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Cardiovascular risk in type 1 diabetes mellitus
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Commonly cardiovascular risk (CVR) is linked to type 2 diabetes mellitus as this type is known to be part of the metabolic syndrome,
which includes other cardiovascular factors such as hypertension, dyslipidemia. Inversely, CVR of type 1 diabetes mellitus (T1DM)
is currently being debated apart from the occurrence of diabetic nephropathy (DN). For this, we did a review of CVR in patients with
T1DM complicated or not with DN. The place of novel non-invasive techniques in screening of subclinical vascular damage is also

discussed in this review.
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INTRODUCTION

Diabetes mellitus is characterized by progressive destruction
of pancreatic beta cells via a cytokine-induced apoptosis."
The specificity of each type of diabetes is the etiologic
mechanism and the speed of this apoptosis. In type 2
diabetes mellitus (T2DM), apoptosis is progressively
favored mainly by glucotoxicity and lipotoxicity; whereas
in type 1 diabetes mellitus (T1DM), apoptosis is rapidly
induced by irreversible autoimmune process.”

Hyperglycemia is a major cause of vascular and neuropathic
complications thatare seen in patients with T1IDM. However,
during the past few years, researchers have identified a
number of patients with unexpectedly few complications
despite extremely long duration diabetes (=50 years).F!

Insulin, despite improvements in its delivery systems
during the last decades, still remains a potential contributor
to morbidity and mortality since patients on current
conventional therapies are exposed to some risks such as
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hyperglycemias, ketosis, hypoglycemic episodes, ultimately
resulting in the development of micro and macrovascular
complications.

The published results of the diabetes control and
complications trial/epidemiology of diabetes interventions
and complications (EDIC) study marked a turning point
for the management of T1DM patients by confirming
by confirming the relationship between glycemic control
and micro and macrovascular complications.!*!

Cardiovascular risk (CVR) factors remain the most
controversial chronic complication in T1DM patients.
They have long been attributed to T2DM and T1DM
complicated by nephropathy. In the absence of renal
disease, there is still no consensus about of assessment of
CVR in T1DM because of the multitude of specific risk
factors that have been reported.

The assessment of subclinical vascular damage
has recently benefited from the advent of sensitive
techniques, such as measurement of carotid intima-media
thickness (IMT), determination of the ankle-brachial
index (ABI) and other sophisticated digital imaging
techniques.

We reviewed, in this paper, different aspects of CVR
in T1DM and the place of non-invasive techniques in
the screening of vascular damage. We also propose a
prevention strategy of CVR in TIDM.
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MortALITY IN TIDM

Mortality is a major factor limiting the long-term
studies of patients with T1DM. The analysis of the
literature leads to a conclusion: TIDM is subject to
a heavy premature mortality. Although the mortality
rate varies from one study to another, it remains high,
especially for young patients group. In a recent review in
Finland, mortality in patients with T1DM is estimated at
361/100,000 petrson-years.! Depending on the duration
of diabetes, mortality dominates during the first two
decades of diabetes. Beyond diabetes duration of 30 years,
mortality seems to decline significantly.

Mortality was the prerogative of the old series
where diabetes was seriously compromising the vital
prognosis due to acute hyperglycemic crisis. Thus,
in the oldest study, Diabetes Epidemiology Research
International (DERI) Study, T1DM was associated with
a 7-fold greater mortality rate than the age-matched non
diabetic population.”

Interestingly, the same study have shown a reduction of
35% in mortality rate from 1965 to 1979, however, this
positive trend was noted only in males.”

The literature review shows that the causes of death vary
according to the duration of diabetes.

Early mortality prevails during the first decade. It is mainly
due to interlinked acute conditions i.e., ketosis, severe
hypoglycemia, infections, suicide and sudden death in the
morning related to hypoglycemia and its subsequent cardiac
arthythmias (Dead-in-bed syndrome)."*!!

In the Pittsburgh study!" and DERI study,"” 64% and
73% of patients died as a result of decompensated
diabetic emergencies. However, over time, mortality due
to metabolic decomposition has declined markedly. This
decrease was estimated at 57% of causes of death when

she was only 38% for renal causes.!'>"!

During the second decade of diabetes history, mortality is
more related to chronic kidney disease and cardiovascular

accidents. Although delayed, these mortality causes affect
young patients.”!

