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Abstract: Resting heart rate (rHR) and heart rate variability (HRV) are non-invasive measurements 
that predict the risk of sudden cardiac death (SCD). Marine n-3 polyunsaturated fatty acid (PUFA) 
supplementation may decrease rHR, increase HRV, and reduce the risk of SCD. To date, no studies 
have investigated the effect of marine n-3 PUFA on HRV in renal transplant recipients. In a 
randomized controlled trial, 132 renal transplant recipients were randomized to receive either three 
1 g capsules of marine n-3 PUFA, each containing 460 mg/g EPA and 380 mg/g DHA, or control 
(olive oil) for 44 weeks. HRV was calculated in the time and frequency domains during a 
conventional cardiovascular reflex test (response to standing, deep breathing, and Valsalva 
maneuver) and during 2 min of resting in the supine position. There was no significant effect of 
marine n-3 PUFA supplementation on time-domain HRV compared with controls. rHR decreased 
3.1 bpm (± 13.1) for patients receiving marine n-3 PUFA compared to 0.8 (± 11.0) in controls (p = 
0.28). In the frequency domain HRV analyses, there was a significant change in response to standing 
in both high and low frequency measures, 2.9 (p = 0.04, 95% CI (1.1;8)) and 2.7 (p = 0.04, 95% CI 
(1.1;6.5)), respectively. In conclusion, 44 weeks of supplemental marine n-3 PUFAs in renal 
transplant recipients significantly improved the cardiac autonomic function, assessed by measuring 
HRV during conventional cardiovascular reflex tests.  
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1. Introduction 

Sudden cardiac death (SCD) is a major cause of death in patients with chronic kidney disease 
(CKD) [1,2]. Heart rate variability (HRV) and resting heart rate (rHR) are non-invasive measurements 
that may predict SCD risk [3]. HRV can be measured by the beat-to-beat variability in heart rate with 
either time-domain or frequency-domain analyses during passive or controlled active testing. 
Autonomic dysfunction, reflected in an imbalance between sympathetic and parasympathetic 
activity, may increase rHR and decrease HRV [4,5]. Previous studies have shown that patients with 
ischemic heart disease [5], diabetes mellitus [6], and chronic kidney disease (CKD) [4,7–9], with a 
well-documented high risk of SCD, have an attenuated HRV often in combination with a high rHR. 
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After renal transplantation, HRV increases due to improved autonomic function [10,11], but the risk 
of SCD after renal transplantation still remains high [1,12]. 

Fish and seafood are the main sources of marine n-3 polyunsaturated fatty acids (PUFAs), 
including the two major PUFAs, eicosapentaenoic acid (EPA 20:5) and docosahexaenoic acid (DHA 
22:6) [13]. A regular intake of dietary or supplemental marine n-3 PUFA has shown a positive effect 
on autonomic cardiac function, with a decrease in rHR and an increase in HRV in several patient 
groups, suggesting it might protective against SCD [3,14,15]. This effect seems to be dose-dependent 
[16,17], and might translate into a specific threshold level for lowering the risk of all-cause mortality 
and SCD [13,18]. 

Two recent observational studies investigated the relationship between the plasma content of 
marine n-3 PUFA and risk of SCD in renal transplant recipients, showing that high levels of plasma 
marine n-3 PUFA were inversely associated with all-cause mortality and SCD [12,19]. A number of 
small randomized controlled trials have shown that supplementation with marine n-3 PUFA may 
have a beneficial effect on lipids and blood pressure in renal transplant recipients [20], but to date, 
no large intervention studies with cardiovascular endpoints exists. The present study is a sub-study 
of the recently published trial “The effect of Omega-3 Fatty Acids in Renal Transplantation” 
(ORENTRA) [21] and, to our knowledge, was the first study to investigate the effect of marine n-3 
PUFA on HRV and rHR in renal transplant recipients. 

The aim of this study was to examine the effect of high dose marine n-3 PUFA on rHR and time- 
and frequency-domain HRV in renal transplant recipients. 

2. Material and Methods 

2.1. Study Design 

The study was a single-center, randomized, double-blind, controlled, parallel-grouped trial in 
Norwegian renal transplant recipients. Eligible patients were adults aged above 18 and had a 
functional kidney graft with an eGFR > 30 mL/min/1.73 m2 at 6–8 weeks after the renal transplantation 
and provided written informed consent. Exclusion criteria were allergy to the study drug, fish, or 
other seafood, patients receiving a kidney from a donor older than 75 years, participation in other 
clinical trials, and citizenship in a foreign country. 

Patients were randomized to either marine n-3 PUFA (460 mg/g EPA and 380 mg/g DHA 
(Omacor)) given as one capsule of 1 g three times daily, or three capsules of 1 g extra virgin olive oil, 
per day. Omacor and control oil in capsules were both provided by Pronova Biopharma. 
Randomization codes were generated by a computer. Study participants, care providers, and 
investigators were kept blinded during the study period.  

The primary endpoint of the main trial was mGFR and power calculation was based on an 
absolute difference in mGFR of 8.0 mL/min/1.73 m2, which required 132 patients to be enrolled. This 
sub-study investigated a secondary endpoint, which was absolute change in HRV during follow up. 
Post hoc additional analyses were done in a subgroup of patients with baseline plasma marine n-3 
PUFA < 6 wt. %. Further details on study design, participants, and sample size have previously been 
published [21]. 

