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Elevated Interleukin-6 Levels Are Associated 
With an Increased Risk of QTc Interval 
Prolongation in a Large Cohort of US 
Veterans
Pietro Enea Lazzerini , MD; Michael Cupelli, PhD; Alessandra Cartocci , MSc; Iacopo Bertolozzi, MD; 
Viola Salvini, MD; Riccardo Accioli , MD; Fabio Salvadori , MD; Tommaso Marzotti, MD; 
Decoroso Verrengia , MD; Gabriele Cevenini , BioEng; Stefania Bisogno, MD; Maurizio Bicchi, MD; 
Giovanni Donati, MD; Sciaila Bernardini , MD; Franco Laghi-Pasini , MD; Maurizio Acampa , MD; 
Pier Leopoldo Capecchi , MD, PhD; Nabil El-Sherif, MD; Mohamed Boutjdir , PhD

BACKGROUND: Although accumulating data indicate that IL-6 (interleukin-6) can promote heart rate-corrected QT interval (QTc) 
prolongation via direct and indirect effects on cardiac electrophysiology, current evidence comes from basic investigations 
and small clinical studies only. Therefore, IL-6 is still largely ignored in the clinical management of long-QT syndrome and re-
lated arrhythmias. The aim of this study was to estimate the risk of QTc prolongation associated with elevated IL-6 levels in a 
large population of unselected subjects.

METHODS AND RESULTS: An observational study using the Veterans Affairs Informatics and Computing Infrastructure was performed. 
Participants were US veterans who had an ECG and were tested for IL-6. Descriptive statistics and univariate and multivariate regres-
sion analyses were performed to study the relationship between IL-6 and QTc prolongation risk. Study population comprised 1085 
individuals, 306 showing normal (<5 pg/mL), 376 moderately high (5–25 pg/mL), and 403 high (>25 pg/mL) IL-6 levels. Subjects with 
elevated IL-6 showed a concentration-dependent increase in the prevalence of QTc prolongation, and those presenting with QTc 
prolongation exhibited higher circulating IL-6 levels. Stepwise multivariate regression analyses demonstrated that increased IL-6 level  
was significantly associated with a risk of QTc prolongation up to 2 times the odds of the reference category of QTc (e.g. QTc >470 
ms men/480 ms women ms: odds ratio, 2.28 [95% CI, 1.12–4.50] for IL-6 >25 pg/mL) regardless of the underlying cause. Specifically, 
the mean QTc increase observed in the presence of elevated IL-6 was quantitatively comparable (IL-6 >25 pg/mL:+6.7 ms) to that of 
major recognized QT-prolonging risk factors, such as hypokalemia and history of myocardial infarction.

CONCLUSIONS: Our data provide evidence that a high circulating IL-6 level is a robust risk factor for QTc prolongation in a large 
cohort of US veterans, supporting a potentially important arrhythmogenic role for this cytokine in the general population.
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The prolongation of heart rate-corrected QT in-
terval (QTc) on the surface ECG, representing a 
surrogate of ventricular action potential duration 

(APD), is recognized to be an important risk factor for 
life-threatening ventricular arrhythmias, particularly tor-
sades de pointes (TdP) ventricular tachycardia, and 
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sudden cardiac death in the general population.1,2 This 
clinical condition, also known as long-QT syndrome 
(LQTS), can be the result of a wide number of causative 
factors, inherited or acquired, in all cases responsible 
for a dysfunction of 1 or more of the ion channels which 
determine ventricular APD, specifically a decrease of 
potassium (K+) channel outward repolarizing currents 

or an enhancement of sodium (Na+) and calcium (Ca++) 
channel inward depolarizing currents.2 Although con-
genital LQTS is not common, affecting ≈1:2000 appar-
ently healthy newborns,3 acquired LQTS is frequently 
observed in clinical practice occurring in up to 25% to 
30% of hospitalized patients.4 Electrolyte imbalances, 
specifically hypokalemia, hypocalcemia, and hypo-
magnesemia, medications blocking the hERG (human-
ether-à-go-go)-related gene-K+ channel, and structural 
heart diseases are the most commonly involved rec-
ognized causes of acquired LQTS.2

Although numerous, it is ever more evident that 
these and other less common conventional risk fac-
tors2 are not able to explain all cases of LQTS/TdP 
observed in the general population.5 In this regard, 
immune-inflammatory activation is increasingly emerg-
ing in the recent years as a novel nonconventional 
QT-prolonging risk factor,6–10 whose relevance was 
dramatically understood worldwide during COVID-19 
pandemic.11 In fact, an accumulating body of basic 
and clinical studies has demonstrated that systemic in-
flammation can actively promote QTc prolongation, as 
a result of a number of direct and indirect prolonging 
effects of inflammatory cytokines on ventricular APD.12 
A particularly important role seems to be played by IL-6 
(interleukin-6),12 a pleiotropic cytokine that is central in 
most of the inflammatory reactions, either infective, im-
mune mediated, or other.13

Although the aforementioned data point to IL-6 as 
a novel and potentially important QT-prolonging risk 
factor, its actual impact on the general population is 
unknown, as clinical evidence presently comes from 
studies involving relatively small samples or selected 
patients only.14–21 As a result, inflammatory markers, 
including IL-6, are still largely ignored in the diagnostic 
and therapeutic management of LQTS/TdP, and more 
in general of cardiac arrhythmias.12 This may be due, at 
least in part, to the fact that no cohort studies investi-
gating the relationship between QTc prolongation and 
IL-6 levels in the general population are currently avail-
able. Nevertheless, large investigations demonstrated 
that higher IL-6 levels predicted sudden cardiac death 
in unselected individuals,22,23 and ventricular tachycar-
dia/ventricular fibrillation in recipients of implantable 
cardioverter-defibrillators.24 Based on such evidence, 
it is reasonable to hypothesize that these associations 
may be mediated, at least in part, by the aptitude of 
IL-6 to promote QTc prolongation, thereby increasing 
the risk of QT-associated life-threatening ventricular ar-
rhythmias such as TdP.

To fill this gap in knowledge, we here performed an 
observational cohort study using US Veterans Affairs 
Informatics and Computing Infrastructure to evaluate 
whether high IL-6 levels are associated with an in-
creased risk of QTc prolongation in a large population 
of subjects.

CLINICAL PERSPECTIVE

What Is New?
•	 In a large cohort of US veterans, subjects with 

elevated interleukin-6 (IL-6) levels showed a 
concentration-dependent increase in the preva-
lence of heart rate-corrected QT interval (QTc) 
prolongation; moreover, those presenting with 
QTc prolongation exhibited higher levels of cir-
culating IL-6.

•	 IL-6 level increase was significantly associ-
ated with an up to ≈2 times higher risk of QTc 
prolongation, regardless of the underlying 
cause.

•	 The mean QTc increase observed in the pres-
ence of elevated IL-6 was quantitatively compa-
rable to that of major recognized QT-prolonging 
risk factors, such as hypokalemia and history of 
myocardial infarction.

