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Heart rate variability (HRV) is a measure of the variation between consecutive heartbeats. It provides a marker of the interplay between the
parasympathetic and sympathetic nervous systems, and there is an increasing body of evidence confirming an increased HRV is associated
with better mental and physical health. HRV may be a useful marker of stress as it represents the ability of the heart to respond to a variety of
physiological and environmental stimuli. HRV tends to decrease as we age and is positively associated with physical activity, fitness, and healthier
lifestyles. The relation between HRV and micronutrients (vitamins and minerals) has also received some attention in the research literature. In this
review, cross-sectional and interventional studies on human populations examining the relation between HRV and micronutrients are appraised.
Micronutrients identified and examined in this review include vitamins D, B-12, C, and E; the minerals magnesium, iron, zinc, and coenzyme Q10;
and a multivitamin-mineral formula. Due to the paucity of research and significant heterogeneity in studies, definitive conclusions about the effects
of these micronutrients on HRV cannot be made at this time. However, there is accumulating evidence suggesting deficiencies in vitamins D and
B-12 are associated with reduced HRY, and zinc supplementation during pregnancy can have positive effects on HRV in offspring up until the age of
5. To further elucidate the relation between micronutrients and HRV, additional robustly designed and adequately powered studies are required.
Adv Nutr 2020;11:559-575.
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Introduction

Heart rate variability (HRV) is a measure of the variation
between consecutive heartbeats. The time period between
2 consecutive heartbeats is called the RR (R wave to R wave)
or NN (normal beat to normal beat) interval, and HRV
is the variation between these successive intervals. HRV is
a marker of the responsiveness of the autonomic nervous
system, a component of the peripheral nervous system
that regulates involuntary physiologic processes including
heart rate, blood pressure, respiration, digestion, and sexual
arousal (1). In particular, HRV is a measure of the interplay
between 2 arms of the autonomic nervous system: the
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parasympathetic and sympathetic nervous systems (PNS and
SNS, respectively). Activation of the SNS leads to a “fight
or flight” response, a state of overall elevated activity and
attention whereby physiological changes such as increases in
blood pressure, heart rate, and glycogenolysis occur, as well as
a slowing of gastrointestinal peristalsis. Activation of the PNS
promotes the “rest and digest” process, whereby heart rate
and blood pressure decrease and gastrointestinal peristalsis
and digestive processes prevail (1).

A healthy heart is not a metronome because there are
complex and nonlinear oscillations. This variability provides
flexibility to cope with uncertain and changing environmen-
tal circumstances (2). Reduced HRV is a marker of increased
SNS activity or decreased PNS activity, whereas increased
HRYV is indicative of decreased SNS activity or increased PNS
activity. There is an increasing body of evidence confirming
an association between HRV and mental and physical health.
In fact, HRV is believed to be a psychophysiological marker of
health and well-being (3). HRV represents the ability of the
heart to respond to a variety of physiological and environ-
mental stimuli. A high HRV is a sign of a healthy heart that
responds flexibly to physiological or environmental stressors,
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whereas a low HRV is a marker of reduced health that is
associated with impaired immune function and a poorer
self-regulatory process (3). Through its relation with neural
structures associated with the appraisal of threat and safety,
HRV may also provide a useful index of stress (4).

Even though findings are inconsistent, HRV tends to
decrease as we age (5), is positively associated with physical
activity and fitness (6), and is higher in people with healthier
lifestyles (7). HRV values have been shown to predict C-
reactive protein concentrations 4 y later (8), and in a
meta-analysis was confirmed to be negatively correlated
with markers of inflammation (9). It is theorized that the
autonomic nervous system via an inflammatory reflex of the
vagus nerve (the primary nerve of the PNS), and involving
the cholinergic anti-inflammatory pathway, is responsible
for a quick reflexive response to inflammation (10). HRV
is also inversely correlated with the risk of developing, and
with a poorer prognosis of, cardiovascular disease (11). Low
HRV has also been independently predictive of increased
mortality in post-myocardial infarction and heart failure
patients (12). In a meta-analysis, it was concluded that
HRV decreases in response to stress (13), and in another
meta-analysis of 21 studies it was concluded that depression
is associated with lower HRV (14). A reduction in HRV
has also been found across the spectrum of clinical and
nonclinical populations of young people with depression
or anxiety (15) and is lower in people with post-traumatic
stress disorder (16). Higher HRV has also been shown to be
positively associated with improved cancer progression and
outcome (17).

Given its positive association with overall health, iden-
tifying risk factors and interventions to modify HRV has
been investigated. Increasing physical exercise (18), stress
reduction (19), meditation (20), HRV biofeedback (21),
dietary changes (22), increased omega-3 PUFA intake (23),
weight loss (24), moderate alcohol intake (25), and avoidance
of nicotine (26) are all associated with increases in HRV and
vagal tone. The relation between HRV and micronutrients
(vitamins and minerals) has also received some attention
in the research literature. However, a comprehensive review
of these studies has not been undertaken. The aim of this
review is to critically summarize the research investigating
the relation between micronutrient status and HRV and to
examine the impact of micronutrient supplementation on
HRYV parameters.