2.2. Measurements 

Measurements were performed 8-week post-transplant (baseline) and one year after 
transplantation (end of study). HRV and rHR measurements were obtained in the morning, followed 
by blood samples, including aliquots used for fatty acid analysis. Marine n-3 PUFA was defined as 
the sum of EPA and DHA quantified as weight in percentage (wt. %) of total plasma phospholipid 
fatty acid. Gas chromatography was used to determine fatty acid distribution according to standard 
procedures [22]. 

HRV was calculated in time and frequency domain during conventional cardiovascular reflex 
tests (response to standing, deep breathing, and Valsalva maneuver) and during 2 min of resting in 
the supine position. The tests were performed by laboratory technicians using a VagusTM (Medicus 



Nutrients 2019, 11, 2847 3 of 11 

 

Engineering, Aarhus, Denmark) [23]. This device automatically records an ECG signal with a 
sampling frequency of 1000 Hz, from which HR and HRV are deduced and shown on a display. Three 
cardiovascular reflex tests were performed using a standard protocol and recommendations, 
including (1) response to standing, (2) deep breathing, and (3) Valsalva test [24]. The test of response 
to standing is also known as the 30/15 ratio because tests indicate that the shortest R–R interval (time 
between beat in milliseconds) is found around 15th beat and the longest R–R interval is found around 
the 30th beat. The ratio is obtained by continuously measuring R–R intervals from when an individual 
is in a supine position to about a minute after the patient stands up. The 30/15 ratio is largely a 
measure of parasympathetic function. The deep breathing test is a test where the device acts as a 
pacer for the patients breathing. The pace of the breathing is six breaths per minute and the device 
paces the patient through the instructions on the display. During deep inspiration the heart rate 
increases, and during expiration the heart rate decreases. After 60 s of deep breathing exercise, the 
mean ratio of heart rates is calculated. The Valsalva test is a response test where the patient exhales 
with a pressure of 40 mmHg for 15 s. The Valsalva ratio is calculated as the longest and shortest R–R 
intervals during forced expiration in 15 s against a fixed resistance of 40 mmHg and 45 s of normal 
breathing. The Valsalva ratio is a measure of both parasympathetic, sympathetic function, and 
baroreceptor function. Each test was followed by a 1 min break. The cardiovascular reflex tests were 
performed by trained examiners and were preceded by a 30 min period of rest in a supine position 
in a quiet and isolated room. Antiarrhythmic medication, including betablockers, were not taken the 
morning before HRV measures. 

The following HRV matrices were used: In the time domain we used standard deviation of 
normal-to-normal intervals (SDNN). The HRV parameter SDNN is a measure of combined 
sympathetic and parasympathetic activity. In the frequency domain, we used the low-frequency (LF) 
0.04–0.15 Hz and the high-frequency 0.15–0.4 Hz components. The LF components are influenced by 
sympathetic, parasympathetic, and baroreflex sensitivity. The high frequency (HF) band from 0.15–
0.4 Hz is influenced by parasympathetic and the normal breathing rhythm, mainly contributing to 
power with a center frequency around 0.3 Hz [25]. 

2.3. Ethics 

The trial was approved by the Regional Committees for Medical and Health Research Ethics in 
Norway and The Norwegian Medicines Agency. The trial was completed in accordance with the 
Declaration of Helsinki. Clinical. Trials. Gov. identifier NCT 01744067. 

2.4. Statistical Analyses 

Primary statistical analyses were performed on an intention-to-treat (ITT) basis and findings 
reported accordingly to CONSORT guidelines [26]. In addition, a secondary per-protocol (PP) 
analysis was performed. Baseline data, follow-up data, and effect estimates with precisions have all 
been reported accordingly to the guidelines [26]. A GLM model (type: general linear model) was used 
to assess rHR and HRV effect estimates from baseline to follow-up in an unadjusted analysis. This 
type of method is preferred as it takes the potential of unbalanced groups and risk of regression 
towards the mean into consideration [26]. Missing baseline data were median-imputed [27]. Missing 
data at follow-up were assumed missing at random. Imputation models included all baseline 
variables (Table 1). Linear regression was used for continuous variables and logistic regression for 
categorical variables. Frequency domain HRV measures were log-transformed for analysis. The 
primary analysis was based on the imputed data. Complete case analyses (PP) were also included to 
check sensitivity of the main trial findings. Moreover, a subgroup analysis of patients with plasma 
marine n-3 PUFA < 6 wt. % was assessed to evaluate whether the impact of intervention would be 
more evident in patients with a lower baseline plasma marine n-3 PUFA. A two-sided p value < 0.05 
was considered significant. SPSS version 24.0 was used for statistical analyses. 
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Table 1. Baseline characteristics. 

 Marine n-3 Control 
N 66 66 
Age, years 52.8 (13.5) 54 (14.2) 
Male, % 71 77 
Height, cm 175.4 (10.7) 175.5 (9.4) 
Weight, kg 79.3 (14.9) 81.1 (14.9) 
Systolic blood pressure, mmHg 132.2 (13.8) 135.6 (16.6) 
Diastolic blood pressure, mmHg 81.4 (10.6) 82.4 (9.1) 
Comorbidity, % 

Hypertension 78.8 63.3 
Diabetes mellitus 13.6 19.7 
Coronary disease 12.1 12.1 

Antiarrhythmic drug, % 
Beta-blocker 48.4 34.8 
Verapamil 0.0 1.5 
Amiodarone 0.0 1.5 

ESRD treatment, % 
Hemodialysis 40.9 50.0 
Peritoneal dialysis 28.8 18.2 
Preemptive transplantation 29.3 31.8 

Time in renal replacement therapy, months 7 (0–19) 9 (0–22) 
Living donor, % 21.2 27.3 
Marine n-3 PUFA, wt. % 

Baseline 6.4 (2.2) 6.3 (2.1) 
Data are presented as mean (SD), median (25;75 percentile), or proportion (number of patients) as 
appropriate. Abbreviations: ESRD = end stage renal disease. 