What Are the Clinical Implications?
•	 Our data provide evidence that an elevated cir-

culating IL-6 level is an independent and robust 
risk factor for QTc prolongation in a large cohort 
of US veterans, supporting a potentially impor-
tant arrhythmogenic role for this cytokine in the 
general population.

•	 It is recommended that inflammatory mark-
ers, specifically IL-6, should be included the 
clinical management of patients with long QT 
syndrome/torsades de pointes, also because 
cytokine-targeting therapies are increasingly 
recognized as an essential tool to achieve a 
comprehensive treatment of cardiovascular dis-
ease, possibly including cardiac arrhythmias.

Nonstandard Abbreviations and Acronyms

APD	 action potential duration
LQTS	 long QT-syndrome
QRS	 QRS interval
QTc	 heart rate-corrected QT interval
TdP	 torsades de pointes
VINCI	 Veterans Affairs Informatics and 

Computing Infrastructure
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METHODS
The authors declare that all supporting data are avail-
able within the article (and its online supplementary 
files).

Study Design and Setting
We performed a cross-sectional study based 
on Veterans Affairs Informatics and Computing 
Infrastructure, an analytic research platform using 
data collected from 1400 US veterans’ points of care. 
The Veterans Affairs Informatics and Computing 
Infrastructure Clinical Data Warehouse, which is a re-
lational database, was interrogated using structured 
query language. Logical Observation Identifiers Names 
and Codes were used to identify all subjects who have 
been tested for circulating IL-6 levels and who had at 
least 1 ECG from January 2003 to December 2023. 
By using a unique subject identifier, the following data 
were obtained: demographic data, laboratory data in-
cluding IL-6, electrolytes (potassium, calcium, magne-
sium), and anti-Ro/Sjögren’s-syndrome-related antigen 
A antibody positivity, medications, including QT interval 
prolonging drugs, cardiovascular risk factors and dis-
eases, and ECG parameters (heart rate, RR interval, 
QRS interval, QTc). QTc was automatically measured 
using Bazett’s formula [QT/RR interval1/2] and then 
confirmed by a cardiologist who was independent of 
the study and blinded to IL-6 levels. Patient-related 
ECG parameters and laboratory values were com-
puted by averaging multiple available measurements. 
Specifically, the mean number of measurements was 
8.0 and 1.3 for ECG and IL-6 testing, respectively.

Inclusion and Exclusion Criteria
All subjects who were tested for IL-6 and underwent 
ECG were included in the study. Exclusion criteria 
were a QRS interval >120 ms (complete bundle-branch 
block, ventricular paced rhythm), profound brady- and 
tachycardia <50 bpm and >120 bpm, respectively, or 
the unavailability of a quantitative result for IL-6 levels. 
Patients with atrial fibrillation were not excluded as 
multiple RR intervals were averaged.

IL-6 Level Assessment
Circulating IL-6 levels were measured by quantita-
tive ELISA. In most cases, the results were provided 
quantitatively (pg/mL), whereas a qualitative result 
only (normal: <5 pg/mL; elevated: ≥5 pg/mL) was avail-
able in a small set of subjects (8%). IL-6 levels were 
defined as normal when <5 pg/mL (as it was largely 
the most common cutoff used throughout the differ-
ent US veterans points of care), and then the elevated 
interval (≥5 pg/mL) was further divided in moderately 
high (5–25 pg/mL), and high (>25 pg/mL) according to 

the median of this range. In this way, we were able to 
divide the population into 3 numerically well-balanced 
groups.

Repeated IL-6 measurements were available for 
196 subjects, in most cases showing stable levels over 
time. In fact, in ≈2/3 of cases (132 subjects, 67.3%) IL-6 
remained in the same concentration range. Moreover, 
in the other one-third of subjects the IL-6 level changed 
always toward the nearest range.

It should be noted that >60% of IL-6 measurements 
were performed in the past few years, that is, in the 
period 2020 to 2023, because before the COVID-19 
pandemic IL-6 testing was available for routine clinical 
assessment in only a few institutions. This aspect was 
a key determinant of the study size.

Definition of QTc Prolongation
The presence of QTc prolongation was defined fol-
lowing the recommendations by the American Heart 
Association, American College of Cardiology, Heart 
Rhythm Society, and European regulatory guide-
lines.2,25,26 Specifically, 4 different, progressively more 
stringent cutoffs were employed: (1) >440 ms regard-
less of sex, representing the classic cutoff for QTc 
prolongation, although this value is exceeded by up to 
≈20% of the general population;2 (2) >450 ms in men 
or >470 in women;26 (3) >470 ms in men or >480 in 
women, representing approximate 99th percentile 
QTc values for otherwise healthy postpubertal indi-
viduals;2 (4) >500 ms, which is defined by American 
Heart Association/American College of Cardiology as 
marked or highly abnormal QTc prolongation and rec-
ognized to be associated with a significant arrhythmic 
risk in both sexes.2

Statistical Analysis
Descriptive statistics was carried out and quantita-
tive variables were summarized with mean and SD 
or with median and interquartile range, and qualita-
tive variables with absolute frequency and percent-
ages. Kolmogorov–Smirnov test was applied to verify 
normality distribution. When normality was refused, 
nonparametric tests were used to compare groups. 
Specifically, to compare patients with or without QTc 
prolongation based on different cutoffs, the t test or 
the Mann–Whitney U test were used. To compare the 
3 groups of subjects stratified by circulating IL-6 lev-
els, ANOVA or Kruskal–Wallis test were used. Post hoc 
tests with Holm correction were then carried out. Chi-
square test was applied to 2×2 contingency tables to 
evaluate the association between frequencies of quali-
tative variables.

Multivariate stepwise logistic regression analysis 
was carried out to identify, among all risk factors in-
cluded in the model, a statistically significant minimum 
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subset of factors with the highest possible accuracy 
to predict prolonged QTc. Odds ratios (ORs) and their 
95% CI were calculated for significant variables. In ad-
dition, a stepwise linear regression was estimated to 
predict the average QTc. Coefficients and their 95% CI 
were calculated for significant variables. In both cases 
the stepwise procedure was a backward-forward 
stepwise based on Akaike information criteria. A sta-
tistical significance level of 95% (P<0.05) was always 
considered. R software, version 4.1.1, was used for all 
statistical computations.

Ethics
The data were deidentified and the study was approved 
by the Veterans Affairs New York Harbor Healthcare 
System Institutional Review Board under ID#01810.

