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Abstract

While the lifespan of people with type 1 diabetes has
increased progressively since the advent of insulin
therapy, these patients still experience premature
mortality, primarily from cardiovascular disease (CVD).
However, a subgroup of those with type 1 diabetes
survives well into old age without significant morbidity.
It is the purpose of this review to explore the factors
which may help in identifying these patients. It might
be expected that hyperglycaemia plays a major role in
explaining the increased incidence of CVD and mortal-
ity of these individuals. However, while a number of
publications have associated poor long term glycaemic
control with an increase in both all-cause mortality and
CVD in those with type 1 diabetes, it is apparent that
good glycaemic control alone cannot explain why some
patients with type 1 diabetes avoid fatal CVD events.
Lipid disorders may occur in those with type 1 diabetes,
but the occurrence of elevated high-density lipoprotein-
cholesterol is positively associated with longevity in
this population. Non-renal hypertension, by itself is a
significant risk factor for CVD but if adequately treated
does not appear to mitigate against longevity. How-
ever, the presence of nephropathy is a major risk factor
and its absence after 15-20 years of diabetes appears
to be a marker of long-term survival. One of the major
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factors linked with long-term survival is the absence of
features of the metabolic syndrome and more specifi-
cally the presence of insulin sensitivity. Genetic factors
also play a role, with a family history of longevity and
an absence of type 2 diabetes and hypertension in the
family being important considerations. There is thus a
complex interaction between multiple risk factors in de-
termining which patients with type 1 diabetes are likely
to live into older age. However, these patients can
often be identified clinically based on a combination of
factors as outlined above.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: People with type 1 diabetes are generally as-
sumed to have a shortened lifespan. This contention is
supported by a number of epidemiological studies con-
firming a trend towards premature death, primarily due
to cardiovascular disease. However, a subset of type
1 individuals survives for many years, living for over
50 years or more with type 1 diabetes. This review
explores the clinical features that are linked to long-
term survival in people with type 1 diabetes, allowing
identification of these individuals. Recognising these
individuals will aid in assessing prognosis, and treating
the identified risk factors could improve survival.
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INTRODUCTION

Prior to the discovery of insulin, patients with type 1
diabetes had an expected lifespan of less than 3 years''.
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With the advent of modern therapy, survival has in-
creased progressively. However, those with type 1 diabe-
tes remain with an increased incidence of coronary artery
disease (CAD) and mortality compared to the general
population. By 1991, reported standard mortality rates
for those with type 1 diabetes under the age of 60 yeats
were 9.1 for males and 13.5 for females”. Subsequently,
a cohort of 23751 patients from the United Kingdom
and diagnosed with diabetes under the age of 30 yeats
between 1972 and 1993 wete analysed for cardiovascular
mortality up to 2000°. These results confirmed higher
mortality rates at younger ages for those with type 1 dia-
betes (Figure 1). Of interest, not only are the mortality
rates for women with diabetes considerably higher than
for women without diabetes, but also higher than for
men without diabetes. Soedamah-Muthu e# o/, utilizing
the United Kingdom General Practice research database,
have also confirmed that the risk of cardiovascular dis-
ease (CVD) remains high in patients with type 1 diabetes.
Typically, patients with type 1 diabetes reach a 10-year
risk of fatal CVD of 5% about 10 to 15 years before
the general population. Furthermore, incidence rates of
CAD in type 1 patients range between 1.2% and 2% per
year, s 0.1% and 0.5% in the general populationm. The
incidence of stroke is also increased in type 1 diabetes,
with overall standardised incidence ratios being 17.94 for
men and 26.11 for women'”.

It is therefore clear, that despite a better understand-
ing and treatment of appropriate risk factors and bet-
ter general care, those with type 1 diabetes still have a
tendency towards a shortened life span, primarily due to
premature CVD. Yet a subgroup of individuals with type
1 diabetes survives well into old age in relatively good
health. This review explores the factors that may help to
identify these patients. This can be done either by identi-
fying a group of long-surviving type 1 patients and ana-
lysing any unique clinical or biological features that may
be specific to this cohort, or by assessing surrogate end-
points of vascular disease, such as carotid artery Intima-
Media Thickness IMT) measurement or arterial calcifica-
tion and identifying those who appear to be “protected”
from vascular disease.