Heart rate measurements are usually examined through
an electrocardiogram (ECG) with recordings typically lasting
from several minutes to 24 h. HRV can also be measured
during different postures (e.g., supine and sitting), following
periods of rest, and during exposure to varying stressors
(27). The analysis of HRV can be performed through time,
frequency, and nonlinear calculations. Various mathematical
algorithms are used to calculate HRV parameters. Time-
domain analyses measure variation in heart rate over
time, involving calculations of mean NN (or RR) intervals.
Frequency-domain measurements estimate the distribution
of absolute or relative power in frequency bands. Nonlinear
analysis methods differ from the conventional HRV methods
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because they do not assess the magnitude of variability but
rather the quality, scaling, and correlation properties of the
signals (28). A description of HRV parameters measured in
the studies cited in this article is detailed in Table 1. The
measures detailed in Table 1 are often closely correlated,
although levels vary based on the recording duration and
the task(s) undertaken during the assessment period (29,
30). This makes a direct comparison of HRV measurements
difficult. However, all measures detailed in Table 1 can be
collected through Holter recordings and calculated using
relevant software. This makes their measurement possible in
both research and clinical settings.

Methods

Search strategy and eligibility criteria

Information for this review was compiled by searching
PubMed (https://www.ncbi.nlm.nih.gov/pubmed), Google
Scholar (https://scholar.google.com.au), PsycINFO
(https://search.proquest.com/psycinfo), ~ Scopus  (https:
/lwww.scopus.com), and the Cochrane Library (http:
/Iwww.cochranelibrary.com) databases. Additional studies
were also identified during the review of relevant articles and
by examining their reference lists. Databases were scanned
from all years of study until October 2019 for human studies.
A systematic search of databases with the use of the terms
(“heart rate variability” or vagus) and (nutrientx or vitamin
or mineral or dietx or zinc or magnesium or iron or calcium
or copper or manganese or molybdenum or potassium or
sodium) was completed. Specific inclusion criteria included
the following: I) published in English, 2) cross-sectional
or interventional studies, 3) utilized >1 HRV measure, 4)
assessed micronutrient status through dietary intake or a
biological measure (e.g., blood, urine, or saliva), and 5)
investigations were conducted in human participants with
no limit on sample size.

Results

As detailed in Figure 1, 69 full-text articles were assessed
for eligibility. After the screening of articles, 31 studies were
identified as eligible for inclusion. Some of these studies
comprised a combination of correlational analyses and inter-
ventional designs. Fifteen cross-sectional studies examining
the relation between micronutrient concentrations (vitamin
D, vitamin B-12, iron, magnesium, and zinc) were identified
(Table 2), and a summary of levels of HRV parameters
in low-micronutrient (or deficient) populations is detailed
in Table 3. Only HRV parameters that were measured in
>1 study are included in Table 3; however, there remain
inconsistencies in the duration periods used to calculate
these parameters. Eighteen studies investigating the effects
of micronutrient administration [magnesium, vitamin C,
vitamin B-12, zinc, vitamin D, vitamin E, coenzyme Q10
(CoQ10), and a multivitamin-mineral formula] on HRV
values were identified and are summarized in Table 4. A
summary of the effects of micronutrient administration on
HRV parameters is detailed in Table 5.
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TABLE 1

A selection of HRV measurements and their descriptions’

Measure

Definition

Description

Time-domain measurements
SDNN (ms)

SDANN (ms)
RMSSD (ms)
NN50 count

pNN50 (%)

SD of all NN intervals

SD of all the averages of NN intervals in all 5-min
segments of the entire recording

The square root of the mean of the sum of the squares
of differences between adjacent NN intervals

Number of pairs of adjacent NN intervals differing by
>50 ms in the entire recording

NN50 count divided by the total number of all NN

Indicates total variability with a high value believed to be associated
with better health; when measured over 24 h provides a measure
of cardiac risk; provides an index of physiological resilience
against stress (higher values indicate higher resiliency) (2, 27)

Is highly correlated with SDNN and is generally considered
redundant if SDNN is measured

Higher values indicate greater vagal and parasympathetic nervous
system activity; is positively correlated highly with HF (2, 27)

Higher values indicative of greater parasympathetic activity

Higher values indicative of greater parasympathetic activity; is

intervals

Frequency domain measurements
Total power (ms?)

segment (<04 Hz)

VLF (ms?) Power in very-low-frequency (VLF) range (<0.04 Hz)
LF (ms?) Power in low-frequency (LF) range (0.04-0.15 Hz)
HF (ms?) Power in high-frequency (HF) range (0.15-0.4 Hz)
LF:HF (ratio) Ratio of LF to HF

