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Abstract

Background: Rheumatoid arthritis (RA) is a chronic inflammatory
autoimmune disease affecting multiple small symmetrical joints
with extra-articular involvement. Altered blood mineral status is
associated with the immune-inflammatory rheumatoid process.
Reduced heart rate variability (HRV) is a predictor  of sudden
cardiac death in RA patients. So, the role of minerals for altered
HRV needs investigation in RA. Objectives: To assess the
relationship between HRV and serum zinc (Zn), magnesium and
(Mg) levels in RA patients. Methods: This cross sectional study
enrolled 60 female participants of 30-50 years of age.  Among
them 30 female RA patients were included in the study group
and 30 age matched apparently healthy women constituted
control group. Serum Zn, Mg levels were estimated by auto-
analyzer and frequency domain parameters of HRV were
recorded by a data acquisition device, Powerlab 8/35, AD
Instruments, Australia followed by analysis with software, Lab
chart. Statistical analyses were done by independent sample ‘t’
test and Pearson’s correlation coefficient test. Results: In this
study, among frequency domain parameters of HRV, total power
(TP), low frequency power(LF), high frequency power(HF), HF
normalized unit(HF nu) were significantly lower (p<0.05) and LF
normalized unit (LF nu), LF/HF ratio were significantly higher
(p<0.05) in RA patients.   In addition, significantly (p<0.05) lower
levels of serum Zn and Mg were found in RA patients as
compared to controls. But on correlation analysis, the HF nu
showed significant positive correlation and LF nu and LF/HF
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ratio demonstrated significant negative correlation (p<0.05) with
serum Mg only. Conclusion: Results of the present study
revealed that low levels of serum Mg was correlated with reduced
HRV in patients with RA. Moreover, low serum Mg was related
to parasympathetic hypo and sympathetic hyperactivity as well
as altered sympathovagal balance in RA.

Keywords: Rheumatoid arthritis, Heart rate variability, Zinc,
Magnesium.

R
Introduction

heumatoid arthritis (RA) is the
commonest joint disease with
considerable disability, compromised

quality of life and premature mortality prevalent
in the industrialized as well as in developing
world.1 The most prominent feature of RA is
symmetrical polyarthritis  involving  small synovial
joints of hand, wrist, feet, ankle, knee.2-3

This disabling disease has worldwide
distribution, hence is a global public health
concern.4-5Almost all ethnic groups and races
are affected by RA.6 Overall pooled prevalence
of RA in Bangladesh is about 0.7%.  This
progressive disabling disease impacts heavily
upon treatment expenses and productivity of the
affected patients. Thus, RA imposes a great
economic burden on health outcome.2,7-8 Despite
high incidence of RA globally as well as locally
it is often a neglected medical issue in developing
country like Bangladesh.

Progressive disabilities with non articular
complications deteriorate patient’s quality of life
seriously. Among many risk factors, minerals and
trace elements disorders have been  recognized
as risk factors of RA.3,5,9 Previous studies
reported chronic inflammation induced marked
systemic alteration in blood mineral levels
causing pathogenesis in RA patients.1-3,5,9-13

In addition to joints, RA adversely affects all the
organ and system of the body and cardio-
vascular morbidity and mortality is well marked
in RA patients.14-15 As because, cardiovascular

involvement is silent, more than 40% of the
premature deaths occur in RA due to
cardiovascular diseases (CVD)16

Analysis of HRV has been emerged as most
reliable and non-invasive method for assessment
of cardiac autonomic activity and reduced HRV
is a marker of autonomic imbalance, which is a
strong predictor of sudden cardiac death.17 HRV
analysis by frequency domain parameters, is
most widely used non invasive tool which
distinguishes the original HRV signal into specific
frequency band and reflects the amplitude of the
signals of heart rate fluctuation at different
frequency ranges. This difference in frequency
ranges can differentiate the sympathetic and
parasympathetic component of autonomic
nervous system. Therefore frequency domain
analysis represents more precise assessment of
cardiac autonomic activity.18 Previous studies
reported that RA was associated with
significantly reduced HRV.16,19-20 Among the
blood minerals, low serum Mg and Zn has been
found associated with RA which increases risk
of CVD in RA.8,11,21-22 Previous studies
demonstrated that serum Mg deficiency was
found to be associated with autonomic
dysfunction. Studies on healthy adult Korean
women and hypomagnesemia patients showed
that serum Mg was significantly positively
correlated with some HRV indices.23-24 whereas
no association was observed between serum Zn
level and cardiovascular autonomic function in
pregnant women with gestational



hypertension.25 But no published data was found
regarding the relationship of serum Zn and Mg
level with HRV in patients with RA. Therefore,
the present study has been designed to assess
the relationship between reduced HRV and serum
levels of Zn, Mg  in patients with RA.

