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Abstract

Background Cardiovascular autonomic neuropathy (CAN) is a debilitating complication of diabetes mellitus. To date, there
is no systematic review on all the available drug treatments for CAN in diabetic patients, except for one review focusing on
aldose reductase inhibitors.

Objective To evaluate available drug treatment options for CAN in diabetic patients.

Methods A systematic review was conducted with a search of CENTRAL, Embase, PubMed and Scopus from database
inception till 14th May 2022. Randomised controlled trials (RCTs) of diabetic patients with CAN that investigated the effect
of treatment on blood pressure, heart rate variability, heart rate or QT interval were included.

Results Thirteen RCTs with a total of 724 diabetic patients with CAN were selected. There was a significant improvement
in the autonomic indices of diabetic patients with CAN given angiotensin-converting enzyme inhibitor (ACEI) for 24 weeks
(p<0.05) to two years (p<0.001), angiotensin-receptor blocker (ARB) for one year (p<0.05), single dose of beta blocker
(BB) (p<0.05), omega-3 polyunsaturated fatty acids (PUFAs) for three months (p<0.05), alpha-lipoic acid (ALA) for four
months (p <0.05) to six months (p=0.048), vitamin B12 in combination with ALA, acetyl L-carnitine (ALC), superoxide
dismutase (SOD) for one year (p=0.001) and near significant improvement in the autonomic indices of diabetic patients
with CAN given vitamin E for four months (p =0.05) compared to the control group. However, there was no significant
improvement in the autonomic indices of patients given vitamin B12 monotherapy (p > 0.05).

Conclusion ACEI, ARB, BB, ALA, omega-3 PUFAs, vitamin E, vitamin B12 in combination with ALA, ALC and SOD
could be effective treatment options for CAN, while vitamin B12 monotherapy might be unlikely to be recommended for
the treatment of CAN due to its lack of efficacy.
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Introduction patients who are older or have a longer duration of diabetes

(3].

Cardiovascular autonomic neuropathy (CAN) is a severely
debilitating complication of Type I and II diabetes mellitus
[1]. Past studies have shown that the prevalence of CAN
among diabetics is generally 20 to 36%, but it can go up to
90% due to variability in the study populations and meth-
ods used [2]. The prevalence of CAN is also higher among
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The pathogenesis of CAN has not been fully eluci-
dated, but past studies have suggested that hyperglycaemia
increases inflammation and oxidative stress that cause nerve
damage [4-6]. This cardiac sympathetic and parasympa-
thetic denervation then leads to debilitating symptoms of
CAN such as resting tachycardia, QT interval prolongation,
non-dipping in blood pressure, orthostatic hypotension and
impaired heart rate variability [7, 8]. Patients with CAN are
also at a greater risk of morbidity and mortality due to the
association of CAN with major cardiovascular events such
as silent myocardial ischaemia, fatal arrhythmias and stroke
[8, 9]. Therefore, therapeutic interventions are needed to
manage the debilitating symptoms and prevent the progres-
sion of CAN.
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There have been some common interventions proposed
by scientific societies such as the Toronto Consensus Panel
and the American Diabetes Association for the management
of CAN. These interventions include glycaemic control and
the use of pharmacological drug therapy such as midodrine
for the treatment of orthostatic hypotension [1, 10]. How-
ever, the treatment options are limited and largely debatable
due to the low level of evidence on these interventions [1,
10]. The studies cited by the scientific societies on the use
of midodrine to treat orthostatic hypotension in CAN did
not analyse the results of diabetic patients with CAN sepa-
rately from patients with other causes of orthostatic hypo-
tension [11, 12].

Currently, there is only one existing systematic review
focusing on the use of a specific class of drugs known as
aldose reductase inhibitors for the management of CAN
[13]. Some aldose reductase inhibitors such as ponalrestat
and tolrestat have also been withdrawn from the market due
to their lack of efficacy in clinical trials or adverse effects
such as fever, diarrhoea, increase in liver enzymes and
deaths from fatal hepatic necrosis [14—16]. Moreover, there
have been clinical trials on other drug treatment options for
CAN. To date, there is no systematic review that provides
a comprehensive overview of various treatment options as
well as an update on the new treatment options for CAN.
Hence, this systematic review aims to evaluate the effect of
all the available drug treatment options on the health out-
comes of diabetic patients with CAN.

Methods

This systematic review was conducted in compliance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [17].

