Review
Hyperglycemia, dyslipidemia and hypertension in
older people with diabetes: the benefits of
cardiovascular risk reduction
Diabetes mellitus is increasingly recognized as an essentially vascular disease, and a principal objective of
diabetes care is prevention or reduction of cardiovascular risk. In this context, control of hyperglycemia,
dyslipidemia and hypertension is at the heart of this care. As the combination of age and diabetes increases
baseline vascular risk in older people, they stand to gain most from cardiovascular risk prevention. Although
most of the clinical trials have excluded or included only few older people, there is now enough evidence
to suggest that aggressive treatment of vascular risk factors in this age group is beneficial and could be
cost effective. Current comprehensive mutifactorial risk reduction is suboptimal in older people with
diabetes. Aggressive intervention is suitable in older people with diabetes who have reasonable life
expectancy. Many older people with diabetes may not achieve recommended targets for risk factors
reduction due to various reasons, including polypharmacy and comorbidities, but even a small reduction
in these risk factors is beneficial. However, for frail older people with multiple disabilities, including
cognitive and functional impairment, tight interventions may not be effective considering their short life
expectancy and the risks associated with multiple medications, particularly hypoglycemia. Quality of life
remains the primary target in the medical care of this group of patients.
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Aging and diabetes have a profound effect on
cardiovascular system structure and function
increasing the risk for cardiovascular disease
(CVD). With increasing age there is increased
stiffness and loss of compliance of major arter
ies, leading to the development of systolic hyper
tension and wide pulse pressure. This vascular
aging could be genetic [1] or influenced by adverse
growth patterns in early postnatal life [2] . On the
other hand, the increased risk of CVD caused by
diabetes is not fully explained by the traditional
risk factors, and there is some evidence to suggest
that abnormalities in insulin-like growth factor-1
occur in insulin-resistant states and may be a sig
nificant factor in the pathophysiology of CVD [3] .
This may occur even before clinical diabetes is
diagnosed, and affects individuals with impaired
glucose tolerance [4] . The prevalence of coronary
heart disease (CHD) is around 80% of elderly
people with Type 2 diabetes [5] , and the incidence
is twice that in nondiabetic elderly patients [6] . As
the combination of both diabetes and age places
older people with diabetes at the highest baseline
risk for CVD, this population stands to gain the
most benefit from cardiovascular risk reduction.
Although the evidence for cardiovascular risk
reduction in diabetics is established for younger
patients, there is still some uncertainty for how
far we should go with risk reduction in older