RESULTS
Characteristics of the Study Population
In the database, we identified 1652 subjects who 
underwent both ECG and IL-6 testing. Among them, 
567 were excluded for having complete bundle-
branch block, ventricular paced rhythm, profound 
brady- or tachycardia, or because quantitative IL-6 
level assessment was not available. The resulting 
study population consisted of 1085 subjects, primar-
ily males (92.0%) and White (66.0%), with a median 
age of 71 years (Table 1). Depending on the specific 
cutoff considered, a prolonged QTc was present in 
49.4% (QTc >440 ms; n=536), 31.2% (QTc >450 ms 
men/470 ms women; n=338), 11.2% (QTc >470 ms 
men/480 ms women; n=122), and 1.7% (QTc >500 
ms; n=18) of subjects, respectively (Table 1). Median 
IL-6 level was 12.7 pg/mL, with 28.2% of the subjects 
having normal levels (<5 pg/mL), 34.7% moderately 
high levels (5–25 pg/mL), and 37.1% high levels (>25 
mg/dL) (Table 1). Although circulating anti-Sjögren’s 
syndrome-related antigen A-antibodies are increas-
ingly recognized as a nonconventional risk factor for 
QTc prolongation in the general population,27–29 they 
were tested in only 121 out of 1085 subjects, and 5 
of them (4.1%) showed a positive result. Given the 
high percentage of missing values, anti-Sjögren’s 
syndrome-related antigen A-antibody positivity was 
not considered in this study but has been previously 
reported.27

As shown in Tables 2 and 3 and Table S1, several 
variables were found to be significantly associated with 
the risk of QTc prolongation throughout the different 
cutoffs or increased IL-6 levels in the whole popula-
tion, including demographic factors (age, sex), ECG 
findings (heart rate, QRS), laboratory data (potassium, 
calcium), cardiovascular risk factors/diseases (history 
of hypertension, myocardial infarction, left ventricular 

Table 1.  Demographic and Health Characteristics of the 
Overall Study Population

Characteristic

Total, n 1085

Demographics

Age, y 71 [63–75]

Male sex, n 998 (92.0%)

White race, n 716 (66.0%)

Black race, n 291 (26.8%)

Other race, n‡ 78 (7.2%)

ECG findings

QTc, ms 439 [421–456]

Heart rate, bpm 79 [70–90]

QRS interval, ms 89 [82–97]

QTc >440 ms, n 536 (49.4%)

QTc >450 ms men/>470 ms women, n 338 (31.2%)

QTc >470 ms men/>480 ms women, n 122 (11.2%)

QTc >500 ms, n 18 (1.7%)

Laboratory data

Potassium, mEq/l 4.2 [4.0–4.4]

Potassium <4.0 mEq/L, n 236 (25.2%)

Calcium, mg/dL 9.2 [8.9–9.4]

Calcium <8.5 mg/dL, n 51 (5.5%)

Magnesium, mg/dL 2.0 [1.9–2.1]

Magnesium <1.8 mg/dL, n 107 (11.5%)

IL-6, pg/mL 12.7 [4.4–47.2]

IL-6 <5 pg/mL, n 306 (28.2%)

IL-6 5–25 pg/mL, n 376 (34.7%)

IL-6 >25 pg/mL, n 403 (37.1%)

Anti-Ro/Sjögren’s syndrome-related antigen 
A antibody positivity, n*

5 (4.1%)

Cardiovascular risk factors/diseases

Smoking, n 471 (43.4%)

Hypertension, n 256 (23.6%)

Diabetes mellitus, n 614 (56.6%)

Myocardial infarction, n 252 (23.2%)

Angina pectoris, n 204 (18.8%)

Left ventricular hypertrophy/heart failure, n 134 (12.4%)

Autoimmune rheumatic diseases, n† 92 (8.5%)

Drugs

Alpha blockers, n 675 (62.2%)

Anesthetics, n 94 (8.7%)

Antianginal, n 335 (30.9%)

Antiarrhythmics, n 121 (11.2%)

Antibiotics, n 1054 (97.1%)

Anticonvulsants, n 774 (71.3%)

Antidepressants, n 851 (78.4%)

Antiemetics, n 603 (55.6%)

Antifungals, n 375 (34.6%)

Antihistamines, n 868 (80.0%)

 (Continued)
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hypertrophy/heart failure), and medications (alpha 
blockers, anesthetics, antiarrhythmics, antiemet-
ics, antihypertensives, antipsychotics, antivirals, beta 
blockers, bronchodilators, calcium blockers, diuretics, 
and sedatives).

Association Between IL-6 Levels and QTc
Subjects presenting with QTc prolongation showed sig-
nificantly higher IL-6 levels when compared with those 
without, approximately 2 times higher. This finding was 
consistently observed throughout the different cutoffs 
used, with a progressive increase in median IL-6 levels 
as the cutoff became more stringent, until approach-
ing 24 pg/mL in subjects with a QTc>470 ms men/480 
ms women (Table 4). Accordingly, in subjects with QTc 
prolongation, the prevalence of moderately high/high 
IL-6 levels was significantly higher than in those without, 
and gradually increased throughout the different cutoffs 
analyzed. Notably, among subjects with a QTc >470 ms 
men/480 ms women, moderately high or high IL-6 levels 
were present in over 85% of cases, including ≈50% of 
subjects having IL-6 levels >25 pg/mL (Table 4).

The existence of an association between IL-6 and QTc 
was further confirmed by the significant QTc differences 
observed when subjects were stratified by IL-6 level 
(Figure). In fact, while the median QTc value in the normal 
IL-6 group was distinctly lower than all cutoffs consid-
ered (429 ms), the median QTc significantly increased to 
440 ms and 444.5 ms in the moderately high IL-6 group 
and in the high IL-6 group, respectively (Table 5).

Consistently, the prevalence of QTc prolongation 
progressively increased throughout the 3 groups with 
all cutoffs, up to reaching a ≈3-times higher risk of hav-
ing a QTc >470 ms men/480 ms women in subjects 

with IL-6 levels >25 pg/mL (14.7%) when compared 
with those with IL-6 <5 pg/mL (5.4%) (Table 5).

Similar trends with further numerical increases in 
median IL-6 levels and prevalence of moderately-high/
high IL-6 levels were observed in subjects with QTc 
>500 ms. Moreover, the prevalence of QTc prolonga-
tion >500 ms progressively increased throughout the 
3 IL-6 ranges (up to >3 times). However, none of these 
differences reached statistical significance due to the 
very small sample size of subjects presenting with 
QTc>500 ms in the overall cohort (n=18) (Tables S2 and 
S3). Thus, this cutoff was therefore not considered for 
additional statistical analyses.

Association Between IL-6 Levels and QTc: 
Multivariate Analysis
Based on the findings, the role of increased IL-6 lev-
els as an independent risk factor for QTc prolongation 
was then evaluated by a stepwise multivariate logistic 
regression analysis. We used a model in which all the 
variables found to be associated with QTc prolonga-
tion independently from IL-6 levels (ie, sex, QRS, po-
tassium <4.0 mEq/L, left ventricular hypertrophy/heart 
failure, alpha blockers, antiemetics, antihypertensives, 
antipsychotics, antivirals, beta blockers, bronchodila-
tors, calcium blockers, diuretics) and the confounding 
factors (ie, variables associated concomitantly with 
QTc and IL-6: age, heart rate, calcium <8.5 mg/dL, hy-
pertension, myocardial infarction, anesthetics, antiar-
rhythmics, sedatives) were entered together with IL-6 
stratified as normal, moderately high, and high, to iden-
tify a minimum subset of factors with the highest pos-
sible prediction accuracy for QTc prolongation in our 
study population. As shown in Table 6, the presence 
of high IL-6 levels (>25 pg/mL) showed a statistically 
significant association with increased risk of QTc pro-
longation for all the 3 cutoffs investigated. Particularly, 
ORs ranged from 1.66 for QTc >440 ms to 2.28 for 
QTc >470 ms men/480 ms women, indicating a ≈65% 
to 130% higher risk of developing QTc prolongation in 
subjects with IL-6 levels >25 pg/mL when compared 
with those with IL-6 levels <5 pg/mL. Moreover, spe-
cifically considering the QTc >470 ms men/480 ms 
women cutoff, even moderately high IL-6 levels were 
found to have a statistically significant association with 
a ≈2 times higher risk of a prolonged QTc (Table 6).