Search strategy

A literature search was conducted on the CENTRAL,
Embase, PubMed and Scopus electronic databases to
retrieve records from database inception till 14" May 2022.
A search strategy was developed to identify articles relevant
to the following: (i) diabetic patients with CAN, (ii) treat-
ment for CAN, (iii) effect of the treatment. The handsearch-
ing of the reference lists of the publications was conducted
to look for additional articles that could potentially be eli-
gible. The search terms used in each database are presented
in Appendix Table 1.

Study selection

Randomised controlled trials (RCT) of drug interven-
tions that are still in production and used to treat patients

diagnosed with diabetes mellitus and CAN were selected. To
be included, the studies also had to report the criteria used
for the diagnosis of CAN and measure at least one of the
following outcomes: blood pressure, heart rate variability,
heart rate or QT interval. These outcomes of interest were
selected as the signs and symptoms of CAN include resting
tachycardia, impaired heart rate variability, QT prolongation,
orthostatic hypotension, reverse dipping and non-dipping
of blood pressure due to sympathetic and parasympathetic
dysfunction in diabetic patients with CAN [7, 8]. Hence,
these outcomes of interest could be used to determine the
effect of drug treatment on diabetic patients with CAN. The
diagnosis criteria for CAN should include abnormal values
for at least one of the cardiovascular autonomic reflex tests
(CARTs), time or frequency-domains of heart rate variabil-
ity (HRV) as these measures are used for the assessment of
cardiovascular autonomic function. Studies that comprise
of patients with various types of diabetic neuropathies were
included if the results of the patients with CAN were ana-
lysed separately from the results of patients with other types
of diabetic neuropathies. Additionally, all included studies
had to be full-length articles.

Studies were excluded if they were RCTs on discontin-
ued drugs (for example, aldose reductase inhibitors ponalr-
estat and tolrestat that have been discontinued in market due
to their adverse effects) or reporting solely physiological
(for example, arterial stiffness parameters) or biochemical
(for example, levels of inflammatory advanced glycation
end products) outcomes. These outcomes are valuable but
may not be directly relevant to CAN symptoms due to the
complex and disputed underlying mechanisms involved in
the progression of CAN. Non-English reports, conference
abstracts, protocols, case reports, letters, reviews and sup-
plements were excluded. Animal studies were also excluded
as they were not directly relevant to the CAN patient
population.

The entire process of literature search and screening was
conducted by two reviewers. After the removal of duplicate
records, the preliminary screening of titles and abstracts was
conducted to identify eligible records that meet the inclusion
and exclusion criteria. Records that were identified to be
potentially eligible were retained and their full text reports
were sought for retrieval. The inclusion and exclusion crite-
ria were then reapplied to the full text reports to assess the
eligibility of the reports for inclusion into the systematic
review.

Quality assessment of selected studies
The quality of the RCTs was assessed using the Cochrane
Risk of Bias (RoB) tool for independent parallel-group RCT

and independent crossover RCT [18]. The risk of bias in each
parallel-group RCT was determined based on the judgement
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of the two reviewers using the RoB tool across five domains:
the randomisation process, the effect of assignment to inter-
vention, missing data, the measurement and the reporting of
the outcomes. The risk of bias in each crossover RCT was
also examined based on the five domains and an additional
domain on the carryover effects of the treatment used in the
study. The overall risk of bias was then determined for each
study based on the responses in all the domains.

Data extraction and data analysis

The following data was extracted from the selected studies:
(i) study design, (ii) sample size and the demographics of
the study subjects, (iii) methods for the diagnosis of CAN,
(iv) randomised allocation of subjects to the experimental
and control groups, (v) type of treatment and dosage of treat-
ment, (vi) duration of the study, (vii) outcome parameters
measured and (viii) key findings and interpretation.

Due to the diversity of the selected studies in terms of
the type, dosage and duration of treatment used, the criteria
used for the diagnosis of CAN and the outcomes measured,
a meta-analysis of the quantitative data was not conducted.

Results

The study selection process is shown in Fig. 1. The litera-
ture search of six electronic databases yielded 2715 records
related to CAN. No additional records were identified from
the handsearching of the reference lists of the publications.
After the removal of 1141 duplicate records, the screening
of the titles and abstracts identified 56 records for full text
retrieval. There were 32 reports that could not be retrieved
as they were non-English reports, letter, supplement, or con-
ference abstracts. Of the 24 reports that were retrieved, the
four studies that did not diagnose the patients with CAN
and the seven studies that did not analyse the results of the
patients with CAN separately from those without CAN were
removed. There were thirteen studies that met the selection
criteria and were included in this systematic review.

