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OBJECTIVEdFrequent episodes of severe hypoglycemia may increase the risk of cardiovas-
cular disease (CVD) in people with diabetes. Our aim was to study the relationship between
severe hypoglycemic episodes and CVD incidence in subjects with type 1 diabetes, and further, to
assess if markers of inflammation/endothelial injury were enhanced in individuals who experi-
enced hypoglycemic episodes.

RESEARCH DESIGN AND METHODSdThe prospective study included 2,181 type 1
diabetic patients from the EURODIAB Prospective Complications Study. At baseline, frequency of
self-reported severe hypoglycemia, defined as episodes serious enough to require the help of
another person, was assessed based on responses to a patient questionnaire. Both fatal/nonfatal
CVD was assessed 7.3 years after baseline examination. At the follow-up visit, data on both severe
and nonsevere hypoglycemic episodes in the previous year were collected through a questionnaire
and markers of inflammation/stress response/endothelial injury measured by enzyme-linked
immunosorbent assays in the 531 subjects of the nested case-control study, including 363 case
subjects with one or more complications of diabetes and 168 control subjects with no evidence of
any complication.

RESULTSdDuring the follow-up period, 176 patients had incident CVD. Logistic regression
analysis showed that severe hypoglycemia at the baseline examination was not associated with
incidence of CVD (adjusted odds ratios [95%CI]: one to two episodes, 0.87 [0.55–1.37]; three or
more episodes, 1.09 [0.68–1.75]). Furthermore, follow-up serum levels of markers of endothe-
lial damage/inflammation were not cross-sectionally associated with the frequency of hypogly-
cemic episodes.

CONCLUSIONSdTaken together our data do not support the hypothesis that in type 1
diabetes, severe hypoglycemia increases the risk of CVD.
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Hypoglycemia is the most common
side effect of glucose-lowering ther-
apies in patients with diabetes, and

intensive glucose control invariably in-
creases the risk of severe hypoglycemia.
Recent large randomized trials, looking
at the effect of intensive glycemic control

on macrovascular complications in type 2
diabetic patients, have individually shown
either no benefit or increased mortality (1).
Although the reason for this increased
mortality is unclear and hypoglycemia has
not been proven to be involved, these stud-
ies have fueled longstanding concerns that

hypoglycemia itself may increase the risk of
cardiovascular disease (CVD).

Evidence linking hypoglycemia to
CVD comes predominantly from studies
in type 2 diabetic patients (2–8). How-
ever, the risk of hypoglycemia is even
greater in type 1 diabetic patients, and
in the Diabetes Control and Complica-
tions Trial (DCCT), severe hypoglycemic
episodes requiring assistance affected
nearly one-third of the intensively treated
patients (9). The DCCT/Epidemiology of
Diabetes Interventions and Complica-
tions (EDIC) study showed a reduction
in CVD at later follow-up (10,11); how-
ever, the risk of cardiovascular (CV)
events among the people who experi-
enced severe hypoglycemia was not re-
ported, and this issue has been scarcely
explored in clinical and epidemiological
studies.

Recently, additional support for the
hypothesis of a role of hypoglycemia in
CVD in type 1 diabetic patients was offered
by indirect evidence. First, repeated hypo-
glycemic episodes were associated with
preclinical atherosclerosis (12). Second,
physiological studies have shown that
acute provoked hypoglycemia induces a
rise in the circulating levels of markers of
both inflammation and endothelial dys-
function (1,13–16). Most of these studies,
however, are acute observations and the
long-term effects of hypoglycemia on
markers of inflammation/endothelial in-
jury are largely unknown.

The aim of the current study was to
examine in a large, 7-year prospective
cohort study of patients with type 1 di-
abetes if the frequency of severe hypogly-
cemic episodes predicts incident CVD at
follow-up. Moreover, we tested if both
severe and nonsevere hypoglycemic epi-
sodes were cross-sectionally associated
with serum levels of markers of both in-
flammation and endothelial dysfunction.