To further define the independent impact of in-
creased IL-6 levels on QTc length, the stepwise mul-
tivariate regression analysis was also performed by 
considering QTc as a linear variable. To perform this 
analysis an outlier was removed due to its high QTc 
value (650 ms; +6σ from mean). Again, both the high 
and moderately high IL-6 ranges were found to have 
a statistically significant correlation with QTc dura-
tion. Specifically, having an IL-6 level ranging from 5 to 

Characteristic

Antihypertensives, n 458 (42.2%)

Antimalarials, n 160 (14.7%)

Antipsychotics, n 409 (37.7%)

Antivirals, n 453 (41.8%)

Beta blockers, n 734 (67.6%)

Bronchodilators, n 732 (67.5%)

Calcium blockers, n 681 (62.8%)

Diuretics, n 787 (72.5%)

Muscle relaxants, n 726 (66.9%)

Sedatives, n 751 (69.2%)

Values are expressed as median [interquartile range], or frequency count 
(percentage). IL-6 indicates interleukin-6; and QTc, heart rate-corrected 
QT-interval.

*Data available for only 121 subjects.
†Including rheumatoid arthritis, systemic lupus erythematosus, Sjögren’s 

syndrome, systemic sclerosis, and other connective tissue diseases.
‡Other includes: Asian, American Indian, Alaska native, Hawaiian or other 

Pacific Islander, and unknown.

Table 1.  Continued
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Table 2.  Demographic, ECG, Laboratory, and Clinical Findings in Subjects With or Without QTc Prolongation Based on 
Different Cutoffs

Cutoff 440 ms Cutoff 450 ms men/470 ms women Cutoff 470 ms men/480 ms women

Characteristic QTc <440 QTc >440 P value QTc <450/470 QTc >450/470 P value QTc <470/480 QTc >470/480 P value

Total, n 549 (50.6%) 536 (49.4%) … 747 (68.8%) 338 (31.2%) … 963 (88.8%) 122 (11.2%) …

Demographics

Age, y 70 [63–75] 71 [63–76] 0.556 70 [63–75] 71 [63–76] 0.367 71 [63–75] 70 [64–76] 0.601

Male sex, n 518 (94.4%)* 480 (89.6%)* 0.005* 676 (90.5%)* 322 (95.3%)* 0.010* 881 (91.5%) 117 (95.9%) 0.130

Race, n

White 355 (64.7%) 361 (67.4%) 0.568 499 (66.8%) 217 (64.2%) 0.700 647 (67.2%) 69 (56.6%) 0.016*

Black 151 (27.5%) 140 (36.1%) 196 (26.2%) 95 (28.1%) 245 (25.4%) 46 (37.7%)

Others† 43 (7.8%) 35 (6.5%) 52 (7.0%) 26 (7.7%) 71 (7.4%) 7 (5.7%)

ECG findings

Heart rate, bpm 74 [66–86]* 83 [74–93]* <0.001* 76 [68–87]* 84 [74–93]* <0.001* 79 [69–89]* 84 [76–93]* <0.001*

QRS interval, ms 88 [82–94]* 91 [84–100]* <0.001* 88 [82–96]* 92 [84–101]* <0.001* 88 [82–96]* 94 [86–104]* <0.001*

Laboratory data

Potassium <4.0 
mEq/L, n

82 (18.1%)* 154 (32.0%)* <0.001* 135 (21.5%)* 101 (33.0%)* <0.001* 197 (23.8%)* 39 (36.1%)* 0.008*

Calcium <8.5 mg/
dL, n

10 (2.2%)* 41 (8.5%)* <0.001* 14 (2.2%)* 37 (12.1%)* <0.001* 31 (3.7%)* 20 (18.5%)* <0.001*

Magnesium <1.8 
mg/dL, n

57 (12.6%) 50 (10.4%) 0.344 75 (11.9%) 32 (10.5%) 0.576 97 (11.7%) 10 (9.3%) 0.547

Cardiovascular risk factors/diseases

Smoking, n 229 (41.7%) 242 (45.1%) 0.280 321 (43.0%) 150 (44.4%) 0.714 414 (43.0%) 57 (46.7%) 0.493

Hypertension, n 110 (20.0%)* 146 (27.2%)* 0.006* 154 (20.6%)* 102 (30.2%)* 0.001* 216 (22.4%)* 40 (32.8%)* 0.015*

Diabetes, n 302 (55.0%) 312 (58.2%) 0.316 413 (55.3%) 201 (59.5%) 0.222 543 (56.4%) 71 (58.2%) 0.777

Myocardial 
infarction, n

109 (19.9%)* 143 (26.7%)* 0.010* 152 (20.3%)* 100 (29.6%)* 0.001* 207 (21.5%)* 45 (36.9%)* <0.001*

Angina pectoris, n 106 (19.3%) 98 (18.3%) 0.723 141 (18.9%) 63 (18.6%) 0.993 176 (18.3%) 28 (23.0%) 0.262

Left ventricular 
hypertrophy/heart 
failure, n

63 (11.5%) 71 (13.2%) 0.427 79 (10.6%)* 55 (16.3%)* 0.011* 109 (11.3%)* 25 (20.5%)* 0.006*

Autoimmune 
rheumatic  
diseases, n

38 (6.9%) 54 (10.1%) 0.079 56 (7.5%) 36 (10.7%) 0.107 81 (8.4%) 11 (9.0%) 0.957

Drugs

Alpha blockers, n 344 (62.7%) 331 (61.8%) 0.806 452 (60.5%) 223 (66.0%) 0.098 588 (61.1%)* 87 (71.3%)* 0.036*

Anesthetics, n 34 (6.2%)* 60 (11.2%)* 0.005* 52 (7.0%)* 42 (12.4%)* 0.004* 71 (7.4%)* 23 (18.9%)* <0.001*

Antianginal, n 161 (29.3%) 174 (32.5%) 0.293 226 (30.3%) 109 (32.2%) 0.557 292 (30.3%) 43 (35.2%) 0.315

Antiarrhythmics, n 33 (6.0%)* 88 (16.4%)* <0.001* 54 (7.2%)* 67 (19.8%)* <0.001* 83 (8.6%)* 38 (31.1%)* <0.001*

Antibiotics, n 529 (96.4%) 525 (97.9%) 0.164 724 (96.9%) 330 (97.6%) 0.649 934 (97.0%) 120 (98.4%) 0.570

Anticonvulsants, n 394 (71.8%) 380 (70.9%) 0.802 539 (72.2%) 235 (69.5%) 0.415 694 (72.1%) 80 (65.6%) 0.165