The thirteen studies measured several autonomic indi-
ces, as described in Table 1, which reflect the parasympa-
thetic and sympathetic function of the cardiovascular sys-
tem. Heart rate (HR) was used as an outcome measure in
five studies [19-23]. It is a useful monitoring parameter for
diabetic patients with CAN who might have elevated rest-
ing HR due to sympathetic dominance [24]. The frequency
domain indices of heart rate variability (HRV) were used

Fig.1 Prisma Flow Chart for
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Table 1 Autonomic indices measured in the selected RCTs

Parameters measured as outcomes Units

Description of the parameter

Heart rate bpm

Frequency-domain measures of HRV

Total power (TP) ms?
Very low frequency power of heart rate variability (VLF) ms?
Low frequency power of heart rate variability (LF) ms? or
NU
High frequency power of heart rate variability (HF) ms? or
NU
Low-to-high frequency ratio (LF/HF) No units
Time-domain measures of HRV
Standard deviation of RR intervals (SDRR) ms
Standard deviation of NN intervals (SDNN) ms
Standard deviation of means of NN intervals (SDANNi) ms
Root mean square of successive differences between NN intervals ms
(RMSSD)
Percentage of differences > 50 ms between adjacent NN intervals %
(pNN50)
Coefficient of variation in heart rate variability (CV) %

Cardiovascular autonomic reflex tests (CARTS)

Expiration-to-inspiration ratio (E/I) No units
Mean circular resultant of vector analysis (MCR) No units
Valsalva ratio No units

Ratio of RR intervals at 15th and 30th heartbeats after standing (30:15) No units
Orthostatic hypotension (OH) mmHg
Blood pressure response to sustained handgrip mmHg

Other blood pressure parameters

Mean arterial pressure (MAP) mmHg
Systolic blood pressure (SBP) mmHg
Diastolic blood pressure (DBP) mmHg
Time index of DBP %
Standard deviation of DBP mmHg
Diurnal index (DI) %

Normal resting HR ranges from 60-100 bpm [31]; but elevated resting HR
of 90-100 bpm could occur in diabetic patients with CAN [32]

Sum of the VLF, LF, and HF bands from short-term ECG recordings [33]
Absolute power of the VLF band (0.0033-0.04 Hz) [33]

Absolute power of the LF band (0.04-0.15 Hz) or Relative power of the LF
band in normalised units [33]

Absolute power of the HF band (0.15-0.40 Hz) or Relative power of HF
band in normalised units [33]

Ratio of LF to HF power [33]

Standard deviation of the RR intervals including abnormal and false beats

[33]
Standard deviation of the normal RR intervals in a 24 h ECG recording [33]

Mean of the standard deviations of the normal RR intervals in each of the
5-min segments of a 24 h ECG recording [33]

Root mean square of time differences between successive normal RR
heartbeats [33]

Percentage of adjacent normal RR intervals with difference > 50 ms [33]

Standard deviation of the RR intervals divided by the mean of RR intervals
[33]

Ratio of the mean of the longest RR intervals during each expiration and
the mean of the shortest intervals during each inspiration over 6 cycles of
deep breathing [34]

RR intervals obtained from deep breathing test are plotted on a time axis
using vector analysis [35]

Ratio of the longest RR interval measured after the Valsalva manoeuvre and
the shortest RR interval during the manoeuvre [36]

Ratio of the shortest RR interval at the 15th beat and the longest RR interval
at the 30th beat during a change from supine to standing position [37]

Decrease in SBP of 30 mmHg after a change from supine to standing posi-
tion [1]

Increase in the blood pressure of a subject that grips at 30% of their maxi-
mum strength for up to 5 min [37]

Average arterial pressure throughout one cardiac cycle comprising of
systole and diastole [38]

Highest blood pressure reading when the ventricles of the heart contract
[39]

Lowest blood pressure reading right before the next contraction of the
ventricles of the heart [39]

Proportion of time that the DBP was above the normal reference range [40]

Degree of variation in the diastolic blood pressure in relation to the mean
[41]

Difference in mean daytime and nighttime blood pressure is divided by
mean daytime blood pressure, then multiplied by 100 [40]

HRYV heart rate variability, bpm beats per minute, s seconds, ms milliseconds, ms® milliseconds squared, ECG electrocardiogram, NU normalised

units, % Percent, Hz Hertz, mmHg millimetres of mercury

in six studies [19, 23, 25-28] and they were derived from
the distribution of absolute or relative power in the electro-
cardiogram into various frequency bands [29]. The indices
used were the total power (TP), very low frequency power
(VLF), low frequency power (LF), high frequency power