3. Results 

Between 15 June 2013 and 15 June 2014, 298 patients received a kidney transplant at 
Rikshospitalet in Norway; 132 were included in the study. Baseline characteristics are presented in 
Table 1. Complete baseline data have previously been published [21]. During the study, plasma levels 
of marine n-3 PUFA increased significantly in the intervention group, compared to no change in the 
control group, as previously published [21]. 

3.1. Time and Frequency Domain HRV 

The HRV measurements at baseline and follow up are presented in Table 2. Four patients had 
documented arrhythmia at baseline. Time-domain HRV data were comparable in the two groups at 
baseline, and HRV increased slightly in both groups during the study period (Table 2). There was a 
decrease in rHR in the marine n-3 PUFA group of 3.1 bpm (± 13.1), compared to 0.8 (±11.0) in the 
control group (Table 2). Both groups had an increase in SDNN, 7.8 (± 23.3) in the marine n-3 PUFA 
group compared to 3.4 (± 21.8) in the control group. No difference between groups was found in heart 
rate response to the active tests; orthostatic, E:I, or Valsalva. In frequency-domain HRV, the 
orthostatic ratio analysis was significantly different at baseline. The control group had a significantly 
higher level of both low and high frequency HRV, 28.1 and 7.1, compared to 14.6 and 3.0 in the marine 
n-3 PUFA group. 
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Table 2. Time and frequency domain heart rate variability (HRV) at baseline and at end of study. 

 
Marine n-3 (N = 66) Control (N = 66) 

Baseline Follow up Baseline Follow up 
TIME DOMAIN 

Resting heart rate, bpm 74.4 (12.6) 71.3 (14.3) 73.0 (10.6) 72.2 (12.0) 
SDNN, ms2 31.6 (22.6) 39.2 (30.1) 34.0 (24.3) 37.4 (25.3) 
Orthostatic ratio 1.1 (1.0–1.1) 1.1 (1.0–1.1) 1.1 (1.0–1.2) 1.1 (1.0–1.2) 
E:I ratio 1.1 (1.1–1.3) 1.1 (1.1–1.2) 1.2 (1.1–1.3) 1.2 (1.1–1.4) 
Valsalva ratio 1.4 (1.3–1.7) 1.4 (1.2–1.6) 1.4 (1.3–1.6) 1.52 (1.3–1.8) 

FREQUENCY DOMAIN 
Orthostatic, ms2 

LF 14.6 (4.3–35.6) 20.9 (8.7–62.0) 28.1 * (10.0–99.0) 27.5 (8.0–86.0) 
HF 3.0 (0.9–9.0) 6 (0.9–21.6) 7.1 * (1.9–25.1) 6.7 (3.6–18.7) 

E:I, ms2 
LF 406.5 (165.5–1259.2) 437.0 (132.2–1302.4) 845.5 (133.3–1915.0) 962.8 (233.6–2018.3) 
HF 82.0 (13.5–392.6) 70.3 (22.4–403.4) 125.2 (24.9–428.0) 153.1 (36.7–410.0) 

Valsalva, ms2 
LF 196 (74.4–1063.1) 302.8 (119.9–1063.1) 367.2 (59.0–1192.0) 289.4 (107.4–1743.0) 
HF 27.9 (8.5–114.9) 50.3 (20.7–150.3) 50.5 (15.1–158.3) 62.8 (11.5–262.0) 

Data are presented as mean (SD) or median (25–75 percentile) as appropriate. Abbreviations: bpm = 
beats per minute. SDNN = standard deviation of normal-to-normal intervals. E:I = 
expiratory:inspiratory. LF = low frequency. HF = high frequency. * Significant difference (p < 0.05) 
from marine n-3 PUFA. 

The intervention effects of marine n-3 PUFA compared to the control group for both ITT (n = 
132) and PP (n = 102) population analyses are presented in Table 3. There were no significant 
differences between groups in rHR or SDNN during supine resting. In the time domain, Valsalva 
ratio was the only parameter with a significant reduction of 0.1 ms2 (p = 0.04, 95% CI (−0.2; −0.01)) in 
the ITT population. In the PP population, the orthostatic test increased significantly by 0.2 ms2 (p = 
0.04, 95% CI (0.01; 0.4)) in the marine n-3 PUFA group compared to the control group. In the 
frequency domain, the intervention effect was significant in the orthostatic test in both low and high 
frequency in the ITT and PP population. The effect of marine n-3 PUFA was 2.9 (p = 0.04, 95% CI (1.1; 
8)) and 2.7 (p = 0.04, 95% CI (1.1; 6.5)) for respectively HF and LF domains in the ITT population. 
There was no significant effect in E:I test or Valsalva test between groups. 

3.2. Subgroup Analysis 

Subgroup analysis was performed in the 63 patients with plasma marine n-3 PUFA < 6 wt. %. In 
the marine n-3 PUFA group, there was a mean reduction in rHR of 5.0 ± 2.8 bpm, but this was still 
not significant when compared to the control group (data not shown). No significant differences were 
found between the two groups in the time-domain or frequency-domain HRV (data not shown). 
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Table 3. Intervention effect estimates (95% confidence interval) for the ITT and PP population. 