ATHEROSCLEROSIS AND TIDM

In this part of the current review, we will assess three
components of the cardiovascular damage in TIDM:
Atherosclerosis risk factors, peripheral arterial disease (PAD)
and diabetic cardiomyopathy.

CVR factors in patients with TIDM

As in T2DM, traditional factors such as hyperlipidemia,
hypertension and smoking have been incriminated in
CVR of T1IDM.I'*B However, unlike their role in T2DM,
these factors are rarely associated with the development
of diabetes in children and are typically developed after
several years of diabetes history. Therefore, they cannot
alone explain the CVR in T1DM.

Unpublished data of a study conducted in our center
showed that smoking and hypertension were found in
respectively 20.3% and 36.6% of patients with TIDM. In
addition, 10% of diabetics have become obese while 61.5%
of women and 6.6% of men have a visceral distribution of
fat. The Pittsburgh epidemiology of diabetes complications
(EDC) study showed that Framingham criteria failed
to predict CVR over 10 years in TIDM suggesting the
existence of specific vascular factors for this type of
diabetes.!"!

Indeed, several specific tisk factors have been suggested in the
pathophysiology of CVR in T1DM: Nephropathy, cardiac
autonomic neuropathy, hyperglycemia, hypoglycemia,
low high-density lipoprotein (HDL)-cholesterol, insulin
resistance and also genetic factors.!"”

Coronary disease and cardiomyopathy in TIDM

Commonly described in T2DM, CVR have been mentioned

in T1IDM in the late of 70s."*"”l The comprehensive review

of the literature reveals an increased risk of cardiovascular
mortality from coronary heart disease (CHD).

e In the Tunisian National Register in 1984: The CVR
of CHD was multiplied by 10"

e Inthe Medalist Study: CVR was multiplied by 6 compared
with the risk calculated using the Framingham critetia.l?'!

* In the Wisconsin Epidemiologic Study of Diabetic
Retinopathy: The risk of ischemic heart disease was
multiplied by 9.1 in males and 13.5 in females for
patients aged less than 30 years!*”

e In DERI Study, cardiovascular causes were a rare cause
of death in the eatly ages®!

e In the Pittsburgh EDC study: After more than 10 years
of evolution affect 16% of ischemic heart disease was
observed™

* For the older (between 20 and 30 years) in the same
cohort, a 0.98% annual risk of fatal cardiovascular
events with or without revascularization was noted™!

e In the study EURODIAB prospective complications
study: After 7.3 years of evolution, the incidence of
ischemic heart disease was at 7%

* In the UK cohort, controlled trial of 7479 diabetics
between 1992 and 1999 study found the risk of

cardiovascular events of 7.7 in women and 3.6 in men
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including myocardial infarction (MI), revascularization
27]

and stroke.!
Beyond 30 years of diabetes history, cardiovascular causes
dominate the prognosis. The UK cohort study, showed
among patients with a diabetes history over 30 years an
increase in cardiovascular diseases such as hypertension,
cardiomyopathy, heart failure and ML

Thus, unlike chronic renal failure, thete has not been found
29,30]

a decline of cardiovascular mortality over time.
It turns out that TIDM is characterized by a long-term
cardiac damage independent of hypertension and coronary
artery disease. This damage has been confirmed by
ultrasound and isotopic methods and by autopsy.P"!

In our series, we showed a decrease in systolic ejection
fraction in 56.3% of cases, despite the absence of overt
ischemic heart disease or hypertension (unpublished data).

Left ventricular dysfunction is explained by diabetic
microangiopathy affecting small vessels of heart, a heart
progressive fibrosis and cardiac autonomic neuropathy.

Diastolic dysfunction occurs eatly at 6 years history of
diabetes, whereas systolic dysfunction is later occurring

after a mean of 18 years of evolution.”*3"

The left ventricular dysfunction leads to impaired
compliance and is more marked as diabetes is long-standing
ot pootly controlled.

Stroke in TIDM

In our series, proven stroke was diagnosed in 13.3% of
patients with over 20 years of T1DM history predominantly
in females. The stroke risk is actually increased in TIDM.I
The relative risk is estimated at 4 in women in the United
States controlled study performed between 1976 and
2002 on 116,316 female patients aged between 30 and
35 years.’’! This particular risk in females was confirmed
in the UK cohort showing that the risk of stroke is 4.8
higher in women.?"