RESEARCH DESIGN AND
METHODSdThe EURODIAB Pro-
spective Complications Study (PCS) is a
follow-up of the EURODIAB IDDMCom-
plications Study (17). Full details of the
design, methods, and recruitment to the
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EURODIAB cohort have been published
elsewhere (17,18). Baseline investigations
were performed on 3,250 men and
women with type 1 diabetes aged be-
tween 15 and 60 years and recruited
from 31 centers in 16 European coun-
tries. The sampling frame contained all
type 1 diabetic patients attending at least
once in the last year for each center. Sam-
ple selection was stratified by age, sex,
and duration of diabetes to ensure suffi-
cient representation in all categories (17).
Type 1 diabetes was defined as a diagnosis
made before the age of 36 years, with a
need for continuous insulin therapy
within a year of diagnosis. Of those in-
vited, 85% participated. Patients with a
duration of diabetes ,1 year and preg-
nant women were excluded. The local
ethics committees approved this study
at each center, and all people provided
written informed consent.

Severe hypoglycemic episodes
Definition of severe hypoglycemia was
based on information obtained from
questionnaires completed by subjects at
both the baseline and the follow-up visit.
All patients were asked, “Over the past
year, how many hypoglycemic attacks
have you had, serious enough to require
the help of another person?” The ques-
tionnaire also provided information on
physical activity, smoking habits, fre-
quency of insulin injections, and number
of daily insulin units injected per kilogram
body weight (17,19). At the follow-up ex-
amination, information on numbers of
nonsevere hypoglycemic episodes, defined
as hypoglycemic episodes over the past
year not requiring the help of another per-
son, was also collected.

Follow-up and outcomes
All patients were recalled for follow-up
assessment 6–8 years later. At the time of
the follow-up study, data on mortality and
morbidity forms were collected from avail-
able hospital case notes or other sources
of clinical data in every participating
center, detailing cause of death or the pres-
ence or absence of severe complications at
their most recent visit. When death cer-
tificates could not be obtained, informa-
tion considering the cause of death was
reported by the physician or extracted
from the hospital record. In the whole
EURODIAB cohort, cause of death could
not be obtained for 35 of 102 deceased
subjects because of legal restrictions. Out-
come variables were both fatal and nonfatal
CVD incidence. Causes of death were

coded according to the ICD-9 classification
and assigned to different categories, such as
coronary heart disease, stroke, other CVD,
non-CVD, and unknown. Two observers
(N.C. and J.H.F.) separately allocated cause
of death with 100% agreement. CVD was
defined as a positive medical history of a
CV event, including myocardial infarction,
angina pectoris, coronary artery bypass
graft and/or stroke, and/or ischemic
changes on a conventional 12-lead electro-
cardiogram (ECG) (18). Two observers
classified the ECG abnormalities according
to the Minnesota Code. Any discrepancies
between the two observers were adjudi-
cated by a third. ECG abnormalities sug-
gestive of probable ischemia consist of
major Q/QS waves and complete left bun-
dle branchblock. Possible ischemia consists
of minor Q waves, ST segment abnormali-
ties, and T wave abnormalities (18,20).

Definitions and measurements
Hypertension was defined as systolic
blood pressure $140 mmHg or diastolic
blood pressure $90 mmHg and/or the
current use of blood pressure–lowering
drugs (21). Retinopathy was assessed by
centrally graded retinal photographs,
and each patient’s level of retinopathy
(absent, nonproliferative, or proliferative)
was defined by the level of the worst eye
(20). Nephropathy was assessed using the
albumin excretion rate (AER) calculated
centrally from a single, timed, 24-h urine
collection (22). Distal symmetrical poly-
neuropathy (DSP) was assessed on the
basis of neuropathic symptoms and signs,
including measurement of vibration per-
ception threshold. The AER value was
defined as normal (,20mg/min), micro-
albuminuria ($20 and ,200 mg/min),
or macroalbuminuria ($200 mg/min).
Glomerular filtration rate (GFR) was esti-
mated using the four-component abbrevi-
ated equation from theModification ofDiet
in Renal Disease Study Group (23). Sub-
jectswith an estimated glomerularfiltration
rate (eGFR),60mL/min/1.73m2were de-
fined as having chronic kidney disease.
Additional measurements included tri-
glycerides, total cholesterol, HDL choles-
terol, and HbA1c.