people, as most of the clinical trials have excluded
or only included few of these patients [7] . We have
performed a Medline review for the evidence of
major cardiovascular risk reduction relevant to
older people with diabetes using the following
search terms individually and in combination:
diabetes mellitus, hyperglycemia, blood glucose,
elderly, older people, aged, vascular risk, cardio
vascular risk, hypertension, hypercholestrolemia,
hyperlipidemia, dyslipidemia.
Hyperglycemia
Hyperglycemia increases risk for CVD. In the
United Kingdom Prospective Diabetes Study
(UKPDS), data indicate that with each 1% rise
in hemoglobin A1c (HbA1c) the incidence of
myocardial infarction increases by 14% [8] .
Moreover, the relationship between glycemia and
cardiovascular risk seems to start within the nor
mal blood sugar range [9] . A meta-analysis of ten
studies involving individuals with Type 2 diabetes
(n = 7435) demonstrated increased relative risk
(RR) of CVD by 1.18 (95% CI: 1.10–1.26) for
every 1% increase in HbA1c [10] . In addition,
postprandial glycemia appears to have more
pathogenic potential than fasting blood glucose
[11] . Despite this clear association between hyper
glycemia and cardiovascular risk, it is not very
clear whether reducing blood sugar will result in
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reduced cardiovascular events. Three multicenter
trials investigating whether reducing HbA1c to
near-normal levels in patients with Type 2 diabe
tes will reduce the risk of cardiovascular events
were recently published. They are the Action in
Diabetes and Vascular Disease: Preterax and
Diamicron Modified Release Controlled
Evaluation (ADVANCE) trial [12] , the Action to
Control Cardiovascular Risk in Diabetes
(ACCORD) trial [13] , and the Veterans Affairs
Diabetes Trial (VADT) [14] . Data from these tri
als, in addition to the UKPDS post-trial study
(UKPDS follow-up) [15] , are summarized in
Table 1. In the ADVANCE, ACCORD and VADT
studies, populations included were at high risk of
cardiovascular events. In the ADVANCE study,
the reduction of HbA1c to 6.4% in the intensive
therapy versus 7.0% in the standard therapy
group resulted in lower primary outcome (com
bined major macrovascular and microvascular
events, 18.1 vs 20.0%, p = 0.01) in the corre
sponding groups, respectively. This was mainly
due to a significant reduction in new or worsening
nephropathy (4.1 vs 5.2%, p = 0.006). For major
macrovascular events, all-cause or cardiovascular
deaths there was no significant differences
between both groups. In the ACCORD study, a
reduction of HbA1c to 6.4% in the intensive
therapy versus 7.5% in the standard therapy group
resulted in higher mortality in the intensive ther
apy group (hazard ratio [HR]: 1.22; 95%
CI: 1.01–1.46, p = 0.04) and early termination of
the study after a mean of 3.5 years of follow-up.
There was no significant reduction in major car
diovascular events (HR: 0.90; 95% CI: 0.78–1.04;
p = 0.16). However, the results of this study were
not consistent, as there was a significant reduction
in nonfatal myocardial infarctions in the intensive
treatment group (3.6 vs 4.6%, p = 0.004) com
pared with standard treatment. In the VADT
study, a reduction of HbA1c to 6.9% in the inten
sive therapy versus 8.4 in the standard therapy
group resulted in no significant differences in the
occurrence of first major cardiovascular event or
mortality of any cause (HR: 0.88; 95%
CI: 0.74–1.05; p = 0.14 and HR: 1.07; 95% CI:
0.81–1.42; p = 0.62, respectively). Hypoglycemic
events were significantly higher in the intensive
therapy arms among the three studies in compari
son to standard therapy (Table 1) . In the original
UKPDS study, a reduction of HbA1c to 7.0% in
the sulfonylurea/insulin intensive therapy group
vs 7.9% in the conventional treatment group
resulted in a nonsignificant reduction of myocar
dial infarction by 16% (p = 0.052) [16] . After a
further 10 years of follow-up, significant
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cardiovascular protection starts to emerge, despite
the fact that differences in HbA1c between ther
apy arms have disappeared (Table 1) . The increased
mortality in the ACCORD study was not clearly
explained. In the intensive therapy group a
median HbA1c of 6.4% was rapidly achieved
after only 4 months of randomization. The
increased mortality could be related to multiple
factors, including the speed of glucose lowering
and the treatment used to achieve such a level. Of
note, after approximately 3 years, a nonsignificant
reduction of the primary outcome (nonfatal myo
cardial infarction, nonfatal stroke or death from
cardiovascular events) starts to emerge in the
intensive therapy group. This pattern may suggest
that if there is any benefit associated with inten
sive glucose lowering, it may take several years to
emerge. This has been shown in the UKPDS
follow-up study, which has demonstrated the ben
efit of intensive glucose control on cardiovascular
events only after a long duration in newly diag
nosed younger patients with Type 2 diabetes. The
study demonstrated extended effects of improved
glycemic control – the so called legacy effect –
after a long period of follow-up, reaching up to
30 years in some patients, despite the fact that the
difference in HbA1c between intensive and stan
dard therapy arms had disappeared. Those
patients included in the ACCORD, ADVANCE
and VADT studies were older and had longer
duration of diabetes. This may suggest that their
cardiovascular disease has already been estab
lished prior to intervention, minimizing the ben
efit of tight glucose control compared with the
lower-risk, younger patients with newly diagnosed
diabetes included in the UKPDS study. It is also
possible that the multiple interventions with
blood pressure control, statins and antiplatelet
therapy in these three trials have reduced the rate
of end point events and, hence, the power of the
studies, minimizing the effect of tight glucose
control on outcome. The legacy effect or glycemic
memory effect was also demonstrated in the
Epidemiology of Diabetes Interventions and
Complications (EDIC) study [17] , which is a fol
low-up of the Diabetes Control and Complications
Trial (DCCT) [18] . In the DCCT study, which
included younger patients (13–39 years) with
Type 1 diabetes and no history of cardiovascular
disease, intensive insulin therapy resulted in a
nonsignificant reduction of macrovascular events
(41%, 95% CI: -10–68) after a mean of 6.5 years
follow-up. However, after 11 years of follow-up,
intensive therapy had significantly reduced the
risk of cardiovascular events by 42%
(95% CI: 9–63, p = 0.02). In summary, older
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16.8 for sulfonylurea/insulin
17.7 for metformin

