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Abstract
Background: Metformin has been shown to have both neuroprotective and neurodegenerative effects. The aim of
this study was to investigate the effect of metformin in combination with insulin on cardiovascular autonomic neu‑
ropathy (CAN) and distal peripheral neuropathy (DPN) in individuals with type 2 diabetes (T2DM).
Methods: The study is a sub-study of the CIMT trial, a randomized placebo-controlled trial with a 2 × 3 factorial
design, where 412 patients with T2DM were randomized to 18 months of metformin or placebo in addition to openlabelled insulin. Outcomes were measures of CAN: Changes in heart rate response to deep breathing (beat-to-beat),
orthostatic blood pressure (OBP) and heart rate and vibration detection threshold (VDT) as a marker DPN. Serum
levels of vitamin B12 and methyl malonic acid (MMA) were analysed.
Results: After 18 months early drop in OBP (30 s after standing) was increased in the metformin group compared to
placebo: systolic blood pressure drop increased by 3.4 mmHg (95% CI 0.6; 6.2, p = 0.02) and diastolic blood pressure
drop increased by 1.3 mmHg (95% CI 0.3; 2.6, p = 0.045) compared to placebo. Beat-to-beat variation decreased in
the metformin group by 1.1 beats per minute (95% CI − 2.4; 0.2, p = 0.10). Metformin treatment did not affect VDT
group difference − 0.33 V (95% CI − 1.99; 1.33, p = 0.39) or other outcomes. Changes in B12, MMA and HbA1c did not
confound the associations.
Conclusions: Eighteen months of metformin treatment in combination with insulin compared with insulin alone
increased early drop in OBP indicating an adverse effect of metformin on CAN independent of vitamin B12, MMA
HbA1c.
Trial registration The protocol was approved by the Regional Committee on Biomedical Research Ethics (H–D-2007112), the Danish Medicines Agency and registered with ClinicalTrials.gov (NCT00657943).
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Introduction
Patients with diabetes are at risk of neurological complications which can be manifested as cardiovascular
autonomic neuropathy (CAN) and distal peripheral neuropathy (DPN). Both complications are highly prevalent
with prevalence rates of CAN ranging from 20% in unselected diabetes populations [1, 2] to 65% in patients with
long-standing diabetes [3]. Prevalence rates of DPN have
been reported to vary from 10 to 41% [4, 5]. Both complications are associated with increased morbidity and mortality [6–11]. Reducing hyperglycaemia an integral part
of the prevention for both CAN and DPN [12]. Due to
efficacy and low price, metformin is recommended as the
first-line drug in the treatment of type 2 diabetes worldwide [13]. Metformin may however potentially increase
the risk of diabetic neurological complications, as metformin has been shown to impair absorption of vitamin
B12 [14] leading to reduced levels of serum B12, which
has been associated with both CAN [15] and DPN [16].
Conversely, metformin has also been shown to have neuroprotective effects and has been demonstrated to reduce
pain sensation in patients with lumbar radicular pain
[17] and in diabetic animal pain models [18], to protect
against chemotherapy induced peripheral neuropathy
[19], and to reduce apoptotic cell death in cortical neurons [20]. These beneficial effects have been suggested to
be mediated by a metformin-induced reduction in oxidative stress [20]. Thus, it is unclear whether metformin
may induce or prevent diabetic neuropathy.
To our knowledge no studies have assessed the consequences of treatment with metformin on neural function
in a blinded randomised placebo-controlled design. The
objective of this sub-study of the Copenhagen Insulin
and Metformin Therapy (CIMT) trial [21–23] is to assess
the effect of 18 months intervention with metformin versus placebo, each in combination with one of three different insulin analogue regimens on measures of CAN and
DPN and to assess if vitamin B12 could mediate potential
findings.
Materials and methods
Trial design