Nested case-control study
Across-sectional, nested case-control study
was designed at the follow-up examination
(24–30). Case subjects were selected to
have the greatest complication burden as
possible to provide sufficient numbers for
subgroup analyses. Thus, case subjects
were all those with CVD, proliferative

retinopathy, or micro/macroalbuminuria
at follow-up. Control subjects were se-
lected to be completely free of complica-
tions. Applying these criteria, this yielded
363 case subjects and 168 control subjects
with full data on complications. Blood sam-
ples from both case subjects and control
subjects were collected at the follow-up ex-
amination, andmarkers of both endothelial
damage and inflammation were measured.
Soluble vascular cell adhesion molecule 1
(sVCAM-1) (25), soluble E-selectin (s-E-
selectin) (25), interleukin 6 (IL-6) (25,27),
tumor necrosis factor-a (TNF-a) (25,27),
heat shock protein 27 (HSP27) (28), and
anti-HSP60 and anti-HSP70 antibodies
(29) weremeasured by commercially avail-
able ELISA (R&D Systems, Oxon, U.K.;
HSP27, Calbiochem San Diego, CA;
anti-HSP60 and anti-HSP70 antibodies:
anti–EKS-650 and –EKS-750, Stressgen
Biotechnologies Corporation). Plasma levels
of C-reactive protein (CRP) were measured
by an in-house ELISA (26,27).

Statistical analysis
Data were expressed as the mean and SD.
Variables with skewed distributions were
logarithmically transformed for statistical
analysis and expressed as geometric mean
(25th–75th percentile). Overall group
differences in continuous variables were
tested with ANOVA. Pearson x2 test was
used for differences in categorical mea-
sures. Follow-up duration for fatal and
nonfatal CVD incidence was calculated
as the time between the baseline examina-
tion and date of first event (myocardial
infarction, angina pectoris, coronary artery
bypass graft, or stroke), date of abnormal
ECG finding suggestive of ischemia, date
of loss to follow-up, or date of follow-up
examination. As there was little variation
in follow-up time among individuals, logis-
tic regression was used to analyze the asso-
ciation of severe hypoglycemic episodes at
baseline with incidence of fatal and nonfatal
CVD. Odds ratios (ORs) were adjusted for
age, sex, diabetes duration, andDSP at base-
line. In addition, in models 2 and 3, adjust-
ment was also performed for nonsevere
and severe hypoglycemic episodes at the
follow-up examination, respectively.

In the nested case-control study, logis-
tic regression analysis was used to estimate
the ORs of severe and nonsevere hypo-
glycemia for all complications and CVD,
independently of age and sex. Analysis
was hypothesis oriented and did not use
stepwise regression (31). Variables were
retained in the final model if they added
significantly to the likelihood of models or
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to the estimated coefficients of predictors.
The22 log likelihood ratio test was used to
assess the overall significance of models.
All reported P values are two sided, and a
P value of,0.05 was considered to indicate
statistical significance. All analyses were per-
formed with STATA (Stata Release 10.0;
Stata Corporation, College Station, TX).

RESULTSdOf the 3,250 patients re-
cruited at baseline, response data on
severe hypoglycemic episodes were avail-
able for 3,248 (99.9%) subjects. Out of
these subjects, 2,899 people had no evi-
dence of CVD at the baseline examina-
tion. Out of these 2,899 subjects, vital
status at follow-up was not obtained for
383 people because of the following
reasons: four local centers did not partic-
ipate in the prospective study (n = 358),
7 patients did not fulfill the inclusion cri-
teria, and 18 patients had an unknown
vital status. We also excluded 335 sub-
jects with missing morbidity and/or mor-
tality (22 of 74) data, resulting in 2,181
individuals with complete data. Baseline
distribution of severe hypoglycemic
episodes did not differ (P = 0.46) between
patients remaining in the study (none,
1,495 [68.5%]; one to two, 418 [19.2%];
three or more, 268 [12.3%] severe hypo-
glycemic episodes) and those who were
lost at follow-up (none, 477 [66.5%];
one to two, 141 [19.6%]; three or more,
100 [13.9%] severe hypoglycemic epi-
sodes), including subjects with unknown
cause of death (none, 14 of 22 [63.6%];
one to two, 2 of 22 [9%]; three ormore, 6 of
22 [27.2%]). Table 1 shows the baseline
characteristics according to hypoglycemic
categories. People who had experienced
three or more recent severe hypoglycemic
episodes had lower HbA1c values but lon-
ger duration of diabetes with higher prev-
alence of both retinopathy and DSP.

