late the production of CRP, and heart rate variabil-
ity. In a small prospective study,'® 34 patients with
chronic heart failure were followed for 2 years with
monthly hs-CRP measurements and 24-hour Holter
recordings. The five sudden unexpected deaths that

occurred were preceded by intraindividual progres-
sive increases in both hs-CRP and autonomic dys-
function.

The predictive value of a reduced heart rate vari-
ability for suffering SCD has primarily been sup-
ported by findings in patients with a previous MI®*°
but heart rate variability is possibly also predictive
of SCD in apparently healthy subjects.!” The mean
SDNN in our population, of which a large propor-
tion had coronary atherosclerosis or a previous MI,

Table 3. Univariate Associations between Heart Rate Variability Indices and Clinical and Paraclinical Variables

SDNN, ms SDNNindex, ms SDANN, ms
Continuous variables

logCRP r=-0.28% r=-0.24% r=-0.24%
Age, years r=-0.04 r=-0.02 r=-0.07
Body-mass index, kg/m? r=-0.07 r=-0.05 r=-0.05
Total cholesterol, mmol/L r =-0.05 r =-0.06 r=-0.04
LDL cholesterol, mmol/L r=-0.05 r=-0.01 r=-0.05
HDL cholesterol, mmol/L r=0.11 r=0.07 r=0.10
Triglycerides, mmol/L r=-0.11 r=-0.14* r=-0.09
Blood glucose, mmol/L r=-0.02 r=20.03 r=-0.03
LVEF, % r=0.09 r=0.13* r=0.07

Categorical variables

+ coronary artery stenosis
+ previous Ml

+ smoking

Male vs female

+ beta-blocker

+ ACE inhibitor

+ hypertension

+ diabetes

122 £ 32 vs 129 £+ 35
120 £ 31 vs 126 &+ 34
113+ 30vs 131 &+ 33%
128 + 34 vs 119 £+ 31
121 £33 vs 129 £+ 34
124 + 36 vs 125 4+ 33
121 £ 34 vs 127 £+ 33
124 + 37 vs 125 4+ 33

48 + 14vs 51 + 15
47 +£13vs 50+ 14
44 4+ 12 vs 52 + 143
50+ 14vs 47 £ 13
50+ 14vs 47 £ 13
48 £ 13vs 49 + 14
47 £11vs524+ 15
504+ 18 vs 49 + 14

111 £33vs 116 £ 35
109+ 31vs 113 4+ 34
102 +£ 31 vs 118 + 333}
1154+ 34 vs 108 + 31
107 + 33 vs 118 + 337
112+ 36vs 112 4+ 33
109 £36vs 115 £+ 33
111 £36vs 113 4+ 33

*P < 0.05; 1P < 0.01; iP < 0.001 (Spearman’s rank correlation for continuous variables, Mann-Whitney test for discontinuous

variables).

MI = myocardial infarction; LVEF = left ventricular ejection fraction.
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Table 4. Linear Regression Analysis (Forward) with SDNN, SDNNindex, and SDANN as Dependent Variables

SDNN SDNNindex SDANN
log hs-CRP -19.2 (-29.2; -9.2)% -8.0 (-12.3; -3.7)% -15.8 (-25.8; -5.8)%
Current smoking -17.7 (-26.0; -9.3)% -71.2 (-10.8; -3.7)% -13.4 (-21.1; -5.7)7
Use of beta-blocker -10.4 (-18.1; -2.7)7 NS -15.4 (-23.8; -7.1)}
Gender 8.8 (0.7;16.8)* 4.0 (0.5;7.5)* NS

The independent determinants of SDNN, SDNNindex, and SDANN are given.

Data represent effects (ms) with 95% confidence intervals in parentheses.

*P < 0.05; {P < 0.01; P < 0.001; NS = not statistically significant.

Other variables included in the model are: age, left ventricular ejection fraction, a previous myocardial infarction, coronary artery

stenosis, and use of ACE-inhibitor (all NS).

was 124 ms. The subjects in the lower SDNN quar-
tile had values <100 ms, which can be considered
as a moderately depressed heart rate variability.®
Measurement of heart rate variability alone identi-
fies patients at risk of SCD only with moderate sen-
sitivity and specificity.® The combination of heart
rate variability and other risk factors such as hs-
CRP might help identify patients with particularly
high risk of SCD.

Albert et al.” reported a strong positive associa-
tion between baseline hs-CRP levels and the long-
term risk of SCD in a nested case-control analy-
sis involving cases of SCD among initially healthy
men followed for 17 years in the Physician's Health
Study. The median hs-CRP level was significantly
higher in the 97 cases than in 192 matched controls
(1.7 vs 1.0 mg/L). Men in the upper hs-CRP quar-
tile had a 2.8-fold increased risk of SCD compared
with men in the lower quartile. The authors sug-
gested that hs-CRP may be a long-term marker for
the risk of SCD even in individuals with no signs
of coronary heart disease.

One of the most obvious ways whereby inflam-
mation may be involved in the pathogenesis of SCD
is in the development of atherosclerosis, which un-
derlies many cases of SCD.!® However, the exact
mechanisms linking hs-CRP and heart rate vari-
ability are at present unknown, and they may sim-
ply coexist in coronary heart disease and predis-
posing conditions. A more direct causal relation
between low-grade chronic inflammation and auto-
nomic dysfunction cannot be ruled out, as inflam-
matory processes could theoretically interfere with
the sympatovagal balance. The three heart rate
variability indices that we found to be correlated
with hs-CRP, SDNN, SDNNindex, and SDANN re-
flect the overall cardiac autonomic balance.® It
may be hypothesized that the low-grade inflam-
matory processes involved in atherosclerosis shifts

the cardiac autonomic balance toward an unfavor-
able sympathetic activation, making the individual
more prone to ventricular arrhythmia and SCD.!°
RMSSD and PNN50 primarily reflect vagal modula-
tion of the sinus node, and this might explain why
these two indices did not correlate to hs-CRP. At
present this hypothesis is not experimentally sup-
ported and needs a thorough evaluation.

In summary, we report an inverse association
between hs-CRP and heart rate variability indices
in 269 patients referred for coronary angiography.
The causal relation remains uncertain, but the find-
ing supports a possible link between low-grade in-
flammation and alterations in cardiac autonomic
modulation. Further studies are warranted to deter-
mine whether hs-CRP adds to the predictive value
of heart rate variability in risk stratification for
SCD.
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