In the Australian study of Davis on 126 patients with
T1DM conducted between 1993 and 1996 over a mean of
7.2 years, the occurrence of stroke was observed in 4.7%
of cases, this risk is correlated with low HDL-C level.®

Outside the atherosclerotic disease of carotid arteries,
some authors emphasize the role of microangiopathy as
one diabetes-related cause of brain injury.”**!l

Measurement of carotid IMT was introduced by Pignoli in
Italy in 19861*4 and has since been improved.

Increased IMT is the first sign of carotid artery disease and
is present before the development of the atherosclerotic
plaque. The measurement of carotid IMT is now an accepted
surrogate marker of subclinical atherosclerosis. A Swedish
study has recently shown that increased IMT can predict
stroke even in the absence of obvious carotid plaques.*’

According to our experience, we have noted carotid
ultrasound abnormalities in 72.7% of patient with
long-surviving T1DM with a mean value of IMT of
0.72 mm.

In a cross-sectional study conducted in South Africa
and involving 148 T1DM patients (duration of
diabetes >18 years), a mean value of IMT of 0.62 mm
was noted and atherosclerotic carotid plaque was detected
in 18.9% of cases.[*!

In a case-control study involving 40 Egyptian patients with
a 3-25 years history of T1DM, the mean value of IMT
was 0.6 mm.*!

Another Hungarian controlled study of Vastagh et al
conducted on 42 patients with TIDM (age 34 * 10 years;
average duration of diabetes 15 + 10 years), the IMT was
significantly more increased in diabetic patients compared
with controls (0.567 vs. 0.523 mm respectively).l***]

This progression of IMT seems to be early because it was
found even in patients with a 9 year-history of T1DM.*I

An association between IMT and CVR factors has been
noted in many studies, such as with age, body mass index,
duration of diabetes, hypertension, smoking, glycated
hemoglobin and decreased HDIL-cholesterol. #4541

IMT is also a valuable parameter for interventional studies.
Thus, in 2 meta-analysis of 2004 Amatenco e 2/ found
a strong correlation between the reduction of low-density
lipoprotein (LDL) and IMT in the effect of statins
with fewer strokes, but no direct impact on mortality.
Angiotensin receptor blockers also have demonstrated
efficacy in reducing CVR and IMTP" and for calcium
channel blockers and glitazones® in the evaluation of
treatment of metabolic syndrome.

Data from epidemiological and clinical studies have
prompted the American Heart Association to retain the
use of IMT in the assessment of CVR in asymptomatic
subjects aged over 45 years.P’)
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PAD

In T1DM, endothelial dysfunction develops from the first
14954561 Peripheral arterial lesions are
independent predictors of atherosclerosis. Anatomical
and biomechanical studies on thoracic aortic tissue of
patients with TIDM showed a reduction in extensibility
that positively correlated with duration of diabetes.”’!

decade of evolution.

The use of index ankle-brachial systolic pressure (ABP)
began in 1968 with the publication of the work of Carter.""
Since then, this evaluation has been technically progressed
with the use of Doppler. In 1970, Yao showed that the
average value of the ABP decreases with the increase of
the severity of PAD.P

It is measured by comparing the pressure between the
arm and ankle. This is seen when the index is below 0.9
ot above 1.3 or 1.4 reflecting extreme rigidity. The
use of ABP allows the diagnosis of PAD in 9 times out
of 10. An ABP value less than 0.90 multiplies by 2.5 the
cardiovascular mortality at 10 years; while an ABP value
above 1.4 multiplies by 2 the cardiovascular mortality at
10 years.

Other techniques for the screening of subclinical PAD
are proposed such as the study of endothelial cells
that are biomarkers of CVR. A low level of circulating
CD34+ CD33+ and CD31+ and a high level of circulating
CD34+ CD45— seem to be a witness of endothelial damage.*”

Endothelial damage seems to depend on the age of
patients;* female sex; ! retinopathy;*Y diabetic autonomic
neuropathy;PY smoking;®! hypertension;®! and genetic
factors such as some polymorphisms of nitric oxide
synthase. [

CARDIOVASCULAR PREVENTION STRATEGIES
INTIDM

It is based on several measures:

1. Glycemic control: All studies agree to stress on this
factor. According to the EDIC study, glycemic control
can reduce by 42% cardiovascular events.”