Methods

Setting and study participants

This cross sectional study was carried out in the
Department of Physiology of Bangabandhu
Sheikh Mujib Medical University (BSMMU),
Dhaka from March,  to February, 2021.Thirty
female RA patients aged 30-50 years were
enrolled by purposive sampling from the
Outpatient Department of Rheumatology,
BSMMU, Dhaka  according to selection criteria.
Thirty age and BMI match apparently healthy
female subjects were also studied as control.
Protocol was approved by Institutional Review
Board (IRB) of BSMMU.

Selection criteria

The patients who had history or currently
suffering from- cardiovascular disorders,
respiratory disorders, renal insufficiency, liver
disease, arthritis other than RA, neurological
disorders, thyroid disorders, psychiatric
disorders, malignancy, pregnancy and also the
patients under medications for cardiac disease
or respiratory disease or for other reasons which
might interfere with autonomic nervous system
balance or serum mineral status, current smokers
were excluded from this study.

Data collection procedure

For this study, informed written consent was
taken from each participant after briefing the aim,
benefit and procedure of the study.

 Then detailed history was taken and thorough
physical examination was done and information
was documented in a preformed standard data
sheet. Then under aseptic precaution, venous
blood was collected for estimation of some
biochemical parameters. Fasting blood glucose
and serum creatinine as well as serum levels of
Zn, Mg were estimated by standard laboratory

technique in the Department of Biochemistry and
Molecular Biology, BSMMU, Dhaka. Finally
selected subjects were then instructed about
proper preparation before recording of   HRV data.
The subjects were instructed to take their meal
by 9:00 pm and to have a sound sleep at the
previous night, without any physical or mental
stress and not to take any sedatives, hypnotic
medication. Then on the test day, patients were
requested to take light breakfast in the morning
without tea or coffee and then attend to the
autonomic nerve function laboratory in the
Department of Physiology, BSMMU between 8-
9 a.m. After that, the subjects were given complete
bed rest in supine position for 10-15 minutes in a
temperature and sound controlled laboratory
environment. Then HRV was recorded by a digital
data acquisition device(Powerlab 8/35, AD
instruments, Australia) to assess cardiac
autonomic nerve function. During the procedure,
any talking, eating or drinking as well as
performing physical or mental activity even sleep
were prohibited.

Statistical analysis

Data were expressed as mean ± SD. For statistical
test, independent sample ‘t’ test and Pearson’s
correlation coefficient test were applied by using
SPSS version 16. Value of probability P <0.05 was
considered as level of statistical significance.

Results

General characteristics of the subjects were
presented in Table I. In this study, age and BMI
were comparable between groups but resting
pulse rate, systolic and diastolic  blood pressure
were significantly higher (p<0.01) in RA patients
compared to controls. In this study, significantly
(p<0.01)lower values of TP, LF power, HF power,
HF nu and higher value of LF nu, LF/HF ratio
were observed in RA patients compared to
controls (Table II). In addition, significantly
(p<0.05) lower serum Zn and Mg levels were
found in RA (Table II). On correlation analysis,
only serum Mg showed significant (p<0.05)
positive correlation with HF power and significant
(p<0.05) negative correlation with LF nu, LF/HF
ratio in RA patients (Figure 1, 2, 3).
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Table II: Frequency domain measures of HRV, serum Zn and Mg levels   in two groups (N=60)

Variables RA (n=30) Control (n=30) p value

TP  649.19±736.92 1736.66±1239.94 0.000***

(ms²) (15.7-3246) (176.23-4695)

LF power 300.36±323.11 617.08±486.26 0.005**

(ms²) (9.24-1541) (57.7-1941)

HF power 144.53±227.71 705.21±671.81 0.000***

(ms²) (2.05-997.8) (41.14-3234)

LF norm 66.73±12.89 45.88±15.32 0.000***

(n.u.) (26.21-83.12) (17.29-64.7)

HF norm 32.59±12.33 53.01±14.50 0.000***

(n.u.) (16.57-73.22) (33.26-81.44)

