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Abstract

Introduction

Intensive treatment aimed at achieving optimal metabolic control to prevent the develop-
ment of chronic diabetic complications is often associated with an increased rate of hypogly-
cemic events. Hypoglycemia is believed to be responsible for acute fatal and nonfatal
cardiovascular events likely as a consequence of the activation of pro-inflammatory and
pro-atherothrombotic pathways. Hypoglycemia has been reported to influence the develop-
ment of preclinical atherosclerosis. The present study was designed to prospectively evalu-
ate whether hypoglycemia influences the function and the morphology of the arteries in
subjects with type 2 diabetes without complications and uncontrolled diabetes.

Material and methods

Seventy-six subjects underwent a noninvasive evaluation of carotid wall thickness and bra-
chial artery function at baseline and after one year of treatment with the intent of obtaining
optimal glycemic control. At the end of the observation time, subjects were divided in two
groups: with hypoglycemia (H-group) or without hypoglycemia (C-group).

Results

Baseline characteristic were comparable between groups. HbA1c significantly decreased in
both groups, and fasting plasma glucose was only significant in the H-group. Subjects with
hypoglycemia showed a significant reduction of carotid wall thickness after one-year of
treatment (H-groups: right baseline 834+141 vs. 1-year 7704132 u p<0.05; C-group:
7571162 vs. 767+135 y p = ns). Endothelial function remained unchanged during the study
for both groups.

Discussion

The present findings demonstrate that hypoglycemia does not affect endothelial function.
Furthermore, subjects who experience more hypoglycemia show significant reduction
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of carotid wall thickness. Optimal metabolic control should be pursued as soon as
possible.

Introduction

Diabetes is a progressive disease with a significant risk for long-term complications, which can
be delayed or prevented by early and stable glycemic control. Large clinical trials have shown
that microvascular complications are responsive to intensive treatment in both type 1 and type
2 diabetes. The progression of macrovascular complications seems to be influenced by inten-
sive treatment in type 1 diabetes at any stage of the disease (DCCT/EDIC) and in type 2 when
an early and adequate blood glucose control is achieved (UKPDS follow-up) [1,2]. The intensi-
fication of treatment is often associated with an increased incidence of hypoglycemia as
described in three large clinical studies ACCORD, VADT, and ADVANCE published in the
last decade [3-5]. These trials examined the effect of intensive glycemic treatment on cardio-
vascular morbidity and mortality in subjects with type 2 diabetes. In particular, ACCORD
reported an increased risk of mortality among subjects randomized into the intensive com-
pared with the conventional arm. The greater number of hypoglycemic events recorded in
intensive treatment subjects has been hypothesized to be responsible for the increased rate of
acute vascular events. However, a retrospective analysis of the ACCORD study reported
increased mortality in subjects experiencing symptomatic severe hypoglycemia independent
of the assignment in the intensive or standard arm treatment. Furthermore, subjects in the
intensive arm with severe hypoglycemia requiring medical assistance had a lower risk of death
compared with subjects in the standard arm. Even if limited by the design of the study, this ret-
rospective analysis reveals the complex relationship between mortality and hypoglycemia
[6,7]. Hypoglycemia causes pathophysiological effects on the cardiovascular system as
increases in heart rate, peripheral blood pressure, and myocardial contractility and decreases
in central blood pressure. In addition, hypoglycemia also has harmful effects on cardiac
electrophysiology revealed as flattening or inversion of T wave, QT prolongation, and ST
depression [8]. Hypoglycemia is the other unavoidable side of the coin of glucose-lowering
therapy, mainly in insulin-treated patients. The rate of hypoglycemia in real life ranges from
35 to 70 per 100 patients per year, and the major determinants are sex, age, disease duration,
and type of treatment [9]. In type 1 diabetes, the rate is definitely higher and strictly dependent
on the intensity of treatment [10]. The fear of hypoglycemia gives rise to inadequate metabolic
control. Indeed, both patients and physicians keep fasting plasma glucose at higher levels to
minimize the risk of hypoglycemia. Hypoglycemia modulates the levels of cytokines, coagula-
tion molecules and fibrinolysis factors, promoting the development of early atherosclerotic
lesions [11]. Furthermore, hypoglycemia seems to influence the morphology and function of
the artery. Two papers published to date have reported reduced brachial artery dilation and
increased thickness of the carotid artery wall in adult subjects with type 1 and type 2 diabetes
and frequent hypoglycemia [12,13].