Antidepressants, n 429 (78.1%) 422 (78.7%) 0.871 594 (79.5%) 257 (76.0%) 0.226 757 (78.6%) 94 (77.0%) 0.781

Antiemetics, n 274 (49.9%)* 329 (61.4%)* <0.001* 408 (54.6%) 195 (57.7%) 0.380 528 (54.8%) 75 (61.5%) 0.195

Antifungals, n 181 (33.0%) 194 (36.2%) 0.292 243 (32.5%)* 132 (39.1%)* 0.043* 327 (34.0%) 48 (39.3%) 0.281

Antihistamines, n 425 (77.4%)* 443 (82.6%)* 0.038* 597 (79.9%) 271 (80.2%) 0.987 769 (79.9%) 99 (81.1%) 0.829

Antihypertensives, n 210 (38.3%)* 248 (46.3%)* 0.009* 286 (38.3%)* 172 (50.9%)* <0.001* 390 (40.5%)* 68 (55.7%)* 0.002*

Antimalarials, n 79 (14.4%) 81 (15.1%) 0.803 105 (14.1%) 55 (16.3%) 0.389 139 (14.4%) 21 (17.2%) 0.496

Antipsychotics, n 190 (34.6%)* 219 (40.9%)* 0.039* 264 (35.3%)* 145 (42.9%)* 0.021* 355 (36.9%) 54 (44.3%) 0.136

Antivirals, n 209 (38.1%)* 244 (45.5%)* 0.015* 306 (41.0%) 147 (43.5%) 0.474 398 (41.3%) 55 (45.1%) 0.487

 (Continued)
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25 pg/mL was associated with a mean QTc increase 
of 6 ms, increasing to almost 7 ms for IL-6 >25 pg/mL, 
when compared with IL-6 <5 pg/mL (Table 7). Notably, 
such increases were quantitatively comparable to 
those observed in the presence of 2 well-recognized 
QT-prolonging risk factors, such as hypokalemia (+ 
8.8 ms) and history of myocardial infarction (+ 5.8 ms) 
(Table 7).

Some additional sensitivity analyses were per-
formed to refine and strengthen the meaning of these 
findings. First, to provide support to the view that IL-6 
per se affects the risk of QTc prolongation, regardless 
of the specific underlying inflammatory process caus-
ing its elevation, the stepwise multivariate logistic and 
linear regression analyses were repeated also add-
ing, among the variables considered, history of auto-
immune rheumatic diseases (ie, rheumatoid arthritis, 
systemic lupus erythematosus, Sjögren’s syndrome, 
systemic sclerosis, other connective tissue diseases), 
and the use of anti-infective drugs (ie, antibiotics, anti-
fungals, and antivirals) as a proxy of the occurrence of 
infectious inflammatory process. Also in this case, the 
analysis demonstrated that elevated IL-6 levels were 
associated with an increased risk of QTc prolonga-
tion, throughout the 3 cutoffs investigated, without any 
change in the ORs observed (data not shown).

An additional sensitivity analysis was performed to 
exclude effects of temporality, that is, the fact that ECG 
acquisition and IL-6 testing had not been always per-
formed at the same time point, and it may have biased 
the results. Thus, we selected in the cohort only those 
subjects in whom both ECG and IL-6 were evaluated 
within an interval not exceeding 7 days (n=260) or even 
in the same day (n=56), respectively. Again, in both 
subgroups median QTc levels progressively increased 
throughout the 3 IL-6 ranges, similar to that observed 
in the whole population, and even more evidently 
(Table S4). In fact, although QTc in subjects with IL-6 
<5 pg/mL remained relatively stable independent of the 

time interval considered, in those with high IL-6 levels 
median QTc values progressively increased as the time 
interval shortened, particularly when IL-6 was >25 pg/
mL (any time interval: 444.5 [426–461] ms; time interval 
≤7 days: 450.8 [429.7–469.5] ms; time interval ≤1 day: 
472.5 [454.8–505.0] ms) (Table S4). Such observation 
is consistent with the view that IL-6 prolongs QTc as a 
result of direct and transient effects on cardiac electro-
physiology. Overall, these data provide evidence that 
temporality of measurements did not significantly bias 
the findings of our analysis, at most underestimating 
the actual impact of IL-6 on QTc.

DISCUSSION
The key findings of the present study are the following: 
(1) in a cohort of ≈1000 US veterans, subjects with el-
evated IL-6 levels showed a concentration-dependent 
increase in the prevalence of QTc prolongation; moreo-
ver, those presenting with QTc prolongation exhibited 
higher levels of circulating IL-6; (2) IL-6 level increase 
was associated with an up to ≈2 times higher risk of 
QTc prolongation, regardless of the specific underlying 
cause; and (3) the mean QTc increase observed in the 
presence of elevated IL-6 was quantitatively compa-
rable (IL-6 >25 pg/mL:+6.7 ms) to that of major recog-
nized QT-prolonging risk factors, such as hypokalemia 
and history of myocardial infarction.

In recent years, the key role of inflammatory cyto-
kines in promoting arrhythmic events is ever more rec-
ognized. A large body of evidence indicates that these 
molecules, particularly IL-6, can promote a wide range 
of cardiac arrhythmias due to multiple effects on ar-
rhythmogenesis.12 Specifically, many experimental 
studies on cell and animal models provided evidence 
that IL-6 can prolong APD/QTc and increase ventricu-
lar arrhythmia susceptibility by inhibiting both the rap-
idly and slowly activating components of the delayed 

Cutoff 440 ms Cutoff 450 ms men/470 ms women Cutoff 470 ms men/480 ms women

Characteristic QTc <440 QTc >440 P value QTc <450/470 QTc >450/470 P value QTc <470/480 QTc >470/480 P value

Beta blockers, n 351 (63.9%)* 383 (71.5%)* 0.010* 488 (65.3%) 246 (72.8%)* 0.018* 639 (66.4%)* 95 (77.9%)* 0.014*

Bronchodilators, n 353 (64.3%)* 379 (70.7%)* 0.029* 498 (66.7%) 234 (69.2%) 0.444 648 (67.3%) 84 (68.9%) 0.807

Calcium blockers,  
n

338 (61.6%) 343 (64.0%) 0.445 451 (60.4%)* 230 (68.0%)* 0.019* 597 (62.0%) 84 (68.9%) 0.169

Diuretics, n 378 (68.9%)* 409 (76.3%)* 0.007* 519 (69.5)* 268 (79.3)* 0.001* 682 (70.8%)* 105 (86.1%)* 0.001*

Muscle relaxants, n 365 (66.5%) 361 (67.4%) 0.811 512 (68.5) 214 (63.3) 0.104 651 (67.6%) 75 (61.5%) 0.210

Sedatives, n 358 (65.2%)* 393 (73.3%)* 0.005* 502 (67.2)* 249 (73.7)* 0.039* 656 (68.1%)* 95 (77.9%)* 0.036*

QTc indicates heart rate-corrected QT-interval. Values are expressed as median [interquartile range], or frequency count (percentage). Differences between 
the 2 groups were evaluated by the Mann–Whitney test or the chi-square test.

