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Abstract

Aims Severe hypoglycemia is one of the strongest pre-
dictors of adverse clinical outcomes in patients with type 2
diabetes. Our study addressed the question whether there is
a relationship between hypoglycemic events (HE) and
severe cardiac arrhythmias in type 2 diabetic patients with

established clinical risk factors under real-world
conditions.
Methods We included 94 patients with type 2 diabetes

and documented cardiovascular disease, in which intersti-
tial glucose values and Holter ECG were recorded for
5 days in parallel. Patients received a stable treatment with
insulin and/or sulfonylurea and were instructed to record
symptoms of hypoglycemia or arrhythmias.

Results Continuous glucose monitoring revealed 54 HE
(interstitial glucose <3.1 mmol/l) in a total of 26 patients.
Patients perceived only 39 % of HE during the day and
11 % of HE during the night. Patients with HE had a sig-
nificantly higher number of severe ventricular arrhythmias
[ventricular tachycardia (VT) 32.8 £ 60 vs. 0.9 + 4.2,
p = 0.019], and multivariate regression analysis revealed
the duration of severe HE and TSH level as independent
predictors of the occurrence of a VT.
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Conclusions In conclusion, our study suggests that hy-
poglycemia might be able to trigger at least under certain
circumstances, such as low TSH, ventricular arrhythmias
under real-world conditions. The large number of unrec-
ognized HE and VT in vulnerable patients treated with
insulin or sulfonylurea should encourage the practitioner to
focus on stable glucose control and to search for silent HE.
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Introduction

Severe hypoglycemia is one of the strongest predictors of
macrovascular events, adverse clinical outcomes and mor-
tality in patients with type 2 diabetes. However, it still re-
mains to be clarified whether there is a direct
pathophysiological link or whether hypoglycemia is only a
marker of vulnerability to these events [1-5]. Secondary
analyses of large clinical trials investigating risk and benefit
of intensified glucose control on cardiovascular outcomes
have shown that better glucose control was associated with
better outcome despite the increased risk of hypoglycemia
in the intervention arm [3, 6]. Nevertheless, there is a
controversial debate whether or not the small beneficial
effect on microvascular complications of reaching the target
HbAlc might indeed outweigh the harmful effects of drug-
induced hypoglycemia under real-world conditions [7].
Recent trials suggested an association between hypo-
glycemia and cardiac arrhythmias, but major limitations of
these studies are either the small number of participants if
gold standard methods for assessment of hypoglycemic
events (HE) were used, or insufficient recording of HE if
only symptomatic events were registered [1, 8—10].
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In a pilot study, our group demonstrated an increased
rate of both silent HE and asymptomatic ventricular
tachycardia (VT) in a cohort of patients with type 2 dia-
betes and preexisting major macrovascular events treated
with insulin and/or sulfonylurea compared to a treatment
with metformin or DDP IV inhibitors [11]. The present
study aimed at extending the observations in a larger cohort
of patients with a broad spectrum of established clinical
risk factors. Specifically, we addressed the question whe-
ther there is a temporal association between HE and ven-
tricular arrhythmias during the day and/or night, whether
there is a specific pattern of the ratio of asymptomatic vs.
symptomatic events, and whether there are determinants of
risk for both HE events and arrhythmias under real-world
conditions. Finally, we also analyzed the putative rela-
tionship between HE and VT.

Materials and methods

This cross-sectional study included frail patients with type
2 diabetes with a proven cardiovascular event, e.g., coro-
nary heart disease with previous myocardial infarction,
coronary artery bypass grafting or PCI, cerebrovascular
disease with previous stroke, surgical/endovascular proce-
dures or advanced arteriosclerosis at the internal carotid
artery or peripheral artery disease with limb amputation
due to an ischemic event or surgical or endovascular pro-
cedures at the lower limb arteries. In addition, patients
should be on a stable treatment with blood glucose low-
ering medication that is known to potentially cause
hypoglycemia.

Exclusion criteria were type 1 diabetes, known atrial
fibrillation or atrioventricular block > grade 1, previous
implantation of a pacemaker or a defibrillator, known hy-
pokalemia or thyroid disorders and treatment with antiar-
rhythmic drugs other than beta-blocker or calcium channel
blocker.

