Received: 31 January 2022

Revised: 22 February 2022

W) Check for updates

Accepted: 1 March 2022

DOI: 10.1111/dom.14682

ORIGINAL ARTICLE

WILEY

Acute changes in plasma glucose increases left ventricular
systolic function in insulin-treated patients with
type 2 diabetes and controls

Andreas Andersen PhD'

Maria P. A. Baldassarre PhD%*

Peter G. Jargensen PhD? | Jonatan I. Bagger PhD'? |
| Mikkel B. Christensen PhD?° |

Ulrik Pedersen-Bjergaard DMSci®’ | Tommi B. Lindhardt PhD3¢ |

Gunnar Gislason PhD3%8 |

1Clinical Research, Steno Diabetes Centre
Copenhagen, Herlev, Denmark

2Centre for Clinical Metabolic Research,
Herlev and Gentofte Hospital, University of
Copenhagen, Hellerup, Denmark

3Department of Cardiology, Herlev and
Gentofte Hospital, University of Copenhagen,
Hellerup, Denmark

“Department of Medicine and Aging Sciences,
G. d'Annunzio University, Chieti, Italy

SDepartment of Clinical Pharmacology,
Bispebjerg Hospital, University of
Copenhagen, Copenhagen, Denmark

®Department of Clinical Medicine, Faculty of
Health and Medical Sciences, University of
Copenhagen, Copenhagen, Denmark

7Department of Endocrinology and
Nephrology, Nordsjeellands Hospital Hillerad,
University of Copenhagen, Hillergd, Denmark

8The Danish Heart Foundation, Copenhagen,
Denmark

?Novo Nordisk Foundation Center for Basic
Metabolic Research, Faculty of Health and
Medical Sciences, University of Copenhagen,
Copenhagen, Denmark

Correspondence

Tina Vilsbgll, Steno Diabetes Centre
Copenhagen, Borgmester Ib Juuls Vej
83, DK-2730 Herlev, University of
Copenhagen, Denmark.

Email: tina.vilsboell.01@regionh.dk

Funding information

Novo Nordisk Fonden, Grant/Award Number:
NNF 16230; Region Hovedstaden, Grant/
Award Number: E-19280-51-07

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

Filip K. Knop PhD¥?%? ® | Tina Vilsbgll DMSci%¢

Abstract

Aims: We aimed to evaluate the effect of acute hyperglycaemia and hypoglycaemia
on cardiac function in patients with type 2 diabetes (T2D) and a control group.
Materials and methods: In a nonrandomized interventional study, insulin-treated
patients with T2D (N = 21, mean + SD age 62.8 * 6.5 years, body mass index [BMI]
29.0 + 4.2 kg/m?, glycated haemoglobin [HbA1c] 51.0 + 5.4 mmol/mol [6.8 + 0.5%])
and matched controls (N = 21, mean +SD age 62.2 + 8.3 years, BMI 29.2
+ 3.5 kg/m?, HbAlc 34.3 + 3.3 mmol/L [5.3 + 0.3%]) underwent one experimental
day with plasma glucose (PG) clamped at three different 30-minute steady-state
levels: (1) fasting plasma glucose (FPG); (2) hyperglycaemia (FPG + 10 mmol/L); and
(3) hyperinsulinaemic hypoglycaemia (PG <3.0 mmol/L). Cardiac function was evalu-
ated during each steady state by echocardiography.

Results: Acute hyperglycaemia increased left ventricular (LV) ejection fraction from
baseline in patients with T2D (mean [95% confidence interval] 4.5 percentage points
[1.1; 7.9]) but not in controls (2.0 percentage points [—1.4; 5.4]). Mitral annular peak
systolic velocity (s) increased during hyperglycaemia in both patients and controls
(0.4 m/s [0.2;0.6] and 0.6 m/s [0.4; 0.8], respectively), whereas global longitudinal
strain rate only increased in the controls (—0.05 s~ [-0.12; 0.02] and —0.11 s~
[-0.18; —0.03], respectively). All measures of LV systolic function increased markedly
during hypoglycaemia (P <0.01 for all). No interaction between group and PG level
on cardiac function was observed.

Conclusions: Acute hyperglycaemia and hypoglycaemia increase LV systolic function,
with no difference between patients with T2D and controls. Standardization of PG
may improve reproducibility when evaluating LV systolic function in patients
with T2D.
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1 | INTRODUCTION

Patients with type 2 diabetes (T2D) have more than twice the risk of
developing heart failure compared with individuals without the dis-
ease, and the prevalence of T2D in patients with heart failure is more
than 20%. Although heart failure and T2D often coexist, the effect of
acute glycaemic changes on cardiac function as evaluated by echocar-
diography remains unelucidated.