*Statistically significant (P<0.05) differences in variables.
†Other includes: Asian, American Indian, Alaska native, Hawaiian or other Pacific Islander, and unknown.

Table 2.  Continued
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Table 3.  Demographic, ECG, Laboratory, and Clinical Findings in Subjects of the Study Population Stratified by IL-6 Level

IL-6, pg/mL

Characteristic <5 5–25 >25 P value

Total, n 306 376 403 …

Demographics

Age, y 68 [61–74] 71 [63–76] * 72 [64–77] *, † <0.001

Male sex, n 277 (90.5%) 343 (91.2%) 378 (93.8%) 0.226

Race, n

White 200 (65.4%) 262 (69.7%) 254 (63.0%) 0.406

Black 83 (27.1%) 91 (24.2%) 117 (29.0%)

Others‡ 23 (7.5%) 23 (6.1%) 32 (7.9%)

ECG findings

Heart rate, bpm 73 [66–85] 79 [70–88] * 83 [73–94] *, † <0.001

QRS interval, ms 90 [82–96] 90 [84–98] 88 [82–96] 0.161

Laboratory data

IL-6, pg/mL 2.9 [2.1–3.7] 10.7 [7.3–15.8] * 64.8 [40.7–135.6] *, † <0.001

Potassium <4.0 mEq/L, n 63 (25.7%) 95 (29.3%) 78 (21.3%) 0.053

Calcium <8.5 mg/dL, n 4 (1.6%) 10 (3.1%) 37 (10.1%) *, † <0.001

Magnesium <1.8 mg/dL, n 34 (13.9%) 40 (12.3%) 33 (9.0%) 0.144

Cardiovascular risk factors/diseases

Smoking, n 138 (45.1%) 171 (45.5%) 162 (40.2%) 0.259

Hypertension, n 47 (15.4%) 101 (26.9%) * 108 (26.8%) * <0.001

Diabetes mellitus, n 138 (45.1%) 235 (62.5%) * 241 (59.8%) * <0.001

Myocardial infarction, n 45 (14.7%) 87 (23.1%) * 120 (29.8%) *, † <0.001

Angina pectoris, n 62 (20.3%) 67 (17.8%) 75 (18.6%) 0.714

Left ventricular hypertrophy/heart 
failure, n

30 (9.8%) 52 (13.8%) 52 (12.9%) 0.258

Autoimmune rheumatic diseases, n 25 (8.2%) 36 (9.6%) 31 (7.7%) 0.625

Drugs

Alpha blockers, n 186 (60.8%) 233 (62.0%) 256 (63.5%) 0.752

Anesthetics, n 9 (2.9%) 19 (5.1%) 66 (16.4%) *, † <0.001

Antianginal, n 93 (30.4%) 112 (29.8%) 130 (32.3%) 0.740

Antiarrhythmics, n 26 (8.5%) 38 (10.1%) 57 (14.1%) 0.044

Antibiotics, n 291 (95.1%) 363 (96.5%) 400 (99.3%) *, † 0.003

Anticonvulsants, n 241 (78.8%) 273 (72.6%) 260 (64.5%) *, † <0.001

Antidepressants, n 257 (84.0%) 302 (80.3%) 292 (72.5%) *, † 0.001

Antiemetics, n 169 (55.2%) 206 (54.8%) 228 (56.6%) 0.872

Antifungals, n 93 (30.4%) 132 (35.1%) 150 (37.2%) 0.160

Antihistamines, n 246 (80.4%) 304 (80.9%) 318 (78.9%) 0.779

Antihypertensives, n 113 (36.9%) 172 (45.7%) 173 (42.9%) 0.064

Antimalarials, n 38 (12.4%) 49 (13.0%) 73 (18.1%) 0.054

Antipsychotics, n 102 (33.3%) 131 (34.8%) 176 (43.7%) *, † 0.007

Antivirals, n 102 (33.3%) 165 (43.9%) * 186 (46.2%) * 0.002

Beta blockers, n 191 (62.4%) 253 (67.3%) 290 (72.0%) * 0.026

Bronchodilators, n 189 (61.8%) 264 (70.2%) 279 (69.2%) 0.041

Calcium blockers, n 178 (58.2%) 229 (60.9%) 274 (68.0%) * 0.018

Diuretics, n 195 (63.7%) 275 (73.1%)* 317 (78.7%) * <0.001

Muscle relaxants, n 226 (73.9%) 250 (66.5%) 250 (62.0%) * 0.004

Sedatives, n 207 (67.6%) 256 (68.1%) 288 (71.5%) 0.464

IL-6 indicates interleukin-6. Values are expressed as median [interquartile range], or frequency count (percentage). Differences between the groups were 
evaluated by the Kruskal–Wallis test or chi-squard test.

*Statistically different from IL-6 <5 pg/mL group.
†Statistically different from IL-6 5–25 pg/mL group (post hoc tests: multiple Mann–Whitney U test or chi-square test with Holm correction).
‡Other includes: Asian, American Indian, Alaska native, Hawaiian or other Pacific Islander, and unknown.
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outward-rectifying potassium current, and increasing 
the L-type calcium current.12,20,30–36 In addition, it has 
been demonstrated that IL-6 can also indirectly promote 
APD/QTc prolongation via systemic effects, including 
cardiac sympathetic system activation,12 increased 
bioavailability of QT-prolonging drugs by inhibiting the 
hepatic cytochrome p450,37,38 and reduction of testos-
terone levels in men due to an enhanced aromatase-
dependent androgen-to-estrogen conversion.39 
Consistently, several clinical studies demonstrated 
that in patients with different inflammatory diseases, 

including COVID-19, circulating IL-6 correlated with QTc 
duration and high levels were associated with TdP de-
velopment.14–20 Moreover, in patients with rheumatoid 
arthritis, treatment with the anti-IL6-receptor monoclo-
nal antibody tocilizumab was associated with a rapid 
and significant QTc shortening, which correlated with 
C-reactive protein and cytokine levels decrease.15,17

However, although the background of basic in-
vestigations supporting the mechanistic role of IL-6 in 
APD/QTc prolongation is strong,12 the clinical evidence 
derives from only relatively small studies or studies 

Table 4.  IL-6 Levels in Subjects With or Without QTc Prolongation Based on Different Cutoffs

Cutoff 440 ms Cutoff 450 ms men/470 ms women Cutoff 470 ms men/480 ms women

Characteristic QTc <440 QTc >440 P value
QTc 
<450/470

QTc 
>450/470 P value

QTc 
<470/480

QTc 
>470/480 P value

Total, n 549 (50.6%) 536 (49.4%) … 747 (68.8%) 338 (31.2%) … 963 (88.8%) 122 (11.2%) …

IL-6, pg/mL 9.5 
[3.4–37.5]

18.9 
[6.1–55.6]

<0.001 9.9 
[3.7–38.2]

22.0 
[7.5–60.6]

<0.001 11.7 
[4.0–44.3]

23.8 
[8.5–66.4]

<0.001

IL-6 level

<5 pg/mL, n 192 (35.0%) 114 (21.3%) <0.001 244 (32.7%) 62 (18.3%) <0.001 289 (30.0%) 17 (13.9%) <0.001

5–25 pg/mL, n 186 (33.9%) 190 (35.4%) 260 (34.8%) 116 (34.3%) 331 (34.4%) 45 (36.9%)

>25 pg/mL, n 171 (31.1%) 232 (43.3%) 243 (32.5%) 160 (47.3%) 343 (35.6%) 60 (49.2%)

IL-6 indicates interleukin-6; and QTc, heart rate-corrected QT-interval. Values are expressed as median [interquartile range], or frequency count (percentage). 
Differences between the 2 groups were evaluated by the Mann–Whitney test or chi-square test.