The present study is a sub-study of the CIMT trial. The
CIMT trial [21–23] was an investigator initiated, multicentre, placebo-controlled superiority trial conducted
from 2008 to 2012 at eight hospitals in the Capital Region
of Denmark. The study was double-blinded for metformin/placebo treatment. The primary aim of the trial

was to assess the effect of 18 months treatment with metformin 1 g twice daily versus placebo in combination with
insulin on changes in carotid intima-media thickness in
patients with type 2 diabetes [22]. Insulin treatment consisted of open label therapy with either 1: Biphasic insulin aspart before main meals one to three times daily or
2: Insulin aspart before main meals three times daily in
combination with bedtime insulin detemir once daily or
3: Bedtime insulin detemir once daily. In total six different treatment groups.
All prior glucose lowering medications were discontinued at baseline. In total, 412 patients with type 2 diabetes (HbA1c > 7.5% (≥ 58 mmol/mol) were enrolled in this
2x3 factorial designed study. Participants were randomly
allocated into three groups: Patients with major cardiovascular events within the past 3 months, carotid artery
stenosis > 70%, heart failure, recent cancer, renal or liver
disease, alcohol or drug abuse, unstable retinopathy or
pregnancy and patients breast feasting were not included.
Insulin treatment was administered in a treat-to-target manner with a target of HbA1c ≤ 7.0% (≤ 53 mmol/
mol). In the original trial a total of 190 patients in the
metformin group and 183 patients in the placebo group
completed the trial and had usable outcome measures at
baseline and follow-up. Among these, 15 patients in the
metformin group and 28 patients in the placebo group
discontinued treatment but were examined at end of the
trial.
Participants were treated with antihypertensive agents
and statins according to international guidelines at the
time [24] and received aspirin 75 mg/d at the discretion
of the investigators.
Study design and results of analyses on the primary
outcome has been described previously [21–23]. The
protocol was approved by the Regional Committee on
Biomedical Research Ethics (H–D-2007-112), the Danish
Medicines Agency and registered with ClinicalTrials.gov
(NCT00657943).
Measures of CAN and DPN were performed at baseline
and after 18 months follow-up.
Objective measures of CAN

CAN was assessed by a standard orthostatic hypotension
test and heart rate change when standing. After 10 min
of supine rest the participant was asked to stand. Brachial blood pressure and heart rate was measured on the
left arm at rest (two consecutive measures) and 30, 90
and 180 s after standing. Automated oscillometric blood
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pressure and heart rate recorders were used (AND UA787plus, A&D medical, California, USA). Orthostatic
hypotension was diagnosed if one or more of the following blood pressure changes were registered: systolic
blood pressure drop ≥ 20 mmHg from baseline, diastolic
blood pressure drop ≥ 10 mmHg from baseline or systolic blood pressure ≤ 90 mmHg according to the European Society of Cardiology [25]. CAN was additionally
assessed by beat-to-beat analyses according to methods
described by Ewing et al. [26]. Expiration/inspiration
heart rate variability was assessed by 3-lead ECG traces
measured during paced deep breathing at six breaths
per minute in a supine position using a CardioFax 1150
(Nihon Kohden, Tokyo, Japan). Maximum and minimum
heart rates during each breathing cycle were measured,
and the means of the differences were calculated. Testing
was done after 5 min of supine rest and resting heart rate
was obtained prior to respiration testing.
Objective measures of DPN

DPN was assessed by vibration detection threshold
(VDT) measured by biothesiometry using a Bio-Thesiometer (Bio-medical instruments, Ohio, USA) by applying the biothesiometer on the distal tip of the first toe
on each foot in turn and then increasing the amplitude
until the patient indicates the sensation of vibration. To
avoid the influence of asymmetrical and therefore possible non-diabetic neuropathies, only measures from the
foot with the lowest vibration sensation threshold was
used. Age-adjusted cut-off values of VDT [27] were used
to diagnose DPN.
Questionnaire based measures of autonomic neuropathy
(AN) and DPN