In T2D, myocardial function may be affected by the metabolic
state of hyperglycaemia. Patients with T2D have a substantially
altered cardiac metabolism with a shift towards free fatty acid (FFA)
utilization.! Since FFA oxidation requires more oxygen per carbon unit
than glucose oxidation and induces expression of mitochondrial
uncoupling protein, the diabetic myocardium is metabolically ineffi-
cient.! Pharmacological modulation of myocardial substrate metabo-
lism with an increase in glucose utilization and a decrease in FFA
utilization for treatment of heart failure have demonstrated promising
results.> Hence, hyperglycaemia with abundant glucose availability
and enhanced endogenous insulin production may promote glucose
utilization, potentially enhancing cardiac function. An improved sys-
tolic function during hyperglycaemia in patients with T2D has been
indicated in previous studies, although no effect on left ventricular
ejection fraction (LVEF) was observed, and consequently the practical
implications are uncertain.>*

Acute hypoglycaemia has previously been demonstrated to mark-
edly increase LVEF as measured by radionuclide ventriculography in
healthy young males due to a substantial sympathoadrenal response.®
A detailed description of changes in cardiac function during
hypoglycaemia in an insulin-treated T2D population with high risk of
hypoglycaemia has not previously been performed. As hypoglycaemia
has consistently been linked to poor cardiovascular outcome in
patients with T2D,° the effect of acute hypoglycaemia on cardiac
function in a high-risk, T2D population is of interest.

In the present study we delineated the role of acute changes in
plasma glucose (PG) on cardiac function in insulin-treated T2D by per-
forming echocardiography during acute hyperglycaemia and
hypoglycaemia, respectively, compared with measurements during
fasting plasma glucose (FPG) in patients with insulin-treated T2D and

matched controls without diabetes.

2 | MATERIALS AND METHODS

21 | Approvals and registrations

The present study contains echocardiographic data from a study eval-
uating the effect of acute glycaemic fluctuations on risk of cardiac
arrhythmias in patients with T2D.” Haemodynamic evaluation by
echocardiography was a defined secondary endpoint, which was
planned to be published separately. The study was carried out at the
Steno Diabetes Centre, Copenhagen and the Centre for Clinical Meta-
bolic Research, Gentofte Hospital, Hellerup, Denmark from May 2017
to July 2019. Written informed consent was obtained from all

participants prior to inclusion in the study. The study was conducted
in accordance with the Declaration of Helsinki and approved by
the Scientific Ethical Committee of the Capital Region of Denmark
(ID No. H-16046212) and the Danish Data Protection Agency
(ID No. HGH-2017-030). The study was registered at ClinicalTrials.
gov (NCT03150030).

2.2 | Patients and methods

The study included 21 patients with insulin-treated T2D, glycated
haemoglobin (HbA1c) <58 mmol/mol (7.5%) and at least one micro-
vascular complication. Furthermore, a control group of 21 individuals
without diabetes or any first-degree relatives with diabetes and mat-
ched for age, sex and body mass index (BMI) was included. Exclusion
criteria were prior cardiac arrhythmia, implantable cardioverter defi-
brillator or pacemaker, severe heart failure (LVEF <25%), structural
heart disease, and thyroid dysfunction except for well-treated
myxoedema and anaemia. The study consisted of one three-step,
experimental clamp procedure with three consecutive phases of
30-minute steady-state PG: (1) a FPG phase; (2) a hyperglycaemic
phase (FPG + 10 mmol/L); and (3) a hyperinsulinaemic hypoglycaemic
phase (PG <3.0 mmol/L). Hyperglycaemia was obtained by an individ-
ualized 20% (W/V) glucose infusion. Hypoglycaemia was obtained by
an individualized bolus of human insulin (Actrapid®, Novo Nordisk,
Bagsvaerd, Denmark; 9.1 international units [IU] and 2.5 IU times body
surface area [BSA; m?] estimated by the Mosteller formula in patients
with T2D and controls, respectively) and a continuous intravenous
infusion (20 IU/h and 5 1U/h times BSA, respectively). PG levels were
measured bedside every fifth minute and blood samples for subse-
quent analyses were drawn every tenth minute.