Hypoglycemia and incident CVD
After a median follow-up of 7.3 years
(interquartile range 6.9–7.9), 176 patients
had incident CVD (either fatal or nonfatal).
The percentages of case subjects with in-
cident CVD were similar among patients
with none (7.6%; n = 114; 12 fatal and 102
nonfatal), one to two (7.9%; n = 33; 3 fatal
and 30 nonfatal), and three or more severe
hypoglycemic episodes (10.8%; n = 29;
0 fatal and 29 nonfatal). The proportion
of patients who had fatal/nonfatal CV
events was comparable (P = 0.22) in pa-
tients reporting (9.0%) and not reporting
(7.5%) severe hypoglycemia at baseline
as well as at follow-up (nonfatal only,

9.1 and 7.8%; P = 0.40).Numbers of severe
hypoglycemic events at baseline and at
follow-up showed a statistically significant
correlation (R = 0.29; P = ,0.0001).
Moreover, a significant correlation between
numbers of severe and total hypoglycemic
episodes (R = 0.57; P, 0.0001) was found
at the follow-up examination.

Logistic regression analysis showed
that severe hypoglycemia at the baseline
examination was not associated with in-
cident fatal and nonfatal CVD (Table 2).
Further adjustment for numbers of both
severe and nonsevere hypoglycemic events
at follow-up did not modify ORs for non-
fatal CVD.

Nested case-control study at the
follow-up examination
As shown in Table 3, almost one-third
(33%) of the 531 subjects of the nested
case-control study declared one or more
severe hypoglycemic episodes over the
past year. Nineteen percent of the patients
had one to two episodes and 14% had
three or more episodes. The proportions
of case subjects and control subjects were
similar through hypoglycemic categories.

Those with vascular complications had a
more adverse risk factor profile than con-
trol individuals, as we have previously
reported (29–31). There were no signifi-
cant differences in serum CRP, IL-6,
sVCAM, HSP27, anti-HSP60, and anti-
HSP70 among groups. Differences in
E-selectin levels were clinically not rele-
vant, though statistically significant. In
case subjects, TNF-a values were lower
in patients who did not experience any
severe hypoglycemic episode than in pa-
tients with severe hypoglycemic episodes.
However, after adjustment for eGFR, the
difference was no longer significant (P =
0.84). Adjustment for treatment with beta
blockers and lipid-lowering therapy did
not modify observed associations. As
shown in Table 4, in logistic regression
analysis, people with severe hypoglycemic
episodes at follow-up had a 53% (OR 0.47
[95% CI 0.23–0.93]) lower risk of CVD
after adjustment for age and sex, and inde-
pendently of main confounders (diabetes
duration, systolic blood pressure, log
AER, LDL cholesterol, smoke, and log
TNF-a). However, after further adjustment
for HbA1c, this association was no longer

Table 1dBaseline characteristics and 7.3-year CVD incidence of type 1 diabetic
patients according to hypoglycemic categories

Number of episodes of severe hypoglycemia
in the past year

P value0 (n = 1,495) 1–2 (n = 418) 3+ (n = 268)

Age (years) 31.7 6 9.4 31.6 6 9.6 35.6 6 10.5 ,0.0001
Males 781 (52.2%) 225 (53.8%) 126 (47.0%) 0.20
Diabetes duration (years) 13.6 6 8.6 14.5 6 9.0 18.0 6 9.3 ,0.001
BMI (kg/m2) 23.4 6 2.8 23.6 6 2.6 23.7 6 3.0 0.33
HbA1c (%) 6.8 6 1.9 6.3 6 1.7 6.2 6 1.7 ,0.001
Insulin (units/day) 45.7 6 15.8 47.4 6 14.9 45.6 6 16.2 0.13
Hypertension (%) 164 (11.0%) 56 (13.4%) 43 (16.1%) 0.04
Systolic blood pressure
(mmHg) 120.0 6 16.3 119.7 6 16.1 122.0 6 18.8 0.14