Intensive therapy either with sulfonylurea/insulin or Intensive glucose control with Intensive therapy with target HbA1c < 6% versus
standard therapy with HbA1c 7–7.9%
metformin versus conventional therapy
gliclazide MR plus other
agents as required to achieve
HbA1c ≤ 6.5% versus
standard therapy
7.9 vs 8.5 for sulfonylurea/insulin and 8.4 vs 8.9
6.5 vs 7.3
6.4 vs 7.5
for metformin

6.9 vs 8.4

To compare intensive versus
standard glucose control
on cardiovascular events

5.6

62.0
16.7
16.3
5.0
11.5

60.5 (9)

ALT: Alanine transaminase; BMI: Body mass index; CAD: Coronary artery disease; CI: Confidence interval; CV: Cardiovascular; CVD: Cardiovascular disease; DM: Diabetes mellitus; HF: Heart failure; LVH: Left ventricular
hypertrophy; MI: Myocardial infarction; NR: Not reported; PVD: Peripheral vascular disease; SD: Standard deviation; ULN: Upper limit normal.

HbA1c (%)
intensive vs
standard therapy

Intervention

5.0

3.5 (terminated early)

64.4
19.9
7.0
8.9
10.0

NR

76.1
9.4
13.7 (Asians)
0.8
Newly diagnosed
8.0

62.2 (6.8)

66 (6)

62 (8)

Type 2 DM with inadequate
response to maximum dose
of an oral agent or insulin
therapy

HbA1c ≥ 7.5%, age 40–79 years with history of
CVD, age 55–79 years with evidence of
atherosclerosis, albuminuria, LVH or two additional
risk factors for CVD (smoking, hypertension, obesity,
dyslipidemia)
Recent or frequent serious hypoglycemia, BMI > 45
creatinine > 133 µmol/l, serious illness

HbA1c < 7.5%, CV events in
previous 6 months,
advanced HF, severe angina,
life expectancy < 7 years,
BMI > 40, creatinine
> 141 µmol/l, ALT > 3× ULN
1791

20 centers in USA, 2008

VADT [14]

77 centers across USA and Canada, 2008

ACCORD [13]

10,251

ADVANCE [12]

215 centers across Asia,
Australia, Europe and North
America, 2008
Newly diagnosed DM with fasting blood sugar
Diagnosis of Type 2 DM at
>6 mmol/l but <15 mmol/l
≥30 years of age or age
≥55 years or history of major
macro- or micro-vascular
disease
Significant CVD (previous MI, current angina or HF, Definite indication for or
more than one major CV event)
contraindication to any of the
study treatments or definite
indication for long-term
insulin therapy at time of
entry
3277
11,140

23 centers in UK, 2008

Intervention & outcome

Number of
patients
Mean (SD) age
(years)
Race (%)
Whites
Blacks
Hispanics
Others
Duration of DM
on entry (years)
Duration of study
(median years)

Exclusion criteria

Inclusions criteria

Location and year
published

Baseline characteristics

UKPDS-follow-up [15]

Table 1. Summary of data from recent trials.
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Any DM-related end point:
sulfonylurea/insulin = 9% (1–17)
metformin = 21% (5–34)
DM related death:
sulfonylurea/insulin = 17% (4–27)
metformin = 30% (8–47)
Death any cause:
sulfonylurea/insulin = 13% (4–21)
metformin = 27% (11–41)
MI:
sulfonylurea/insulin = 15% (3–26)
metformin = 33% (11–49)
Stroke:
sulfonylurea/insulin = 9% (-13–27)
metformin = 20% (-27–50)
PVD:
sulfonylurea/insulin = 18% (-19–44)
metformin = 37% (-27–32)
Microvascular disease:
sulfonylurea/insulin = 24% (11–36)
metformin = 16%(-17–40)
NR
2.7 vs 1.5