2. Prevention and management of CVR factors:

* To stop smoking and to avoid weight gain induced
by insulin and sweet food excess

e To detect lipid abnormalities since 12 years of
diabetes history and to repeat the exam every 5 years
if normal.””l According to Pediatric and American
Dental Association (ADA) recommendations on
the lipids, targets are as follows: LDL <2.6 mmol/L;
HDL-c >1.1 mmol/L and triglycerides
<1.7 mmol/L. Medical treatment (statins or

resins prescribed from the age of 10-year-old)
should be considered if the LDL >4.1 mmol/L
or >3.4 mmol/L (1.3 g/L) in the case of high CVR.
According to short-term trials, statins show efficacy
and safety in children and adolescents. Nevertheless,
the recommendations remain cautious about the
use of statins in children®®*’]

* To stratify the CVR in patients with T1IDM [Table 1]:
Common recommendations only consider the
diabetic nephropathy in high CVR. In the absence of
nephropathy, scientific societies (European society
of cardiology, European association for the study
of diabetes, HAS, ADA) have not yet established
consensus score to stratify the cardiovascular risk
in TIDM.I"""! For this reason, non-invasive tests,
such as IMT and ABP measurements, may provide
a valuable opportunity to identify patients at high
CVR after a 10 year history of diabetes. Patients
at high CVR: IMT >1 mm or ABI <0.9 should
benefit from preventive measures based on lifestyle
modifications, angiotensin-converting-enzyme
inhibitors, statins [Table 2]. Other tests such as

Table 1: Comparison between CVR in T2DM and in
T1DM

T2DM T1DM

Prevention of diabetes Possible  Not possible
Frequency of CV events x2-3 x6-10
Age of diagnosis >30ans  20-30 ans
Occurrence of CV

Before the diagnosis of diabetes ~ ++ Never

At the same moment ++ Never

After the diagnosis of diabetes ++ Later

Glycemic control as a CVR factor ~ ++ ++
Impact of intensification

Metabolic memory ++ ++

Harmfulness of hypoglycemia ++ Severe and repeated

hypoglycemia
The role of common CVR factors  ++ +
(smoking, lipid anomalies,
hypertension)

The role of insulin resistance ++ Induced by over dose
(metabolic syndrome) of insulin
The role of nephropathy ++ ++

CVR: Cardiovascular risk, CV: Cardiovascular, T2DM: Type 2 diabetes mellitus,
T1DM: Type 1 diabetes mellitus

Table 2: Stratification of CVR in patients with T1DM

(adapted from(™2))
Moderate CVR High CVR % Very high CVR %
IMT <1 mm or<50-75¢m >1mm or>75* >1 mm or>75%me
percentile percentile
Plague  No Stenosis<50 Stenosis>50
Strategy Life style Life style Life style
modifications modifications modifications
Targets LDL-C<130 mg/dL  LDL-C<100 LDL-C<0,7 mg/dL+
mg/dL sophisticated tests

CVR: Cardiovascular risk, IMT: Intima-media thickness, TIDM: Type 1 diabetes
mellitus, LDL-C: Low-density lipoprotein cholesterol
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stress testing or coronary angiography are not
indicated in routine and reserved for patients with
very high CVR.I"?

CoNcLUSION

Taken to account all reviewed data, we can definitely say
that cardiovascular damage in TIDM is a real, serious and
complex complication. Review summary of this risk with
a comparison between CVR risk in T2DM and T1DM are
presented in Table 1.

The dogma saying that CVR in TIDM begins only with the
occurrence of nephropathy is no longer valid. Non-invasive
tests should be more frequently used in order to detect
subclinical damage and stratify CVR in patients with
T1DM.

REFERENCES

10.

11.

12.

13.

Daneman D. Type 1 diabetes. Lancet 2006;367:847-58.

CnopM, Welsh N, Jonas JC, Jérns A, Lenzen S, Eizirik DL. Mechanisms
of pancreatic beta-cell death in type 1 and type 2 diabetes: Many
differences, few similarities. Diabetes 2005;54 Suppl 2:597-107.
Sun JK, Keenan HA, Cavallerano JD, Asztalos BF, Schaefer EJ,
Sell DR, et al. Protection from retinopathy and other complications in
patients with type 1 diabetes of extreme duration: The joslin 50-year
medalist study. Diabetes Care 2011;34:968-74.