THE ROLE OF GLYCAEMIC CONTROL

Type 1 diabetes is a condition of “pure” hyperglycaemia.
The only abnormality is one of B-cell failure and insulin
deficiency in an otherwise “normal” or “healthy” indi-
vidual. It could therefore be expected that hyperglycaemia
might play a major role in explaining the increased inci-
dence of CVD and mortality seen in these individuals. A
number of publications have associated poor long-term

glycaemic control with an increase in both all-cause mor-
tality and CVD in those with type 1 diabetes. Grauslund
et al” demonstrated a direct relationship between HbAlc
and survival. When patients were categorized into quar-
tiles of HbAlc measurements, patients in the highest
quartile had a significantly higher risk of all-cause mortal-
ity, cardiovascular mortality and ischaemic heart disease
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Figure 1 Ischaemic heart disease mortality rates in people with type 1
diabetes vs general population (from: Laing et al)).
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Figure 2 All-cause mortality and the association of glycaemic control
(from: Grauslund et al”).

when compared to patients in the lowest quartile (Figure
2). While at the conclusion of the Diabetes Control and
Complications Trial (DCCT) there was no significant dif-
ference between the conventional and intensive treatment
groups regarding cardiovascular outcomes or death from
CVD, the 10-year Epidemiology of Diabetes Interven-
tions and Complications (EDIC) follow-up demonstrated
a significant difference between the two groups with re-
gard to both CV outcomes and death. An overall 42% risk
reduction was seen in the previously intensively treated
group”. This sustained effect of improved control in
the DCCT years was ascribed to “metabolic memory”.
Patients followed in the DCCT/EDIC cohort were also
submitted to IMT measurements, and it was demonstrat-
ed that intensive therapy during the DCCT resulted in de-
creased progression of IMT six year after the end of the
trial”. These findings imply that early glycaemic control is
an important factor in preventing CVD in type 1 diabetes.

However, good blood glucose levels alone cannot ex-
plain why some patients with type 1 diabetes avoid fatal
CVD events. In the “Golden Years Cohort” of 400 type
1 patients who survived for over 50 years with diabe-
tes'"” the mean HbAlc was 7.6% (* 1.4), with some of
these patients having HbAlc levels as high as 8.5%0-9%.
None had an HbAlc below 7%. In addition, a number
of other publications have shown only a weak correla-
tion between long-term glycaemic control, CVD and
mortality. Larsen e a/'", performed coronary angiogra-
phy on 29 asymptomatic patients with a mean duration
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of type 1 diabetes of 30.6 years. Of these, 34% had sig-
nificant coronary artery stenosis. While a significant rela-
tionship existed between stenosis and glycaemic control
(a 6.1% increase in vessel stenosis for every 1% increase
in HbAlc over 18 years), glycaemic control was less
significant as a risk factor than the age of the subjects
and the effect of elevated serum cholesterol. In another
cohort of 125 patients with a mean duration of diabetes
of 22 years"” IMT was compared to an index of life-
time glycaemic exposure. This demonstrated significantly
increased IMT only on those at the highest tertile of
glycaemic exposure. IMT measurements performed in
148 long-surviving patients with type 1 diabetes (duration
> 15 years)m] showed no significant correlation between
HbAlc and IMT, although ordinal logistic regression
showed that for every 1% increase in HbAlc, there was
a 27% less chance of the IMT falling into the low-risk
group (defined as an IMT below 0.6 mm and no plaque).
A prospective observational study of a meta-analysis of
the relationship between CVD and glycaemic control"",
revealed an only moderate increase in cardiovascular risk
with increasing levels of glycated haemoglobin in per-
sons with diabetes mellitus. However, this meta-analysis
included patients with both type 1 and type 2 diabetes.
The data suggested that there is an increased risk of
CVD of 15% for every 1% increase in HbAlc (RR =
1.15; 95%CI: 0.92-1.43).

The evidence therefore suggests that while early good
glycaemic control is important in the prevention of CVD
and survival, the importance of glycaemic control may
diminish as patients survive longer. While glycaemic con-
trol is clearly a risk factor for CAD and mortality in type
1 diabetes, this is not the major determinant of survival.
Good glycaemic control alone cannot explain why some
type 1 patients survive into old age.