Based on this finding, the present study was planned to evaluate whether hypoglycemia is
associated with a 1-year change in carotid artery wall thickness, and percent change in brachial
artery dilation was evaluated using the FMD (flow mediated dilation) technique in a sample of
patients with type 2 diabetes treated to obtain the recommended HbA1c in absence of overt
complications and longstanding uncontrolled hyperglycemia at the time of recruitment.
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Materials and methods

This is a cohort prospective study including adult type 2 diabetes subjects regularly attending
an outpatient clinic. Exclusion criteria were previous cardiovascular events or revasculariza-
tion, carotid artery stenosis >50%, peripheral artery disease, history of micro- and macroalbu-
minuria or CKD (chronic kidney disease), retinopathy, neuropathy, and history of severe
hypoglycemia defined as an event characterized by profound neuroglycopenia requiring the
assistance of another person for recovery. Longstanding uncontrolled hyperglycemia defined
as three consecutive HbAlc measurements >8.5% was also considered exclusion criteria.
Study subjects were recruited in a six-month period. Before enrollment, subjects were
instructed about the aim of the research, and those who gave their signed informed consent
and met inclusion and exclusion criteria were enrolled. Per routine practice, subjects attending
the outpatient clinic undergo annual screening for micro- and macrovascular complications.
Therefore, the presence of exclusion criteria was evaluated by examining clinical records.

During the first visit (Baseline Visit), subjects underwent clinical examination, body weight
and height measurement, and blood pressure measurement. Body mass index (BMI) was cal-
culated as weight (kg)/height (m?). Medical history and ongoing pharmacological treatments
were also recorded. Furthermore, a blood sample was withdrawn, and vascular study was per-
formed. The Follow-Up visit was scheduled 12 months later during which all subjects under-
went the same procedure performed during Baseline Visit. One (6-month since Baseline Visit)
additional visit was planned to evaluate self-monitoring blood glucose (SMBG) measurement
to record the number of hypoglycemic events and if necessary, modify ongoing treatment to
obtain desirable HbAlc value. At the Baseline Visit, all patients were instructed to monitor
their blood glucose level at least three days per month and five times (fasting, before and 2 h
after lunch and dinner) per day. Patients were also instructed to monitor blood glucose at any
time of the day if typical signs or symptoms of hypoglycemia occurred.

Any symptomatic event accompanied by a measure of glucose concentration < 70 mg/dL
(< 3.9 mmol/L) was defined as ‘documented symptomatic hypoglycemia’; any blood glucose
measurement < 70 mg/dL (< 3.9 mmol/L) not accompanied by typical symptoms of hypogly-
cemia was defined as ‘asymptomatic hypoglycemia’.

The research was conducted in accordance with the Declaration of Helsinki and approved
by the local Ethical Committee ‘Calabria Area Centro’.

Blood lipids (total cholesterol, HDL-cholesterol, triglycerides), fasting glucose and glycated
hemoglobin (HbA1c) were measured at Baseline and Follow-up Visits. Lipids were measured
with a commercially available kit, and fasting plasma glucose (FPG) was measured by the glu-
cose-hexokinase method (Roche, Basel, Switzerland). HbA1lc was measured by high-perfor-
mance liquid chromatography standardized and aligned to the DCCT/UKPDS (Menarini,
Florence, Italy).

Carotid artery wall thickness measurement (IMT)