The effect of intensive treatment of diabetes on the development
and progression of long-term complications in insulin-dependent
diabetes mellitus. The Diabetes Control and Complications Trial
Research Group. N Engl J Med 1993;329:977-86.

Nathan DM, Cleary PA, Backlund JY, Genuth SM, Lachin JM,
Orchard TJ, et al. Intensive diabetes treatment and cardiovascular
disease in patients with type 1 diabetes. N Engld Med 2005;353:2643-53.
Harjutsalo V, Forsblom C, Groop PH. Time trends in mortality in
patients with type 1 diabetes: Nationwide population based cohort
study. BMJ 2011;343:D5364.

Secrest AM, Becker DJ, Kelsey SE, LaPorte RE, Orchard TJ. All-cause
mortality trends in a large population-based cohort with long-standing
childhood-onset type 1 diabetes: The allegheny county type 1
diabetes registry. Diabetes Care 2010;33:2573-9.

Secrest AM, Becker DJ, Kelsey SF, Laporte RE, Orchard TJ.
Cause-specific mortality trends in a large population-based cohort
with long-standing childhood-onset type 1 diabetes. Diabetes
2010;59:3216-22.

Gregg EW, Gu Q, Cheng YJ, Narayan KM, Cowie CC. Mortality
trends in men and women with diabetes, 1971 to 2000. Ann Intern
Med 2007;147:149-55.

Gill GV, Woodward A, Casson IF, Weston PJ. Cardiac arrhythmia
and nocturnal hypoglycaemia in type 1 diabetes — The ‘dead in bed’
syndrome revisited. Diabetologia 2009;52:42-5.

Roberts SE, Goldacre MJ, Neil HA. Mortality in young people admitted
to hospital for diabetes: Database study. BMJ 2004;328:741-2.
Scibilia J, Finegold D, Dorman J, Becker D, Drash A. Why do
children with diabetes die? Acta Endocrinol Suppl (Copenh)
1986,279:326-33.

International evaluation of cause-specific mortality and [DDM.
Diabetes Epidemiology Research International Mortality Study
Group. Diabetes Care 1991;14:55-60.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

25.

26.

27.

28.

29.

30.

31.

Lepore G, Bruttomesso D, Nosari I, Tiengo A, Trevisan R. Glycaemic
control and microvascular complications in a large cohort of Italian
Type 1 diabetic out-patients. Diabetes Nutr Metab 2002;15:232-9.
Patterson CC, Dahlquist G, Harjutsalo V, Joner G, Feltbower RG,
Svensson J, et al. Early mortality in EURODIAB population-based
cohorts of type 1 diabetes diagnosed in childhood since 1989.
Diabetologia 2007;50:2439-42.

Zgibor JC, Piatt GA, Ruppert K, Orchard TdJ, Roberts MS. Deficiencies
of cardiovascular risk prediction models for type 1 diabetes. Diabetes
Care 2006;29:1860-5.

Orchard Td, Costacou T, Kretowski A, Nesto RW. Type 1 diabetes
and coronary artery disease. Diabetes Care 2006;29:2528-38.
Deckert T, Poulsen JE, Larsen M. Prognosis of diabetics with
diabetes onset before the age of thirty-one. II. Factors influencing
the prognosis. Diabetologia 1978;14:371-7.

Christlieb AR, Warram JH, Krélewski AS, Busick EJ, Ganda OP,
Asmal AC, et al. Hypertension: The major risk factor in juvenile-onset
insulin-dependent diabetics. Diabetes 1981;30:90-6.

Dorman JS, Laporte RE, Kuller LH, Cruickshanks KJ, Orchard Td,
Wagener DK, et al. The Pittsburgh insulin-dependent diabetes
mellitus morbidity and mortality study. Mortality results. Diabetes
1984,33:271-6.

Krolewski AS, Kosinski EJ, Warram JH, Leland OS, Busick EJ,
Asmal AC, et al. Magnitude and determinants of coronary artery
disease in juvenile-onset, insulin-dependent diabetes mellitus. Am
J Cardiol 1987;59:750-5.

Moss SE, Klein R, Klein BE. Cause-specific mortality in a
population-based study of diabetes. Am J Public Health
1991;81:1158-62.