Figure.  Empirical distribution of QTc values in the overall cohort, stratified by IL-6 level.
IL-6 indicates interleukin-6; and QTc, heart rate-corrected QT interval.
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involving selected groups of patients.14–21 Thus, large 
data analyses aimed at evaluating the impact of IL-6 on 
the risk of QTc prolongation in the general population 
are currently missing.

Here, we provide evidence, for the first time, that in 
a large population of over 1000 US veterans, subjects 

with elevated IL-6 levels presented with a longer median 
QTc duration (+11.0 ms for the range 5–25 pg/mL, rising 
to +15.5 ms in those with levels >25 pg/mL) together with 
an increased prevalence of QTc prolongation when com-
pared with subjects with normal IL-6 levels. In the univar-
iate analysis, the greater the QTc cutoff considered, the 

Table 5.  Median QTc Values and QTc Prolongation Frequencies in Subjects Stratified by IL-6 Level

IL-6, pg/mL

Characteristic <5 5–25 >25 P value

Total, n 312 379 414 …

QTc, ms 429 [414–447.25] 440 [422–456]* 444.5 [426–461]*,† <0.001

QTc>440 ms, n 116 (37.2%) 190 (50.1%)* 236 (57.0%)* <0.001

QTc >450 ms men/470 ms women, n 63 (20.2%) 116 (30.6%)* 163 (39.4%)*,† <0.001

QTc >470 ms men/480 ms women, n 17 (5.4%) 45 (11.9%)* 61 (14.7%)* <0.001

IL-6 indicates interleukin-6; and QTc, heart rate-corrected QT-interval. Values are expressed as median [interquartile range], or frequency count (percentage). 
Differences between the groups were evaluated by the Kruskal–Wallis test or chi-square test.

*Statistically different from IL-6 <5 pg/mL group.
†Statistically different from IL-6 5–25 pg/mL group (post hoc tests: multiple Mann–Whitney test or chi-square test with Holm correction).

Table 6.  Demographic, Clinical, Laboratory, and Therapeutic Variables Associated With QTc Interval Prolongation Based 
on Different Cutoffs: a Stepwise Multivariate Logistic Regression Analysis

Dependent variable Independent variables OR (95% CI) P value

QTc >440 ms Heart rate 1.04 (1.03–1.05) <0.001

QRS 1.05 (1.04–1.07) <0.001

Potassium <4.0 mEq/L 2.17 (1.55–3.06) <0.001

Antiarrhythmics 3.11 (1.90–5.24) <0.001

Calcium <8.5 mg/dL 4.27 (2.08–9.55) <0.001

Antiemetics 1.72 (1.29–2.31) <0.001

Female sex 2.48 (1.43–4.38) 0.001

IL-6 (>25 pg/mL) 1.66 (1.14–2.42) 0.008

IL-6 (5–25 pg/mL) 1.34 (0.92–1.95) 0.125

QTc > 450 ms men/470 ms women Heart rate 1.03 (1.02–1.04) <0.001

QRS 1.04 (1.03–1.05) <0.001

Calcium <8.5 mg/dL 5.99 (3.11–12.13) <0.001

Antiarrhythmics 2.74 (1.77–4.26) <0.001

Potassium <4.0 mEq/L 1.88 (1.35–2.63) <0.001

IL-6>25 pg/mL 1.81 (1.21–2.72) 0.004

IL-6 (5–25 pg/mL) 1.39 (0.92–2.10) 0.119

Antihypertensives 1.37 (1.01–1.85) 0.040

QTc >470 ms men/480 ms women Antiarrhythmics 3.58 (2.12–5.99) <0.001

Calcium <8.5 mg/dL 5.99 (3.02–11.77) <0.001

QRS 1.04 (1.02–1-06) <0.001

Potassium <4.0 mEq/L 1.98 (1.24–3.14) 0.004

IL-6 (>25 pg/mL) 2.28 (1.19–4.65) 0.017

IL-6 (5–25 pg/mL) 2.18 (1.12–4.50) 0.026

Heart rate 1.02 (1.00–1.04) 0.026

Diuretics 2.02 (1.10–3.96) 0.031

IL-6 indicates interleukin-6; OR, odds ratio; QRS, QRS interval duration; and QTc, heart rate-corrected QT interval. Variables entered in the model: age, 
sex, heart rate, QRS, potassium <4.0 mEq/L, calcium <8.5 mg/dL, IL-6, hypertension, myocardial infarction, left ventricular hypertrophy/heart failure, alpha 
blockers, anesthetics, antiarrhythmics, antiemetics, antihypertensives, antipsychotics, antivirals, beta blockers, bronchodilators, calcium blockers, diuretics, 
and sedatives.



J Am Heart Assoc. 2024;13:e032071. DOI: 10.1161/JAHA.123.032071� 11

Lazzerini et al� IL-6 and QTc Prolongation in US Veterans

greater were the differences for QTc prolongation per-
centages with increasing ranges of IL-6, up to a ≈3-times 
higher risk for QTc >470 ms men/480 ms women in sub-
jects with high versus normal levels. Moreover, among 
subjects with a QTc >470 ms men/480 ms women, ≈1 in 
every 2 subjects (49.2%) showed IL-6 levels >25 pg/mL, 
and ≈6 in every 7 subjects (86.1%) >5 pg/mL.