2.3 | Blood samples and analyses

Details on sampling and handling of blood samples for analysis of
counterregulatory hormones are described elsewhere.” For measure-
ment of FFA, whole blood was drawn into tubes containing serum clot
activator and kept for at least 20 minutes at room temperature and
stored at —80°C before being analysed using an enzymatic colorimet-
ric method (Cobas 8000; Roche Diagnostics, Basel, CH). For measure-
ment of C-peptide, blood was drawn into a lithium-heparin tube,
placed on ice until centrifugation and stored at —20°C before being
analysed using a sandwich electrochemiluminescence immunoassay
(Atellica IM Analyzer; Siemens Healthineers, Erlangen, DE). All sam-
ples were centrifuged at 4°C and approximately 2900g for
15 minutes and stored until batch analyses could be performed.

24 | Echocardiography

At each phase, an echocardiography was performed by the first

author (A.A.) after 10 minutes of steady-state PG. Echocardiography
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was performed on a Vivid E9 system (GE Vingmed Ultrasound, Hor-
ten, Norway) and digitally stored. Three consecutive heart cycles were
recorded for each view and analysis was performed blinded to ID,
group and phase with GE EchoPac software version 201 after comple-
tion of the final experimental day. Chamber quantification was per-
formed in accordance with the recommendations of the American
Society of Echocardiography and the European Association of Cardiovas-
cular Imaging.8 Left ventricular (LV) mass was calculated with the for-
mula: LV mass (g) = 0.8 x [1.04 x {(LV internal diameter + posterior
wall thickness + septal wall thickness)®- LV internal diameter®}] + 0.6
and indexed according to BSA. LVEF was estimated using the
Simpson's biplane method. Global longitudinal strain was measured
by two-dimensional speckle tracking as mean peak systolic strain
from the 18 LV segments in apical views and was only calculated if
at least 12 segments could be analysed. Longitudinal mitral annular
peak systolic velocity (s’) and longitudinal mitral annular peak early
diastolic velocity (e’) were measured with tissue Doppler and calcu-
lated as average peak velocity, with the sample volume placed
adjacent to the mitral leaflets in apical four-chamber view, two-
chamber view and apical long-axis view. Mitral inflow velocities
(peak early [MVE] and peak atrial [MVA]) were recorded from the
apical four-chamber view using pulsed-wave Doppler with the sam-
ple volume placed at the tips of mitral leaflets. Tricuspid annular
plane systolic excursion (TAPSE) was measured applying M-mode,
with the sample volume placed at the basal segment of the right

ventricular free wall in apical four-chamber view. Heart rate was

determined from the heart rate registered at apical four-chamber

images.

2.5 | Statistical analysis and calculations

Statistical analyses were performed with SAS studio version 3.71
(SAS Institute Inc.). Data that followed an approximate normal dis-
tribution were presented as mean + SD when describing baseline
characteristics or the clamp procedure and mean (95% confidence
interval) when describing endpoints. To evaluate changes in
C-peptide, FFA and cardiac function within each group and phase-
group interaction, a general linear mixed model with phase as a
repeated factor, ID as random factor and an unrestricted covari-
ance structure was applied. Adjustment for multiple testing was
performed with false discovery rate, and P values <0.05 were taken

to indicate statistical significance.

3 | RESULTS

3.1 | Participants
Detailed data on baseline characteristics were previously publi-
shed elsewhere” and are therefore included in Table S1. Both the

groups consisted of 24% women, and age and BMI were similar

TABLE 1 Left vent.rlcular structure as T2D (N = 21) Controls (N = 21) p
measured by echocardiography
LV mass index, g/m? 103 (26) 114 (42) 0.317
LV end diastolic diameter, cm 4.48 (0.41) 4.44 (0.59) 0.779
Interventricular septum thickness, cm 1.25(0.17) 1.35(0.27) 0.150
Left ventricular posterior wall thickness, cm 1.12 (0.16) 1.14 (0.20) 0.647
Note: Data are presented as mean (SD).
Abbreviations: LV, left ventricular; T2D, type 2 diabetes.
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Heart rate and blood pressure. A, Heart rate and B, blood pressure during each phase of the experimental day in patients with