(HF) and low-to-high frequency ratio (LF/HF) [19, 23,
25-28]. The time domain indices of HRV that indicate the
degree of variability in the RR intervals were measured
in six studies [20, 23, 25, 27, 28, 30]. These indices were
the standard deviation of RR intervals (SDRR), standard
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deviation of NN intervals (SDNN), standard deviation of
means of NN intervals (SDANNi), the root mean square
of successive difference between NN intervals (RMSSD),
the percentage of differences more than 50 ms between
adjacent NN intervals (pNN50) and the coefficient of vari-
ation of heart rate variability (CV) [20, 23, 25, 27, 28, 30].

Five studies also used cardiovascular autonomic reflex
tests (CARTS) to assess the changes in blood pressure and
heart rate variability in response to physiologic manoeuvres
[20, 23, 30, 42, 43]. The autonomic indices obtained from
CART:s include expiration-to-inspiration ratio (E/I), mean
circular resultant of vector analysis (MCR), Valsalva ratio,
orthostatic hypotension (OH), blood pressure response to
sustained handgrip and the ratio of the RR intervals at the
15th and 30th heartbeat after standing (30:15) [20, 23, 30,
42, 43]. Other parameters of blood pressure (BP), apart from
those measured during CARTSs, were used in seven studies
and can also be used to reflect the cardiovascular autonomic
function in diabetic patients with CAN [19-21, 25, 42—-44].
These parameters were the mean arterial pressure (MAP),
systolic blood pressure (SBP), diastolic blood pressure
(DBP), load of DBP, time index of DBP, standard deviation
of DBP, diurnal index (DI) [19-21, 25, 42-44].

A brief overview of the twelve studies and their key
findings is presented in Table 2. The enrolled patients have
diabetes and CAN, but generally do not have other seri-
ous medical conditions (Table 2). While OH is one of the
CARTs, the findings for OH in this systematic review have
been reported under BP as it measures a decrease in SBP in
response to postural change (Table 2).

The additional information on the diagnosis criteria for
CAN used for the enrolment of patients and the baseline
characteristics of the enrolled patients such as age, body
mass index, glycosylated haemoglobin (HbA1c), duration
of diabetes and electrocardiogram (ECG) is summarized in
Appendix Table 2. The baseline characteristics were similar
between the experimental and control groups. However, the
diagnosis criteria for CAN varied across the different stud-
ies. As CAN could be associated with QT prolongation, QT
interval was also measured in diabetic patients with CAN
in five studies, but there was no abnormal ECG, conduction
defects or complex arrhythmias in the diabetic patients with
CAN at baseline [19, 21, 22, 25, 30]. The other studies did
not report QT interval at baseline [20, 23, 26-28, 42—44].

Pharmacological treatments

Angiotensin-converting enzyme inhibitor,
Angiotensin-receptor blocker

Five studies examined the use of angiotensin-converting

enzyme inhibitors (ACEI) monotherapy or in combination
with angiotensin-receptor blocker (ARB) for the treatment

@ Springer

of diabetic patients with CAN [19-21, 25, 30]. In the 2006
study by Didangelos et al., diabetic patients with CAN were
given either 20 mg of quinapril daily, 100 mg of losartan or
a combination of quinapril and losartan daily at 20 mg and
100 mg respectively for 1 year [20]. There was a significant
improvement in HR and other autonomic indices that were
abnormal at baseline for all groups of patients, which were
E/I, MCR and SDRR (p <0.05 for all indices). However,
there were no significant changes in OH, SBP, DBP from
baseline in all groups of patients (p >0.05 for all indices)
(Table 2).