Common carotid artery wall thickness measurement or intima plus media thickness measure-
ment (IMT) was performed at Baseline and Follow-up Visits. The scans were performed by an
expert sonographer blinded to the clinical characteristics of the patients. An echo Doppler
Philips HD 11 XE (Royal Philips Electronics, Netherlands) equipped with a 12-3 MHz linear
array, and simultaneous ECG recording was used to perform the vascular study. A preliminary
scan was performed to evaluate the presence of arterial plaque. Plaque was defined as a focal
lesion encroaching in the lumen of at least 0.5 mm or 50% of the surrounding IMT value or as
focal thickening >1.5 mm measured from the media-adventitia interface to the intima-lumen
interface [14]. Internal carotid artery stenosis was defined as the presence of spectral
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broadening and normal systolic peak velocity (stenosis <50%) or presence of spectral broad-
ening and systolic peak velocity >140 cm/s (stenosis >50%); occlusion was defined as the
absence of Doppler signal [15]. The common carotid artery of each side was evaluated in three
different projections, including anterior, lateral and posterior, for IMT measurement. Images
of the common carotid artery were recorded for off-line IMT measurement as previously
described [16]. Briefly, IMT, which is defined as the distance between the leading edge of the
lumen-intima interface and the inner edge of the media-adventitia interface of the far wall,
was measured 1 cm proximal to the bulb in the three projections at the end of the systole of the
cardiac cycle. The average of the three measurements of IMT (mean IMT) for each side was
calculated and was used for statistical analyses along with the maximal IMT (max IMT). The
absolute IMT change was calculated using the formula: (IMT follow-up)—(IMT baseline).

Endothelial function (FMD)

Arterial function was evaluated at the brachial artery of the nondominant arm by FMD tech-
nique. The artery was imaged ~10 cm above the elbow. The gain setting and transducer posi-
tion were adjusted until a clear image showing that the near and far intima-lumen interface
was obtained. After that, the skin was marked, and the transducer was clamped in a probe
holder throughout the study. To evaluate endothelial function, a pneumatic cuff was placed
around the forearm and inflated to 250 mmHg for 5 min. After deflating the cuff (reactive
hyperemia), brachial artery imaging was recorded for 3 min. Images of the artery at baseline,
and 50 s, and 2 and 3 min after cuff deflation were captured and analyzed for off-line internal
brachial artery diameter (ID) measurement. ID was defined as the distance between intima-
lumen interface of the near wall and lumen-intima interface of the far wall.

Brachial artery ID was measured at the end of the diastole using dedicated software (Auto-
desk Design Review). The software allows careful measurements of distances between selected
points. An expert single-blind investigator performed the analysis. Images were captured from
the recording of brachial artery at baseline, 50 s, and 2 and 3 min after cuff deflation were dis-
played on the computer screen. For each image, ID was measured at three different locations
of the vessel wall using a caliper placed manually by the operator. The average of three mea-
surements was calculated. The caliper automatically revealed the distance from the intima-
lumen interface of the near wall and the lumen-intima interface of the far wall. The caliper dis-
tance was calibrated based on the known distance scale displayed on the echo-Doppler screen.
FMD was expressed as percentage change of arterial diameter from baseline to post reactive
hyperemia and calculated using the following formula: {[postdeflation (50 s, 2, 3 min) ID-base-
line ID/baseline ID]x100}. The CV of FMD measurement was ~6%|15]. Peak dilation was
defined as the maximal dilation calculated among three observations [17-18].

Statistical analysis

Data were analyzed using SPSS 23.0 for Macintosh (SPSS, Inc., Chicago, IL). All variables mea-
sured at Baseline and Follow-up Visit were compared. Triglycerides and FMD were not nor-
mally distributed; therefore, they were transformed (log transformation, and 2-step rank
transformation) before applying parametric tests. Subjects were divided in two groups: those
presenting >1 episodes during their observation time were defined as the ‘H-group’ (Hypogly-
cemia group), and those without hypoglycemia were defined as ‘C-group’ (Control group).
The t-test for unpaired data was used to compare variables between C-group and H-group sub-
jects. The t-test for paired data was used to compare variables measured at Baseline and Fol-
low-up Visit in each of the two groups. The chi-square test was used to compare percentage
between two groups. The General Linear Model was used to compare IMT measured at
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Baseline and Follow-up Visit in the two groups after adjustment for age, sex, and baseline IMT.
Stepwise linear regression analysis was performed to evaluate variables independently associ-
ated with change in mean IMT. The absolute mean IMT difference (baseline mean IMT—fol-
low-up mean IMT) was the dependent variable, and age, sex, disease duration, number of
hypoglycemic events, absolute FPG difference, absolute HbA1c difference, presence or absence
of hypoglycemia were independent variables. The sample size was calculated using the vari-
ance of FMD technique, which is the method with the highest variability in terms of reproduc-
ibility. Therefore, to test the reproducibility of the FMD, 5 subjects were studied five times on
different occasions, and the standard deviation (SD) was calculated for each subject. The over-
all mean SD was 5.2%. Based on the hypothesis of at least a 3% difference in FMD between the
two groups after 1 year of observation as well as alpha = 0.05 and beta = 0.10, the number of
subjects that needed to be enrolled in the study was estimated to be 60 (30 for each group). A
larger number of patients were enrolled to account for an uneven distribution between the two
groups and possible drop-outs.