We recorded interstitial glucose (iG) values every 5 min
for 5 days using the continuous glucose monitoring (CGM)
system (Medtronic ipro2®). In parallel, Holter ECG was
registered and analyzed with the ECGpro® system
(Amedtec). A HE was considered as iG value below
3.1 mmol/l during CGM—a threshold which indicates the
onset of neurological symptoms. Patients were instructed to
perform at least four measurements per day with a self-
monitoring glucose system (FreeStyle®, Abbott) for
calibration of CGM and to record all symptoms of hypo-
glycemia and arrhythmias with date and time using a diary.

Prior to the recording of iG and ECG, a blood sample
was drawn for determination of HbA Ic, thyroid stimulating
hormone (TSH), creatinine, cholesterol levels, sodium and
potassium concentrations.
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Eligible patients were recruited between 2012 and 2014
in our outpatient department for metabolic diseases.
Ninety-four patients were included into the analysis, 77
patients (82 %) were treated with insulin or a combination
of insulin with any oral glucose lowering drug, 5 patients
(5.3 %) were treated with sulfonylurea alone or in com-
bination with other oral glucose lowering drugs and 12
patients (12.7 %) were treated with DPP 4 inhibitor in
combination with metformin (n = 7) or metformin alone
(n = 5). The remaining baseline characteristics and the
proportions of cardiovascular diseases are displayed in
Table 1. The study and all procedures were approved by
the local ethical committee of the Saxony Association of
Physicians. All patients gave written informed consent
before inclusion into the study.

Statistical analysis

We calculated the following parameter from CGM
recordings: average iG over 5 days and standard deviation
of iG values; mean amplitude of glucose excursions
(MAGE), the area under the glucose curve at the second
day of CGM—at this day, patients received a standardized
meal for adjustment of postmeal glucose excursions, and
the frequency and time of HE. The standardized meal
consisted of 72.3 g carbohydrates, 21.7 g protein and
23.1 g fat (energy content 593 kcal) and was consumed at
breakfast. The ECG analysis included: mean, maximal and
minimal heart rate (beats per minute), corrected QT time,
numbers of ventricular extrasystoles (VES), couplets, tri-
plets and ventricular tachycardia (VT). Heart rate vari-
ability as marker of cardiac autonomic neuropathy was
assessed using the amplitude of R-R intervals and the
standard deviation of normal R-R intervals (SDNN). We
compared patients with versus without HE using T Test,
or—if parameter were not normally distributed—Mann—
Whitney test. Comparison of categorical variables was
performed with Chi-square test. We calculated a stepwise
regression analysis to evaluate independent parameter for
the occurrence of VT and HE. Data are presented as
mean £ SD if not indicated otherwise.

Results

Patients were divided according to the results of the 5-day
CGM into a group of patients (n = 26) with at least one
HE (iG < 3.1 mmol/l, HE group) and a group without such
an event during the recording (n = 68, non-HE group).
Fifty-four episodes of hypoglycemia were observed, cor-
responding to an average of 2.4 episodes per patient in the
HE group. Eighteen events occurred during daytime and 36
during sleeping time (p = 0.004, Chi-square Test for the
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Table 1 Clinical characteristics, biochemical parameter and parameters of glycemic control