International evaluation of cause-specific mortality and IDDM.
Diabetes epidemiology research international mortality study group.
Diabetes Care 1991;14:55-60.

Orchard Td, Olson JC, Erbey JR, Williams K, Forrest KY, Smithline
Kinder L, et al. Insulin resistance-related factors, but not glycemia,
predict coronary artery disease in type 1 diabetes: 10-year follow-up
data from the pittsburgh epidemiology of diabetes complications
study. Diabetes Care 2003;26:1374-9.

Pambianco G, Costacou T, Ellis D, Becker DJ, Klein R, Orchard TdJ.
The 30-year natural history of type 1 diabetes complications: The
pittsburgh epidemiology of diabetes complications study experience.
Diabetes 2006;55:1463-9.

Soedamah-Muthu SS, Chaturvedi N, Witte DR, Stevens LK,
Porta M, Fuller JH, et al. Relationship between risk factors and
mortality in type 1 diabetic patients in Europe: The EURODIAB
prospective complications study. Diabetes Care 2008;31:1360-6.
Soedamah-Muthu SS, Fuller JH, Mulnier HE, Raleigh VS,
Lawrenson RA, Colhoun HM. High risk of cardiovascular disease
in patients with type 1 diabetes in the U.K.: A cohort study using the
general practice research database. Diabetes Care 2006;29:798-804.
Laing SP, Swerdlow Ad, Slater SD, Burden AC, Morris A, Waugh NR,
et al. Mortality from heart disease in a cohort of 23,000 patients with
insulin-treated diabetes. Diabetologia 2003;46:760-5.

Nordwall M, Bojestig M, Arnqvuist HJ, Ludvigsson J, Linkoping
Diabetes Complications Study. Declining incidence of severe
retinopathy and persisting decrease of nephropathy in an unselected
population of Type 1 diabetes-the linképing diabetes complications
study. Diabetologia 2004;47:1266-72.

Hovind P, Tarnow L, Rossing K, Rossing P, Eising S, Larsen N, et al.
Decreasing incidence of severe diabetic microangiopathy in type 1
diabetes. Diabetes Care 2003;26:1258-64.

Konduracka E, Gackowski A, Rostoff P, Galicka-Latala D, Frasik W,
Piwowarska W. Diabetes-specific cardiomyopathy in type 1 diabetes
mellitus: No evidence for its occurrence in the era of intensive insulin
therapy. Eur Heart J 2007;28:2465-71.

Indian Journal of Endocrinology and Metabolism / 2013 / Vol 17 / Supplement 1



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

Slim: Cardiovascular risk in T1DM

Nadeau KJ, Regensteiner JG, Bauer TA, Brown MS, Dorosz JL,
Hull A, et al. Insulin resistance in adolescents with type 1 diabetes
and its relationship to cardiovascular function. J Clin Endocrinol
Metab 2010;95:513-21.

Suys BE, Katier N, Rooman RP, Matthys D, Op De Beeck L, Du
Caju MV, et al. Female children and adolescents with type 1 diabetes
have more pronounced early echocardiographic signs of diabetic
cardiomyopathy. Diabetes Care 2004;27:1947-53.

Raev DC. Which left ventricular function is impaired earlier in the
evolution of diabetic cardiomyopathy? An echocardiographic study
of young type I diabetic patients. Diabetes Care 1994;17:633-9.
Cerutti F, Vigo A, Sacchetti C, Bessone A, Barattia G, Morello M, et al.
Evaluation of left ventricular diastolic function in insulin dependent
diabetic children by M-mode and Doppler echocardiography.
Panminerva Med 1994:;36:109-14.

Laing SP, Swerdlow Ad, Carpenter LM, Slater SD, Burden AC,
Botha JL, et al. Mortality from cerebrovascular disease in a cohort of
23 000 patients with insulin-treated diabetes. Stroke 2003;34:418-21.
Janghorbani M, Hu FB, Willett WC, Li TY, Manson JE, Logroscino G,
et al. Prospective study of type 1 and type 2 diabetes and risk of stroke
subtypes: The Nurses’ Health Study. Diabetes Care 2007;30:1730-5.
Davis TM, Bruce DG, Davis WA. Predictors of first stroke in type 1
diabetes: The fremantle diabetes study. Diabet Med 2005;22:551-3.
Karapanayiotides T, Piechowski-Jozwiak B, van Melle G,
Bogousslavsky J, Devuyst G. Stroke patterns, etiology, and prognosis
in patients with diabetes mellitus. Neurology 2004;62:1558-62.
Mitchell P, Wang JJ, Wong TY, Smith W, Klein R, Leeder SR. Retinal
microvascular signs and risk of stroke and stroke mortality. Neurology
2005;65:1005-9.