 N 
Intervention 

Effect Estimate 
95% Confidence 

Interval 
p Value 

TIME DOMAIN 
Resting heart rate (bpm) 

ITT 132 −2.7 (−7.5;2.1) 0.28 
PP 102 −3.4 (−8.7;1.2) 0.22 

SDNN (ms) 
ITT 132 1.9 (−7.3;11.1) 0.69 
PP 102 −1.8 (−12.0;8.4) 0.73 

Orthostatic (ratio) 
ITT 132 0.1  (−0.02;0.2) 0.1 
PP 102 0.2  (0.01;0.4) 0.04 

E:I (ratio) 
ITT 132 −0.01  (0.06;0.05) 0.86 
PP 102 −0.01  (−0.07;0.06) 0.85 

Valsalva (ratio) 
ITT 132 −0.1  (−0.2;−0.01) 0.04 
PP 102 −0.05 (−0.2;0.07) 0.41 

FREQUENCY DOMAIN 
Orthostatic test (ms2) 

HF 
ITT 132 2.9 (1.1;8.0) 0.04 
PP 102 3.7 (1.2;11.2) 0.02 

LF 
ITT 132 2.7  (1.1;6.5) 0.04 
PP 102 3.3 (1.1;9.6) 0.03 

E:I test (ms2) 
HF 

ITT 132 0.7 (0.2;2.1) 0.53 
PP 102 0.5 (0.2;2.0) 0.38 

LF 
ITT 132 0.5 (0.2;1.2) 0.12 
PP 102 0.4 (0.2;1.2) 0.13 

Valsalva test (ms2) 
HF 

ITT 132 1.1 (0.5;2.5) 0.85 
PP 102 0.9 (0.4;2.2) 0.82 

LF 
ITT 132 1.2 (0.5;2.6) 0.7 
PP 102 1.1 (0.4;2.6) 0.87 

Abbreviations: ITT = intention-to-treat population. PP = per-protocol population. 

4. Discussion 

The main findings of this study were that high doses of marine n-3 PUFA supplementation in 
renal transplant recipients for 44 weeks significantly improved frequency-domain HRV in response 
to standing, but did not affect time-domain HRV or rHR. 

Previous studies have shown improvement in HRV in end-stage kidney disease patients after 
receiving a renal transplant [10]. Cashion et al. conducted a study of 90 kidney- and 30 kidney-
pancreas transplant recipients, where patients without diabetes receiving a kidney transplant had an 
improvement in HRV after 6 months, as did patients with diabetes receiving a kidney-pancreas 
transplant after 12 months [11]. This was confirmed in a study investigating 24 h time- and frequency-
domain HRV prior to and at 6 months after kidney and kidney–pancreas transplantation, with an 
increase in HRV in all 57 patients [28]. Our results showed an increase in HRV in both groups in the 
study period from baseline, which was 8-week post-transplant, to 44-week post-transplant, with an 
additional improvement from intervention on frequency domain parameters (response to standing). 
Thus, it seems that renal transplantation improves autonomic function and HRV per se, and our data 
suggest that marine n-3 PUFA supplementation might have a further beneficial effect on autonomic 
function in this setting. 
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However, only the frequency-domain HRV in response to standing was significantly improved 
after supplementation with marine n-3 PUFA. The orthostatic test is the result of a transient decrease 
in blood pressure and increase in the HR following translocation of blood due to active standing from 
the supine position. Failure to increase HRV component LF on standing reflects an impaired 
sympathetic response or depressed baroreflex sensitivity [29,30]. In addition, HRV in response to 
standing might be more precise in patients with severe autonomic neuropathy, with a better HRV 
amplitude, making it possible to differentiate between an actual signal and background noise [25]. 
On the other hand, frequency-domain analyses may be distorted by verbal activity and respiratory 
changes, making the results less reliable [31].  

In general, studies of the effect of marine n-3 PUFA on HRV have shown diverging results. A 
meta-analysis from 2013, including studies of patients with different co-morbidities, concluded that 
there was an overall effect on HRV only on parameters reflecting an increased vagal tone (frequency 
domain) [32]. To our knowledge, no previous studies have examined the effect of marine n-3 PUFA 
consumption on HRV in renal transplant recipients, and only a few studies exist in patients with 
CKD. Previously, two small RCTs in HD patients did not find an effect of supplementation with 
marine n-3 PUFA on HRV. [8,33]. In the largest study to date, Rantanen et al. randomized 112 HD 
patients to 2 g of marine n-3 PUFA or control for 12 weeks and showed an improvement in HRV 
parameters reflecting vagal tone and a significant reduction in rHR, but no significant effect on the 
primary endpoint, SDNN [34]. There are, however, multiple factors that may affect HRV in patients 
with CKD, including frequent use of medications. In our study, approximately 40% of the patients 
were treated with anti-arrhythmic medication, which may have affected the results. 

In our study, baseline levels of marine n-3 PUFA were relatively high. The Norwegian 
population in general has a documented high average intake of fish, equivalent to 2–3 meals per week 
[35], and concordantly plasma marine n-3 PUFA levels in the Norwegian population are high 
compared to levels of marine n-3 PUFA in other populations [36]. Previous data in Norwegian renal 
transplant recipients [12], and high baseline levels over 6 wt. % in the present study, confirm this.  

It has previously been suggested that specific threshold levels might exist for the protective 
effects of marine n-3 PUFA, based on pooled data from epidemiological studies showing an inverse 
association with a moderate intake (two servings/week) and all-cause mortality [13]. The risk for all-
cause mortality was not lower with an intake above two servings per week, suggesting a possible 
threshold effect. Recent meta-analysis of RCTs also confirmed a dose–response relationship [37]. 
Additionally, different effects of marine n-3 PUFA have different threshold levels. The anti-
arrhythmic and antihypertensive effect may be reached with typical dietary doses [18,38], whereas 
achieving, for example, a triglyceride-lowering effect would require high-dose supplementation [39]. 