type 2 diabetes (N = 21) and controls (N = 21; mean + SE). A general linear mixed model with phase as a repeated factor, ID as random factor
and an unrestricted covariance structure was applied. *P <0.05 in the type 2 diabetes group, #p <0.05 in the controls. Abbreviations: FPG, fasting
plasma glucose; hyper, hyperglycaemia; hypo, hypoglycaemia; T2D, type 2 diabetes
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in the T2D group (62.8 + 6.5 years, BMI 29.0 + 4.2 kg/m? HbAlc
51.0+ 54 mmol/mol [6.8 +0.5%]) and the control group (age
62.2 + 8.3 years, BMI 29.2 + 3.5 kg/mz, HbA1c 34.3 + 3.3 mmol/mol
[5.3 £ 0.3%)]). The mean diabetes duration was 15.3 + 6.6 years. A total
of 16 patients (76%) received oral glucose-lowering treatment, includ-
ing sodium-glucose cotransporter-2 inhibitors (seven patients [33%)).
Treatment for hypertension including beta-blockers was more frequent
in the patients with T2D (86% vs. 19%). Blood pressure was similar in
the two groups, whereas resting heart rate was higher in the patients
with T2D (67 + 11 beats/min vs. 60 + 10 beats/min). Treatment with
statins was more frequent in patients with T2D (16 [76%)] vs. 1 [5%])
and LDL cholesterol was lower in patients with T2D (1.9 £ 0.6 vs. 3.2
+1.1). There was no difference in LV structure between the two
groups (Table 1) and none of the participants had any previous cardio-
vascular disease. LVEF was 250% in all participants except one in the
control group (LVEF 47%).

3.2 | Glycaemia and counterregulatory hormones

During the FPG phase, mean PG was 6.9 + 1.5 mmol/L and 5.4
+ 0.5 mmol/L in patients with T2D and controls, respectively. During
the hyperglycaemic phase, mean PG increased to 16.4 + 1.8 mmol/L
and 15.6 £ 1.3 mmol/L, respectively, whereas mean PG was 2.5
+ 0.4 mmol/L in both groups during the hypoglycaemic phase. Both
groups had similar increases in glucagon, somatotropin and noradrena-
lin during hypoglycaemia, whereas a greater increase in cortisol was

observed in the patients with T2D.

3.3 | Heart rate and blood pressure

Heart rate was higher in the patients with T2D compared to controls dur-
ing the FPG phase (P = 0.008) and remained unchanged during the
hyperglycaemic phase in both groups (Figure 1). During hypoglycaemia,
the heart rate increased, with no difference between the groups. Dia-
stolic blood pressure decreased during hypoglycaemia in both groups,
whereas systolic blood pressure only decreased in controls when com-

pared to the hyperglycaemic phase but not the FPG phase (Figure 1).

3.4 | Left ventricular systolic function

In the patients with T2D, LVEF increased during hyperglycaemia com-
pared with the FPG phase, whereas a nonsignificant increase was
observed in controls (Table 2). Global longitudinal strain increased in
both groups during hyperglycaemia, however, the changes were non-
significant. An increase in LV contractile velocity as measured by s'
was highly significant in both groups during hyperglycaemia, whereas
the global longitudinal strain rate only increased significantly in con-
trols. During hypoglycaemia, a marked increase in all measures of LV
systolic function was observed (Table 2). No interaction between

group and phase on LV systolic function was found.

3.5 | Leftventricular diastolic function

An increase in MVE and MVA was observed in both the patients with
T2D and controls during hyperglycaemia, however, the increase was
only significant in controls (Table 3). Accordingly, mitral inflow veloc-
ity E/A ratio remained stable during hyperglycaemia. During
hypoglycaemia, mitral inflow velocity E/A ratio decreased in both
groups compared to both the FPG phase and the hyperglycaemic
phase. MVE deceleration time remained unchanged during the hyper-
glycaemic phase compared to the FPG phase in both groups, whereas
it increased in both the patients with T2D and controls during
hypoglycaemia. During the hyperglycaemic phase, €’ increased in both
groups, whereas no difference in e was observed during the hyp-
oglycaemic phase. No change in E/e’ was observed during the clamp
procedure and there was no interaction between group and phase on
LV diastolic function (Table 3).