Symptomatic AN and DPN was assessed by patient
interviews. Symptomatic AN was considered present if
the patient had experienced either faintness during shift
in body position, faintness when upright for long durations, high resting heart rate, sweating when eating, early
fullness, bloating or nausea when eating, urine retention, repetitive urinary infections or erectile dysfunction.
Symptomatic DPN was considered present if the patient
had experienced numbness of feet or legs, a burning or
prickling sensation in feet or legs, increased sensibility
to touch, inability to discriminate between hot and cold
water when showering, muscle cramps in feet or legs or
worsening of symptoms at night.
Biochemical measures

Vitamin B12 (cobalamin) was measured by competitive immune analyses. Methyl malonic acid (MMA)
was measured by gas chromatography–mass spectrometry. HbA1c was measured by high performance liquid
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chromatography. HDL total and cholesterol were measured by standard enzymatic colorimetric techniques.
Plasma creatinine was measures by two-point rate enzymatic technique and urinary albumin by quantitative
immunological turbidimetry.
All analyses were done on a Vitros 5600 (Orhto Clinical
Diagnostics, France) or a Roche Hitachi 912 (Rotkreuz,
Switzerland) expect for HbA1c which was analyzed on a
Tosoh G7 (Tosoh Cooperation, Japan) and vitamin B12,
which was analyzed on a Cobas e 601 (Rotkreuz, Switzerland). Serum LDL cholesterol was calculated using the
Friedewald equation.
Vitamin B12 measures above 700 pmol/l were considered to be either due to faulty analyses, pathological
states or excessive vitamin intake. Measures above this
threshold were taken out of analyses.
Anthropometric measures

Height and weight were measured with light indoor
clothing, without shoes, using a fixed rigid stadiometer (Seca, Chino, USA) and an electronic scale (Mettler
Toledo, Glostrup, Denmark), respectively.
Statistical analyses

Patient characteristics are presented as means with
standard deviations, or in cases of skewed distributions
as median and interquartile ranges or as absolute numbers and percentages.
Analyses included only participants with complete
data on the prespecified secondary outcomes addressed
in the present study: blood pressure at rest and at 30 s,
90 s and 180 s after standing, the orthostatic hypotension
diagnosis, heart rate variability during deep breathing
(beat-to-beat), resting blood pressure, resting heart rate
and VDT. The effect of treatment allocation (metformin
and insulin or placebo and insulin) on outcomes at follow
up was assessed by linear and logistic regression analyses adjusted for baseline values of the outcome in question (Model 1). Model 2 was additionally adjusted for
treatment with metformin prior to the trial and change
in vitamin B12 and MMA during the trial. A final level
of adjustment (Model 3) also included change in H
 bA1c
during trial.
We tested the models for an interaction between metformin/placebo treatment and the three insulin regimens. Also, a modifying effect of metformin treatment
prior to randomisation was tested. Model assumptions
were assessed by residual plots. Between treatment
group differences in outcome values at follow-up are
shown as absolute values with 95% CI. The analyses were
performed in an intention to treat approach including
patients discontinuing treatment but examined at end of
the trial.
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Statistical analyses were performed in R version 3.5.2
(The R Foundation for Statistical Computing, http://
www.R-project.org) and SAS version 9.4 (SAS Institute,
Cary, NC, USA).

Results
Anonymised aggregated data and a detailed account of all
statistical analyses can be found at http://bendixcarstense
n.com/SDC/CIMT/DOM/CIMT.pdf. For all analyses
all model assumptions for the distribution of the model
residuals were met.
Study population

As described in detail previously [22] 206 participants
were allocated to metformin treatment in combination
with one of three insulin regimens. Similarly, 206 participants were allocated to placebo in combination with one
of three insulin regimens. Not all patients had useable
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neuropathy measures at follow-up, which left 189 participants in the metformin group and 183 participants
in the placebo group with neuropathy measures at both
baseline and follow-up for analyses. Participants were
predominantly male (68%), with a mean age of 61 years
and a diabetes duration of 12,8 years. Symptoms of autonomic neuropathy and distal peripheral neuropathy were
present in 16% and 38% of all participants, respectively.
At baseline forty patients had orthostatic hypertension in
the metformin group and thirty patients had orthostatic
hypertension in the placebo group. Patient characteristics are shown in Table 1.
Blood pressure and CAN measures