Diastolic blood pressure
(mmHg) 74.9 6 11.1 75.2 6 10.8 75.1 6 11.8 0.86

Total cholesterol (mmol/L) 5.33 6 1.12 5.21 6 1.12 5.35 6 1.15 0.16
LDL cholesterol (mmol/L) 3.35 6 0.96 3.30 6 1.00 3.30 6 1.05 0.60
HDL cholesterol (mmol/L) 1.49 6 0.43 1.47 6 0.38 1.60 6 0.49 0.0003
Triglycerides (mmol/L) 0.99 (0.70–1.27) 0.93 (0.67–1.17) 0.99 (0.64–1.31) 0.07
AER ,20 mg/min 1,011 (70.6%) 283 (71.3%) 185 (71.7%) 0.29
20–200 mg/min 320 (22.3%) 76 (19.1%) 50 (19.4%)
.200 mg/min 102 (7.1%) 38 (9.6%) 23 (8.9%)

eGFR 119.4 6 36.6 114.1 6 28.6 106.4 6 31.8 ,0.0001
DSP 34.3% 36.9% 44.6% ,0.0001
Retinopathy 547 (44.3%) 149 (42.7%) 112 (53.6%) 0.03
Follow-up
Nonfatal CVD incidence 102 (6.8%) 30 (7.2%) 29 (10.8%) 0.05
Nonfatal and fatal
CVD incidence 114 (7.5%) 33 (7.9%) 29 (10.8%) 0.18
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significant (0.61 [0.28–1.30]). Nonsevere
hypoglycemic episodes in the past year
were not associated with either all compli-
cations or CVD. Finally, further adjust-
ments for treatment with beta blockers (all
complications OR 0.62 [0.33–1.15]; CVD
0.58 [0.27–1.26]) and lipid-lowering drugs
(all complications OR 0.62 [0.33–1.16];
CVD 0.59 [0.27–1.27]) did not modify ob-
served associations.

CONCLUSIONSdIn this study, we
found that frequency of severe hypogly-
cemia at baseline was not a predictor of
subsequent CV events. In addition, hypogly-
cemic episodes, both severe and nonsevere,

were not cross-sectionally associated with a
rise in the circulating levels of markers of
both inflammation and endothelial in-
jury. Therefore, our data do not support
the hypothesis that in type 1 diabetic
patients, severe hypoglycemia increases the
risk of CVD.

In the prospective study, the percent-
ages of case subjects with incident CVD
were similar through baseline hypoglycemic
categories. Furthermore, the proportion
of patients who experienced CV events
was comparable in patients reporting and
not reporting severe hypoglycemic epi-
sodes at baseline. Finally, results of logistic
regression analysis showed that severe

hypoglycemia at the baseline examination
was not associated with incident fatal and
nonfatal CVD.

Results of intervention trials are con-
sistent with our data. Indeed, in the DCCT
study in type 1 diabetic patients, a glucose-
lowering therapy that dramatically in-
creased the risk of severe hypoglycemia
did not cause long-term CV harm (9–11).
Furthermore, a recent meta-analysis of the
four major intervention trials in type 2
diabetic patients (UK Prospective Diabetes
Study, Action to Control Cardiovascular
Risk in Diabetes, Action in Diabetes and
Vascular Disease: Preterax and Diamicron
Modified-Release Controlled Evaluation,
and Veterans Affairs Diabetes Trial) has
shown that intensive therapy, carrying a
2.5-fold increased risk of severe hypoglyce-
mic events, reduced, though modestly, the
overall risk of first occurrence of major CV
events (32). However, intervention trials
do not explore the direct role of hypogly-
cemia, but only if an intervention, increas-
ing the risk of hypoglycemia, enhances the
risk of CV outcomes. Whether hypoglyce-
mia is a risk factor for future CV events is
best assessed in a prospective epidemiolog-
ical study (33), and ours is the first large,
clinically based, epidemiological study

Table 2dRole of severe hypoglycemia in incidence of CVD in the prospective study;
results of logistic regression analyses

Episodes of severe
hypoglycemia at
baseline examination

Model 1 Model 2 Model 3

OR (95% CI) OR (95% CI) OR (95% CI)

0 1.00 1.00 1.00
1–2 0.87 (0.55–1.37) 0.90 (0.55–1.48) 0.94 (0.57–1.55)
3+ 1.09 (0.68–1.75) 1.23 (0.75–2.04) 1.33 (0.80–2.22)
In model 1, ORs were adjusted for age, sex, diabetes duration, systolic blood pressure, LDL cholesterol, AER,
HbA1c, categories of smoking, and DSP. In models 2 and 3, ORs for nonfatal CVD were adjusted for numbers of
nonsevere (model 2) and severe (model 3) hypoglycemic episodes at the follow-up examination, respectively.