LIPIDS IN TYPE 1 DIABETES

Patients with type 1 diabetes may show quantitative lipid
disorders. There is a clear relationship between the level
of glycaemic control and lipid abnormalities, with an inde-
pendent correlation between HbAlc and low-density lipo-
protein (LDL)-cholesterol, non-high-density lipoprotein
(HDL) cholesterol and triglycerides“s]. Abnormal lipid lev-
els are associated with worse cardiovascular outcomes”.
The lipid profiles of patients with well-controlled type 1
diabetes are very different from those with poor glycaemic

control"’] related possibly to the presence of adequate
peripheral insulin levels in the better controlled subjects.
There are direct metabolic consequences of administer-
ing insulin subcutaneously. Peripheral hyperinsulinemia
is associated with increased lipoprotein lipase activity"”
which may account for reduced triglyceride levels. In addi-
tion, LDI-cholesterol may also be slightly reduced due to
decreased very LDL production“s]. The more sensitive the
individual is to insulin, the greater is this effect.

As might be expected, Serum LDL-cholesterol and
non-HDIL-cholesterol levels are positively associated with
not only an increase in IMT" increased Arterial Stiff-
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ness'! and coronary artery stenosis' ", but also CAD and
mortality™ . A major factor that appears to be associated
with prolonged survival in patients with type 1 diabetes is
elevated HDIL-cholesterol. HDL levels are often elevated
in those with type 1 diabetes. This is more marked with
better glycaemic control and may be due to an elevated
lipoprotein lipase/hepatic lipase ratio (Increased petiph-
eral lipoprotein lipase activity due to petipheral hyperin-
sulinemia from subcutaneous insulin administration and
normal hepatic lipase activity). Bain ez al"” reported a high
mean HDIL-level in those surviving over 50 years with dia-
betes (1.84 + 0.057 mmol/L), and this was associated with
lower triglyceride levels (1.49 £ 0.79 mmol/L). In long-
surviving type 1 patients, IMT measurements showed a
significant inverse association to HDL levels and com-
puted tomography/HDL ratios for all measure of risk (IM
thickness and/or plaque)’”. A number of other studies
have supported the protective effects of HDIL-cholesterol
with regard to CVDP"!" In addition to this direct as-
sociation between HDL-cholesterol and CVD, higher
HDL-cholesterol levels may provide protection against
the development of albuminuria®".

Therefore, it can be concluded that in addition to the
expected effect of dyslipidaemia (high LDL and non-
HDL-cholesterol), HDL-cholesterol itself exerts a signifi-
cant protective effect on the development of CVD in pa-
tients with type 1 diabetes and elevated HDL-cholesterol
levels appears to play a major role in longevity in these
patients.

BLOOD PRESSURE AS A RISK FACTOR

Hypertension in those with type 1 diabetes is often a
manifestation of underlying nephropathy. However,
hypertension can also occur as a stand-alone risk factor
(non-renal hypertension). A significant positive associa-
tion between high blood pressure and arterial stiffness
in youth with type 1 diabetes was demonstrated in the
SEARCH CVD Study™.

In type 1 diabetes, hypertension without nephropathy
has been shown to be a major risk factor for the develop-
ment of carotid artery plaque [OR = 5.26 (P < 0.004)],
but the effect of hypertension on IMT was moderate
and not signiﬁcant[13]. In the DCCT/EDIC at 6 years,
the presence of hypertension and particularly systolic
hypertension was significant, but had less of an effect
on IMT than did smoking, lipids or glycaemic control”.
In the Golden years cohort™ 29% of the patients were
receiving antihypertensive treatment but had nevertheless
survived for over 50 years with diabetes.

It therefore appears as though hypertension itself,
while a significant risk factor for CVD, if treated does
not mitigate against longevity in this population.