Blood pressure and CAN measures in the metformin and
placebo group are shown in Table 2. At inclusion, a total
of 22% of the participants in the metformin group had
orthostatic hypotension according to European Society

Table 1 Baseline characteristics of participants by allocation group
Metformin + insulin (n = 183)

Placebo + insulin
(n = 189)

Age (years)

61.0 (8.7)

60.3 (9.1)

Male, N (%)

140 (68)

141 (68)

Body mass indexa

32.3 (4.2)

32.1 (4.2)

Smokers, N (%)

36 (18)

27 (13)

Median (IQR) alcohol consumption (units/week)

2 (0;6)

1 (0;5)

Duration of type 2 diabetes (years)

13.5 (6.2)

12.2 (6.5)

HbA1c (%)

8.6 (1.1)

8.5 (1.0)

HbA1c (mmol/mol)

70 (12)

69 (11)

LDL cholesterol (mmol/l)

2.2 (0.8)

2.2 (0.8)

eGFRb (mL/min)

130 (44)

126 (45)

Vitamin B12 (pmol/l)

283 (200; 369)

275 (222; 359)

Methyl malonic acid (µmol/l)

0.20 (0.15; 0.25)

0.21 (0.16; 0.27)

Symptomatic autonomous neuropathy N (%)

33 (16)

36 (18)

Symptomatic peripheral neuropathy N (%)

76 (37)

78 (38)

Prior cardiovascular disease N (%)c

45 (22)

55 (27)

Microalbuminuria N (%)

48 (24)

40 (20)

Macroalbuminuria N (%)

12 (6)

8 (4)

Simplex retinopathy N (%)

59 (30)

63 (31)

Proliferative retinopathy N (%)

15 (8)

10 (5)

159 (77)

149 (72)

Diabetic complications

Medication at baseline
RAS blockade N (%)
Beta blocker N (%)

41 (10)

42 (10)

Acetylsalicylic acid

103 (54.5)

109 (59.6)

Diuretics N (%)

74 (18)

Statin N (%)

170 (83)

71 (17)
181 (88)

Values are means (SDs) unless stated otherwise. IQR interquartile range. aBody mass index is calculated as weight (kg) divided by height (m)2. bCalculated by the
Cockcroft Gault equation: eGFR = ( (140-age) × weight (kg) × constant)/serum creatinine (micromol/l), constant female: 1.04, male: 1.23. CVD, cardiovascular disease;
eCCr, estimated creatinine clearance; cPrior CVD was defined as one or more of the following: myocardial infarction, heart surgery, ischaemic heart disease, heart
insufficiency, vascular surgery, stroke, transitory cerebral ischaemia, amputation HbA1c haemoglobin A1c, HDL high-density lipoprotein, LDL low-density lipoprotein,
RAS Renin angiotensin system

128.8 (15.8)

134.6 (15.3)

Systolic blood pressure 90 s
after standing (mmHg)

135.4 (16.6)
83.3 (9.1)

69.3 (10.3)
79.2 (11.1)
79.2 (12.4)
78.4 (11.75)

Systolic blood pressure 180 s 135.8 (18.4)
after standing (mmHg)

83.0 (10.9)

41 (21.8)

9 (6; 16)

70.1 (10.4)

25 (13.7)

Beat-to-beat

Resting heart rate (beats pr.
minute)

Heart rate 90 s after standing 78.2 (11.9)
(beats pr. minute)

20 (15; 29)

Orthostatic hypotension
diagnosis N (%)

Heart rate 30 s after standing 80.2 (12.3)
(beats pr. minute)

79.2 (12.6)

Diastolic blood pressure
180 s after standing
(mmHg)

Heart rate 180 s after stand‑
ing (beats pr. minute)

Vibration detection thresh‑
old (volts)

DPN Vibration detection
threshold (age-adjusted)
N (%)

34 (18.0)