In the studies by Kontopoulos et al., Athyros et al. and
2017 study by Didangelos et al., diabetic patients with CAN
were given either 20 mg of quinapril daily or placebo daily
for six months, one year or two years respectively [19, 25,
30]. The patients given quinapril in the study by Kontopou-
los et al. experienced a significant improvement in the HRV
parameters HF, LF/HF, TP, SDNN, RMSSD compared to the
patients given placebo (p <0.01 for HF, LF/HF, p <0.05 for
TP, SDNN, RMSSD). The diabetic patients with moderate
CAN that were given quinapril experienced greater improve-
ment in the in the HRV parameters HF, LF, RMSSD, pNN50
compared to diabetic patients with severe CAN (p <0.05
between the two groups at baseline, p <0.01 between the
two groups after 6 months). Similarly, the patients given
quinapril in the study by Athyros et al. experienced a signifi-
cant improvement in HR (p <0.01) and the HRV parameters
HF (p<0.05), LF (p<0.001) and LF/HF (p <0.05) from
baseline while the patients given placebo experienced a sig-
nificant deterioration in the autonomic indices from baseline
(» <0.05 for HF, LF/HF and HR, p <0.01 for LF). However,
in the studies by Kontopoulos et al. and Athyros et al., there
was no significant changes in the BP from baseline in both
groups of patients (p >0.05). In the 2017 study by Didange-
los et al., there was also a significant improvement in HRV in
the patients given quinapril, as shown by an increase in the
E/I ratio, MCR and SDRR compared to the patients given
placebo (p=0.001 for the three indices). There was a sig-
nificant difference in OH between the two groups (p <0.001)
as the patients given quinapril did not experience notable
changes in OH from baseline (p >0.05) while the patients
given placebo experienced significant deterioration in OH
(p=0.018) (Table 2).

The 24-week crossover study by Hjortkaer et al. investi-
gated the effect of a bedtime dose versus morning dose of
enalapril on the blood pressure of patients with CAN and
dipping of blood pressure by < 10% [21]. Patients were given
placebo in the morning and 20 mg of enalapril at night or
vice versa for the initial twelve weeks. Subsequently, the
time of administration of each dose was switched for another
twelve weeks. The dipping in SBP was significantly greater
by 2.4% in the patients given the bedtime dose of enalapril
(95% confidence interval (CI) [0.03 to 4.9%], p =0.043).
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Additionally, the dipping in DBP and MAP was greater
by 1.7% (95% CI [- 0.7 to 4.1%], p=0.17) and 2.2% (95%
CI [-0.1 to 4.5%], p=0.07) respectively in patients given
the bedtime dose of enalapril, but these differences did not
achieve statistical significance. There was also no significant
difference in daytime HR and nocturnal HR between the
two groups of patients (p =0.15 and p=0.34 respectively)
(Table 2).

Beta-blocker (BB)

There was one study by Reid et al. that investigated the use
of several beta blockers for the treatment of CAN [22]. Dia-
betic patients with CAN were given a single dose of epanolol
200 mg, atenolol 50 mg, pindolol 5 mg and placebo in a
randomised order at weekly intervals. There was a signifi-
cant reduction of heart rate for patients given epanolol and
atenolol compared to patients given placebo (p <0.05 and
p <0.01 respectively). Conversely, the patients given pindo-
lol had significantly higher heart rate than the patients given
placebo (p <0.05) (Table 2).

Alpha Lipoic Acid (ALA) monotherapy or in combination
with Acetyl L-carnitine (ALC), Superoxide dismutase (SOD),
Vitamin B12

Three studies examined the use of ALA in monotherapy or
in combination with other antioxidants [23, 28, 42]. In the
study by Ziegler et al., diabetic patients with CAN were
given either 800 mg of ALA daily or placebo daily for four
months [28]. There was a significant improvement in the
HRYV parameters LF and RMSSD in the patients given ALA
compared to the patients given placebo (p <0.05 for the two
indices). The rate of the symptoms of CAN also decreased
by 6.9% in the patients given ALA while it increased by
3.6% in the patients given placebo, but this difference did
not achieve statistical significance (p >0.05). However, there
was no significant difference in SBP and DBP between the
2 groups (p >0.05 for both indices). In the study by Lee
et al., diabetic patients with CAN were given either 600 mg
of ALA daily for twelve weeks followed by 1200 mg of
ALA for another twelve weeks or placebo daily for 24 weeks
[23]. There was a significant improvement in the orthostatic
SBP (p=0.048), but no significant changes in the orthos-
tatic DBP and other HRV parameters in the patients given
ALA compared to the patients given placebo (p > 0.05 for
orthostatic DBP, SDNN, RMSSD, LF, HF, LF/HF, 30:15,
Valsalva ratio, E/I, handgrip blood pressure). In the 2020
study by Didangelos et al., diabetic patients with CAN were
given either 570 mg of ALA in combination with 10 mg of
SOD, 300 mg of ALC and 250mcg of Vitamin B12 daily
or given placebo for one year [42]. There was a significant

improvement in OH from baseline in the patients given drug
treatment (p =0.001) while there was no notable change in
OH from baseline in the patients given placebo (p =0.06).
There was no significant difference in the other autonomic
indices between the two groups (p >0.05 for MCR, Valsalva
ratio, SBP, DBP) (Table 2).