HE Mean SD p value Range
Age (years) 0 67.6 6.6 0.821 50-80
1 67.9 7.2 51-78
Diabetes duration (years) 0 16.3 8.9 0.165 3-36
1 19.1 8.5 3-39
Female/male sex (%) 0 25.0/75.0 0.124
1 11.5/88.5
Polyneuropathy (%) 0 51.5 0.541
1 50.0
Coronary artery disease (%) 0 67.6 0.509
1 65.4
Cerebral artery disease (%) 0 353 0.575
1 34.6
Peripheral artery disease (%) 0 13.2 0.565
1 11.5
Hypertension (%) 0 94.1 0.267
1 100
Dyslipidemia (%) 0 95.6 0.089
1 84.6
Statin therapy (%) 0 76.5 0.203
1 65.4
Beta-blocker treatment (%) 0 61.8 0.469
1 65.4
Diuretic treatment (%) 0 279 0.003
1 65.4
Insulin treatment (%) 0 80.8 0.536
1 84.6
Dose of insulin (IU/kg) (for insulin-treated patients) 0 0.60 0.37 0.508 0.08-1.83
1 0.66 0.32 0.14-1.3
Sulfonylurea treatment (%) 0 19.1 0.600
1 19.2
HbAlc (%/mmol/mol) 0 7.6/60 1.1 0.030 5.5-11.1
37-98
1 7.1/54 0.9 5.2-8.7
33-72
Body weight (kg) 0 91.1 17.5 0.438 56-152.6
1 94.2 15.9 71-133.2
BMI (kg/m?) 0 314 7.1 0.753 23-53
1 30.9 4.3 25-43
Systolic BP (mmHg) 0 141.5 15.8 0.251 105-183
1 145.8 18 97-174
Diastolic BP (mmHg) 0 76.8 9.5 0.187 60-100
1 79.8 10.7 53-97
Cholesterol (mmol/l) 0 4.7 1.2 0.764 3.0-7.3
1 4.6 1.0 3.5-7.1
HDL cholesterol (mmol/l) 0 1.3 0.4 0.051 0.7-3.1
1 1.5 0.4 0.7-2.2
LDL cholesterol (mmol/l) 0 2.6 0.8 0.111 1.2-4.5
1 2.3 0.6 1.0-3.6
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Table 1 continued

HE Mean SD p value Range
Triglycerides (mmol/l) 0 2.0 1.4 0.343 0.6-8.8

1 1.7 1.5 0.4-7.9
Creatinine (pmol/l) 0 83.6 20.9 0.889 49-164

1 84.4 29.8 49-142
Sodium (mmol/l) 0 137.8 34 0.591 132-144

1 137.3 37 131-142
Potassium (mmol/l) 0 4.4 0.4 0.212 3.6-54

1 43 0.5 3.5-5.0
TSH (mU/1) 0 1.3 0.7 0.990 0.34-3.9

1 1.3 0.8 0.26-3.8
hsCrP (mg/1) 0 3.13 5.4 0.788 0.06-33.06

1 2.73 3.0 0.28-12.49
Mean i.G. (mmol/l) 0 8.5 1.7 0.002 4.8-13.6

1 74 1.3 5.6-114
SD of i.G. (mmol/l) 0 22 0.74 0.008 0.84.3

1 2.6 0.74 1.6-4.6
AUC_D2 (mmol/l-1 h) 0 2518 603 0.021 1566-4622

1 2194 594 1466-3869
MAGE (mmol/l) 0 55 1.7 0.297 2.3-94

1 6.0 1.4 34-84
Episodes per pts. of i.G. (<3.1 mmol/l) 0 0 0 0.000 0

1 2.4 1.7 1-6
Episodes per pts. of i.G. (<3.9 mmol/l) 0 0.8 1.5 0.000 0-9

1 4.2 2.8 1-12
Time spent < 3.1 mmol/l (min) 0 0 0 0.000 0

1 171 173 10-680
Time spent < 3.9 mmol/l (min) 0 19 43 0.000 0-265

1 415 363 45-1260

Group 1: at least one hypoglycemic event <3.1 mmol/l (23 men, 3 woman), Group 0: no hypoglycemic event (51 men, 17 women)

i.G. interstitial glucose, AUC_D?2 area under the glucose curve at recording day 2, SD standard deviation, MAGE mean amplitude of glucose

excursions

comparison of hypoglycemia frequency daytime vs.
nighttime). However, only seven events during daytime
(38.9 %) and four events during nighttime (11.1 %) were
perceived by the patients.

As demonstrated in Table 1, age, diabetes duration, sex,
cardiovascular events and cardiovascular risk factors as
well as the treatment with beta-blocker were not sig-
nificantly different between HE group and non-HE group,
but we observed significant differences in parameters of
glycemic control: HbAlc as well as average iG during
5 days of recording and the area under the interstitial
glucose curve at the second day of recording were lower in
patients with a severe HE (Table 1). In addition, there was
a higher variability of recorded interstitial glucose values
displayed as its standard deviation (Table 1). This might
represent greater glucose excursions due to counter
regulatory effects as a consequence of hypoglycemia.
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Proportions of glucose lowering treatments were not dif-
ferent between patient groups.