Nonlinear measurements
HRV correlation
dimension (HRV-CD) of the fractal dimension of the NN interval

seqguence

The variance of NN intervals over the temporal

Derived from chaos theory comprising the calculation

highly positively correlated with RMSSD and HF

Provides a broad measure of autonomic activity; a high value is
believed to be associated with better health; does not distinguish
between sympathetic and parasympathetic contributions (2, 27)

Reflects vasomotor changes, thermoregulatory, and possibly
parasympathetic influences on heart rate; is negatively correlated
with all-cause mortality; is negatively correlated with
inflammation (2, 27)

Mixture of vagal (parasympathetic) and sympathetic influences, with
greater sympathetic sensitivity

Reflects parasympathetic and vagal activity; correlates highly and
positively with RMSSD

Used as an index of autonomic balance; previously believed to be a
measure of sympathetic/parasympathetic dominance, however,
this is strongly debated

Has been shown to more accurately differentiate between healthy
and high-risk patients with 96% accuracy (28)

" Adapted from reference 22. HRV, heart rate variability.

Vitamin B-12 and HRV

Five cross-sectional and 2 interventional studies examined
the relation between vitamin B-12 and HRV. In 3 cross-
sectional studies, HRV values in adults with vitamin B-12
deficiency were compared with vitamin B-12-sufficient, age-
and gender-matched controls. In all of these studies vitamin
B-12 deficiency was associated with several differences in
HRV parameters. In a study by Sozen et al. (31), levels of

Records identified through
database searching
(n=3185)

v '

Records after duplicates removed
(n=2955)

'

Records screened
(n=2955)

}

Additional records identified
through other sources (n=5)

Records excluded
(n=2886)

Full-text articles excluded (n=38)
Full-text articles - Duplicate (n=3)
assessed for eligibility - Non-human population (n = 13)
(n=69) -No HRV measurement (n = 16)
* - Review article (n =6)

Studies eligible for -
review Cross-sectional analyses (n=15)

(n=31) Interventional studies (n = 18)

FIGURE 1 Flowchart of search strategy and selection of relevant
studies. HRV, heart rate variability.

SD of all the RR intervals (SDNN), SD of the 5-min RR
interval means (SDANN), root mean square of differences
of successive RR interval (RMSSD), total power (TP), low-
frequency power (LF), and high-frequency power (HF) were
lower in patients with pernicious anemia compared with
controls. Aytemir et al. (32) found that levels of LF, HE,
and the ratio of LF to HF (LF:HF) were also lower in
vitamin B-12-deficient patients compared with controls, and
all HRV parameters were positively correlated with vitamin
B-12 concentrations and negatively with the duration of
deficiency. LF levels were also lower in vitamin B-12-
deficient adults compared with controls; however, there
were no differences in HE, TP, and LF:HF (33). In contrast
to the previous 2 studies, the mean age of participants in this
study was ~10-15y older. In a study in healthy young adults,
vitamin B-12 concentrations were not associated with HRV
values; however, methylmalonic acid (MMA) concentration
(a marker of vitamin B-12 deficiency) was negatively associ-
ated with LF and TP but was positively correlated with HF
(34). Finally, vitamin B-12 concentrations were measured in
pregnant women during their first trimester and HRV was
measured in their child at ~5 y of age. LF was significantly
lower in children born to mothers with lower vitamin B-12
concentrations compared with mothers with high vitamin
B-12. There were also strong trends of lower HF and TP in
children of mothers with low vitamin B-12. In all children,
LE TP, and HF positively correlated with cord blood vitamin
B-12 concentrations measured at birth (35).
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TABLE 3 Levels of HRV parameters in low-micronutrient (or deficient) populations compared with micronutrient-sufficient controls'

Study, year (reference) SDNN SDANN RMSSD pPNN50 TP VLF LF HF LF:HF
Vitamin D deficiency
Cetin et al, 2014 (36) — — —
Tak et al, 2014 (37) 1 — — — — — —
Canpolat et al, 2015 (38) U J J I J J 4
Nalbant et al, 2017 (39) — — — —
Jung et al, 2015 (40) 1 I — — — — 4
Vitamin B-12 deficiency
Sozen et al.,, 1998 (31) 1 J i — 1 J U
Aytemir et al., 2000 (32) ) 1 N
Sucharita et al,, 2012 (33) — — —
Sucharita et al,, 2014 (35) 1 N 1
Iron deficiency
Yokusoglu et al., 2007 (42) N 1 — 1
Tuncer et al., 2009 (43) — —
Low magnesium
Kim et al, 2012 (44) 1 1

THF, high-frequency power; HRV, heart rate variability; LF, low-frequency power; LF:HF, low-frequency to high-frequency power ratio; pNN50, percentage of the beats with
consecutive RR interval difference of >50 ms; RMSSD, root mean square of differences of successive RR interval; SDANN, SD of the 5-min RR interval means; SDNN, SD of all the RR
intervals; TP, total power; VLF, very-low-frequency power; |, decrease; 1, increase; —, no change.