LF/HF ratio 2.42±1.12 0.99±0.52 0.000***

(0.36-5.02) (0.22-1.95)

Zn (µgm/dL) 87.9±22.85 102.17±27.48 0.033*

(50-139) (57-146)

Mg (mg/dL) 1.91±0.21 2.05±0.26 0.024*

(1.5-2.2) (1.5-2.6)

Data were expressed as Mean ± SD. Values in parentheses indicate ranges; Statistical analysis was done by
Independent sample‘t’ test; RA-Rheumatoid arthritis; TP- total power; LF power- low frequency power; HF
power- high frequency power; LF norm- low frequency power in normalized unit; HF norm- high frequency
power in normalized unit; LH/HF ratio- low frequency and high frequency power ratio; n=number of subjects in
each group; *p<0.05 **p <0.01; ***p <0.001;

Figure 1: Correlation of HF nu (ms2) with serum
Mg level (mg/dL) in group RA. HF nu was
positively correlated with serum Mg. RA =
Rheumatoid arthritis,  HF norm = High frequency
power in normalized unit.
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    (r= -0.417, p= 0.022*) 

Figure 2: Correlation of LF nu (ms2) with serum
Mg level (mg/dL) in group RA.  LF nu (ms2) was
neatively correlated with serum Mg level. RA =
Rheumatoid arthritis,  HF norm = High frequency
power in normalized unit.
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Discussion

The present study investigated the relationship
of HRV with serum Zn, Mg level in   30-50 years
of age female RA patients. Almost similar age
range but both genders RA patients were enrolled
in a previous study.5  This particular age range
was chosen for this study because RA is most
frequently diagnosed around this age as it is
highly prevalent in between 35-50 years.1

However, BMI was slightly lower in RA patients
compared to controls but that difference was
statistically non-significant. Therefore, two
important confounding factors- age and BMI
were adjusted in both groups.1,2-3  In this study,
higher resting pulse rate, SBP and DBP in RA
patients agree to others and suggest slight
derangement of cardiovascular autonomic
regulation.20,26-27 Among the results of frequency
domain HRV variables, lower values of TP, LF
power, HF power, HF nu suggest hypo
parasympathetic tone and higher value of LF nu,
LF/HF ratio suggestive of hyper sympathetic
tonic  activity and shifting of sympathovagal
balance towards more sympathetic dominance
in the present series of RA were consistent with
the findings of other researchers.20,27-28 This
demonstrates impaired  cardiac autonomic

regulation with sympathetic dominance and
decreased parasympathetic modulation is
associated with RA. The current study also
revealed association lower serum Zn and Mg with
RA. This result is also supported by some
previous studies.1-3,8,11,21-22 On further analysis,
significant positive correlation of  HF nu and
negative correlation of  LF nu and LF/HF ratio
with serum Mg suggest that decreasing level of
serum Mg is related to reduced parasympathetic
activity and increased cardiac sympathetic,
altered sympathovagal balance to sympathetic
dominance in Rheumatoid arthritis. This finding
is novel and it demonstrated the contribution of
Mg deficiency to cardiac autonomic
dysregulation  in   RA. Scientific literature suggested
that Mg deficiency promotes oxidative stress,
inflammatory response which could contribute
to the pathogenesis of several cardiovascular
diseases such as atherosclerosis, hypertension,
arrhythmia and sudden cardiac death. It was
reported that a high incidence of sudden death
in Mg-deficient rats was related to arrhythmias,
coronary vasospasm and ANS dysfunction.24

The role of low Mg for cardiac autonomic
derangement in the present study can be
explained by the chronic inflammation and
immune modulation that are chiefly involved in
RA pathogenesis. Thus, low levels of serum
magnesium may be considered as potent risk
factors for CVD events in patients with RA.

Conclusion

The results of the present study revealed that
low levels of serum Mg was related to reduced
HRV in patients with RA. Moreover, low serum
Mg was related to parasympathetic hypo and
sympathetic hyperactivity as well as altered
sympathovagal balance in this particular patient
cohort. Association of serum Mg status alteration
with reduced HRV is an important predictor of
increased risk of sudden cardiac death in patients
with RA.

Conflict of interest: Declared none

Figure 3: Correlation of LF/ HF ratio with serum
Mg level (mg/dL) in group RA. LF/ HF ratio was
negatively correlated with serum Mg level. RA =
Rheumatoid arthritis,  LH/HF ratio =  Low
frequency and high frequency power ratio.
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