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Abstract
Background:Vitamin D3 deficiency is common in Asthma
COPD overlap syndrome (ACO) and administration of vitamin
D3 increased heart rate variability in healthy subjects. Objective:
This randomized clinical trial aimed to investigate the
therapeutic effect of vitamin D3administration on time domain
measures of heart rate variability in 51 male vitamin D3(<3010ng/ml) deficient ACO patients. Methods: Patients were given
either vitaminD3 capsule or placebo per week orally for 3 months
and serum vitamin D3 level and time domain parameters of heart
rate variability were assessed before and after the intervention.
For statistical analysis, independent and paired sample t test
was used. Results: Before intervention, vitamin D3 level and
time domain parameters of heart rate variability were similar in
all patients but these outcome measures significantly increased
in vitamin D3 treated but not in placebo treated patients after 3
months. Conclusion:In conclusion, vitaminD3 therapy is
effective to improve heart rate variability in vitamin D3 deficient
Asthma COPD overlap syndrome.
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Introduction
ccording to Global Initiative for chronic
Obstructive Lung Disease (GOLD) and
Global Initiative for Asthma

A

(GINA)(2017) the presence of features of both
asthma and chronic obstructive pulmonary
disease (COPD) in overlapping manner leads to
a new disease entity as Asthma-COPD overlap
(ACO).1 An epidemiological report showed
prevalence rate of ACO between 15-55% and
11.6% in Bangladesh.1-2
The increased prevalence of vitamin D deficiency
in the general population has been well
recognized as a significant risk factor of different
diseases.3-4
Serum level of 25-hydroxyvitamin D less than
20 ng/ml is categorized as deficiency and 21-29
ng/ml as insufficiency by endocrine society of
USA. But vitamin D council recommended
serum level of 25-hydroxyvitamin D less than
30 ng/ml as deficiency and 31-39 ng/ml as
insufficiency.5
High prevalence of vitamin D deficiency, has
been reported in ACO patients and its level was
found even lower than 11 asthma patients. It
was correlated with disease severity in ACO
patients.6
Heart rate variability (HRV) is an index of normal
rhythmic variation of heart rate caused by
different physiological factors.7 It represents the
variation of beat to beat RR interval over a period
of time and it can measure sympathetic and
parasympathetic resting tone as well as the
interplay of sympathetic and parasympathetic
activity at any instant.8 Being a non stationary
signal HRV can predict the upcoming danger of
impending cardiac disease. 7 As the balance
between sympathetic and parasympathetic
activity controls heart rate,sympathetic hyper and
parasympathetic hypo-activity causes cardio
acceleration or vice versa. The significant
99
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relationship between cardiac autonomic activity
and cardiovascular mortality including sudden
death is well recognized.8-9
Large number of studies highlighted the
significant role of HRV to assess cardiac
health.10-14Reduced HRV is well known for its
predicting power for adverse cardiovascular
event and cardiac mortality risk specially after
myocardial infarction.15-17Reduced HRV has
been used as a marker to identify early cardiac
autonomic impairment.18
Previous studies demonstrated the relationship
between vitamin D3 deficiency and reduced HRV
causing increased incidence of cardiovascular
disease. 19-21 Very recently, Nalbant et
al.22investigated the relationship between vitamin
D and time domain parameters of HRV and found
mean RR, mean HR, SDNN, SDANN, SDNNI,
RMSDD, and PNN50 did not differ significantly
between vitamin D deficient and non deficient
groups whereas Tak et al.21found significantly
lower SDNN in vitamin D deficient group than
non deficient group as well as showed positive
relation with vitamin D level.
Only two previous studies reported the effect of
vitamin D3 administration on HRV19,23. Mann
et al.23showed improvement of sympathovagal
balance after adminstration of vitamin D3. In
contrast, no alteration of cardiac autonomic tone
was reported after vitamin D administration in
vitamin D deficient subjects by Burt et al.19
Results of these two studies are controversial
regarding the effect of vitamin D on cardiac
autonomic tone.
However, vitamin D3 appears to be a simple, cost
effective treatment to reduce cardiovascular
disease associated risk by improving function of
autonomic nerve function in both healthy and
chronic disease population worldwide.24 But the
volume of information regarding the effect of
vitamin D3 administration in ACO patients is not
Volume 15 No. 2 December 2020: 98-107
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enough for reaching any final conclusion.
Moreover, with the best of our knowledge no
study have been conducted to observe the effects
of this fat soluble vitamin on HRV in vitamin
D3 deficient, stable patients with ACO.
Therefore, the present study has been designed
to evaluate the impact of vitamin D 3
administration on heart rate variability analysis
by time domain method in D3 deficient, stable
patients with ACO.
Method
Study design
This randomized double blind placebo controlled
trial with parallel allocation design was
conducted in the Department of Physiology,
Bangabandhu Sheikh Mujib Medical University
(BSMMU), Shahbag, Dhaka and Department of
Respiratory Medicine, National Institute of the
Disease of Chest and Hospital (NIDCH),
Mohakhali, Dhaka from September 2017 to
August 2018.
Study population
Consecutive sampling was followed to select the
ACO patients ((diagnosed by applying the “tick
box” approach) recommended by the joint
committee of 1GOLD & GINA by physicians of
NIDCH, Mohakhali, Dhaka. Total 51 male stable
patients of ACO with > 1 years of disease
duration with age 40-80 years18and vitamin D
deficient(serum 25-hydro-xycholecalciferol,
25(OH)D3 level< 30ng/ml but > 10ng4with