Finally, previous data also suggest that dietary consumption or supplementation with marine 
n-3 PUFA may be most effective for risk reduction in populations with low baseline levels [40]. An 
omega-3 index has also been used as a biomarker to predict risk of cardiovascular (CV) death [41]. 
This index defines low levels as <4 wt. % and high levels as >8 wt. %, corresponding to high vs. a low 
risk for CV death. We performed an additional subgroup analysis of patients with a baseline level of 
marine n-3 PUFA below 6 wt. %, which did not alter the results. As the mean dietary intake of marine 
n-3 PUFA in our study was high, very few patients had levels below the suggested threshold level of 
4%. The small sample size of our study did not allow us to explore this further.  

In a large cross-sectional study of 5096 men and women, dietary intake of fish was associated 
with lower rHR [42]. In line with other data, their results also supported a threshold effect from 
marine n-3 PUFA at a dietary consumption of approximately 300 mg/day. In renal transplant 
recipients, one large cross-sectional study showed that a high level of marine n-3 PUFA was 
associated with lower rHR 10 weeks after transplantation [43]. A previous meta-analysis of marine 
n-3 PUFAs’ effect on rHR in randomized trials found that marine n-3 PUFA decreased rHR by 1.6 
bpm, and by 2.5 bpm in trials with baseline rHR above 69 [44]. Another meta-analysis showed a 
significantly reduced rHR after supplementation with marine n-3 PUFA, with a mean reduction of 
2.2 bpm overall and a more pronounced effect from DHA than EPA [45]. In a recent RCT of patients 
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treated with chronic HD, a similar reduction in rHR (2.5 bpm) was shown after treatment with 2 g of 
marine n-3 PUFA for 12 weeks [34].  

In our study, the patients had a relatively high mean rHR at baseline, 74.4 bpm in the marine n-
3 PUFA group and 73.0 bpm in the control group, with a reduction in rHR in both groups during the 
study period. Although our results showed a larger reduction in rHR in marine n-3 PUFA compared 
with controls (3.1 vs. 0.8 bpm), in line with previous studies, the difference was not significant. As 
previous data regarding marine n-3 PUFA and rHR are relatively consistent, our results might have 
been due to the small sample size of our study.  

Two recent observational studies in renal transplant recipients have shown that high levels of 
marine n-3 PUFA are associated with better patient survival [12,19]. In a large cohort study, Eide et 
al. followed 1990 Norwegian renal transplant recipients for a median of 7 years and found that high 
levels of marine n-3 PUFA at baseline were independently associated with lower risk of all-cause 
mortality, and in particular a lower risk of SCD [12]. Using the lowest quartile of marine n-3 PUFA 
as a reference, the hazard ratio for SCD in the highest quartile was 0.08 (95% CI 0.02–0.35). Neto et al. 
showed similar results in an observational study with 627 renal transplant recipients [19], with a 
lower risk of all-cause and cardiovascular mortality in patients with high levels of marine n-3 PUFA. 
These studies are in line with epidemiological data both from the general population [13], and 
patients with CKD [46,47].  

As for data from intervention studies, there has been ongoing controversy regarding the effect 
of marine n-3 PUFA on CV events and death from cardiac causes. However, in recent years, several 
new studies have been published, and the conclusion from two updated meta-analyses was that 
supplementation with marine n-3 PUFA reduces both CV events and CV death [37,48]. In patients 
with CKD, one previous RCT in patients treated with HD showed that supplementation with 1.7 g of 
marine n-3 PUFA significantly reduced the number of myocardial infarctions with no effect on all-
cause mortality [49]. In renal transplant recipients, no intervention studies with marine n-3 PUFA on 
cardiovascular endpoints exist. However, such a study would be warranted considering the low 
levels of marine n-3 PUFA in patients with CKD in general, the high risk of CV events, including 
SCD, and recent epidemiological data in renal transplant recipients. In our study of rHR and HRV as 
surrogate markers for SCD, the results might have been affected by a high background intake of 
marine n-3 PUFA above a certain threshold level, and baseline levels should be taken into 
consideration when planning further studies.  

Strengths and Limitations 

A strength of this study was the study design and the plasma measurements of marine n-3 PUFA 
for evaluation of adherence to the study drug. Another strength was the study duration, which was 
longer than most studies investigating the effect of marine n-3 PUFA on HRV. A limitation was the 
relatively small sample size, which limited the possibility of further subgroup analysis. Furthermore, 
this study only analyzed short-term HRV. Measurements of 24 h HRV include nighttime HRV, which 
is preferable for assessing marine n-3 PUFAs’ effect on vagal tone. Almost half of the study 
population were on antiarrhythmic drugs and, although these medications were not taken before 
HRV measurements, we cannot rule out that they may have affected the results. 

5. Conclusions 

In renal transplant recipients, n-3 PUFA supplementation significantly improved frequency-
domain HRV in response to standing, but did not improve time-domain HRV or rHR. As our results 
were contradictory, additional intervention studies would be needed to clarify the effects of marine 
n-3 PUFA on HRV and possible impact on cardiovascular risk in renal transplant recipients. Such 
studies should be larger with a longer duration, and include hard-end-points and patients with a low 
baseline intake of marine n-3 PUFA.  