Combined macro- and
micro-vascular events:
10% (2–18)
Major macrovascular events:
6% (-6–16)
Major microvascular events:
14% (3–23)
Death any cause:
7% (-6–17)
Nonfatal MI:
2% (-23–22)
Nonfatal stroke:
-2% (-24–15)
PVD:
6% (-9–19)
All CV events:
1% (-7–9)

ADVANCE [12]

10.5 vs 3.5

Combined nonfatal MI, nonfatal stroke and CV
death:
10% (-4–22)
Death any cause:
-22% (-11 to -46)
CV death:
-35% (-4 to -76)
Nonfatal MI:
24% (8–38)
Nonfatal stroke:
-6% (-50 to -25)
HF (fatal or nonfatal):
-18% (-49 to 7)

ACCORD [13]

24.1 vs 17.6

Time to occurrence of
major CV event (MI,
stroke, CV death, HF,
surgical intervention for
cerebrovascular, cardiac,
or PVD, inoperable CAD
and amputation of
ischemic gangrene):
12% (-5 to 26)
Death any cause:
7% (-42 to 19)

VADT [14]

ALT: Alanine transaminase; BMI: Body mass index; CAD: Coronary artery disease; CI: Confidence interval; CVD: Cardiovascular disease; DM: Diabetes mellitus; HF: Heart failure; LVH: Left ventricular hypertrophy;
MI: Myocardial infarction; NR: Not reported; PVD: Peripheral vascular disease; SD; Standard deviation; ULN: Upper limit normal.

Hypoglycemia:
intensive vs
standard therapy
(%)

Outcomes:
relative risk
reduction
(95% CI)

Intervention & outcome (cont.)

UKPDS-follow-up [15]

Table 1. Summary of data from recent trials.
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people with diabetes are heterogeneous in terms
of age and duration of diabetes (early middle-life
diagnosis or recent onset in later life), as well as
their multiple comorbidities and life expectancy,
suggesting avoiding tight glycemic control in
those patients with established cardiovascular
disease, especially those at risk of hypoglycemia,
but tight glycemic control in those newly diag
nosed with diabetes or those without established
cardiovascular disease. Cardiovascular outcome
may vary among different hypoglycemic medica
tions independent of glucose reduction. An early
clinical trial suggested that sulfonylureas are car
diotoxic and may exacerbate diabetic cardiomy
opathy [19] . However, this was not confirmed in
the UKPDS. In a retrospective cohort study,
patients commenced on insulin had a higher inci
dence of heart failure hospitalization than those
commenced on sulfonylureas (HR: 1.56;
95% CI: 1.00–2.45; p = 0.05) [20] . In addition,
another retrospective cohort study demonstrated
that there was no effect of sulfonylureas on mor
tality (HR: 0.99; 95% CI: 0.91–1.08) [21] .
Although insulin therapy has been demonstrated
to predict the development of heart failure and
mortality in diabetes [22,23] , this was not shown
in the UKPDS. However, insulin use is likely to
start late in Type 2 diabetes when macrovascular
disease could have already been established.
Treating hyperglycemia with metformin seems to
have additional cardiovascular benefit above and
beyond glycemic control. In the UKPDS,
metformin decreased all-cause mortality, particu
larly mortality due to myocardial infarction, in a
subgroup of overweight subjects with Type 2 dia
betes mellitus, even though the difference in
HbA1c between the metformin group and the
conventional therapy group was similar to the dif
ference between the sulfonylurea–insulin group
and the conventional therapy group [24] . The thia
zolidinediones (TZDs) rosiglitazone and piogli
tazone improve glycemic control, metabolic pro
file, and have been suggested as having potential
cardiovascular benefits [25] . However, TZDs are
associated with weight gain, edema [26] and
increased risk of congestive heart failure [25] . The
frequency of edema is approximately 5% when
TZDs are used in mono or combination oral
therapy, and approximately 15% when used with
insulin [27] . Although there is concern of increas
ing risk of myocardial infarction and death with
TZD treatment, the majority of TZD trials were
limited to individuals younger than 65 years of
age [25,28–30] . A recent study explored the associa
tion between TZD therapy and cardiac end
points in older diabetics who are 66 years of age
future science group