normal serum Ca+(8.7-10.2 mg/dl) , inorganic
phosphate (2.5-4.3 mg/dl) level were enrolled to
this study. 25A CONSORT flow diagram of
enrollment and progress through intervention
period is shown in figure 1. Patients with diabetes
and hypertension were included in this study as
it was difficult to find ACO patients in the defined
age group without these two diseases but its
number was adjusted in two comparison groups.
Any patient with any acute condition, unstable
Volume 15 No. 2 December 2020: 98-107
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patients with ACO (patients with exacerbation and
medication changes in the past 30 days), with acute
exacerbation of any pulmonary,cardiac
diseases,history of endocrine,neurological
disorder,Rheumatoid arthritis, renal diseases,
SLE, IBS or receiving any drugs that can affect
autonomic nervous system or vitamin D
metabolism were excluded from the study.
Sampling
Sample size was calculated by a statistical
equation based on effect size published in a similar
study.26-27 Consecutive sampling was followed for
preliminary selection of the ACO patients from
the outpatient department of NIDCH.
Randomization
After screening of serum vitamin D3, vitamin D
deficient ACO patients were finally selected by
principal investigator. All patients were randomly
assigned into vitamin D therapy group (n=26) or
placebo treated group (n=25) using a computer
generated random table.Any patient had equal
chance to belong any group. Their identification
has been hidden and a code was provided to each
patient.Randomization and blinding was done by
a third party, not member of the research team.
Both the researcher and the data recorder as well
as patients were unaware about the grouping of
the patients. Before the data analysis, grouping of
the patient was disclosed.
Study Interventions
Intervention was done by administering vitamin
D capsule or placebo to patients. Patients
allocated for vitamin D3 therapy received 80,000
IU of vitamin D3(2 capsules orally) per week for
3 months, whereas the patients of placebo group
received placebo (2 capsules orally) for similar
duration.Vitamin D capsules were manufactured
and supplied by BeximcoPharma, Bangladesh.
The vitamin D capsules were composed of
cholecalciferol (40,000 IU), microcrystalline
100
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cellulose (58.1 gm), butylatedhydroxy toluene
(0.2 mg), magnesium stearate (3 mg), gelatin
capsule shell (1 mg). Placebo was composed of
similar substances except cholecalciferol and
it was look alike to vitamin D capsule and was
prepared and supplied by the same
pharmaceutical company.All the selected ACO
patients were allowed to continue standard
therapeutic treatment as prescribed by the
physician for these three months. Before
beginning intervention the schedule of the
therapy and possible side effect (diarrhoea) was
explained meticulously and advised to contact
researcher by telephone if there was any such
complain. In addition, they were advised to
bring along the empty blisters of capsule foil
when they would report for follow up to ensure
the consumption of the drug. During the
intervention period, the patient was regularly
monitored and encouraged to be the part of this
study by maintaining regular communication
through telephonic calls several times a week.
A good rapport was built up to take time to time
follow-up over telephone and visiting patient’s
place.
Study Outcomes
The primary target of the study was to observe
the effect of vitamin D3 therapy on HRV in ACO
patients after 3 months. This was achieved by
observing the changes in serum vitamin D
concentration and in several time domain
measures of HRV(Mean heart rate,Mean
RR,SDRR,CV RR, SDSD, RMSSD&
pRR50%)from baseline to endpoint after 3
months intervention with either vitamin D3 or
placebo.
Data collection
After taking informed consent, anthropometric
measurement and socio demographic data of all
patients were recorded in a data schedule. Then
5 ml of venous following blood were drawn for
biochemical estimation of serum 25(OH)D,serum
101
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calcium and serum inorganic phosphate.28HRV
data were recorded by a data acquisition device,
powerlab 8/35, AD instruments, Australia after
a prescribed preparation in the previous night.
All patients were advised to finish their meal by
9 pm and to have sound sleep avoiding anxiety
tension and not to use any sedative or any drug
affecting CNS. In the morning, after a light
breakfast but without coffee or tea and also
refrain from smoking, they were asked to report
in the autonomic lab in the department of
Physiology, BSMMU.A 5 minute ECG recording
of the patient in supine position after giving 10
minutes rest in a comfortable room temperature
about 25 degree celsius and noise free laboratory
environment was done. The lab chart software
of the power lab automatically generated the time
domain measures of HRV from the recorded RR
interval of the short term ECG acquired.HRV
measures and serum vitamin D3 level of all
patients were recorded at baseline and then after
3 months of intervention in both group. Serum
25(OH)D level of all these patients were
measured by chemiluminescentmicroparticle
immunoassay (CMA) method by autoanalyzer
ARCHITECT Plus ci4100. Serum calcium and
inorganic phosphate were assessed by
coloremetricand microcoloremetric method
respectively using reagents of Siemens Clinical
Laboratory. 28-29 All these biochemical
assessment was done in the laboratory of the
Biochemistry and Molecular Biology of
BSMMU.
Statistical Analysis
Data were expressed as mean ± SD.For statistical
analysis, paired sample t test and independent
sample t test was done for group comparison as
applicable.Data was analyzed by SPSS version
16.In the interpretation of result, p<0.05 was
taken as significant.
Volume 15 No. 2 December 2020: 98-107
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Diagnosed ACO assessed for eligibility(n=60)