Author Contributions: Conceptualization, M.S.; Methodology, M.S.; Software, J.F.; Validation, I.E., J.H.C., T.J., 
J.F., S.L.C. and M.S.; Formal Analysis, S.L.C.; Investigation, I.E.; Resources, T.J.; Data Curation, I.E.; Writing—



Nutrients 2019, 11, 2847 9 of 11 

 

Original Draft Preparation, H.S.L.; Writing—Review & Editing, All authors; Visualization, H.S.L. and S.L.C.; 
Supervision, M.S.; Project Administration, T.J. and M.S.; Funding Acquisition, I.E., T.J., M.S. and J.H.C. 

Funding: This work was supported by South-Eastern Norway Regional Health Authority. Additional support 
was received from Gidske and Peter Jacob Sørensen Research Fund, The Norwegian National Association for 
Kidney Patients and Transplant Recipients Research Fund, The Raagholt Foundation, The Freia Corporation 
Medical Fund, Nathalia and Knut Juul Christensen Research Fund, Signe and Albert Bergsmarken Research 
Fund and Gertrude and Jack Nelsons Research Fund. 

Acknowledgments: We thank the study participants and the funders. We acknowledge the staff at Renal 
Physiology Laboratory, Oslo University Hospital, Rikshospitalet, for excellent assistance. 

Conflicts of Interest: Disclosure: Jesper Fleischer is co-inventor of the Vagus device and hold stocks in Medicus 
Engineering. No other potential conflicts of interest relevant to this article were reported. 

References 

1. Israni, A.; Snyder, J.; Skeans, M.; Peng, Y.; Maclean, J.; Weinhandl, E.; Kasiske, B. Predicting Coronary Heart 
Disease after Kidney Transplantation: Patient Outcomes in Renal Transplantation (PORT) Study. Am. J. 
Transpl. 2010, 10, 338–353. 

2. Herzog, C.; Mangrum, J.; Passman, R. Sudden cardiac death and dialysis patients. Semin. Dial. 2008, 21, 
300–307. 

3. Christensen, J. Omega-3 polyunsaturated fatty acids and heart rate variability. Front. Physiol. 2011, 2, 
doi:10.3389/fphys.2011.00084. 

4. Rantanen, J.M.; Schmidt, E.B.; Riahi, S.; Lundbye-Christensen, S.; Christensen, J.H. Marine n-3 PUFA, heart 
rate variability and ventricular arrhythmias in patients on chronic dialysis: A cross-sectional study. Br. J. 
Nutr. 2018, 120, 317–325. 

5. Christensen, J. N-3 fatty acids and the risk of sudden cardiac death. Emphasis on heart rate variability. Dan. 
Med. Bull. 2003, 50, 347–367. 

6. Benichou, T.; Pereira, B.; Mermillod, M.; Tauveron, I.; Pfabigan, D. Heart Rate Variability in Type 2 Diabetes 
Mellitus: A Systematic Review and Meta-analysis. PLoS ONE 2018, 13, e0195166. 

7. Chandra, P.; Sands, R.; Gillespie, B.; Levin, N.; Kotanko, P.; Kiser, M.; Finkelstein, F.; Hinderliter, A.; Pop-
Busui, R.; Rajagopalan, S.; et al. Predictors of heart rate variability and its prognostic significance in chronic 
kidney disease. Nephrol. Dial. Transpl. 2011, 27, 700–709. 

8. Christensen, J.; Aarøe, J.; Knudsen, N.; Dideriksen, K.; Kornerup, H.; Dyerberg, J.; Schmidt, E. Heart rate 
variability and n-3 fatty acids in patients with chronic renal failure—A pilot study. Clin. Nephrol. 1998, 49, 
102–106. 

9. Madsen, T.; Christensen, J.H.; Svensson, M.; Witt, P.M.; Toft, E.; Schmidt, E.B. Marine n-3 Polyunsaturated 
Fatty Acids in Patients With End-stage Renal Failure and in Subjects Without Kidney Disease: A 
Comparative Study. J. Ren. Nutr. 2011, 21, 169–175. 

10. Yildiz, A.; Sever, M.; Demirel, S.; Akkaya, V.; Türk, S.; Ecder, T.; Ark, E. Improvement of uremic autonomic 
dysfunction after renal transplantation: A heart rate variability study. Nephron 1998, 80, 57–60. 

11. Cashion, A.; Hathaway, D.; Milstead, E.; Reed, L.; Gaber, A. Changes in patterns of 24-HR heart rate 
variability after kidney and kidney-pancreas transplant. Transplantation 1999, 68, 1846–1850. 

12. Eide, I.; Jenssen, T.; Hartmann, A.; Diep, L.; Dahle, D.; Reisæter, A.; Bjerve, K.; Christensen, J.; Schmid, E.; 
Svensson, M. The Association between Marine n-3 Polyunsaturated Fatty Acid Levels and Survival after 
Renal Transplantation. Clin. J. Am. Soc. Nephrol. 2015, 10, 1246–1256. 

13. Wan, Y.; Zheng, J.; Wang, F.; Li, D. Fish, long chain omega-3 polyunsaturated fatty acids consumption, and 
risk of all-cause mortality: A systematic review and dose-respons meta-analysis from 23 independent 
prospective cohort studies. Asia Pac. J. Clin. Nutr. 2017, 26, 939–956. 