22.5 (16; 30)

78.6 (13.0)

78.8 (12.6)

80.3 (12.8)

70.6 (11.0)

8 (6; 14)

49 (25.8)

81.3 (10.4)

135.8 (17.5)

81.3 (10.4)

136.8 (17.8)

78.1 (10)

128.7 (18.6)

78.7 (9.3)

136.7 (16.2)

26 (14.3)

20 (16; 30)

77.8 (11.2)

77.6 (11.5)

79.0 (11.7)

69.0 (10.5)

9 (6; 15)

38 (20.8)

82.1 (9.5)

135.2 (16.9)

82.1 (9.5)

135.2 (17.3)

79.8 (9.7)

130 (18.2)

78.7 (7.9)

134.5 (13.9)

Placebo + insulin

1.42 (0.64; 13.17)
P = 0.39.

− 0.33 (− 1.99;
1.32); P = 0.70

0.40 (− 0.66; 1.46);
P = 0.46

0.19 (− 0.92; 1.30);
P = 0.74

0.09 (− 1.18; 1.36);
P = 0.89

1.03 (− 0.51; 2.57);
P = 0.19

− 1.14 (− 2.37;
0.09); P = 0.07

1.24 (0.66; 2.31)
P = 0.51

0.48 (− 0.64; 1.59);
P = 0.40

1.10 (− 0.89; 3.10);
P = 0.28

0.44 (− 0.73; 1.60);
P = 0.46

− 0.01 (− 2.28;
2.26); P = 0.99

1.17 (− 0.05; 2.39);
P = 0.06

3.09 (0.47; 5.71);
P = 0.02

− 0.37 (− 1.86;
1.11); P = 0.62

1.06 (− 1.48; 3.59);
P = 0.42

Metformin vs
placebo
Model 1

1.33 (0.57; 3.08);
P = 0.51

− 0.40 (− 2.11;
1.32); P = 0.65

0.19 (− 0.90 1.28);
P = 0.73

0.04 (− 1.12; 1.20);
P = 0.94

0.18 (− 1.15; 1.51);
P = 0.79

1.19 (− 0.40; 2.79);
P = 0.14

− 1.19 (− 2.47;
0.09); P = 0.07

1.33 (0.70; 2.54);
P = 0.38

0.45 (− 0.72; 1.62);
P = 0.45

0.99 (− 1.07; 3.05);
P = 0.34

0.64 (− 0.58; 1.86);
P = 0.30

0.44 (− 1.92; 2.80);
P = 0.71

1.38 (− 0.12; 2.64);
P = 0.03

3.33 (0.58; 6.08);
P = 0.02

− 0.01 (− 1.52;
1.54); P = 0.99

1.06 (− 1.59; 3.72);
P = 0.43

Metformin vs
placebo
Model 2

1.33 (0.57; 3.08);
P = 0.51

− 0.49 (− 2.12; 1.25);
P = 0.58

0.02 (− 1.07 1.11);
P = 0.97

0.04 (− 1.21; 1.39);
P = 0.95

0.8 (− 1.26; 1.41);
P = 0.91

1.17 (− 0.44; 2.78);
P = 0.16

− 1.09 (− 2.38; 0.20);
P = 0.10

1.33 (0.70; 2.54);
P = 0.38

0.36 (− 0.82; 1.54);
P = 0.55

0.97 (− 1.11; 3.05);
P = 0.36

0.62 (− 0.62; 1.86);
P = 0.33

0.61 (− 1.77; 2.99);
P = 0.62

1.30 (0.30; 2.57);
P = 0.045

3.35 (0.57; 6.12);
P = 0.02

0.04 (− 1.50; 1.58);
P = 0.96

0.87 (− 1.80; 3.56);
P = 0.52

Metformin vs
placebo
Model 3
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Data are means (SD), medians (IQR) or numbers (%). Results of test for treatment effect are for continuous; outcomes linear regression estimates in absolute values (95% CL) and P values for group difference and for
binary outcome; metformin associated odds ratios (95% CL) and P values for group difference. Models 1 adjusted for baseline values the outcome variable. Model 2 additionally adjusted for metformin treatment prior to
trial and change in serum vitamin B12 and methyl malonic acid during trial. Model 3 additionally adjusted for change in H
 bA1c during trial