Review

or more. In this study, after a median follow-up
of 3.8 years, treatment with TZD monotherapy
was associated with a significantly increased risk
of congestive heart failure (RR: 1.60; 95%
CI: 1.21–2.10; p < .001), acute myocardial infarc
tion (RR: 1.40; 95% CI: 1.05–1.86; p = 0.02)
and death (RR: 1.29; 95% CI: 1.02–1.62;
p = 0.03). This increased risk with TZD use
appeared to be limited to rosiglitazone [31] . In a
recent meta-analysis of pioglitazone trials, death,
myocardial infarction or stroke occurred in only
4.4% of patients receiving pioglitazone and 5.7%
of patients receiving control therapy (HR: 0.82;
95% CI: 0.72–0.94; p = 0.005). However, serious
heart failure was reported in 2.3% of the piogli
tazone-treated patients and 1.8% of the control
patients (HR: 1.41; 95% CI: 1.14–1.76;
p = 0.002) [25] . It is not clear why these two TZDs
have different effects on cardiovascular outcomes.
It may be related to the favorable effect of piogli
tazone on the lipid profile with greater reductions
in serum triglycerides and increases in high-den
sity lipoprotein cholesterol levels [32] . Although
the cardiovascular outcome data for pioglitazone
are reassuring, there is a need for randomized
clinical trials in older people with diabetes for
further clarification of the role of TZDs in
cardiovascular risk reduction.
Dyslipidemia
Although the evidence for cholesterol lowering
with statins is established for individuals up to
the age of 80 years, there is some evidence of
benefit from observational studies for those older
than 80 years [33–35] . However, no mortality ben
efit was found for those aged above 80 years who
received a statin, whereas those aged 65–79 years
had a significant (11%) reduction in mortality.
There was a trend towards mortality benefit in
those aged 80–85 years versus those aged above
85 years [35] . The magnitude of risk reduction
is similar in older and younger patients. In the
Cholesterol Treatment Trialists Collaborators
(CTTC) systematic prospective meta-analysis,
those aged over 65 years had a 19% reduction in
the risk of major cardiovascular events, a benefit
similar to the 22% reduction in risk experienced
by those aged under 65 years [36] . Although
statins reduce the proportional risk as effectively
in older as in younger people, limited data are
available for elderly patients with Type 2 diabe
tes. In the CTTC meta-analysis, which included
18,686 patients with diabetes out of a total of
90,056 participants, there was a 21% reduction
(95% CI: 19–23) in major vascular events per
1 mmol/l reduction in low-density lipoprotein
www.futuremedicine.com
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(LDL) cholesterol, and no difference in treatment
effect between patients with and without diabe
tes [36] . In the updated CTTC meta-analysis of
18,686 diabetic patients with mean (standard
deviation [SD]) age of 63.1 (8.9) years, there
was a 9% reduction in all-cause mortality per
mmol/l reduction in LDL cholesterol (rate ratio:
0.91; 99% CI: 0.82–1.01; p = 0.02), which was
similar to the 13% reduction in those without
diabetes (rate ratio: 0.87; 99% CI: 0.82–0.92;
p < 0.0001). This finding reflected a significant
reduction in vascular mortality (rate ratio: 0.87;
99% CI: 0.76–1.00; p = 0.008) and no effect on
nonvascular mortality (rate ratio: 0.97; 99% CI:
0.82–1.16; p = 0.7) in participants with diabetes.
In diabetic participants, there were reductions in
myocardial infarction or coronary death (rate
ratio: 0.78; 99% CI: 0.69–0.87; p < 0.0001),
coronary revascularization (rate ratio: 0.75; 99%
CI: 0.64–0.88; p < 0.0001) and stroke (rate
ratio: 0.79; 0.67–0.93; p = 0.0002). Among
people with diabetes, the proportional effects
of statin therapy were similar, irrespective of
whether there was a prior history of vascular
disease and irrespective of other baseline char
acteristics including age. The incidence of major
vascular events was reduced by approximately a
fifth per mmol/l LDL cholesterol reduction in
all age groups (RR: 0.77; 95% CI: 0.68–0.87
for patients ≤65 years and RR: 0.81; 95% CI:
0.71–0.92 for patients >65 years) [37] . In the
Heart Protection Study, there were 5806 (28%)
older patients above the age of 70 years and