MICROVASCULAR DISEASE AS A
MARKER OF SURVIVAL

The presence of diabetic nephropathy, microalbuminuria

June 15, 2014 | Volume 5 | Issue 3 |



Table 1 Cox proportional hazard models for risk of cardio-

vascular disease from nephropathy (from: Grausland er a/™")

All cause mortality Cardiovascular mortality IHD

Creatinine > 120 ymol/L 5.1 6.29 4.25
Microalbuminuria 1.32 1.44 1.40
Macroalbuminuria 24 2.57 1.77

IHD: Ischaemic heart disease.

or macroalbuminuria is a significant risk factor for CAD,
cardiovascular mortality and all cause mortality, and there
is a strong independent relationship between albuminuria
and CAD (Table 1), The occurrence of stroke in sub-
jects with type 1 diabetes is also increased by the presence
of nephropathy [microalbuminuria: HR = 3.2 (1.9-5.6),
macroalbuminuria: HR = 4.9 (2.9-8.2), End Stage Re-
nal Disease: HR = 7.5 (4.2-13.3)]”. The DCCT/EDIC
Study showed a sustained effect of good glycaemic con-
trol”” on the reduction in albumin excretion 7 years after
the conclusion of the DCCT study, with an 83% risk
reduction in those patients initially treated with intensive
therapy, confirming the concept of “metabolic memory”.
The long-term risk of a reduction in estimated glomeru-
lar filtration rate (eGFR) was also shown to be 50% lower
among those who were treated early in the course of type
1 diabetes with intensive diabetes therapy than among
those treated with conventional diabetes therapy™. The
development of hypertension was also delayed in the
intensively treated group. These effects appeared to be
largely mediated by the levels of glycaemia achieved dut-
ing the DCCT. However, as pointed out by the authors, a
long time elapsed between treatment intensification dur-
ing the DCCT early in the course of the diabetes and the
effect on eGFR, and the advantages of improved glycae-
mic control in persons already with advanced complica-
tions may not apply. This further supports the contention
that good glycaemic control in the early years of the dia-
betes may be more important achieved in those who have
had the condition for some years.

In type 1 diabetes, the peak incidence of nephropathy
occurs between 15 and 20 years after the development
of the diabetes™’. Progression from microalbuminuria
to overt neuropathy has been shown to reduce from
45% in those with diabetes of less than 15 years, to 26%
in those with diabetes of over 15 years duration. By the
time someone has had diabetes for over 40 years, it drops
to just 4% per yearlzsj. In this regard, none of the long
surviving patient in the “Golden Years cohort”"” had
evidence of overt nephropathy.

It is therefore apparent, that those individuals with
type 1 diabetes who are likely to survive, would remain
free of any evidence of nephropathy.

No prospective studies in type 1 patients have found a
strong independent relationship between retinopathy and
CVD or mortality. However, the presence of retinopathy
increases the risk of stroke™. Severe diabetic retinopathy
was common in the “Golden Years Cohort”"). Forty-
three percent of subjects had had laser therapy and 2%
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were blind. In relatively long-surviving people with type
1 diabetes, the presence of retinopathy had a significant
association with the presence of plaque (OR = 3.65; P
< 0.033), independent of glycaemic control"”. However,
there was no association between the presence of reti-
nopathy and IMT measurements. It therefore appears as
though retinopathy is not a major risk factor for CVD
or mortality in those with type 1 diabetes, as opposed to
those with type 2 diabetes where the presence of retinop-
athy may indicate CAD and mortality risk”".

With regard to peripheral neuropathy, no prospective
trials link the presence of neuropathy to either CAD or
mortality other than the EURODIAB study, which did
detect peripheral and autonomic neuropathy as risk mark-

ers for future mortality™”.

TYPE 1 DIABETES AND THE METABOLIC
SYNDROME

There is no reason to expect patients with type 1 diabetes
to have a lower prevalence of obesity and the metabolic
syndrome (MetS) than the general population and a MetS
frequency in type 1 patients of over 30% has been re-
ported[zs]. A significant relationship exists between mor-
tality and central obesity in those with type 1 diabetes™”
and type 1 subjects with the MetS have been shown to
have an increased prevalence of macrovascular disease™.
The presence of MetS features in patients with type 1
diabetes is associated with risk factors similar to many
patients with type 2 diabetes, and the superimposition
of the insulin resistance due to obesity or the MetS in a
patient who already has type 1 diabetes has been termed
“Double diabetes™™,