Results

Seventy-six subjects were enrolled and completed the study. In total, 66% were men, and the
overall age range and mean+SD were 46-75 and 6017 years, respectively. Only 5 subjects were
current smokers: 3 in the C-group and 2 in the H-group.

Based on the presence or absence of hypoglycemic events, 31 (41%) subjects were included
in the H-group, and 45 (59%) were included in the C-group. Mean+SD and median value of
hypoglycemic events were 5.8+5.2 and 4.0, respectively. The rate of events calculated as num-
ber/person/year was 0.47. Most of events were documented as symptomatic with blood glu-
cose <70 mg/dL; 7 subjects documented at least one symptomatic event with blood glucose
<60 mg/dL. No severe hypoglycemia or asymptomatic hypoglycemia occurred during the
study.

Table 1 shows variables measured at Baseline and Follow-up Visit in patients according to
presence or absence of hypoglycemia. Some differences, albeit not statistically significant, were
detected between the two groups when comparing data at Baseline and Follow-up Visit. The
prevalence of men was significantly higher than women in the C-group. In the H-group, fasting
plasma glucose and HbA Ic significantly decreased from Baseline to the Follow-up Visit. In the
C-group, HbAlc and LDL cholesterol significantly decreased from Baseline to the Follow-up
Visit. No statistically significant difference was found for other variables. Antihyperglycemic
treatment was comparable between groups. In general, at the follow-up visit, most of the sub-
jects had potentiated the baseline therapy. The number of subjects taking metformin alone
slight decreased, while the number of those taking metformin plus incretin-based therapy
slightly increased. Sixty-six % of subjects enrolled in the study were taking antihypertensive
drugs, and 63% were taking lipid lowering drugs.

Based on the results of the preliminary scan of carotid arteries, 27 (60%) subjects in the C-
group and 18 (58%) in the H-group had a plaque without any stenosis detectable by the Dopp-
ler spectrum. Right and left mean and maximum IMT of the common carotid artery measured
at Baseline and 1-year Follow-up were grouped, and results are displayed in Table 2. Baseline
mean and maximum IMT were significantly higher in the C-group than in the H-group. Mean
and maximum IMT significantly decreased in the H-group from Baseline to the Follow-up
Visit adjusted by age, sex, and baseline IMT. No statistically significant difference was detected
in the C-group.

We then calculated the unadjusted mean and maximum IMT absolute difference between
Follow-up and Baseline in both groups, and the results are reported in Fig 1. In detail, in the
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Table 1. Clinical and biochemical parameters in C-group and H-group at Baseline and Follow-up Visit.

C-group H-group
Variable Baseline Follow-up Baseline Follow-up
Number 45 45 31 31
Age (years) 60+6 — 60+8 —
Sex (% male) 75# — 51 —
Disease duration (years) 9.4+5.8 — 10.8+6.5 —
BMI (kg/m2) 29.9£3.9 29.7+4.1 31.4+4.8 31.2+4.6
SBP (mmHg) 132+16 133+20 13317 133+18
DBP (mmHg) 82+7 81+9 81+12 81£10
FPG (mmol/L) 8.8+2.9 8.2+0.5 8.1+1.4 7.5+1.5*
HbAlc (%) 7.3x1.2 6.910.8" 7.3£0.6 6.7+0.61
Total cholesterol (mmol/L) 4.4+0.9 4.1+£0.7 4.3+0.9 4.2+0.8
HDL cholesterol (mg/dL) 1.240.3 1.240.3 1.2+0.3 1.3+0.2
LDL cholesterol (mg/dL) 2.7+1.3 2.1+0.6* 2.3+0.8 2.4+0.6
Triglycerides (mg/dL) 1.4+0.8 1.6£1.3 1.6£1.2 1.6+0.9
Metformin (nr) 16 12 11 9
Metformin+Incretin-based therapy (nr) 14 17 11 13
Metformin +Glinid (nr) 6 6 4 4
Basal insulin+OAD (nr) 7 8 4 4
Glinid+Incretin-based therapy (nr) 1 1 0 0
Basal+bolus insulin (nr) 1 1 1 1