In addition, it is important to note that in subjects 
falling in the moderately-high IL-6 range (5–25 pg/
mL), the observed median IL-6 levels were slightly 
higher than 10 pg/mL (10.7 pg/mL). Comparable serum 
IL-6 levels were found (≈13–14 pg/mL) to be asso-
ciated with of an increased prevalence of QTc >470 
ms men/480 ms women ms in previous small clinical 
studies performed in patients with different inflamma-
tory diseases.16,19 Moreover, in a cohort of 40 con-
secutive patients with marked QTc prolongation who 
developed TdP, median IL-6 levels at the moment of 
arrhythmia occurrence were 10 pg/mL.16 Altogether, 
these findings support the view, as proposed during 
the COVID-19 pandemic, that IL-6 levels ≥10 pg/mL are 
already enough to induce significant QTc prolongation 
and even, in the presence of other concomitant QT-
prolonging risk factors, promote TdP development.40 
Our study also provides evidence that when IL-6 rises 
over 25 pg/mL (median 64.8 pg/mL) the risk of QTc 
prolongation further increases. This suggests that 
the arrhythmogenic potential of IL-6 has a threshold 
to emerge and then progressively augments with the 
increase in serum levels, as indeed expected consider-
ing the electrophysiological mechanisms by which this 
cytokine can prolong APD/QTc.12 In particular, this is 
in agreement with the experimental evidence that IL-6 
blocking activity on hERG-related gene and the related 
rapidly activating components of the delayed outward-
rectifying potassium current, in turn chiefly regulating 
APD in ventricular cardiomyocytes, shows a clear-cut 
concentration dependence.33

Although these findings seemed to point to an im-
portant role for IL-6 in promoting QTc prolongation 
in the subjects under study, the univariate analysis 
showed that several other recognized QT-prolonging 
risk factors were also significantly and consistently 
associated throughout the different cutoffs with the 
risk of presenting QTc prolongation in our population, 
specifically low electrolyte levels (potassium, calcium), 
several cardiovascular risk factors/diseases (history 
of hypertension, myocardial infarction, left ventricular 
hypertrophy/heart failure), and many drugs (anesthet-
ics, antiarrhythmics, antihypertensives, antipsychotics, 
diuretics, sedatives). Given that some of these QT-
prolonging factors were also found to be more com-
monly present in subjects with elevated IL-6 levels, that 
is, low calcium levels, history of hypertension and myo-
cardial infarction, use of anesthetics, antiarrhythmics, 
and diuretics, it could not be ruled out that they were 
the true main drivers responsible for the association 
between IL-6 and QTc observed in the univariate anal-
ysis. Based on these considerations, a multivariable 
analysis adjusting the data for all these confounders 
was performed, and again a significant association 
between elevated IL-6 levels and QTc prolongation 
was confirmed with all the cutoffs considered. The 
independent association between elevated IL-6 and 
QTc duration was quantitatively relevant (on average 
a ≈6–7 ms increase), as it was of a similar extent to 
that found to be associated with the presence of hy-
pokalemia or history of myocardial infarction, 2 con-
ventional risk factors whose QT-prolonging role in the 
general population is well recognized.2 Moreover, the 
independent association between elevated IL-6 levels 
and QTc prolongation persisted after supplemental ad-
justment for history of autoimmune rheumatic diseases 
and the use of anti-infective drugs, indicating that IL-6 
per se is associated with QTc lengthening, rather than 
the underlying inflammatory process responsible for 

Table 7.  Demographic, Clinical, Laboratory, and Therapeutic Variables Associated With QTc Interval Duration: a Stepwise 
Multivariate Linear Regression Analysis

Independent variable Mean QTc increase, ms (95% CI) P value

Calcium <8.5 mg/dL 20.28 (13.63–26.93) <0.001

Female sex 12.09 (6.40–17.80) <0.001

Antiarrhythmics 11.55 (6.87–16.24) <0.001

Potassium <4 mEq/L 8.82 (5.34–12.29) <0.001

IL-6 >25 pg/mL 6.70 (2.79–10.61) <0.001

IL-6 5–25 pg/mL 6.00 (2.11–9.89) 0.003

Myocardial infarction 5.81 (2.24–9.37) 0.001

QRS interval duration (for 10-ms increase) 5.28 (3.89–6.67) <0.001

Heart rate (for 10-bpm increase) 4.41 (3.34–5.48) <0.001

Antiemetics 3.98 (0.96–6.99) 0.009

IL-6 indicates interleukin-6; and QTc, heart rate-corrected QT interval. Variables entered in the model: age, sex, heart rate, QRS, potassium <4.0 mEq/L, 
calcium <8.5 mg/dL, IL-6, hypertension, myocardial infarction, left ventricular hypertrophy/heart failure, alpha blockers, anesthetics, antiarrhythmics, antiemetics, 
antihypertensives, antipsychotics, antivirals, beta blockers, bronchodilators, calcium blockers, diuretics, and sedatives.



J Am Heart Assoc. 2024;13:e032071. DOI: 10.1161/JAHA.123.032071� 12

Lazzerini et al� IL-6 and QTc Prolongation in US Veterans

its elevation. Overall, these findings provide evidence 
for a strong and independent role of IL-6 in increasing 
the risk for having a prolonged QTc, thereby confirming 
that the direct electrophysiologic effects of this cyto-
kine on the ventricular repolarization have a clinically 
relevant impact also in a large population of unselected 
individuals.

This study has several strengths, but also has 
some limitations. First, our population consisted of US 
veterans who are primarily male, White, and elderly. 
Although these characteristics might potentially repre-
sent a limitation in extending our results to the general 
population, on the other hand the impact of such a 
selection bias was significantly attenuated by the use 
of a network of integrated health care systems, based 
on national large-scale data collected during routine 
medical care.

Other potential limitations of the study include the 
selection of subjects and the temporality of measure-
ments. In fact, the retrospective selection of individu-
als in whom at least 1 measurement of serum IL-6 was 
available, may have increased the probability to find 
augmented circulating levels, as in a number of cases 
IL-6 testing was probably driven by the clinical suspi-
cion of an active inflammatory process. Indeed, over 
two-thirds of the subjects showed elevated IL-6 con-
centrations, higher than 25 pg/mL in ≈37% of cases, 
with median IL-6 levels of ≈13 pg/mL. Nevertheless, 
the stratification method that we used, based on in-
creasing ranges of IL-6, allowed to divide the popula-
tion in 3 numerically well-balanced groups, including 
one constituted by subjects with normal IL-6 levels 
(despite the pretest clinical suspicion) used as the ref-
erence group. Thus, such apparent limitation might 
even represent a strength of the study, as it reinforces 
the idea that circulating IL-6 levels independent of clin-
ical manifestations of systemic inflammation are a key 
factor associated with QTc prolongation. Concerning 
the temporal bias, it should be stressed that its im-
pact was significantly attenuated by using, for each 
variable, the mean value deriving from multiple mea-
surements carried out in a single subject throughout 
the time. Accordingly, the sensitivity analysis focused 
on those subjects only in whom ECG and IL-6 test-
ing were temporally very close, confirmed and even 
emphasized the differences in terms of median QTc 
values throughout the 3 ranges of IL-6 as observed in 
the whole population.

CONCLUSIONS
In conclusion, our data provide evidence that circulat-
ing IL-6 elevation is an independent and robust risk 
factor for QTc prolongation in a large cohort of US vet-
erans. These findings support the hypothesis that the 
independent association between increased IL-6 levels 

and life-threatening ventricular arrhythmias/sudden 
cardiac death observed in the general population22–24 
is, at least in part, mediated by a higher propensity to 
develop QTc prolongation. Based on such evidence, it 
is recommended that inflammatory markers, specifi-
cally IL-6, should be included in the clinical manage-
ment of patients with LQTS/TdP. This also because 
accumulating data from recent clinical trials,41–45 some 
very large,46 are making it more and more realistic that 
cytokine-targeting therapies could, in the near future, 
represent an essential tool to achieve a truly compre-
hensive treatment of cardiovascular disease, possibly 
including cardiac arrhythmias.12,47
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