Vitamin B12 monotherapy

There was one study by Didangelos et al. that investigated
the effect of Vitamin B12 monotherapy on diabetic patients
with CAN [43]. The patients were given either 1000 pg of
Vitamin B12 daily or given placebo daily for one year. There
were no significant differences in the autonomic indices
between the two groups (p >0.05) (Table 2).

Vitamin E monotherapy

There was one study by Manzella et al. on the use of Vita-
min E for the treatment of CAN [26]. In the study, diabetic
patients with CAN were given either 600 mg of Vitamin E
daily or placebo daily for four months [26]. There was a near
significant improvement in all the autonomic indices meas-
ured in patients treated with Vitamin E compared to placebo
(p=0.05). Furthermore, there was also a significant negative
correlation between the LF/HF ratio and the plasma vitamin
E concentration (r=-0.43, p <0.04) (Table 2). However,
there was no significant difference in mean arterial blood
pressure between the two groups of patients at the end of
the study (p > 0.05).

Omega-3 polyunsaturated fatty acids

Two studies examined the use of omega-3 PUFA for the
treatment of CAN [27, 44]. In both studies, diabetic patients
with CAN were given either one 1 g capsule containing
approximately 90% of omega-3 PUFAs daily with hypogly-
cemic treatment or hypoglycemic treatment only for three
months. There was a significant improvement in HRV from
baseline in patients given omega-3 PUFAs (p <0.05 for
SDNN, SDANNi, pNN50, RMSSD, HF and LF/HF, p <0.01
for LF) while there were no significant changes in any auto-
nomic indices from baseline in the patients given only
hypoglycemic treatment (p > 0.05) [27]. There was also a
significant improvement in nocturnal DBP parameters in the
patients given omega-3 PUFAs and hypoglycemic treatment
(p <0.05 for load of DBP, p <0.001 for DBP, time index of
DBP and standard deviation of DBP) while there were no
significant changes from baseline in the patients given only
hypoglycemic treatment (p >0.05) [44]. However, there were
no significant changes in the nocturnal SBP in both groups
of patients (p >0.05) (Table 2) [44].
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Quality of selected trials

Twelve of the RCTs included in this systematic review raised
some concerns of bias while one RCT raised a low risk of
bias. The twelve RCTs raised some concerns of bias in at
least one domain as they generally did not report the meth-
ods used for the randomised allocation of patients into the
experimental and comparator groups and whether an inten-
tion-to-treat analysis was used.

Discussion

There is a paucity of RCTs on the treatment options for
CAN. The results of this systematic review suggest that
ACE inhibitors, ARBs, beta blockers, vitamin E, omega-3
PUFAs and ALA might be effective treatments for CAN,
while vitamin B12 might be less useful for the treatment of
CAN. However, further research is required for the clinical
efficacy of these treatment options to be fully established.

Pharmacological treatments

The evidence on antihypertensives suggests that they
could be used to improve the autonomic indices in diabetic
patients with CAN. ACEI and ARB block the renin—angio-
tensin—aldosterone system, thereby reducing the heart rate
and blood pressure which could benefit diabetic patients
with CAN [32]. The use of ACEI quinapril or ARB losartan
alone or in combination with one another has been reported
to improve the HRV and HR of diabetic patients with CAN
in the included RCTs [19, 20, 25, 30]. The use of ACEI
enalapril in the study by Hjortkaer et al. also reported sig-
nificant improvement in nighttime SBP dipping, but no
notable improvement in DBP dipping in diabetic patients
with CAN [21]. Enalapril has demonstrated its potential to
treat the non-dipping of blood pressure in diabetic patients
with CAN, which could reduce their risk of cardiovascular
morbidity and mortality. However, more studies should be
conducted to study the effect of enalapril on diabetic patients
with CAN due to the mixed results on SBP and DBP dip-
ping. The study by Kontopoulos et al. also reported that the
use of quinapril in diabetic patients with moderate CAN
resulted in greater improvement in autonomic indices com-
pared to diabetic patients with severe CAN, which suggests
that quinapril could have a varied effect on diabetic patients
depending on their severity of CAN. Overall, the potential
benefits of quinapril and enalapril suggest that there could
be a class effect of ACEI in improving autonomic indices in
diabetic patients with CAN. In addition, beta blockers inhibit
the beta-1 receptors in the heart, which could reduce heart
rate and alleviate tachycardia in diabetic patients with CAN
[45]. In the study by Reid et al., the beta blockers epanolol