23 (12.2)

22 (16; 32)

9 (6; 15)

30.0 (16.4)

83.3 (9.1)

Diastolic blood pressure 90 s 83 (10.9)
after standing (mmHg)

135.4 (17.9)

80.8 (9.1)

Diastolic blood pressure 30 s 80.5 (10.7)
after standing (mmHg)

130.4 (18.5)

Systolic blood pressure 30 s
after standing (mmHg)

134.5 (14.2)
79.9 (8.7)

136.5 (16.2)

Resting diastolic blood pres‑ 80.8 (10.0)
sure (mmHg)

Resting systolic blood pres‑
sure (mmHg)

Metformin + insulin

Metformin + insulin

Placebo + insulin

Outcomes at end of trial

Outcomes at randomization

Table 2 Outcome variables and effect of treatment
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of Cardiology guidelines compared to 16% in the placebo
group (Table 2).
After 18 months, a larger drop in blood pressure 30 s
after standing was observed in the metformin group as
compared to placebo. I models adjusted for changes
in vitamin B12, MMA nd H
 bA1c Systolic blood pressure drop increased by 3.4 mmHg (95% CI 0.6; 6.2,
p = 0.02) and diastolic blood pressure-drop increased by
1.3 mmHg (95% CI 0.30; 2.6, p = 0.045) after 30 s standing. Estimates of blood pressure outcomes are shown in
Table 2 and illustrated in Fig. 1. The odds ratio of progression to the diagnosis of orthostatic hypotension in
the metformin group compared to placebo was 1.24
(0.66; 2.31) p = 0.51. Resting heart rate and change in
heart rate as a response to standing was not associated
with metformin treatment and no between group differences were detected.
Beat-to-beat variation decreased in the metformin
group by 1.2 beats per minute (95% CI − 2.4; 0.2,
p = 0.10).
No other significant effects of metformin treatment
were on outcomes of CAN found. Estimates are shown
in Table 2.

metformin effect was seen for continuous measures
of VDT (Table 2) and the metformin associated odds
ratio of progressing to a DPN during the trial was 1.42
(0.64;13.17) P = 0.39 (Table 2).

Distal peripheral neuropathy measures

When adjusting for metformin treatment prior to the
trial and change in vitamin B12 and MMA during the
trial, diastolic blood pressure-drop 30 s after standing was 1.4 mmHg (95% Cl 0.1; 2.6, p = 0.03) higher in
the metformin group compared to placebo. No other

Measures of VDT were similar in both groups at baseline (Table 2). VDT increased in both groups during
the trial and approximately 2.5% more patients had
measures > 50 V at end of study (data not shown). No

Effect of vitamin B12 and methyl malonic acid

Seven patients (two in the metformin group and five
in the placebo group) were excluded from analyses of
vitamin B12 due to serum levels of vitamin B12 above
700 pmol/l.
During the trial vitamin B12 decreased in the metformin group by 19.9 pmol (95% Cl − 32.12; − 7.72,
p < 0.01) and increased by 39.6 pmol/l (95% Cl
27.37;51.84, p < 0.01) in the placebo group (p < 0.01 for
group difference).
Methyl malonic acid did not change in a clinically
relevant magnitude during the trial. In the metformin
group and the placebo group change during the trial
was 0.00 µmol/l (95% Cl − 0.02; 0.01, p = 0.76) and
0.00 µmol/l (95% Cl − 0.02; 0.00, p = 0.01) in the respective groups. No group difference was seen (p = 0.17).
Pre‑trial metformin treatment and effect of insulin group
allocation

Fig. 1 The effect of metformin on resting blood pressure and drop in blood pressure from resting in a supine position to standing. Estimates are
adjusted for baseline values of outcomes, changes during trial in vitamin B12, methylmalonic acid ang H
 bA1c and in addition pre-trial treatment of
metformin. Effects are shown as mmHg and 95% CI. *p = 0.02. **p = 0.045 Only estimates for Model 3 are illustrated
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estimates were significantly affected by adjustments
(Table 2).
There were no interactions between insulin allocation
group and effects of neither placebo nor metformin.