Identifying patients with the MetS in the presence of
type 1 diabetes is difficult. Of the diagnostic criteria, the
presence of dysglycaemia is a foregone conclusion and
cannot be used. Hypertension should only be included if
it is non-renal as nephropathy-induced hypertension has
other implications as outlined above. Quantifying insu-
lin resistance is also difficult and requires a euglycaemic
clamp study to document it propetly. A derived estimate
of glucose disposal rate has been suggested to measure
of insulin resistance”" but this includes the presence
of hypertension and waist-hip ratio in the formula and
therefore cannot be used in assessing insulin resistance
in the context of the MetS, since both of these variables
are separate components of the MetS in their own right.
Insulin dosage provides a surrogate measurement of
insulin resistance in these patients, and in their series of
long-surviving type 1 patients, Distiller ez a/”” arbitrarily
chose insulin doses in the top quartile of their series of
patients (0.75 U/kg body weight), to be a measute of
insulin resistance. In this series, a multiple linear regres-
sion analysis showed a significant relationship between
waist circumference and insulin dose and carotid artery
IMT when corrected for age of onset, current age and
duration of diabetes. Interestingly, neither body mass
index (BMI) nor HbAlc were significantly associated
with carotid artery IMT. Overall, there was a significant

June 15, 2014 | Volume 5 | Issue 3 |



Distiller LA. Prognosis in type 1 diabetes

IMT by presence of metabolic syndrome

0.8 -

IMT

Present

Absent

Figure 3 A significant increase in Intima-Media Thickness is seen in pa-
tients s with the metabolic syndrome (P = 0.003) (adapted from: Distiller et

af).

Table 2
type 1 diabetes

Identifying features of long-surviving patients with

Reasonable (not necessarily ideal) glycaemic control
High HDL-cholesterol levels

Low daily insulin requirements (“insulin sensitive”)
Normal body weight

Non-smokers

Lower blood pressures

Microalbumin negative after 15-20 yr of diabetes
Family history of longevity

HDL: High density lipoprotein.

these patients can often be identified clinically based on a
combination of factors (Table 2).

Glycaemic Insulin resistance/
> T S B

control @ sensitivity

Nephropathy |—>(_ CVD/mortality )<——| Obesity

Hypertension «——— Genetic factors

Lifestyle |-

Figure 4 Complex interactions exist between multiple risk factors in de-
termining the outcome for patients with type 1 diabetes. CVD: Cardiovas-
cular disease.

increase in IMT in type 1 subjects with the MetS (Figure
3). A significant association was demonstrated between
IMT risk and the number of features of the MetS (P =
0.01). Fifty percent of patients with 0-1 features had low
risk IMT, whereas 60% of patients with 3-4 features had
high risk IMT measures. This finding was confirmed
by the SEARCH CVD Study"”, a longitudinal study of
298 youth with diabetes, where those with the MetS had
consistently increased arterial wall stiffness when com-
pared to type 1 patients without the Syndrome and with
the same duration of diabetes. This was born out by
the “Golden Years Cohort”" where the patients were
generally on low doses of insulin. The mean daily insulin
dose was 37.5 U (£ 16.2) (0.52 U/kg body weight), the
mean BMI of these long surviving patients was 25 kg/ m’,
and HDL-cholesterol was high and triglycerides were
low. These features could be considered the antithesis of
the MetS.

GENETIC FACTORS

The best predictor of old age is the age one’s parents
achieved. This adage was supported by the “Golden Years
Cohort”"" where on average, both parents of those
surviving 50 years with diabetes lived to over 70 years.
Furthermore, a family history of either type 2 diabetes or
hypertension has been shown to result in significantly in-
creased IMT in type 1 diabetes subjects'”.

Clearly, a complex interaction exists between multiple
risk factors in determining which patients with type 1 dia-
betes are likely to live into older age (Figure 4). However,
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CONCLUSION

While the longevity of those with type 1 diabetes has im-
proved considerably over the past century, these patients
remain with a reduced life expectancy compared to the
non-diabetic population. Nevertheless, a subgroup of
these individuals may survive into older age despite their
diabetes. Certain clinical and biochemical features can
identify these people. This understanding may provide
clinicians with further evidence that correction of modi-
fiable risk factors like glycaemic control, blood pressure
control, avoidance of excessive weight gain and lipid con-
trol is vital in ensuting the ongoing longevity of patients
with type 1 diabetes.
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