Table 3dVariables associated with severe hypoglycemia in the nested case-control study of the EURODIAB PCS

Number of episodes of severe hypoglycemia
in the past year

P value0 1–2 3+

All subjects 359 100 72 0.50
Age (years) 39.2 6 9.7 39.4 6 10.9 42.0 6 10.7 0.09
Males 175 (48.7%) 58 (58.0%) 39 (54.2%) 0.23
Diabetes duration (years) 21.0 6 9.4 22.0 6 9.7 23.7 6 9.6 0.08
HbA1c (%) 8.7 6 1.6 8.3 6 1.6 8.0 6 1.6 0.001

Case subjects (n = 363) 251 64 48
CRP (mg/L) 1.25 (0.48–2.69) 1.20 (0.45–2.69) 1.17 (0.42–3.23) 0.92
IL-6 (pg/mL) 2.53 (1.36–4.01) 2.41 (1.44–4.75) 2.36 (1.43–3.43) 0.86
TNF-a (pg/mL) 3.08 (2.23–3.98) 3.72 (2.39–4.60) 3.40 (2.03–4.24) 0.0009
E-selectin (ng/mL) 33 (25–41) 36 (26–46) 30 (19–40) 0.08
sVCAM (ng/mL) 406 (335–490) 408 (336–468) 449 (336–563) 0.08
HSP27 (pg/mL) 638.0 (276.7–1,305.0) 687.6 (274.7–1,286.0) 728.7 (342.9–1,693.5) 0.74
Anti-HSP60 (mg/mL) 21.14 (11.23–37.00) 22.28 (12.11–40.74) 21.65 (12.15–37.47) 0.91
Anti-HSP70 (mg/mL) 153.7 (102.4–215.1) 154.2 (94.7–250.0) 148.0 (102.1–217.4) 0.92

Control subjects (n = 168) 108 36 24
CRP (mg/L) 0.78 (0.36–1.80) 0.84 (0.43–2.01) 0.54 (0.28–1.44) 0.39
IL-6 (pg/mL) 1.73 (1.06–2.11) 1.72 (0.99–1.91) 1.59 (0.99–2.74) 0.87
TNF-a (pg/mL) 2.11 (1.67–2.89) 2.29 (1.81–3.24) 2.03 (1.93–2.90) 0.41
E-selectin (ng/mL) 28 (24–40) 30 (28–43) 26 (19–36) 0.33
sVCAM (ng/mL) 371 (322–439) 356 (312–393) 372 (363–427) 0.63
HSP27 (pg/mL) 549.0 (209.9–1,173.0) 464.6 (219.2–1,013.0) 890.0 (230.6–1,062.5) 0.09
Anti-HSP60 (mg/mL) 21.38 (10.20–29.98) 19.62 (11.65–23.78) 20.11 (12.59–29.12) 0.88
Anti-HSP70 (mg/mL) 174.3 (121.5–247.0) 150.8 (113.2–235.9) 193.3 (141.0–247.5) 0.33

Data are either means 6 SD or geometric means (interquartile range).
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exploring the relationship between hypo-
glycemia and incident CVD in type 1 di-
abetic patients.

Some epidemiological data are avail-
able in type 2 diabetic patients. The epide-
miological analysis of the Steno-2 trial has
shown no association between hypoglyce-
mic events and both total and CVmortality
during the 13-year follow-up (34). In a
recent epidemiological analysis of the Ac-
tion to Control Cardiovascular Risk in
Diabetes trial, participants with severe
hypoglycemic episodes had an increased
risk of all-cause mortality (35). Likewise,
various prospective epidemiological studies
have reported an increased all-cause mor-
tality in diabetic patients with myocardial
infarction who experienced in-hospital hy-
poglycemic episodes (6,8,36,37). How-
ever, data on CV events were either not
available or not significant in these studies.
This raises the hypothesis that people who
are prone to hypoglycemia are at higher
risk of death due to the coexistence of other
risk factors, such as hepatic disease, renal
disease, cognitive decline, cancer, and
medications, rather than because of en-
hanced CV risk (33).