Enrollment

Excluded (n=9)
did not match exclusion criteria(n=6)
did not agree to participate(n=3)
Randomized (n=51)

Allocation

Allocated to vitamin D3(n=26 )
Received vitamin D3(n=26)

Follow up

Lost to follow up (n=9)

Analysis

Analyzed (n=17)

Allocated to placebo(n=25 )
Received placebo (n=22)
Finally did not agree to receive (n=3)
due to personal problem.

Lost to follow up (n=6)

Analyzed (n=16)

Figure 1: Progress of trial participants through phases of parallel groups randomized.
Results
Study Participants
In this study, 51 ACO patients were initially
enrolled after screening exclusion criteria.
Twenty six (26) patients were randomly allocated
to vitamin D group and all these patients agreed
to receive Vitamin D 3 capsule orally but 9
patients were lost during intervention period and
17 patients completed the intervention with
vitamin D3 for 90 days (3 months). In placebo
group, 25 patients were allocated by
randomization but 3 patients later did not agree
to receive placebo and 6 patients did not appear
at the end of 3 months follow up. Finally data of
17 patients of vitamin D group and 16 patients
of placebo group were used in analysis.
Volume 15 No. 2 December 2020: 98-107

In the present study, the baseline characteristics
of the placebo and vitamin D group before
intervention were similar (Table I).The number
of hypertensive or Diabetes mellitus patients
individually and combined hypertensive and
Diabetes mellitus patients as well as frequency
of anti hypertensive and anti diabetes drug user
were not significantly different in these two
groups of patients.(Table II)
Time domain measures of HRV
All time domain measures of HRV also did not
differ significantly between placebo and vitamin
D groups at baseline(Table III). All the values of
time domain parameters significantly (p<0.05)
increased but heart rate decreased after 90 days
102
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of vitamin D administration except in pRR50%.
But in the placebo group no significant change
in time domain parameters were observed after
90 days follow up data (Table IV). In addition,
SDRR and CVRR were found significantly
(p<0.05) higher in ACO patients after vitamin D
administration when compared to these values
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in placebo group after 90 days follow up
(Table IV).
SerumVitamin D
The vitamin D3 level increased significantly
(p<0.05) in vitamin D treated ACO patients after
90 days of vitamin D administration but no
significant follow up change in vitamin D level was
observed in placebo group (p>0.05) (Table IV).