Parallel recording of ECG revealed a higher average
number of ventricular arrhythmias in the HE group, espe-
cially ventricular tachycardias (VT) (Table 2). In addition,
the proportion of patients who developed a VT was sig-
nificantly higher in patients with severe hypoglycemia (50
vs. 16.1 %, Table 2). Only one patient perceived cardiac
arrhythmias during the recording. Rate of polyneuropathy
and SDNN as marker of cardiac autonomic neuropathy as
well as the corrected QT interval as potential confounders
were not significantly different between the two groups
(Tables 1, 2). A comparison of the frequency of VT at
daytime and during nighttime revealed no significant dif-
ferences (0.66 & 2.8 vs. 0.53 + 2.1, p = 0.402). We ana-
lyzed the relationship between parameters of glycemic
control and ventricular tachycardia using a stepwise
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Table 2 Holter ECG HE Mean SD p value Range
characteristics and ventricular
arrlfllythmias of r;latients withand  Mean heart rate (bpm) 0 73.2 8.4 0.430 58-96
e s e Lo e
mmol/l) Max heart rate (bpm) 0 117 21.1 0.208 76-174
1 111 19.4 59-145
Min heart rate (bpm) 0 53.7 6.3 0.901 37-72
1 54 9.1 43-78
VES per patient (n) 0 1834 6418 0.408 0-35,813
1 3024 5549 1-21,228
Couplets per patient () 0 39.4 289 0.567 0-2373
1 75.8 229 0-1153
Triplets per patient (n) 0 0.6 39 0.043 0-32
1 4.2 13.2 0-66
VT per patient (1) 0 0.9 4.2 0.019 0-26
1 32.8 60 0-442
Amplitude of R-R interval 0 62.2 13.2 0.178 36-103
1 57.9 14.1 31-87
SDNN (ms) 0 118.9 31.1 0.725 61-225
1 116.1 384 55-184
QTc (ms) 0 417 51.1 0.547 300-582
1 418 43.6 330487
VT ventricular tachycardia, Patients with VT (n/%) 0 11/16.1 0.001
SDNN standard deviation of 1 13/50.0

normal RR intervals

Table 3 Stepwise linear regression analysis using (a) VT and (b) HE as dependent variable

Dependent variable Included independent Beta Excluded variable
variable coefficient
(a)
VT (R* of model 0.249) Duration of HE 0.437 Glucose lowering med
TSH —-0.214 Mean iG, SD of iG, mean QTc, age, diabetes duration, potassium,
SDNN, number of HE
(b)
Occurrence of HE (R? of SD of iG 0.442 Glucose lowering med, mean QTc, age, diabetes duration, SDNN,
model 0196) HbAlc —0.366 TSH

VT ventricular tachycardia, iG interstitial glucose, HE hypoglycemic event, SDNN standard deviation of normal RR intervals

regression analysis as shown in Table 3a. Only the time of
interstitial glucose values below 3.1 mmol/l and TSH level
were independent predictors of VT. Furthermore, we ana-
lyzed independent predictors of a HE by multivariate re-
gression analysis (Table 3b) and identified HbAlc and SD
of iG values.

Discussion

This case—control study of frail type 2 diabetic patients at
high cardiovascular risk, which were treated with glucose
lowering drugs associated with a risk of hypoglycemia,
provides additional data on the clinical relevance of

hypoglycemia and its possible association with critical
ECG changes, in particular ventricular arrhythmias, under
real-world conditions. By parallel CGM and Holter ECG
recordings, we observed that even among trained patients
with regular SMBG, the majority of critical HE remained
asymptomatic. In particular, nocturnal episodes were not
perceived by the majority of patients. In contrast to most
clinical studies, CGM recording revealed that HE occurred
more often during night than at daytime [5]. This is in
accordance with other recently published CGM-based
studies [7, 8, 12]. Even more important, the vast majority
of VTs were not perceived by the patients.