The effects of 3-mo administration of vitamin B-12
supplements on HRV in adults with vitamin B-12 deficiency
have been investigated in 2 open-label studies. In 1 study,
vitamin B-12 (dosage and type not specified) was associated
with increases in levels of LF, HE, and LF:HE.  Levels of
the HRV parameters were lower at baseline compared with
vitamin B-12-sufficient controls but were comparable at the
end of treatment (32). In a study in older people (>60 vy;
mean age: 67 y) with vitamin B-12 deficiency, vitamin B-12
supplementation (100 p1g as cyanocobalamin) was associated
with significant increases in LF and TP, and a strong trend
that was suggestive of increases in HF (33).

As detailed in Tables 3 and 5, the bulk of evidence suggests
thata deficiency in vitamin B-12 is associated with reductions
in most HRV parameters and its administration leads to
increased HRV values. In the only negative adult study,
vitamin B-12 was not correlated with HRV in healthy adults
but was associated with concentrations of MMA (22). In
the only study in pregnant mothers, vitamin B-12 status
during the first trimester was positively correlated with HRV
values of their offspring at age 5 (35). Both the interventional
studies conducted to date have demonstrated that vitamin B-
12 supplementation for 3 mo can increase HRV parameters
(32, 33). However, these were open-label studies so further
controlled trials are required to validate these findings.
Dosage, duration, and effects of supplementation in different
populations also require further investigation.

Vitamin D and HRV

Six cross-sectional (36-41) and 2 interventional studies (46,
47) have examined the relation between vitamin D and HRV.
In 3 cross-sectional studies, the relation between vitamin D
and HRV was examined in healthy adults: 2 studies were
conducted in adults with type 1 or type 2 diabetes and
1 study investigated the relation in hospitalized patients

with chronic heart failure. In 1 study in healthy adults,
vitamin D was positively correlated with SDNN and LE, and
SDNN was significantly lower in vitamin D-deficient adults
{25-hydroxyvitamin D [25(OH)D] <15 ng/mL} compared
with nondeficient adults [mean 25(OH)D: >15 ng/mL]
(37). However, there was no relation between vitamin D
and RMSSD, TP, VLE HE and LF:HE, as measured via a
5-min ECG. Canpolat et al. (38) found that levels of
SDNN, SDANN, RMSDD, percentage of the beats with
consecutive RR interval difference of >50 ms (pNN50), and
HF were lower in vitamin D-deficient adults [25(OH)D
<20 ng/mL] compared with vitamin D-sufficient adults
[25(OH)D >30 ng/mL]. LF and LF:HF were also higher
in the vitamin D-deficient group. In this study, HRV
measurements comprised a 24-h ECG. In another study, no
differences in HRV parameters (SDNN, SDANN, RMSSD,
and pNN50) were identified between vitamin D-deficient
[mean 25(OH)D: <6.1 ng/mL] and -sufficient adults [mean
25(OH)D: >21 ng/mlL], as measured via a 1-h ECG (39).
In 2 studies in adults with diabetes, vitamin D deficiency
was associated with several changes in HRV parameters. In
1 study, SDNN and RMSSD levels were lower and LF:HF
was higher in the vitamin D-deficient group [25(OH)D
<10 ng/mL] compared with the vitamin D-sufficient group
[25(0OH)D >20 ng/mL]. However, there was no significant
difference in VLE, LE, and HF (40). In a study on type 1 and 2
diabetes, Hansen et al. (41) identified an inverted U-shaped
association between serum vitamin D and SDNN, RMSSD,
and HF. In contrast to these findings, no differences in SDNN,
SDANN, and RMSSD were identified in vitamin D-deficient
[25(OH)D <20 ng/mL] and -sufficient hospitalized patients
with chronic heart failure. However, there was a significant
positive correlation between vitamin D and SDNN and
SDANN in patients with nonischemic dilated cardiomy-
opathy (NIDCM) but not ischemic dilated cardiomyopathy
(IDCM) (36).
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(Continued)

TABLE 4

Treatment

HRVindicators  Statistically significant findings

HRV measurement

Design duration

Control

Population Treatments

Study, year (reference)

CoQ10

TP, LF, HF ®  There were no significant

ECG recordings at rest and

Single

Randomized,

Placebo

11 nonsmoking healthy male CoQ10,30 mg

Zheng and Moritani 2008

differences in HRV

during 10-min exercise on a

stationary bike

administration

double-blind,

students (mean age: 26 y)