Discussion
Our results showed that treatment of type 2 diabetes mellitus patients with 1-g metformin twice daily in combination with insulin significantly increases the initial systolic
and diastolic blood pressure drop 30 s after standing
when compared with placebo in combination with insulin treatment. The prevalence of orthostatic hypotension
was approximately similar compared to studies in type 2
diabetes patients [28]. However, here was no difference in
the progression toward the diagnosis of orthostatic hypotension nor was metformin treatment associated with
peripheral neuropathy measures.
A numerical non-significant reduction in autonomic
function was observed in the metformin group at endoff the trial where beat-to-beat variation were reduced
compared with placebo. This trend was not explained by
changes in vitamin B12 or MMA during the trial, indicating that metformin may affect autonomic and early
orthostatic blood pressure response via other mechanisms. It is possible that detrimental effects on autonomic
function may induce subclinical inflammation, which be
part of the effect seen in the trial [29]. This effect of metformin on autonomic measures has not been described
in diabetes patients previously. However, animal studies
indicate that metformin may reduce resting blood pressure by a reduction of sympathetic autonomic tone [30,
31]. Animal studies consistently show a reduction of
heart rate with metformin [30, 32, 33] also suggesting
an effect on the autonomic nervous system. As stated,
the effects of metformin on beat-to-beat measures were
not statistically significant. Thus, other mechanisms may
explain the hypotensive effect of metformin. It has been
suggested that metformin cause a nitric-oxide dependent
vasodilatation as seen in rats [34] and demonstrated in
clinical research [35]. However, the present study could
not reveal a metformin effect on resting blood pressure
or heart rate. In addition, results from large randomised
the trials in diabetes patients have shown neutral effects
of metformin on blood pressure [36] suggesting that metformin does not affect resting blood pressure.
Another explanation of the findings of this study
could be caused by a beneficial effect of the treatment
in the control group rather than a detrimental effect
of metformin. To reach the prespecified treatment
goal of HbA1c the placebo group in the CIMT trial was
treated with significantly higher doses of insulin compared to the metformin group (1.36 IU/kg (95% CI 1.23
to 1.51) vs 1.04 IU/kg (95% CI 0.94 to 1.15), p < 0.001)),
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corresponding to approximately 36 units more insulin
in the placebo group [22]. Insulin has been shown to
have opposing vasodilator and vasoconstrictor actions
although the net result of these attributes are a negligible effect on blood pressure [37]. Data from human
studies show that insulin has neutral or detrimental
effects on autonomic measures in humans [38, 39].
Hence it is unlikely that larger dose of insulin in the
placebo group could cause a beneficial effect on blood
pressure measures or autonomic function.
Furthermore, the placebo group gained significantly
more weight during the trial compared to the metformin group (4.2 kg (95% CI 3.6 to 4.7) vs 1.6 kg (95%
CI 1.1 to 2.1) p < 0.001) [22]. To our knowledge no studies have shown a positive effect of high weight or weight
gain on orthostatic recovery or autonomic function.
Conversely obesity is a risk factor for CAN [40] indicating that increased weight is unlikely to be protective
of orthostatic hypotension or damaging to blood pressure recovery control. Further, the metformin group
obtained a better degree of glycaemic control with a
HbA1c of 7.97% compared with 8.27% in the placebo
group. However, changes in HbA1c were not associated to outcomes especially autonomic outcomes as as
seen in observational studies [41].The use of antihypertensive did not differ between the two groups before at
trial start.
Pre-trial antidiabetic treatment may have played a confounding role in the analyses of outcomes. As described
in the main outcome publications [22], 81–86% of participants were treated with metformin prior to enrolment. The effects of metformin described in the present
study may be an effect of discontinuation of metformin
at the start of the trial due to randomized allocation in
the study groups. If this is the case, we would expect
improvements in outcome measures in the placebo
group and unchanged outcomes in the metformin
group. Regarding systolic blood pressure 30 s after rising a numeric increase is seen in the placebo group and
a numeric decrease in the metformin group, indicating
a beneficial effect of metformin discontinuation. In any
case, metformin seems to have an effect on outcome
measures. Adjusting for pre-trial metformin treatment
did not affect outcomes (results available in the on-line
data report).
Given the effect of metformin is only seen in the early
phase of blood pressure recovery, it is possible that the
effect may primarily affect mechanisms related to initial
orthostatic hypotension (IOH). IOH is defined as a transient and significant blood pressure drop within 30 s after
standing [25]. The pathological mechanism causing IOH
are not fully elucidated but may be the result of several
adverse acute reactions to standing [42]; local elevated
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blood flow in legs due to muscle contraction induced
arterial-venous blood pressure gradient mismatch,
peripheral vasodilatation and systemic sympathetic
withdrawal mediated by a mechanoreceptor response.
If indeed metformin is associated with IOH, the most
plausible link would be through the latter mechanism,
as muscle pump disorders or isolated local vasomotor
dysfunction associated with metformin is unlikely, thus
suggesting a primary effect on the autonomic nervous
system.
Metformin can cause a measurable reduction in vitamin B12 within months [43]. It is possible that minor
reductions in serum vitamin B12 can be associated with
CAN as it has been demonstrated earlier that diabetes patients in the lower range of a near-normal serum
vitamin B12 have affected measures of CAN [15]. In the
present study changes in serum levels of vitamin B12
and MMA did not confound associations between metformin treatment and outcome measures, indicating that
the effect of metformin may be due to other mechanisms
than changes in vitamin B12.
Whether changes in orthostatic blood pressure recovery caused by Metformin are reversible remains unclear.
An possible autonomic component of these changes may
be reversible as autonomic dysfunction may be reversible
in some cases [44, 45].
In relation to DPN our results are uniform. No effects
of metformin were seen.
Strengths and limitations
Strengths