We also addressed the question whether there are de-
terminants of HE and arrhythmias in this study population.
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In contrast to previous studies [5], our groups with and
without HE did not differ in regard to major clinical dis-
ease, such as coronary artery disease, diabetic polyneu-
ropathy, chronic kidney disease, arterial hypertension and
obesity. Therefore, we can largely exclude that the asso-
ciation between HE and arrhythmias in our cohort is
merely a marker of vulnerability to these events. In con-
trast, we observed that patients with a HE were sig-
nificantly more often treated with diuretics (65 vs. 29 %,
Table 1), suggesting that potassium deficiency could con-
tribute to the risk of ventricular arrhythmia. Potassium
levels of our patients were within the normal range (as per
inclusion criteria) and were not an independent predictor of
VT in the multivariate analysis. However, we found a
significant univariate inverse correlation between potassi-
um levels and QTc (R = —0.228, p < 0.05) as widely
accepted surrogate parameter and risk factor for developing
ventricular fibrillation [13, 14]. Indeed, in our univariate
analysis, QTc was significantly correlated with occurrence
of VT (R = 0.223, p > 0.05), but the multivariate regres-
sion analysis revealed only time of HE and TSH level as
independent predictors of VT. This confirms data from
studies which demonstrated a prolongation of QT interval
(as possible trigger for ventricular fibrillation) only after
long-lasting HE of >30 min [9]. Accordingly, our findings
suggest that long-lasting severe HE may be causally related
to severe arrhythmic complications. Another interesting
finding is the effect of low TSH levels on the occurrence of
VT despite exclusion of patients with clinical manifest
hyperthyroidism. These data indicate that latent hyperthy-
roidism or even low normal values may be an underesti-
mated risk factor in patients which are likely to develop
ventricular arrhythmias [15, 16]. This may also call into
question the clinical practice to substitute hypothyroid
patients in the upper normal range, especially when they
are at risk of arrhythmias and hypoglycemia.

As independent predictors for severe HE, we observed
SD of interstitial glucose and HbAlc (Table 3b); however,
HbAlc in patients with and without HE was 7.1 versus
7.6 %—Dboth values are within the recommended target
range. By extrapolation, these findings suggest that low
glycemic variability is an important parameter of safe
diabetes control if HbAlc is within the target range [17].
Our data did not allow evaluating whether the SD might be
either a cause of hypoglycemia (as it can reflect swinging
glucose values due to inappropriate subcutaneous insulin
administration) or a consequence due to counter regulatory
effects with sympathetic activation after a HE.

A recent study reported prolonged bradycardia due to a
suppressed sympathetic response after a HE as a possible
trigger for the development of ventricular premature beats
[8]. We did not analyze the ECG intervals before and after
each HE in such detail. However, we could not demonstrate a
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close temporal association between VT and severe HE, since
HE occurred most often during the night, whereas the fre-
quency of VT was not different between daytime and
nighttime. Renal function might influence the occurrence of
HE in insulin-treated patients since the majority of exoge-
nous insulin is metabolized by the kidney. Most of our pa-
tients had normal renal function, and creatinine levels were
not different between patients with and without HEs.

Taken together, we observed a higher number of severe
ventricular arrhythmias in patients with HEs that are at
high cardiovascular risk. Of note, our large study cohort
was well balanced for major comorbidities. Furthermore,
our study revealed the duration of the HE as an indepen-
dent predictor of the occurrence of VT and detected a TSH
level within the lower range of normal as an additional
independent risk factor for VT. The study design did not
allow to clarify a causal relationship between HE and VT.
However, the large number of subjects, the exclusion of
typical confounding factors, such as major clinical disease,
and the assessment of events with gold standard methods
increased the quality of statistical analyses and suggests
that hypoglycemia might be able to trigger, at least under
certain circumstances, such as a low TSH, ventricular ar-
rhythmias. It is questionable whether a prospective trial
which could eventually clarify a causal relationship will
ever been performed due to ethical reasons. Our findings
under real-world conditions—the high number of unrec-
ognized HE and VT in vulnerable patients treated with
insulin or sulfonylurea—should encourage the practitioner
to focus on stable glucose control and to search for silent
HE in diabetic patients at high cardiovascular risk.
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