Cooper LS, Wong TY, Klein R, Sharrett AR, Bryan RN, Hubbard LD,
et al. Retinal microvascular abnormalities and MRI-defined subclinical
cerebral infarction: The atherosclerosis risk in communities study.
Stroke 2006;37:82-6.

Pignoli P, Tremoli E, Poli A, Oreste P, Paoletti R. Intimal plus medial
thickness of the arterial wall: A direct measurement with ultrasound
imaging. Circulation 1986;74:1399-406.

Rosvall M, Janzon L, Berglund G, Engstrom G, Hedblad B. Incidence
of stroke is related to carotid IMT even in the absence of plaque.
Atherosclerosis 2005;179:325-31.

Distiller LA, Joffe BI, Melville V, Welman T, Distiller GB. Carotid
artery intima-media complex thickening in patients with relatively
long-surviving type 1 diabetes mellitus. J Diabetes Complications
2006;20:280-4.

Abdelghaffar S, El Amir M, El Hadidi A, El Mougi E Carotid
intima-media thickness: An index for subclinical atherosclerosis in
type 1 diabetes. J Trop Pediatr 2006;52:39-45.

Vastagh [, Horvath T, Nagy G, Varga T, Juhasz E, Juhasz V, et al.
Evolution and predictors of morphological and functional arterial
changes in the course of type 1 diabetes mellitus. Diabetes Metab
Res Rev 2010;26:646-55.

Dalla Pozza R, Beyerlein A, Thilmany C, Weissenbacher C, Netz H,
Schmidt H, et al. The effect of cardiovascular risk factors on the
longitudinal evolution of the carotid intima medial thickness
in children with type 1 diabetes mellitus. Cardiovasc Diabetol
2011;10:53.

Rogowicz-Frontczak A, Araszkiewicz A, Pilacinski S,
Zozulinska-Ziolkiewicz D, Wykretowicz A, Wierusz-Wysocka B.
Carotid intima-media thickness and arterial stiffness in type 1 diabetic
patients are dependent on age and mean blood pressure. Exp Clin
Endocrinol Diabetes 2011;119:281-5.

Singh TP, Groehn H, Kazmers A. Vascular function and carotid
intimal-medial thickness in children with insulin-dependent diabetes
mellitus. J Am Coll Cardiol 2003;41:661-5.

Amarenco P, Labreuche J, Lavallée P, Touboul PJ. Statins in stroke

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

prevention and carotid atherosclerosis: Systematic review and
up-to-date meta-analysis. Stroke 2004;35:2902-9.

Yamakado M. Comparison of vasculoprotective effect of angiotensin
receptor blocker, candesartan and diuretics in patients with essential
hypertension. Am J Hypertens 2006,6:A134.

Langenfeld MR, Forst T, Hohberg C, Kann P, Liibben G, Konrad T,
et al. Pioglitazone decreases carotid intima-media thickness
independently of glycemic control in patients with type 2 diabetes
mellitus: Results from a controlled randomized study. Circulation
2005;111:2525-31.

Greenland P, Abrams J, Aurigemma GP, Bond MG, Clark LT,
Criqui MH, et al. Prevention Conference V: Beyond secondary
prevention: Identifying the high-risk patient for primary prevention:
Noninvasive tests of atherosclerotic burden: Writing Group III.
Circulation 2000;101:E16-22.

Jarvisalo MJ, Raitakari M, Toikka JO, Putto-Laurila A, Rontu R,
Laine S, et al. Endothelial dysfunction and increased arterial
intima-media thickness in children with type 1 diabetes. Circulation
2004;109:1750-5.

Schalkwijk CG, Stehouwer CD. Vascular complications in diabetes
mellitus: The role of endothelial dysfunction. Clin Sci (Lond)
2005;109:143-59.