In the nested case-control study, we
found no association between frequencies of
severe hypoglycemic episodes over the past
year and markers of both inflammation/
stress response (CRP, IL-6, TNF-a, anti-
HSP60, and anti-HSP70) and vascular
injury (sVCAM and s-E-selectin). A signif-
icant increase in TNF-a levels was ob-
served in case subjects, but it was no
longer present after adjustment for renal
function. Previous reports have shown that
hypoglycemia induces an acute increase in
markers of inflammation/endothelial in-
jury (13–16). Our results are not in conflict

with these findings, as hypoglycemia-
induced changes are transient and our
measurements were not performed imme-
diately after a hypoglycemic episode.
However, our data show that the cumula-
tive and deleterious effects of repeated/
severe hypoglycemic episodes over the
previous year did not alter the circulating
levels of markers, potentially linking hy-
poglycemia to diabetic vascular complica-
tions. Therefore, our data indicate that
hypoglycemia does not induce sustained
changes in markers of potential relevance
in CVD and argues against the hypothesis
that hypoglycemia-induced changes in
nontraditional CV risk factors play a
long-term role in CVD. We acknowledge
that in the case subjects, who were se-
lected to have the highest burden of com-
plications, small hypoglycemia-induced
differences in markers of inflammation/
endothelial injurymight have beenmasked
bymajor changes due to concurrentmicro/
macrovascular disease; however, no dif-
ferences were found in the control subjects,
who were completely free of complications.
Furthermore, a role for hypoglycemia-
induced inflammation/vascular damage
in CVD has been proposed particularly
for people with pre-existing vascular
disease (1).

An important strength of our work is
the prospective clinically based design,
evaluating a large, multicenter, European
cohort of type 1 diabetic patients. Type 2
diabetes is often associated with numerous
other CV risk factors, so that a disentangled
analysis may remain open to imprecision,
and type 1 diabetes offers a better model.
However, CV events are relatively rare
among younger type 1 diabetic patients
and a similar study could be carried out

only in such a large population as the one
studied prospectively by the EURODIAB
PCS.

Limitations were also present in this
study. First, we cannot exclude the possi-
bility that in our work the consequences of
hypoglycemiawere underestimated because
we relied on self-reports of spontaneous
hypoglycemia and, thus, some patients
were probably misclassified. Therefore, the
null hypothesis should be accepted with
caution. Validation of suspected hypogly-
cemic episodes through self-measurement
of blood glucose levels would have im-
proved the accuracy in identifying the
patients with true severe hypoglycemia.
However, patients may not experience
hypoglycemic symptoms severe enough
to prompt a measurement of finger stick
glucose, evenwhenblood glucose levels fall
below 50 mg/dL because of hypoglycemia
unawareness. We acknowledge that only
studies based on continuous glucose mon-
itoring would provide unbiased definitive
data. However, the feasibility and/or prac-
ticality of recruiting large numbers of sub-
jects to assess person-years using continuous
glucose monitoring-based methods and/or
observations for CV risk assessment is cur-
rently limited.

Second, the potential benefits for vas-
cular complications of better glucose con-
trol, leading to increased risk of severe
hypoglycemia, may have mitigated the
deleterious consequences of hypoglyce-
mia, thus obscuring any harm. Indeed, in
the DCCT study, participants in the in-
tensive therapy group had a 41% reduc-
tion in CV events at the end of the active
treatment period despite a much higher
risk of severe hypoglycemia. Furthermore,
analyses suggested that the difference in

Table 4dResult of logistic regression analysis of the case-control study within the EURODIAB PCS