(60)

parameters at rest for

CoQ10 or placebo
® During exercise, CoQ10

crossover trial

associated with a

significant increase in TP
and a strong increased
trend for LF and HF; no
changes occurred on

placebo

Multivitamins

® | F:HF decreased in placebo

Acceleration plethysmography HF, LF, LF:HF

12 wk

Randomized,

Placebo

Multivitamin and mineral

202 hemodialysis patients

Fukuda et al, 2015 (61)

condition from weeks 4 to
12 but increased in the
treatment condition

in a sitting position

double-blind,

drink taken 3 d/wk after
each dialysis treatment

(mean age: 56 )

parallel-group

trial

'CoQ10, coenzyme Q10; ECG, electrocardiogram; HF, high-frequency power; HRV, heart rate variability; HRV-CD, HRV correlation dimension; HP, heart period intervals between R-waves; HPV, range of heart period; LF, low-frequency power; LF:HF,

low-frequency to high-frequency power ratio; MSSD, means square of successive differences; pNN50, percentage of the beats with consecutive RR interval difference of >50 ms; RMSSD, root mean square of differences of successive RR interval;

SDANN, SD of the 5-min RR interval means; SDHP, SD of heart period; SDNN, SD of all the RR Intervals; TP, total power.

Two interventional studies were identified examining the
effect of vitamin D supplementation on HRV (46, 47). In a
study in healthy adults with vitamin D insufficiency, vitamin
D5 supplementation for 28 d, at a dose of 5000-10,000
IUs improved cardiac autonomic tone, as measured by an
increase in HE, during exposure to an acute physiological
stressor (46). In another study, once-weekly intravenous
administration of vitamin D (50,000 IU ergocalciferol)
for 6 wk in patients with end-stage kidney disease on
hemodialysis had no effect on HRV parameters. However,
most patients continued to be vitamin D deficient at the end
of the treatment and, in patients who achieved vitamin D
sufficiency, HF levels increased after treatment. There was
no effect on LF:HE, SDNN, SDANN, or pNN50 following
vitamin D supplementation (47). It should be noted that
supplementation with the nonactivated form of vitamin D,
ergocalciferol, is often not recommended in people with
kidney disease as activation of vitamin D occurs in the
kidneys (62). Consequently, greater efficacy may have been
obtained by supplementation with activated forms of vitamin
D (e.g., calcitriol and paricalcitol).

In summary, in the 6 cross-sectional studies on vitamin
D, a significant relation between >1 HRV parameter was
identified in 4 studies. Two of these were conducted in
healthy adults with vitamin D deficiency (37, 38) and 2 were
conducted in adults with type 1 or 2 diabetes (40, 41).
However, a null relation between HRV and vitamin D was
identified in a study in healthy adults with vitamin D
deficiency (39); and in another study in patients with chronic
heart failure, there was a significant positive correlation
between vitamin D and HRV in patients with NIDCM
but not IDCM (36). Discrepancies between the studies in
the criteria for vitamin D-deficient and -sufficient states
may account for some of the inconsistencies in these
findings. In the 2 interventional studies, oral vitamin D
supplementation increased HF in healthy adults with vitamin
D deficiency (46), but intravenous vitamin D had no
effect on patients with kidney disease (47). Overall, the
bulk of evidence suggests that there is a positive relation
between vitamin D and HRV parameters; however, further
research is required. There are significant differences across
studies in populations recruited, vitamin D criteria used,
and HRV measurements conducted. There also remains a
paucity of studies on the effect of supplementation on HRV
parameters.

Vitamin Cand HRV

There have been 3 interventional studies examining the effect
of vitamin C administration on HRV values in adults with
cardiovascular disease. In 2 studies, vitamin C was delivered
intravenously and its acute effects on HRV were investigated.
In a randomized, double-blind, placebo-controlled study,
vitamin C infusion acutely decreased LF and increased HF
and RMSSD (48). No changes were observed after placebo
(saline) administration. In a study by Bruno et al. (50),
intravenous vitamin C also acutely reduced LF and LF:HF but
had no significant effect on HE. However, the 3-d oral intake

Micronutrients and heart rate variability 569

220z Jaquisoa( S0 uo 1sanb Aq G¥690/S/6GS/S/ L L /8101B/SeouBAPE/WO02 dNo"dIWapeae//:sd)y Wol) papEojuMO(]



TABLE5 Changes in HRV parameters after micronutrient supplementation’

Study, year (reference) SDANN RMSSD TP LF HF LF:HF
Vitamin B-12
Aytemir et al,, 2000 (32) 4 1 1
Sucharita et al,, 2012 (33) 1 1 — -
Vitamin D
Mann et al,, 2014 (46) — A —
Mann et al,, 2016 (47) 12
Vitamin C
Piccirillo et al., 2003 (48) — — ) 1
Gomes et al, 2011 (49) — — — —
Bruno et al,, 2012 (50) ! N !
Vitamin E
Manzella et al,, 2001 (51) 1 ! 1 !
Magnesium
Bashir et al,, 1993 (52) — — — N
Frick et al, 1999 (53) -
Parikka et al., 1999 (54) — —
Brilla et al,, 2010 (56) 1 4 1
CoQ10
Zheng and Moritani, 2008 (60) 13 13
Multivitamins
Fukuda et al,, 2015 (61) 1

CoQ10, coenzyme Q10; HF, high-frequency power; HRV, heart rate variability; LF, low-frequency power; LF:HF, low-frequency to high-frequency power ratio; RMSSD, root mean
square of differences of successive RR interval; SDANN, SD of the 5-min RR interval means; TP, total power; |,, decrease; 1, increase; —, no change.