Haller MJ, Samyn M, Nichols WW, Brusko T, Wasserfall C,
Schwartz RF, et al. Radial artery tonometry demonstrates
arterial stiffness in children with type 1 diabetes. Diabetes Care
2004;27:2911-7.

Oxlund H, Rasmussen LM, Andreassen TT, Heickendorff L. Increased
aortic stiffness in patients with type 1 (insulin-dependent) diabetes
mellitus. Diabetologia 1989;32:748-52.

Carter SA. Indirect systolic pressures and pulse waves in
arterial occlusive diseases of the lower extremities. Circulation
1968;37:624-37.

Yao ST. Haemodynamic studies in peripheral arterial disease.
Br J Surg 1970;57:761-6.

Silvestro A, Diehm N, Savolainen H, Do DD, Végelea J,
Mahler F, et al. Falsely high ankle-brachial index predicts major
amputation in critical limb ischemia. Vasc Med 2006;11:69-74.
Resnick HE, Lindsay RS, McDermott MM, Devereux RB, Jones KL,
Fabsitz RR, et al. Relationship of high and low ankle brachial index
to all-cause and cardiovascular disease mortality: The Strong Heart
Study. Circulation 2004;109:733-9.

Aboyans V, Ho E, Denenberg JO, Ho LA, Natarajan L, Criqui MH.
The association between elevated ankle systolic pressures and
peripheral occlusive arterial disease in diabetic and nondiabetic
subjects. J Vasc Surg 2008;48:1197-203.

DiMeglio LA, Tosh A, Saha C, Estes M, Mund J, Mead LE, et al.
Endothelial abnormalities in adolescents with type 1 diabetes:
A biomarker for vascular sequelae? J Pediatr 2010;157:540-6.
Orchard TJ, Dorman JS, Maser RE, Becker DJ, Drash AL,
Ellis D, et al. Prevalence of complications in IDDM by sex and
duration. Pittsburgh epidemiology of diabetes complications study II.
Diabetes 1990;39:1116-24.

Jensen-Urstad KJ, Reichard PG, Rosfors JS, Lindblad LE,
Jensen-Urstad MT. Early atherosclerosis is retarded by improved
long-term blood glucose control in patients with IDDM. Diabetes
1996,45:1253-8.

Zineh 1, Beitelshees AL, Haller MJ. NOS3 polymorphisms are
associated with arterial stiffness in children with type 1 diabetes.
Diabetes Care 2007;30:689-93.

ISPAD (International Society for Pediatric and Adolescent Diabetes).
Consensus guidelines for the management of children and
adolescents with diabetes, 2000.

American Diabetes Association. Standards of medical care in diabetes
2012. Diabetes Care 2012;35:511-63.

Indian Journal of Endocrinology and Metabolism / 2013 / Vol 17 / Supplement 1



Slim: Cardiovascular risk in T1DM

69. SEARCH for Diabetes in Youth Study Group, Liese AD,

70.

71.

D’Agostino RB Jr, Hamman RE, Kilgo PD, Lawrence JM, et al.
The burden of diabetes mellitus among US youth: Prevalence
estimates from the SEARCH for Diabetes in Youth Study.
Pediatrics 2006;118:1510-8.

Brindisi MC, Verges B. Complications cardiovasculaires du diabéte
de type 1. Consensus Cardio Pour le Praticien 2011;66:28-30.
Rydén L, Standl E, Bartnik M, Van den Berghe G, Betteridge J,
de Boer MJ, et al. Guidelines on diabetes, pre-diabetes, and
cardiovascular diseases: Executive summary. The task force on
diabetes and cardiovascular diseases of the European Society

72.

of Cardiology and of the European Association for the Study of
Diabetes. Eur Heart J 2007;28:88-136.

Naghavi M, Falk E, Hecht HS, Jamieson MJ, Kaul S, Berman D,
et al. From vulnerable plaque to vulnerable patient — Part III:
Executive summary of the screening for heart attack prevention and
education task force report. Am J Cardiol 2006;98:2H-15.

Cite this article as: Slim IH. Cardiovascular risk in type 1 diabetes mellitus.
Indian J Endocr Metab 2013;17:S7-13.

Source of Support: Nil, Conflict of Interest: No.

Indian Journal of Endocrinology and Metabolism / 2013 / Vol 17 / Supplement 1