@ Springer

and atenolol were reported to significantly reduce HR in
diabetic patients with CAN [22]. However, the reduction
of HR in diabetic patients with CAN could be due to the
effects of epanolol and atenolol individually, and not due
to a class effect of beta blockers as patients with CAN had
significantly higher HR after receiving pindolol compared
to patients who received placebo [22]. Diabetic patients with
CAN might also experience an early morning surge in blood
pressure due to the autonomic imbalance of the cardiovascu-
lar system [46]. Thus, a bedtime dosing of antihypertensives
could also prevent an early morning surge in the blood pres-
sure of diabetic patients with CAN when the peak in plasma
drug concentration occurs four to six hours after administra-
tion [47-49]. Given the potential benefits from the pharma-
cokinetics and pharmacological action of antihypertensives,
the administration of at least one dose of antihypertensive
medication to diabetic patients with CAN at night can be
considered. Furthermore, from the post-hoc analysis of the
Action to Control Cardiovascular Risk in Diabetes-Blood
Pressure trial, the prevalence of CAN at baseline in the dia-
betic patients receiving intensive blood pressure lowering
therapy and standard blood pressure lowering therapy was
similar at 19.9 and 19.0% respectively (p =0.30), but the dia-
betic patients that received antihypertensives to lower blood
pressure intensively to an average of 120.9/65.0 mmHg had
lower odds of CAN compared to the diabetic patients that
received antihypertensives to lower blood pressure to a less
stringent average blood pressure of 133.7/70.2 mmHg (odds
ratio 0.84, 95% CI 0.75-0.94, p=0.003) [50]. Hence, the
results suggest that lowering blood pressure intensively
using antihypertensives in the trial such as ACEI, diuretics,
beta blockers, calcium channel blockers could improve CAN
in diabetic patients [51].

The use of vitamin E supplementation could have favour-
able effects on diabetic patients with CAN. Vitamin E is
an antioxidant that scavenges for reactive oxygen species
[52, 53]. It could reduce oxidative stress, which might be
a contributing factor to CAN [4]. In the study by Manzella
et al., there was a near significant improvement in the auto-
nomic indices in diabetic patients with CAN given a dose
of 600 mg of vitamin E daily [26]. There was also a nega-
tive correlation between LF/HF and the plasma vitamin E
concentration, which could be further studied to determine
the optimal dose of Vitamin E required for a concentration
dependent reduction in LF/HF in diabetic patients with
CAN. While the study has demonstrated the potential of
vitamin E to be used for the treatment of CAN, the current
evidence on vitamin E is limited as there have not been other
studies on the use of vitamin E in diabetic patients with
CAN. Hence, more studies are needed to establish its use
for the treatment of CAN.

Omega-3 PUFAs might be an effective treatment
option for CAN as they have antioxidant properties and
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might also slightly lower blood pressure in diabetic
patients with CAN [54, 55]. Omega-3 PUFAs taken daily
in a 1 g capsule together with hypoglycemic treatment
significantly improved the autonomic indices in diabetic
patients with CAN [27]. However, while there was a sig-
nificant improvement in nocturnal DBP in the patients
given omega-3 PUFAs and hypoglycemic treatment, there
were no significant changes in the nocturnal SBP [44].
Hence, while the potential of omega-3 PUFAs in reducing
nocturnal blood pressure has been demonstrated, more
research on the effect of omega-3 PUFAs on diabetic
patients with CAN needs to be conducted.

ALA might be useful for the treatment of CAN in dia-
betic patients. In the studies by Ziegler et al., Lee et al.
and Didangelos et al., ALA used as monotherapy or in
combination with other antioxidants ALC, SOD and
vitamin B12 was shown to significantly improve some
of the autonomic indices in diabetic patients with CAN,
which were LF, RMSSD, OH [23, 28, 42]. As the diabetic
patients with CAN did not experience significant changes
in other autonomic indices, further research is required
to determine if the effect of ALA is clinically significant
in diabetic patients with CAN. Given the different doses
of ALA used in the studies, more studies could also be
conducted to determine if there is a dose dependent effect
of ALA on diabetic patients with CAN.