20nly in people who achieved vitamin D sufficiency.
3During exercise only.

of 2 g of vitamin C in patients with chronic heart failure had
no effect on TP, HE, LF, and LF:HF (49).

In summary, 2 studies using intravenous vitamin C have
demonstrated acute effects on HRV parameters; however,
no changes were observed after a 3-d oral administration.
All studies were conducted in patients with cardiovascular
disease, so the effects of vitamin C in other populations
are unknown. Further research is required to examine the
effects of intravenous and oral administrations of vitamin
C at varying doses, over extended time periods, in differing
populations and on differing HRV parameters.

Vitamin E and HRV

In a randomized, double-blind, placebo-controlled study,
patients with type 2 diabetes were given either vitamin E
(600 mg/d as a-tocopherol acetate) or placebo for 4 mo.
Vitamin E treatment was associated with increases in R-R
interval, TP, and HF and decreases in LF and LF:HE. However,
there were no changes in the placebo-administered group
(51). Although this single study is positive, further research is
required to examine the effects of vitamin E supplementation
on HRV.

Magnesium and HRV

One cross-sectional and 5 interventional studies were
identified examining the relation between magnesium
and HRV. In the cross-sectional study, serum magnesium
concentrations in 166 healthy women with a mean age of 46
y were positively associated with 5-min HRV measurements
of SDDN and TP, but not RMSSD, LE, HF, and LF:HE
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SDNN and LF were also lower in women with a higher
calcium to magnesium ratio (44). In the 5 interventional
studies, 4 were conducted in adults with cardiovascular
disease with a mean age of >59 y. In these studies,
varying doses and forms of magnesium were administered
either orally or intravenously, with treatments ranging
from 1 h to 6 wk. In 2 studies, the acute, intravenous
administration of magnesium had no effect on HRV
parameters (53, 54) in adults with cardiovascular disease.
Oral magnesium citrate at a dose of 300 mg of elemental
magnesium for 5 wk administered to patients with systolic
heart failure and normal pretreatment serum magnesium
concentrations increased HRV correlation dimension (HRV-
CD) (55). However, there was no change in several HRV
parameters in adults with congestive heart failure after a
6-wk oral intake of magnesium chloride, delivering
15.8 mmol of elemental magnesium (52). In a randomized,
double-blind, placebo-controlled study in 36 healthy adults
with a mean age of 30 y, 500 mg of magnesium delivered as
either bis-glycinate chelate or oxide for 6 wk was associated
with increases in several HRV parameters, including LE, HE
and LF:HF, compared with placebo (56).

In summary, research on the relation between HRV
and magnesium is inconsistent. The single, cross-sectional
study conducted so far in healthy women has indicated
that magnesium concentrations are positively correlated with
HRV measures of SDNN and TP (44). As detailed in Table 5,
the results from interventional studies are inconclusive.
Interventional studies have primarily been conducted in
adults with cardiovascular disease using varying doses, routes
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of administration (intravenous and oral), and treatment
duration. No change in HRV parameters was found in
3 studies comprising 2 acute intravenous administrations (53,
54) and 1 oral intake for 6 wk (52). However, in another study
in patients with cardiovascular disease, oral magnesium
intake for 5 wk was associated with increases in HRV-CD
(55). In this study, a nonlinear HRV method was used, which
has been shown to more accurately differentiate between
healthy and high-risk patients with 96% accuracy (63). This
positive finding is supported by another study conducted
in healthy adults where oral magnesium intake for 6 wk
improved several HRV parameters (56). Given the variability
in these findings, further studies are required to elucidate the
relation between magnesium and HRV.

Zinc and HRV

Amounts of dietary intake of zinc (as measured by a
24-h dietary recall) were measured in pregnant, adolescent
mothers at 34-36 wk of gestation. HRV values in the fetuses
were lower in mothers consuming a zinc-deficient, but not
folate-deficient, diet (45). Three randomized, double-blind,
placebo-controlled studies were identified examining HRV
changes in fetuses after mothers were supplemented with
zinc. In 1 study, compared with non-zinc-supplemented
mothers, fetuses of mothers who were supplemented with
zinc (15 mg/d) commencing 10-24 wk of gestation until
4 wk postpartum had fewer episodes of minimal HRV and
more heart rate accelerations from 36 wk of gestation (57).
In another similarly designed study, compared with non-
zinc-supplemented mothers, fetuses of mothers who were
supplemented with zinc (25 mg) at 10-16 wk of gestation
also had a higher HRV and more heart rate accelerations,
which became pronounced from 28 wk of gestation (58).
In a final study, compared with non-zinc-supplemented
mothers, children (mean age of 4.5 y) of mothers who were
supplemented with zinc (25 mg/d) commencing 10-15 wk
of gestation until 4 wk postpartum had significantly greater
levels of variability in heart period R waves (HPV) and mean
square of successive differences (MSSD) measured at baseline
and during a cognitive task compared with the non-zinc-
supplemented group (59).