14. Marchioli, R.; Barzi, F.; Bomba, E.; Chieffo, C.; Di Gregorio, D.; Di Mascio, R.; Franzosi, M.G.; Geraci, E.; 
Levantesi, G.; Maggioni, A.P.; et al. Early protection against sudden death by n-3 polyunsaturated fatty 
acids after myocardial infarction: Time-course analysis of the results of the Gruppo Italiano per lo Studio 
della Sopravvivenza nell'Infarto Miocardico (GISSI)-Prevenzione. Circulation 2002, 105, 1897–1903. 

15. La Roverere, M.; Christensen, J. The autonomic nervous system and cardiovascular disease: Role of n-3 
PUFAs. Vascul. Pharm. 2015, 71, 1–10. 



Nutrients 2019, 11, 2847 10 of 11 

 

16. Christensen, J.; Christensen, M.; Dyrberg, J.; Schmidt, E. Heart rate variability and fatty acid content of 
blood cell membranes: A dose-response study with n-3 fatty acids. Am. J. Clin. Nutr. 1999, 70, 331–337. 

17. Sjoberg, N.; Milte, C.; Buckley, J.; Howe, P.; Coates, A.; Saint, D. Dose-dependent increases in heart rate 
variability and arterial compliance in overweight and obese adults with DHA-rich fish oil supplementation. 
Br. J. Nutr. 2010, 103, 243–248. 

18. Lee, J.H.; O’Keefe, J.H.; Lavie, C.J.; Harris, W.S. Omega-3 fatty acids: Cardiovascular benefits, sources and 
sustainability. Nat. Rev. Cardiol. 2009, 6, 753. 

19. Neto, A.W.G.; Sotomayor, C.G.; Pranger, I.G.; Berg, E.V.D.; Gans, R.O.B.; Soedamah-Muthu, S.S.; Navis, 
G.J.; Bakker, S.J.L. Intake of Marine-Derived Omega-3 Polyunsaturated Fatty Acids and Mortality in Renal 
Transplant Recipients. Nutrients 2017, 9, 363. 

20. Lim, A.K.H.; Manley, K.J.; Roberts, M.A.; Fraenkel, M.B. Fish oil for kidney transplant recipients. Cochrane 
Database Syst. Rev. 2016, doi:10.1002/14651858.CD005282.pub3. 

21. Eide, I.; Reinholt, F.; Jenssen, T.; Hartmann, A.; Schmidt, E.; Åsberg, A.; Bergan, S.; Brabrand, K.; Svensson, 
M. Effect of marine n-3 fatty acid supplementation in renal transplantation: A randomized controlled trial. 
Am. J. Transpl. 2019, 19, 790–800. 

22. Tang, B.; Row, K.H. Development of Gas Chromatography Analysis of Fatty Acids in Marine Organisms. 
J. Chromatogr. Sci. 2013, 51, 599–607. 

23. Andersen, S.T.; Witte, D.R.; Fleischer, J.; Andersen, H.; Lauritzen, T.; Jørgensen, M.E.; Jensen, T.S.; Pop-
Busui, R.; Charles, M. Risk Factors for the Presence and Progression of Cardiovascular Autonomic 
Neuropathy in Type 2 Diabetes: ADDITION-Denmark. Diabetes Care 2018, 41, 2586–2594. 

24. Spallone, V.; Bellavere, F.; Scionti, L.; Maule, S.; Quadri, R.; Bax, G.; Melga, P.; Viviani, G.L.; Esposito, K.; 
Morganti, R.; et al. Recommendations for the use of cardiovascular tests in diagnosing diabetic autonomic 
neuropathy. Nutr. Metab. Cardiovasc. Dis. 2011, 21, 69–78. 

25. Task Force of the European Society of Cardiology and the North American Society of Pacing and 
Electrophysiology. Heart rate variability. Standards of measurement, physiological interpretation, and 
clinical use. Eur. Heart J. 1996, 17, 354–381. 

26. Schulz, K.F.; Altman, D.G.; Moher, D. CONSORT 2010 Statement: Updated guidelines for reporting parallel 
group randomised trials. BMJ 2010, 340, c332. 

27. Faria, R.; Gomes, M.; Epstein, D.; White, I.R. A Guide to Handling Missing Data in Cost-Effectiveness 
Analysis Conducted Within Randomised Controlled Trials. PharmacoEconomics 2014, 32, 1157–1170. 

28. Hathaway, D.; Wicks, M.; Cashion, A.; Cowan, P.; Milstead, E.; Gaber, A. Posttransplant Improvement in 
Heart Rate Variability Correlates with Improved Quality of Life. West. J. Nurs. Res. 2000, 22, 749–768. 

29. Bellavere, F.; Balzani, I.; De Masi, G.; Carraro, M.; Carenza, P.; Cobelli, C.; Thomaseth, K. Power spectral 
analysis of heart-rate variations improves assessment of diabetic cardiac autonomic neuropathy. Diabetes 
1992, 41, 633–640. 

30. Pagani, M.; Malfatto, G.; Pierini, S.; Casati, R.; Masu, A.M.; Poli, M.; Guzetti, S.; Lombardi, F.; Cerutti, S.; 
Malliani, A. Spectral analysis of heart rate variability in the assessment of autonomic diabetic neuropathy. 
J. Auton. Nerv. Syst. 1988, 23, 143–153. 

31. Thomas, B.L.; Claassen, N.; Becker, P.; Viljoen, M. Validity of Commonly Used Heart Rate Variability 
Markers of Autonomic Nervous System Function. Neuropsychobiology 2019, 78, 14–26. 

32. Xin, W.; Wei, W.; Li, X.-Y. Short-term effects of fish-oil supplementation on heart rate variability in humans: 
A meta-analysis of randomized controlled trials. Am. J. Clin. Nutr. 2013, 97, 926–935. 