3.6 | Right ventricular systolic function

When compared with the FPG phase, no significant change in right ventric-
ular function as measured by TAPSE was found in the patients with T2D
and controls during either hyperglycaemia or hypoglycaemia (Table 2).
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FIGURE 2 C-peptide and free fatty acids. Levels of A, C-peptide
and B, free fatty acids during each phase of the experimental day in
patients with type 2 diabetes (N = 21) and controls (N = 21) (mean
+ SE). A general linear mixed model with phase as a repeated factor,
ID as random factor and an unrestricted covariance structure was
applied. Abbreviations: FPG, fasting plasma glucose; hyper,
hyperglycaemia; hypo, hypoglycaemia; T2D, type 2 diabetes
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3.7 | C-peptide and FFA levels

Plasma levels of C-peptide were similar at baseline (P = 0.30) and
increased in both groups during hyperglycaemia, although the increase
was only significant in the control group (P = 0.12 and P <0.0001;
Figure 2A). Plasma levels of C-peptide were higher in controls at the
end of the hyperglycaemic and hypoglycaemic phase (P <0.0001 and
P <0.001, respectively). Serum levels of FFA were similar in the two
groups at baseline (P = 0.20) and were suppressed during hyper-
glycaemia in both patients with T2D and controls (P = 0.002 and
P <0.0001, respectively), although to lower levels in controls
(P <0.0001; Figure 2B). During hypoglycaemia, FFA levels were mark-
edly suppressed in both groups, but were higher in the group of
patients with T2D at the end of the hypoglycaemia period
(P < 0.0001).

4 | DISCUSSION

We report that acute hyperglycaemia increases LVEF in insulin-
treated patients with T2D. A smaller, nonsignificant increase in LVEF
was also found in the controls during hyperglycaemia. The remaining
measures of LV systolic function including global longitudinal strain,
global longitudinal strain rate and s’ all increased during hyper-
glycaemia, although the increases were only significant for global lon-
gitudinal strain rate (controls) and s’ (both groups). All measures of LV
systolic function increased significantly during hypoglycaemia. Inter-
estingly, no interaction between group and PG level on cardiac func-
tion was observed, indicating that the effects observed in the present
study are independent of diabetes status. Our findings may have
important clinical implications. Currently, there are no recommenda-
tions on standardization of PG when evaluating cardiac function in
patients with T2D.” In the present study, acute hyperglycaemia
resulted in an almost five percentage points increase in LVEF in
patients with T2D, which could potentially influence clinical decision-
making, for example, the initiation of pharmacological treatment of
heart failure.? Likewise, asymptomatic hypoglycaemia during echocar-
diographic evaluation could result in falsely elevated systolic function
and underestimation of diastolic dysfunction, although hypoglycaemic
symptoms, adreno-sympathetic response and changes in cardiac func-
tion are closely related.”*° Hence, hypoglycaemia with a clinically rel-
evant effect on cardiac function may often be symptomatic and
noticed by clinicians.

The present study adds knowledge to other studies which have
indicated a potential harmful effect of acute glycaemic changes in
critically ill and vulnerable patients.'*'? Studies have indicated that
targeting normal glycaemic levels in critically ill patients with diabe-
tes increases mortality, especially in patients with elevated HbA1c
levels on admission.11*2 Although this is partly explained by an
increase in hypoglycaemia,'® a decline in cardiac systolic function
due to acute glycaemic normalization—as indicated by the present

|14

study and a previous study by Goldweit et al**—cannot be

excluded.

In a previous study in patients with T2D and healthy controls,
50 g dextrose intravenous infusion increasing PG to 27 mmol/L in the
patients with T2D did not have a significant effect on LVEF.* How-
ever, the statistical method applied (comparing absolute means
instead of change from baseline) may have masked an effect, and
mean LVEF did rise from 63% to 66%, whereas it was unchanged in
controls, in whom PG remained <10 mmol/L. In patients with type
1 diabetes (T1D), acute normalization of PG leads to a decline in LVEF,
whereas normalization of long-term glycaemic control as evaluated by
HbA1c had no effect on LVEF.** Together with the findings from the
present study, this may indicate an impact of acute glycaemic fluctua-
tions on LV systolic function. In a study by Nielsen et al, 9 to 12 hours
of hyperglycaemia obtained by reduction of insulin dose and discon-
tinuation of oral antidiabetics increased measures of LV systolic veloc-
ity in patients with T2D both with and without heart failure, whereas
LVEF did not change.® Importantly, insulin levels declined during
hyperglycaemia compared to the normoglycaemic day.® In the present
study, only a small, nonsignificant increase in endogenous insulin
secretion was observed during hyperglycaemia in patients with T2D,
whereas it increased markedly in controls. Hence, it is unlikely that
the increase in LV systolic function during hyperglycaemia found in
the present study could be explained by an inotropic effect of
increased endogenous insulin production. Nevertheless, LVEF as mea-
sured by radionuclide ventriculography increases at rest in patients
with T2D during a hyperinsulinaemic-euglycaemic clamp and in
healthy individuals following administration of intravenous insulin
before reaching hypoglycaemia, and an independent effect of
increased endogenous insulin secretion cannot be excluded.'>¢
However, the enhanced systolic function during hyperglycaemia is
more likely to be explained by a combination of metabolic and physio-
logical variables. Simultaneous hyperglycaemia and increased endoge-
nous insulin secretion increases myocardial glucose extraction and
myocardial glucose utilization in healthy individuals.'” Although
endogenous insulin secretion did not increase significantly in patients
with T2D, it is likely that myocardial glucose extraction and utilization
have increased during hyperglycaemia in the present study through a