In summary, the relation between zinc and HRV has only
been investigated in fetuses and/or children born of zinc-
supplemented mothers. Even though the results so far have
been positive, further research is required to examine the
relation between zinc and HRV in adults. Whether zinc
deficiency is associated with differences in HRV has not yet
been investigated, and the effects of supplementation during
childhood or adulthood have also not been studied.

Iron and HRV

There have been 2 studies examining the relation between
iron-deficiency anemia and HRV. In 1 study in community-
dwelling adults with iron deficiency, levels of SDDN,
SDANN, number of R-R intervals >50 ms (SNN50) counts,
and pNN50 were lower compared with matched controls
(42). However, in a study in hospitalized patients with

iron-deficiency anemia, there were no differences in HRV
parameters [SDNN, mean square root of differences between
adjacent normal-to-normal intervals (MSRSD), mean of
the SD in all 5-min intervals (HRVM), SD in all 5-min
intervals (SDHRV), and SDANN] compared with iron-
sufficient matched controls (43). These inconsistent findings
may result from differences in physical activity between the
populations examined, as one was conducted in community-
dwelling adults (42) while the other was conducted in
hospitalized patients (43). Therefore, further research is
required to understand the relation between iron and HRV.
Interventional studies are also required to determine the
effect of iron repletion on HRV parameters in iron-deficient
individuals.

CoQ10 and HRV

In a randomized, double-blind, placebo-controlled,
crossover study, the single administration of CoQ10 (30 mg)
was not associated with changes in HRV parameters at rest.
However, during exercise, CoQ10 was associated with a
significant increase in TP and a strong trend suggestive of
increases in LF and HF (60). Although this study is positive,
further investigation into the effects of CoQ10 on HRV is
required.

Multivitamins/minerals and HRV

The effects of a 12-wk intake of a multivitamin and
mineral drink on HRV in renal-disease patients receiving
hemodialysis was investigated in a randomized, double-
blind, placebo-controlled trial. LF:HF increased in patients
taking the multivitamin/mineral drink but decreased in
those receiving the placebo (61). This preliminary study
requires replication with studies using different popula-
tions and treatment periods. However, by utilizing mult-
inutrient formulas it will be difficult to determine the
ideal nutrient dose or most significant nutrient(s) affecting
HRV.

Discussion

From a systematic search of the literature, 15 cross-sectional
and 18 interventional studies were identified examining the
relation between micronutrients and HRV. Micronutrients
investigated included vitamin D (8 studies), vitamin B-12
(7 studies), vitamin C (3 studies), vitamin E (1 study), zinc
(4 studies), magnesium (6 studies), iron (2 studies), CoQ10
(1 study), and a multivitamin/mineral formula (1 study).
However, definitive conclusions about the effects of these
micronutrients on HRV cannot be made due to the paucity of
research, significant heterogeneity in populations examined,
HRV measurements used, treatment dosages administered,
treatment duration, routes of supplement administration,
and often, the small recruited sample sizes. Overall, the
strongest evidence is for vitamins D and B-12 where a de-
ficiency was associated with reduced HRV. There is evidence
that zinc administration during pregnancy is associated with
increases in HRV in fetuses and children up to the age
of 5. The research on magnesium is inconsistent and is
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likely due to differences in HRV measures used, supplement
forms, treatment duration, and populations examined. To
clarify the relation between micronutrients and HRV, fur-
ther robustly designed and adequately powered studies are
required.

The potential of micronutrients to influence HRV is based
on sound theoretical premises as micronutrients can affect
both heart and brain function. For example, vitamin D defi-
ciency is associated with poor cardiovascular outcomes (64)
and vitamin D affects cardiac contractility through its effects
on vitamin D receptors and indirectly via its impact on cal-
cium metabolism (65). Vitamin D is also often low in people
with psychiatric (66) and neurological (67) conditions, and
influences brain integrity via its effects on neuronal and glial
tissue (68). Vitamin D also has anti-inflammatory effects,
which may affect vagal activity (69). Vitamin B-12 deficiency
is associated with coronary artery disease (70), diabetes
(71), and neuropsychiatric disease (72), conditions also
associated with low HRV. Vitamin B-12 can influence mito-
chondrial activity, neurotransmitter production, and overall
brain activity (73). Magnesium deficiency is associated with
increased negative cardiovascular events and has diverse
effects on cardiovascular activity at both the biochemical
and cellular level (74). Generally, when considering most
micronutrients there are several plausible generic mecha-
nisms that may be associated with their influence on HRV.
For example, most micronutrients have anti-inflammatory
or immune-modulating effects. Since HRV is negatively
correlated with inflammation (9), reducing inflammation
and altering vagal tone, via micronutrient supplementation,
may have a positive impact on HRV parameters. Oxidative
stress is also negatively correlated with HRV (75). As many
micronutrients have antioxidant activity, a reduction in
oxidative stress may also contribute to their positive effects
on HRV. There is increasing research to suggest that intestinal
microbiota influences the activity of the vagus nerve (76),
and micronutrients such as magnesium (77), vitamin D (78),
and iron (79) can alter the composition of the intestinal
microbiota. Therefore, via their effects on the intestinal
microbiome, micronutrients may alter vagal activity and
HRV. In addition, micronutrients are important for the pro-
duction of hormones, neurotransmitters, and neurotrophins
(80), which can all alter neurological activity. Through
their effect on brain activity, HRV may again be altered by
micronutrients.