Vitamin B12 could have a small beneficial effect on
the autonomic indices in diabetic patients with CAN. In
the 2020 study by Didangelos et al., diabetic patients with
CAN that were given 250 mcg of vitamin B12, 570 mg
of ALA, 10 mg of SOD, 300 mg of ALC daily experi-
enced a significant improvement in orthostatic hypoten-
sion compared to the patients that were given placebo
daily [42]. Conversely, in the 2021 study by Didangelos
et al. that investigated the effect of 1000 pg of Vitamin
B12 monotherapy on diabetic patients with CAN, there
was no significant difference in the autonomic indices
between the two groups of patients [43]. Hence, vita-
min B12 might yield a small positive effect in diabetic
patients with CAN when used in combination with ALA,
SOD and ALC while vitamin B12 monotherapy might not
be recommended for the treatment of CAN. The benefit
of the combination therapy could be attributed to the use
of ALA as it might improve autonomic indices in dia-
betic patients with CAN. Thus, more studies could be
conducted to investigate the clinical significance of vita-
min B12. In addition, the two studies by Didangelos et al.
differed in the dose of vitamin B12 used. Further research
could be conducted to determine the optimal dose of vita-
min B12 to be used in the combination therapy.

CAN diagnosis criteria and monitoring parameters

Currently, there is no unanimous criteria for the diagnosis
of CAN, which might delay the diagnosis and initiation of
treatment for CAN in patients [1]. Furthermore, there are
numerous HRV parameters that could be measured as out-
comes such as the different time and frequency-domains
of HRV (Table 1). As a result, there is variability in the
outcomes measured in clinical trials, which makes it dif-
ficult for researchers to compare the results of the studies.
Therefore, there is a need for the standardisation of the
diagnosis criteria and monitoring parameters for CAN to
develop common interstudy methodologies and common
clinical practices for the optimal management of CAN
across different healthcare institutions.

Strengths and limitations

This is the first systematic review evaluating RCTs on all the
available drug treatment options for diabetic patients with
CAN. This systematic review also provides insights on the
potential treatment options such as omega-3 PUFAs that
have yet to be mentioned in the guidelines and recommen-
dations by the scientific societies. The review also evaluated
new clinical trials on the treatment options mentioned in the
guidelines and recommendations, providing an update on the
effects of these treatment options.

However, the findings of this systematic review should
be considered while noting its limitations. Generally, the
selected RCTs investigated the effect of the drug treatment
options on parameters associated with CAN such as heart
rate, blood pressure and heart rate variability, but they did
not investigate the effect of the drug treatment options on QT
interval in diabetic patients with CAN. The selected RCTs
also did not report the number of diabetic patients enrolled
with mild, moderate or severe CAN as the effect of drug
treatment could be affected by the severity of CAN. Hence,
it is not known whether the drug treatments would only ben-
efit certain groups of diabetic patients depending on their
severity of CAN.

Generally, the selected studies also had small sample
sizes and did not report the 95% confidence intervals. With
small sample sizes, even large treatment effects could appear
not statistically significant. Small sample sizes also reduce
the power of the study, resulting in a greater risk of Type II
error when there is only a slight effect of the treatment on
patients and the variability in the treatment effect is large. In
addition, the duration of treatment in seven studies ranged
from three to six months. The duration of treatment in the
studies might be sufficient to detect some improvements in
diabetic patients with CAN but might be too short to deter-
mine the optimal effects and long-term effects of these treat-
ment options on the patients. The selected RCTs also raised
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some concerns of bias as they did not report the methods
used for the randomised allocation of patients, whether an
intention-to-treat analysis was used and whether there was
a loss to follow up in the study.

Conclusion

This systematic review evaluated RCTs on the available drug
treatment options for diabetic patients diagnosed with CAN.
The studies on ACEI, ARBs, BB, ALA, omega-3 PUFAs,
vitamin E, vitamin B12 in combination with ALA, ALC and
SOD have reported improvements in the autonomic indi-
ces in diabetic patients with CAN. However, there were no
significant improvements in any of the autonomic indices
in diabetic patients with CAN after treatment with vitamin
B12 monotherapy. The results of this systematic review
suggest that ACEI, ARB, BB, ALA, omega-3 PUFAs, vita-
min E, vitamin B12 in combination with ALA, ALC and
SOD might be effective treatments for CAN, while vitamin
B12 monotherapy might not be used for the treatment of
CAN due to its lack of efficacy. The diagnosis criteria and
monitoring parameters for CAN should be standardised to
develop common clinical practices for the optimal manage-
ment of CAN. Further research should also be conducted on
larger sample sizes to confirm the findings on the potential
treatment options for CAN. Moreover, studies should inves-
tigate the effect of drug treatment on the QT interval in dia-
betic patients with CAN. As patients might suffer from mul-
tiple symptoms of CAN, future studies should also measure
more than one type of outcome to determine if each treat-
ment option could treat more than one symptom of CAN.
The effects of a combination of different treatment options
can also be explored in future studies to manage the different
symptoms in diabetic patients with CAN.
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