This study in the first double-blinded (for metformin/
placebo treatment) placebo-controlled randomised trial
with 18 months follow-up on the effect of metformin
treatment on measures of CAN in a large population of
type 2 diabetes patients.
Limitations

Measures of autonomic function used in the present
study are crude. No direct measures of sympathetic
function e.g. plasma epinephrine and norepinephrine,
microneurography or sudomotor function were applied.
The beat-to-beat variation mainly reflects parasympathetic function [46], while orthostatic hypotension is
mainly caused by a dysfunctional sympathetic nervous
system [47], the aforementioned beat-to-beat measure
may not be a valid measure to link autonomic dysfunction to reduced orthostatic recovery. To distinguish
between initial orthostatic hypotension and “classical” orthostatic hypotension continuous blood pressure
measurements during the orthostatic hypotension test
procedure are needed [25]. In the present study it is
therefore not possible to distinguish between these two
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forms of orthostatic hypotension. In addition, no standardised questionnaires were used to assess symptoms of
neuropathy reducing the validity of theses outcomes.

Conclusion
Our results indicate that metformin treatment in combination with insulin may influence early orthostatic
blood pressure response as metformin treatment attenuated orthostatic blood pressure 30 s after standing. These
adverse changes could be mediated by changes in autonomic function.
Changes in serum levels of vitamin B12, methyl
malonic acid and HbA1c did not confound our findings.
As only few autonomic measured were found to be associated with metformin treatment and in a non-statically
significant manner it is premature to conclude that metformin indeed has a detrimental effect on nerve function.
Future studies with a primary focus on the effect of metformin on diabetic cardiovascular autonomic neuropathy
are needed to confirm our findings and to elucidate the
underlying pathological mechanisms before conclusions
on this possible metformin-induced adverse effect can be
drawn.
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