It is important to note that age, fitness level, medical
diseases, and psychiatric conditions are associated with
changes in HRV. Micronutrient concentrations present as
potential confounding factors as many of these aforemen-
tioned states are associated with variations in micronu-
trient concentrations. For example, vitamin D and B-12
deficiency are common in the elderly (81, 82) and vitamin
D concentrations are often lower in adults with depression
(66). If micronutrients are found to influence HRYV, studies
controlling for micronutrient concentrations are therefore
essential to elucidate the true impact of investigated factors
on HRV. Therefore, to better understand the relation between
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micronutrients and HRV it is important that in future studies
the following variables are considered:

¢ The effects of different dosages, routes of administra-
tion (e.g., oral and intravenous), and micronutrient
forms (e.g., oxide versus glycinate). This will help to
determine optimal dosages and forms of micronutrient
administration and whether excess intake may have a
deleterious effect on HRV.

¢ Control for comorbid medications that may affect
HRY, as this may confound the findings.

¢ Control for respiratory patterns, which can influence
HRV.

¢ The effect of acute and long-term administration of
micronutrients on HRV.

¢ The types and time periods of HRV measurements.
This is important for all HRV-related studies as
inconsistencies in measured HRV parameters, periods
of measurement, and measurement settings make in-
terpretation difficult. Establishing greater consistency
across studies will help clarify the relevance and
robustness of findings.

¢ Influence of micronutrient concentrations and supple-
mentation on HRV in diseased versus healthy popula-
tions. The studies identified in this review comprised
the recruitment of a heterogeneous population of
individuals, including healthy people, individuals with
micronutrient deficiencies, and adults with varying
diseases including cardiovascular disease, diabetes,
and kidney disease. Differences in HRV parameters
and the efficacy of micronutrient supplementation may
vary significantly across these different populations.
Therefore, the relation between micronutrients and
HRV in these different populations requires further
investigation as this could not be elucidated using the
current body of literature.

¢ Influence of micronutrient status and supplementation
in different patient characteristics such as gender and
age.

¢ Influence of micronutrient supplementation on HRV
in nutrient-deficient and -replete participants.

¢ The influence of baseline dietary patterns on HRV.
Moreover, the effects of micronutrient repletion via
dietary changes compared with single- or multinu-
trient supplementation on HRV will be important to
investigate.

® Physiological mechanisms associated with micronutri-
ent effects on HRV.

e Effects of single and combination micronutrient sup-
plementation on HRV.

® Association of HRV changes with symptomatic, phys-
iological, and health-related parameters.

¢ Therelevance of HRV as an objective outcome measure
in nutritional trials. Identifying validated and objective
outcome measures is important to help elucidate the
efficacy of an intervention. HRV has the potential to be
used as an outcome measure in dietary and nutritional
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trials to support commonly used, symptom-based, or
biological measures of efficacy. This also has relevance
for other drug, lifestyle, and environmental interven-
tions. However, as already discussed, developing con-
sistent HRV measurement protocols will be essential.

Although the goal of this review was to summarize the
research on micronutrients, herbal and dietary interventions
also present as potential avenues to modify HRV. For exam-
ple, there is preliminary evidence that a high-fat diet (83, 84),
caloric restriction (85), fasting (86), and meal timing (87) can
alter HRV. In animal studies, curcumin (88), saffron (89),
and a garlic extract (90) increased vagal activity. Moreover,
probiotics have been shown to increase vagal activity in
animal studies (91-93). It is likely that anti-inflammatory and
antioxidant mechanisms may be associated with the effect
of nutrients, foods, and herbs on HRV. Their impact on
intestinal microbiota that can alter vagal activity also presents
as another mechanism of action (94, 95).

In conclusion, definitive conclusions about the effect of
micronutrients on HRV cannot be made due to the paucity
of available studies and heterogeneity of investigations.
Given the increasing body of research confirming a relation
between HRV and health, further research is essential to
help elucidate the impact of micronutrients on HRV and the
potential of supplementation or dietary repletion to manip-
ulate HRV and overall health status. Given the increasing
association between HRV and health, HRV also presents as
an objective outcome measure to validate nutritional, herbal,
and dietary interventions.
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