.28 This could potentially enhance LV systolic func-

glucose mass effec
tion by inducing a more energy-efficient state.! Importantly, glucose
extraction may increase during hyperglycaemia in T2D despite an
impaired ability to suppress levels of FFA.'® Acute hyperglycaemia
also increases intracellular calcium in cardiac myocytes due to
increased calcium influx, potentially increasing myocardial contractil-
ity.1? Lastly, the osmotic effect of hyperglycaemia may expand plasma
volume and thereby increase preload. However, in patients with T1D,
the improvement in LV contractility during hyperglycaemia could only
partly be explained by plasma volume expansion.2° Notably, all three
proposed mechanisms act independently of diabetes status, which is
in accordance with the observation of no interaction between group
and phase.

An increase in € was observed in both groups during hyper-
glycaemia, whereas the increase in MVE was only significant in con-
trols (P = 0.06 vs. P = 0.02), indicating improved LV relaxation and
compliance.?! Because early diastolic relaxation of the left ventricle is
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an active, energy-consuming process, it is likely to be enhanced by
improved energy efficiency or an increase in plasma volume in a simi-
lar manner to that suggested above. Alternatively, improved systolic
contraction may have led to increased restoring forces.?2 MVA also
increased in controls (P = 0.02), which could be explained by
improved atrial contractility in response to improved metabolic effi-
ciency.?! In patients with T2D, the increase in MVA was nonsignifi-
cant (P = 0.07). Nevertheless, supported by comparable numeric
chances, it seems most likely that a similar effect may exist in patients
with T2D.

During hypoglycaemia, all measures of LV systolic function
increased markedly. Similar effects have previously been demon-
strated in healthy young men, however, this is the first study to dem-
onstrate that these effects persist in patients with T2D.*® The
increase in LV systolic function during hypoglycaemia has been dem-
onstrated to be mediated through stimulation of cardiac beta-
adrenergic receptors.” Accordingly, we found a marked increase in
noradrenaline and heart rate during hypoglycaemia without any group
difference and, in line with this, no interaction between group and
phase on cardiac function. The observed decline in measures of LV
diastolic function during hypoglycaemia may also be explained by a
sympathetic response with an increase in heart rate, since E/A ratio is
inversely related to heart rate.?®

The present study has some limitations. Antecedent
hypoglycaemia reduces neuroendocrine counterregulatory response
including catecholamines, resulting in an attenuated effect on LVEF
during hypoglycaemia.’®?* Two participants experienced episodes of
mild (level 1) hypoglycaemia within 48 hours prior to the experiment,
potentially attenuating the increase in LV systolic function in the
patients with T2D. Furthermore, four patients with T2D and one par-
ticipant in the control group were unable to complete the experimen-
tal day, mainly due to vasovagal symptoms, nausea and vomiting
during the decline in PG and were subsequently replaced, which
could potentially have biased the data.” The reported changes in
cardiac function during hypoglycaemia should be seen in the con-
text of rapid glycaemic fluctuations. Nevertheless, rapid and large
glycaemic fluctuations are not unusual in patients with insulin-
treated T2D.2° The use of two-dimensional echocardiography for
estimation of LVEF is associated with inter- and intraobserver vari-
ability as well as temporal variability, which could be improved by a
three-dimensional technique.2® The echocardiographic examina-
tions were all performed by the same physician and were analysed
in a blinded fashion after completion of the study, which improves
the reliability of the observed changes.

In conclusion, we demonstrate that LV systolic function increases
during acute hyperglycaemia and acute hypoglycaemia. Notably, we
did not observe any difference between patients with T2D and con-
trols, indicating that the underlying mechanisms are independent of
diabetes status. Our findings may have clinical implications because
the magnitude of observed changes could affect clinical decision-
making in patients with T2D and heart failure. Standardization of PG
may improve reproducibility when evaluating LV systolic function in
patients with T2D.
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