Table I:Age, BMI, Waist-hip ratio, MUAC, resting pulse rate, SBP, DBP and vitamin D in vitamin D
deficient ACO patients for placebo and vitamin D group at baseline (n=33)
Parameters
Age (years)
BMI (Kg/m²)
Waist-hip ratio
MUAC (cm)
Vitamin D3 (ng/ml)
Pulse rate (beats/min)
SBP (mmHg)
DBP (mmHg)

Placebo (n = 16)
58.6± 11.5
(40-80)
22.6±4.0
(15.3-31.2)
0.9±3.5
(0.8-1.0)
26.6±3.5
(20-34)
20.0±3.5
(15-27.2)
73±4.9
(60-80)
120.6±8.0
(110-140)
78.1±3.8
(70-80)

Vitamin D (n = 17)
59.9±6.3
(48-68)
22.2±2.3
(19.2-26.4)
0.9±0.5
(0.8-0.9)
26.7±2.1
(23-30)
19.6±4.4
(13.4-28.5)
75.1±4.2
(63-80)
117.6±8.2
(100-130)
77.0±6.8
(60-90)

Data were expressed as Mean ± SD. Values in parentheses indicate ranges; Statistical analysis was done by
Independent sample t-test.BMI- body mass index; MUAC- mid upper arm circumference; SBP- Systolic Blood
Pressure; DBP-Diastolic Blood Pressure.

Table II: Frequency distribution of comorbidity and use of drugs in two groups(n=33)
Parameters
HYTN
DM
HYTN& DM
Anti HYTN
Anti DM

Placebo(n = 16)
no.(%)
2(15)
6(35)
2(10)
3(20)
-

Vitamin D(n = 17)
no.(%)
4(23)
5(30)
3(15)
5(30)
1(7)

Data are presented in number and percent.Chi square test was used for analysis. HYTN-Hypertension;DMDiabetes mellitus
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Table III:Time domain measures of HRV in vitamin D deficient ACO patients for placebo and vitamin
D group at baseline (n=33)
Parameters
Mean heart rate (beats/min)
Mean R-R interval (ms)
SDRR(ms)
CVRR
SDSD(ms)
RMSSD(ms)
pRR50%

Placebo (n = 16)

Vitamin D (n = 17)

76.5±2.8
(61.2-100.7)
801.0±28.7
(596.6-980.6)
21.3±1.1
(14.6-29.7)
0.02±0.00
(0.015-0.04)
17.5±1.9
(8.3-35.2)
17.5±1.9
(8.3-35.2)
1.4±0.6
(0-9.2)

78±1.1
(52.8-108.2)
776.2±147.4
(556-1137)
22.5±8.1
(14.3-43.2)
0.02±0.01
(0.015-0.044)
16.1±10.8
(6.4-44.2)
16.1±10.7
(6.4-44.1)
2.5±7.2
(0-29.8)

Data were expressed as Mean ± SD. Values in parentheses indicate ranges.Statistical analyses were done by Independent
sample t-test.SDRR-Standard deviation of all RR interval; CVRR-Coefficient of variance of RR interval; SDSDStandard deviation of successive RR interval differences between adjacent RR intervals; RMSSD-Square root of
mean of squared differences of successive RR interval; pRR50%-Proportionof RR interval with duration > 50 ms;
Table IV: Pre and post intervention values of time domain measures in vitamin D deficient ACO patients (n=33)

Parameters
Vitamin D3
(ng/ml)
Mean heart rate
(beats/min)
Mean R-R interval
(ms)
SDRR (ms)
CVRR
SDSD (ms)
RMSSD (ms)
pRR50%

Placebo (n=16)
Pre
Post
20.0±3.5
21.9±5.6
(15-27.2)
(12-35)
76.5±11.4
71.9±12.3
(61.2-100.7)
(50.7-97.8)
801.1±114.8
869.2±148.4
(596.6-980.6)
(613.7-1182)
21.3±4.4
23.3±7.6
(14.6-29.7)
(13.6-40.7)
0.02±0.01
0.02±0.02
(0.015-0.04)
(0.015-0.046)
17.5±7.6
20.9±12.00
(8.3-35.2)
(5.8-46.2)
17.5±7.8
20.8±12.00
(8.3-35.2)
(5.7-46.3)
1.5±2.4
5.1±6.6
(0-9.2)
(0-17.9)

Vitamin D (n=17)
Pre
Post
19.6±4.4
93.0±24.3*
(13.4-28.5)
(34.8-151)
78±15.2
71.4±10.3*
(52.8-108.2)
(54.4-87.3)
776.2±149.2
836.5±126.1*
(556-1137)
(664.8-1103)
22.5±8.1
31.2±11.4*#
(14.3-43.2)
(14.4-57.6)
0.02±0.02
0.038±0.01*#
(0.015-0.044)
(0.022-0.086)
16.1±10.8
25.3±14.5*
(6.4-44.2)
(9.1-53.7)
16.1±10.7
25.4±14.8*
(6.4-44.1)
(0.08-53.7)
2.5±7.3
4.7±8.7
(0-29.8)
(0-29.5)