33. Svensson, M.; Schmidt, E.; Jørgensen, K.; Christensen, J. The Effect of n-3 Fatty Acids on Heart Rate 
Variability in Patients Treated With Chronic Hemodialysis. J. Ren. Nutr. 2007, 17, 243–249. 

34. Rantanen, J.M.; Riahi, S.; Johansen, M.B.; Schmidt, E.B.; Christensen, J.H. Effects of Marine n-3 
Polyunsaturated Fatty Acids on Heart Rate Variability and Heart Rate in Patients on Chronic Dialysis: A 
Randomized Controlled Trial. Nutrients 2018, 10, 1313. 

35. Skåre, J.U.; Brantsæter, A.L.; Frøyland, L.; Hemre, G.-I.; Knutsen, H.K.; Lillegaard, I.T.L.; Torstensen, B. 
Benefit-Risk Assessment of Fish and Fish Products in the Norwegian Diet—An Update; VKM: Oslo, Norway, 2014; 
p. 293. 

36. Engeset, D.; Braaten, T.; Teucher, B.; Kühn, T.; Bueno-de-Mesquita, H.; Leenders, M.; Agudo, A.; Bergmann, 
M.M.; Valanou, E.; Naska, A.; et al. Fish consumption and mortality in the European Prospective 
Investigation into Cancer and Nutrition cohort. Eur. J. Epidemiol. 2014, 30, 57–70. 



Nutrients 2019, 11, 2847 11 of 11 

 

37. Hu, Y.; Hu, F.B.; Manson, J.E. Marine Omega-3 Supplementation and Cardiovascular Disease: An Updated 
Meta-Analysis of 13 Randomized Controlled Trials Involving 127 477 Participants. J. Am. Heart Assoc. 2019, 
8, e013543. 

38. Bønaa, K.H.; Bjerve, K.S.; Straume, B.; Gram, I.T.; Thelle, D. Effect of Eicosapentaenoic and 
Docosahexaenoic Acids on Blood Pressure in Hypertension—A Population-Based Intervention Trial from 
the Tromsø Study. N. Engl. J. Med. 1990, 322, 795–801. 

39. Mozaffarian, D.; Wu, J.H. Omega-3 fatty acids and cardiovascular disease: Effects on risk factors, molecular 
pathways, and clinical events. J. Am. Coll. Cardiol. 2011, 58, 2047–2067. 

40. Mozaffarian, D.; Rimm, E.B. Fish Intake, Contaminants, and Human Health. Evaluating the Risks and the 
Benefits. JAMA 2006, 296, 1885–1899. 

41. Harris, W.S. The omega-3 index as a risk factor for coronary heart disease. Am. J. Clin. Nutr. 2008, 87, 1997S–
2002S. 

42. Mozaffarian, D.; Prineas, R.; Stein, P.; Siscovick, D. Dietary fish and n-3 fatty acid intake and cardiac 
electrocardiographic parameters in humans. J. Am. Coll. Cardiol. 2006, 48, 478–484. 

43. Eide, I.; Dahle, D.; Svensson, M.; Hartmann, A.; Åsberg, A.; Bjerve, K.; Christensen, J.; Schmidt, E.; 
Lauritsen, M.; Lund, K.; et al. Plasma levels of marine n-3 fatty acids and cardiovascular risk markers in 
renal transplant recipients. Eur. J. Clin. Nutr. 2016, 70, 824–830. 

44. Mozaffarian, D.; Geelen, A.; Brouwer, I.; Geleijnse, J.; Zock, P.; Katan, M. Effect of fish oil on heart rate in 
humans: A meta-analysis of randomized controlled trials. Circulation 2005, 112, 1945–1952. 

45. Hidayat, K.; Yang, J.; Zhang, Z.; Chen, G.-C.; Qin, L.-Q.; Eggersdorfer, M.; Zhang, W. Effect of omega-3 
long-chain polyunsaturated fatty acid supplementation on heart rate: A meta-analysis of randomized 
controlled trials. Eur. J. Clin. Nutr. 2018, 72, 805–817. 

46. Friedman, A.N.; Yu, Z.; Tabbey, R.; Denski, C.; Tamez, H.; Wenger, J.; Thadhani, R.; Li, Y.; Watkins, B.A. 
Inverse relationship between long-chain n-3 fatty acids and risk of sudden cardiac death in patients starting 
hemodialysis. Kidney Int. 2013, 83, 1130–1135. 

47. Hamazaki, K.; Terashima, Y.; Itomura, M.; Sawazaki, S.; Inagaki, H.; Kuroda, M.; Tomita, S.; Hirata, H.; 
Inadera, H.; Hamazaki, T. Docosahexaenoic Acid Is an Independent Predictor of All-Cause Mortality in 
Hemodialysis Patients. Am. J. Nephrol. 2011, 33, 105–110. 

48. Maki, K.C.; Palacios, O.M.; Bell, M.; Toth, P.P. Use of supplemental long-chain omega-3 fatty acids and risk 
for cardiac death: An updated meta-analysis and review of research gaps. J. Clin. Lipidol. 2017, 11, 1152–
1160. 

49. Svensson, M.; Schmidt, E.B.; Jørgensen, K.A.; Christensen, J.H. N-3 Fatty Acids as Secondary Prevention 
against Cardiovascular Events in Patients Who Undergo Chronic Hemodialysis: A Randomized, Placebo-
Controlled Intervention Trial. CJASN 2006, 1, 780–786. 

 

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 
article distributed under the terms and conditions of the Creative Commons Attribution 
(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