OAD oral hypoglycemic agents;
*p<0.03 vs. Baseline;
Ap<0.0001 vs. Baseline;

* p<0.02 vs. H-group

https://doi.org/10.1371/journal.pone.0212871.t001

H-group, the mean IMT change was -59+135 y, and the max IMT change was -68+154 . In
the C-group, the mean IMT change was +2.1+97 y, and the max IMT change was -28+132 .
Hypoglycemia (H-group) was significantly associated with 1-year mean IMT change after
adjustment for age, sex, disease duration, absolute FPG difference, and absolute HbA1c differ-
ence. The number of hypoglycemic events was not independently associated with IMT change.
Beta coefficients were calculated by both grouping the right and left sides and separately for
each side. Beta coefficients were -85  for all arteries (p<0.0001), —75 p for the right side
(p=0.001), and -88 p for the left side (p = 0.001).

Table 2. Common carotid artery intima plus media thickness (IMT) in C-group and H-group patients at baseline and follow-up visit after adjustment for age, sex,

and baseline IMT.

C-group H-group
Variable Baseline Follow-up Baseline Follow-up
Number 90 90 62 62
CCA mean IMT (p) 789+17 809+14 836+135 756+13%#
CCA max IMT (p) 877+21 869+15 918+131 82514/ #

Data are expressed as the mean+SE;
*p<0.01 vs. baseline;

Ap<0.04 vs. baseline;

*p<0.02 vs. C-group

https://doi.org/10.1371/journal.pone.0212871.t1002
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Fig 1. Percent change of mean and maximum IMT in the C-group and H-group. Right and left arteries have been grouped.

https://doi.org/10.1371/journal.pone.0212871.g001

Baseline brachial artery diameter and FMD at 1 min after ischemia and peak FMD are
shown in Table 3. No statistically significant difference was detected between Baseline and Fol-
low-up Visit in the H-group and C-group. Furthermore, values at Baseline and Follow-up Visit
were not significantly different between the two groups.

Fig 2 shows the absolute difference of FMD 1 min and peak FMD after 1 year of
observation.

Discussion

The main results of the present study suggest that hypoglycemic events do not cause deterio-
ration of endothelial function, and they can even lead to a reduction of the intima media
thickness of the common carotid artery in 60-year-old patients with T2DM and without
longstanding uncontrolled hyperglycemia.

Table 3. Baseline brachial artery diameter, FMD 1 min, and Peak FMD in C-group and H-group at Baseline and Follow-up Visit.

C-group H-group
Variable Baseline Follow-up Baseline Follow-up
Baseline diameter (mm) 3.7+0.5 3.740.4 3.840.7 3.740.7
FMD 1 min (%) 4.8+8.6 5.6+6.8 4.1£5.6 6.1£6.1
Peak FMD (%) 5.747.1 7.747.1 6.1+6.2 8.1+6.6

https://doi.org/10.1371/journal.pone.0212871.t003
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Our data appear to be at odds with those of previous studies. Gimenez et al. reported that
repeated episodes of hypoglycemia could be considered an aggravating factor for preclinical
atherosclerosis in type 1 Diabetes patients [13]. However, the patients enrolled in the Gimenez
study differ from the patients in the present study. The Gimenez study included 45 young sub-
jects with T1IDM who were in optimal metabolic compensation (HbA1c between 6.6 and
6.7%), were of normal weight, were nonsmokers, and had normal values of blood pressure and
of blood lipids. In this situation, patients with hypoglycemia most likely have a high glucose
fluctuation. The role of this feature remains controversial but could emerge as a risk factor in
otherwise completely healthy subjects without any cardiovascular risk factor[19]. In our study,
patients have T2DM, are older, and exhibit the cardiovascular risk pattern typically observed
in diabetic subjects at approximately 60 years of age. Although their metabolic compensation
is good, the HbA1c values are significantly higher than those reported in the Gimenez study.
In this situation, hypoglycemic episodes could simply reflect a better metabolic compensation,
which is also partially suggested by the more marked reduction of HbAlc in the group with
hypoglycemia compared with the control group.