5963 (29%) diabetics. The reduction in cardio
vascular events was 25% after 5 years of followup in all subgroups. Although the RR reduction
was similar in all subgroups, the absolute benefit
depends on the individual’s baseline risk, which
is higher in diabetics [38] . In the post hoc analy
sis of the Collaborative Atorvastatin Diabetes
Study (CARDS), treatment with 10 mg/day
atorvastatin resulted in a 38% reduction in
the RR (95% CI: -58 to -8; p = 0.017) of first
major cardiovascular event in older patients
(n = 1129; aged 65–75 years) and a 37% reduc
tion (95% CI: -57 to -7; p = 0.019) in younger
patients (n = 1709). Corresponding absolute risk
reductions were 3.9 and 2.7%, respectively (dif
ference: 1.2%, 95% CI: -2.8–5.3; p = 0.546),
and numbers needed to treat (NNT) for 4 years
to avoid one event were 21 and 33, respectively.
All-cause mortality was reduced nonsignificantly
by 22% (95% CI: -49–18; p = 0.245) and 37%
(95% CI: -64–9; p = 0.98), respectively. The
reduction in total cholesterol, LDL cholesterol
and triglycerides, and the overall safety profile of
520
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atorvastatin, was similar between age groups [39] .
It appears, from the evidence stated previously,
that statins should be prescribed for older peo
ple with diabetes. Given the larger reduction
in event rates, treatment would be expected to
be more cost-effective in older than in younger
patients [40] .
Hypertension
Elderly persons with Type 2 diabetes derive
more benefit from aggressive blood pressure
lowering in reducing cardiovascular risk than
those without diabetes. This risk reduction
was even more impressive than the tight bloodglucose control in the UKPDS. The benefits of
diastolic blood pressure reduction to 82 mmHg
in the tight-control group versus 87 mmHg in
the usual-care group dramatically outweighed
those of intensive glucose control [41] . In the
Hypertension Optimal Treatment (HOT) study,
there was a 51% reduction of cardiovascular
events by reducing diastolic blood pressure to
less than 80 mmHg in comparison to diastolic
blood pressure of 90 mmHg in the diabetic
subgroup of patients. In contrast, participants
without diabetes received no benefit from this
further diastolic blood pressure reduction [42] .
On the other hand, reduction of the systolic
pressures from 175 to 153 mmHg reduced
cardiovascular mortality by 16% in nondiabetic
patients versus 70% for the diabetic patients in
the Systolic Hypertension in Europe (Syst–Eur)
trial, although the magnitude of blood pressure
lowering was similar (22.0 ± 16 mmHg in non
diabetics vs 22.1 ± 14 mmHg in diabetics) [43] .
This has also been demonstrated in the Systolic
Hypertension in the Elderly Program (SHEP)
study, with 34% (95% CI: 6–54) RR reduc
tion in cardiovascular events . The absolute risk
reduction was twice for diabetic as compared
with nondiabetic patients, 10.1 versus 5.1%,
respectively [44] . From these data, it appears
that most older people with diabetes will ben
efit from tight blood pressure control, and to
achieve that most patients will need a combi
nation of at least two or three antihypertensive
medications [45] . Data from five large clinical
trials demonstrated that the average number of
antihypertensive medications required to achieve
a target blood pressure of 130/85 mmHg in dia
betic subjects was 2.6–4.3 [46] . However, tight
blood pressure control should avoid inducing
symptomatic hypotension, especially in those
frail older patients on multiple medications who
are at risk of fall and fracturing the neck of the
femur. Angiotensin-converting enzyme (ACE)
future science group
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inhibitors may have a role in reducing cardio
vascular risk in older diabetics. The elderly Heart
Outcomes Prevention Evaluation (HOPE) trial,
which included 2755 older patients aged 70 years
or more with vascular disease or diabetes, dem
onstrated that those assigned to ramipril, when
compared with those assigned to placebo, had
fewer major vascular events (18.6 vs 24.0%;
HR: 0.75; p = 0.0006), cardiovascular deaths
(9.3 vs 13.0%; HR: 0.71, p = 0.003), myocardial
infarctions (12.0 vs 15.6%; HR: 0.75; p = 0.006)
and strokes (5.4 vs 7.7%; HR: 0.69; p = 0.013).