Data were expressed as Mean ± SD. Values in parentheses indicate ranges. Statistical analyses were done by
Independent sample t-test. SDRR-Standard deviation of all RR interval; CVRR- Coefficient of variance of RR
interval; SDSD- Standard deviation of successive RR interval differences between adjacent RR intervals; RMSSDSquare root of mean of squared differences of successive RR interval; pRR50%- Proportion of RR interval with
duration > 50 ms; (*p<0.05= pre vs post; # p<0.05= post vs post)
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Discussion
In this study, mean HR decreased and mean RR
interval, SDRR, CVRR, SDSD, RMSSD and
pRR50% increased in ACO patients after vitamin
D 3 administration. All these changes were
significant except the change in pRR50%. Similar
changes in placebo group were not significant in
any time domain parameters of HRV. Moreover,
when comparison was done between the post
intervention values of time domain parameters
in vitamin D3 treated and placebo treated ACO
patients, SDRR and CVRR were found
significantly higher in vitamin D group compared
to the post follow up values of placebo group.
A previous study in Turkey, did not find
significant difference in all these time domain
parameters when compared between vitamin D3
deficient patients with low cardiovascular risk
and healthy subjects with normal vitamin D3
level.22 In a similar study, Tak et al.21found
significant positive association between SDNN
and serum 25 hydroxy vitamin D3 levels which
was sustained even after adjusting for age, sex
and seasons of vitamin D3 measurement by
regression analysis. But they did not find
significant relation of RMSSD with vitamin D3
level. Moreover, they did not find any significant
difference in SDNN and RMSSD values between
vitamin D3 deficient and non deficient group of
healthy people.21
The changes observed in these time domain
parameters after 3 months vitamin D 3
administration suggests improvement of cardiac
parasympathetic tone in D 3 deficient ACO
patients.8
The data of the present study indicate significant
improvement in cardiac parasympathetic function
in vitamin D3 deficient ACO patients after 3
months administration of vitamin D3which is
strongly supported by significantly higher value
in SDRR and CVRR in vitamin D3 supplemented
patients than non supplemented ACO patients
after 3 months. The lack of significant changes
105
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in most of the time domain measures of HRV in
placebo treated patients after 3 months
demonstrate no effect of placebo on HRV in
vitamin D deficient ACO patients. It is important
to note that no patients remained D deficient after
3 months of vitamin D3 therapy whereas most of
the placebo treated remained D deficient after 3
months of intervention. Therefore it is evident
from our data that 3 months vitamin D3 therapy
in ACO patients might be effective to increase
cardiac parasympathetic activity in ACO patients
by increasing theirvitamin D3 level.
Very little information is available to explain the
relationship between vitamin D and cardiac
parasympathetic nerve function in ACO patients.
Two previous studies observed the effect of
vitamin D 3 administration on vitamin D 3
deficient healthy subject. Research evidence
identified the presence of vitamin D receptor
(VDR) rich autonomic neurons and vitamin D3
can cross the blood brain barrier to bind to this
VDR in CNS 30-31But the exact connection
between VDR activity on autonomic neurons and
modulation of cardiac autonomic tone has not
yet been known. One experimental study on
spontaneously hypertensive rats (SHR)
demonstrated the mechanism how vitamin D3
supplementation restore impaired effect of
acetylcholine on vascular tone. In SHR, this effect
of acetylcholine is impaired. Administration of
vitamin D3 was found to normalize the Ca+
dependent K+ channels in SHR and brings the
relaxation and hyper polarization effect of
acetylcholine to normal. Thus vitamin D 3
supplementation brings these responses to levels
similar to those of normotensive rats.32
However, any of these above mentioned
mechanisms are not exactly applicable to explain
our findings in some improvement of cardiac
autonomic tone after 90 days of administration
of vitamin D3, by increasing parasympathetic
function in vitamin D3 deficient ACO patients in
the present study.
Volume 15 No. 2 December 2020: 98-107
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Conclusion
From the result of this study, it may be concluded
that vitamin D3 administration may improve
autonomic function by increasing the
parasympathetic activity in ACO patients who
were deficient of this vitamin.
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