Peia et al. evaluated endothelial function in subjects with TIDM who underwent continu-
ous glucose monitoring [20]. The enrolled patients were very young (mean age 14 years) with-
out cardiovascular risk factors. The authors found that hypoglycemia but not glycemic
variability correlates with reduced endothelial function. Again, the enrolled population is
completely different from the one we studied, and this difference could account for the differ-
ent results.

Taken together, these data suggest that hypoglycemia and glycemic variability may play dif-
ferent roles in patients with type 1 diabetes compared with those with type 2 diabetes.
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However, in the case of patients with type 2 diabetes, the selection of subjects can influence
the outcome, and it is not surprising that studies comparable in terms of aim achieve different
results. Indeed, the regression or progression of diabetic complications is strongly influenced
by a patient’s age, disease duration, glycemic control and variability, and comorbidities.

In a post hoc analysis of subjects recruited in the SPIKE trial, a clinical trial designed to
investigate the efficacy of sitagliptin versus conventional therapy in controlling the progression
of carotid IMT in a Japanese population of type 2 diabetes subjects, the authors analyzed the
relationship between hypoglycemic events and change in carotid IMT [21]. They found a sig-
nificant increase in IMT in subjects with hypoglycemia compared to those without after
adjustment for several variables regardless of the treatment. In detail, IMT increased in hypo-
glycemic subjects by +12 p in those administered sitagliptin and by +42 p in those adminis-
tered conventional therapy. The difference was not statistically significant. Conversely,
subjects without hypoglycemia exhibited reduced carotid IMT, and the difference between
those taking sitagliptin and conventional therapy was statistically significant (respectively,

-57 pand +12 g, p = 0.003). In our study, we found a mean IMT regression of approximately
-70 p in subjects with hypoglycemia after 1 year of treatment. The percentage reduction was
approximately 6%, a value comparable to that reported in studies investigating the effect of
statins on carotid IMT[22]. In addition to the different ethnic origins, subjects in the SPIKE
trial were older and had longer disease duration and higher baseline HbAlc compared with
subjects enrolled in our study. They suffered from severe renal disease, had less endogenous
insulin and were frequent users of sulfonylureas. The populations the authors have investi-
gated are characterized by an advanced stage of disease and higher cardiovascular risk. We
believe that these different characteristics may have influenced the different outcome of our
study compared with the SPIKE Trial.

The findings of our study have also demonstrated a lack of worsening of endothelial func-
tion in the H-group compared with the C-group after 1 year of treatment. Endothelial function
has been not extensively investigated in subjects with hypoglycemia. The acute effect of moder-
ate hypoglycemia on endothelial function has been investigated in healthy non-diabetic indi-
viduals [23]. The authors reported blunted dilation during acute hypoglycemia and acute
hyperglycemia. They also found a significant increase in pro-inflammatory and pro-athero-
thrombotic cytokines in both conditions. Both results make sense and suggest how relevant
and unsafe might be an acute hypo- and hyperevent. In the present paper, we demonstrated
that hypoglycemic events did not negatively influence the vascular function.

The prevalence and incidence of hypoglycemic events observed in the present study is com-
parable to that reported in epidemiological studies and meta-analyses [24,25], and in our opin-
ion, this finding particularly strengthens the findings of the present study.

The paper has some limitations. In particular, we have likely underestimated the number of
hypoglycemic events. Indeed, it is possible that not all events and the unawareness episodes
have been documented. This is a limit of all studies that include hypoglycemia as outcome and
is only avoidable with the use of continuous glucose monitoring. The results should be con-
firmed in a larger population.

In conclusion, the results of the present study suggest that despite a reasonable concern for
hypoglycemia, each strategy aimed to obtain a good metabolic control in nonfragile subjects
with type 2 diabetes should be pursued. Our data demonstrated for the first time that optimal
glycemic control, even if associated with increased rate of hypoglycemic events, does not affect
the progression of preclinical atherosclerosis in subjects without previous severe hypoglycemia
and with known micro- and macrovascular complications.
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Clinical characteristics, type of diabetes, presence of complications, disease duration and
previous metabolic control might suggest the metabolic target and the intensity of treatment
after evaluating the risk of hypoglycemia in terms of morbidity and mortality.
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