All complications CVD

OR (95% CI) OR (95% CI)* OR (95% CI) OR (95% CI)*

Duration of diabetes (1 year) 1.13 (1.08–1.19) 1.13 (1.08–1.19) 1.12 (1.06–1.19) 1.13 (1.07–1.20)
Systolic blood pressure (1 mmHg) 1.01 (0.99–1.03) 1.02 (1.00–1.04) 1.02 (1.00–1.04) 1.02 (1.00–1.04)
Log AER 2.84 (1.99–4.03) 2.40 (1.70–3.40) 2.65 (1.66–4.23) 2.03 (1.26–3.25)
LDL cholesterol (1 mmol/L) 1.03 (0.76–1.40) 0.97 (0.71–1.32) 0.91 (0.63–1.31) 0.85 (0.58–1.23)
Smoke 1.44 (1.05–1.95) 1.45 (1.05–2.01) 1.60 (1.09–2.35) 1.70 (1.14–2.53)
Log TNF-a 7.12 (3.24–15.65) 6.06 (2.69–13.62) 5.63 (2.30–13.77) 4.78 (1.90–12.0)
Severe hypoglycemia (yes vs. no) 0.46 (0.26–0.84) 0.62 (0.33–1.17) 0.47 (0.23–0.93) 0.61 (0.28–1.30)
Nonsevere hypoglycemia (n)
#2 1.00 1.00 1.00 1.00
3–5 0.80 (0.41–1.57) 0.90 (0.45–1.79) 1.01 (0.44–2.29) 1.09 (0.47–2.57)
.5 1.03 (0.53–2.02) 1.11 (0.56–2.20) 1.15 (0.50–2.65) 1.24 (0.53–2.90)

HbA1c (1%) 1.57 (1.25–1.97) 1.60 (1.21–2.11)

ORs are adjusted for age, sex, diabetes duration, systolic blood pressure, log AER, LDL cholesterol, smoke, and log TNF-a. *ORs are further adjusted for HbA1c.
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HbA1c during the active treatment period
accounted for the CV benefit, though
the risk of severe hypoglycemia was
strongly and inversely correlated to the
achieved HbA1c (10,11). Consistently, in
our case-control analysis, severe hypogly-
cemia was protective with respect to CVD,
but this effect wasmerely due toHbA1c. On
the other hand, potential deleterious effects
of severe hypoglycemia on CV outcomes
may be overestimated because patients
experiencing severe hypoglycemia had a
longer duration of diabetes and greater
burden of microvascular complications.
However, our results were unaltered by
adjustment for both diabetes duration
and microvascular complications.

Third, both prospective analysis on
incidence of CVD and case-control anal-
ysis at the follow-up examination were
based on severe hypoglycemic episodes
occurring in the previous year and no data
were available throughout the follow-up
period. However, we found a correlation
between baseline and follow-up of severe
hypoglycemic events in keeping with the
DCCT results, showing that prior epi-
sodes of severe hypoglycemia are the
strongest predictor of risk of future epi-
sodes (9). Fourth, repeated mild/modest
hypoglycemic episodes may have a
greater impact on CVD than severe ones,
and we had no baseline information on
nonsevere hypoglycemic episodes. How-
ever, at follow-up, severe episodes corre-
lated with total hypoglycemic episodes,
and inclusion of nonsevere hypoglycemic
episodes in the logistic analyses did not
alter the results. Fifth, the release of the
confidential cause of death data was diffi-
cult due to legal restrictions in a number
of countries, which led to a relatively large
number of unknown causes of death.
However, based on the incidence of CV
death in the EURODIAB cohort, the few
missing cases of CV death would have
had a negligible effect on the final results.
In addition, the baseline distribution of
severe hypoglycemic episodes did not dif-
fer between patients remaining in the
study and those who were lost to follow-
up, including subjects with unknown
causes of death. Sixth, type 1 diabetes
was defined based on age and insulin
treatment; however, only patients with
continuous insulin therapy initiated ,1
year from diagnosis were selected, mak-
ing misclassification of diabetes unlikely.
Finally, in the nested case-control study,
the number of control subjects was lower
than the overall number of case subjects,
thus reducing the power of analyses.

In conclusion, our data suggest that
severe hypoglycemic episodes in type 1
diabetes are not associated with changes
in either nontraditional CV risk factors or
an increase in the incidence of CVD.
Therefore, our data do not support the
hypothesis that severe hypoglycemia in
patients with type 1 diabetes increases the
risk of CVD.
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