Ramipril was generally safe and equally well
tolerated in patients aged 70 years or more and
those under 70 years. Due to the high baseline
risk in elderly patients, the absolute risk reduc
tions were higher. For example, the absolute risk
reduction for the primary end point was 5.4%
in patients aged 70 years or more and 3% for
those under 70 years, so that for elderly patients
the NNT to prevent one major cardiovascular
event over 4.5 years was 18, compared with 33
for younger patients [47] . The cardiovascular ben
efits of ramipril were independent of blood pres
sure reduction. In the original HOPE study [48] ,
ramipril reduced risk of the primary outcome
(myocardial infarction, stroke and cardiovascu
lar death) by 25% (12–36; p = 0.0004) in a group
of 3577 diabetic patients compared with placebo
after adjustment for the changes in systolic and
diastolic blood pressures (Table 2) . The cardiovas
cular benefits were greater than that attributable
to the decrease in blood pressure. Also, the previ
ous Captopril Prevention Project (CAPPP) study
[49] demonstrated nonsignificant lower cardiovas
cular mortality on captopril treatment compared
with conventional diuretic/b-blocker treatment.
Although the fatal and nonfatal stroke was
more common with captopril (RR: 1.25; 95%
CI: 1.01–1.55; p = 0.044), this was probably due
to the lower levels of blood pressure obtained ini
tially in previously treated patients randomized
to conventional therapy. b-blockers appear to be
associated with an increased risk for new-onset
diabetes mellitus, no benefit for reducing end
points of death or myocaridal infarction, and
with a 15% increased risk for stroke compared
with other agents. In a meta-analysis of 12 stud
ies including 94,492 patients, b-blocker therapy
resulted in a 22% increased risk for new-onset
diabetes (RR: 1.22; 95% CI: 1.12–1.33) com
pared with nondiuretic antihypertensive agents.
The risk for diabetes was greater with atenolol,
in the elderly, and increased exponentially with
increased duration on b-blockers. On the other
hand, calcium channel blockers (CCBs) and
future science group
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ACE inhibitors or angiotensin II receptor block
ers (ARBs) resulted in 21 and 23% reductions,
respectively, in the risk for new-onset diabetes,
and their antihypertensive efficacy was superior
compared with b-blockers [50] . Diuretics resulted
in an increased risk for new-onset diabetes, but
their blood-pressure-lowering efficacy was supe
rior compared with b-blockers. This diabeto
genic effect of b-blockers could contribute to
uncontrolled glycemia in diabetic patients. In
the UKPDS, patients taking atenolol required
more frequent addition of new glucose-lowering
agents than those taking captopril [41] . A recent
meta-analysis demonstrated that the association
of an antihypertensive class of drug on new-onset
diabetes was lowest for ARBs and ACE inhibi
tors, followed by CCBs, b-blockers and diuretics
in rank order [51] . The CCB (amlodipine), the
diuretic (chlorthalidone) and the ACE inhibitor
(lisinopril) had similar effects on cardiovascular
outcome in a subgroup of 12,063 (36%) dia
betic patients in the Antihypertensive and Lipid
Lowering Treatment to Prevent Heart Attack
Trial (ALLHAT) [52] . A similar effect of equity
of these classes of antihypertensive medica
tions on the cardiovascular outcomes has also
been demonstrated in the Swedish Trial in Old
Patients with Hypertension-2 (STOP-2) and
in the Intervention as a Goal in Hypertension
Treatment (INSIGHT) study (Table 2) [53,54] . The
ARBs reduce renal end points and also cardio
vascular events [55–57] . In a subgroup analysis
of 1195 patients with diabetes in the Losartan
Intervention for Endpoint Reduction (LIFE)
study, the losartan group had a substantially
lower risk for cardiovascular end points and
total mortality than the atenolol group. All-cause
mortality was 63 in the losartan group and 104
in the atenolol group (risk reduction: 0.61, 95%
CI: 0.45–0.84; p = 0.002) [58] . ARB and ACE
inhibitors have similar antihypertensive efficacy,
although ACE inhibitors cause higher rates of
cough than ARBs [59] . Although antihyperten
sive therapy was evidence-based only in indi
viduals up to the age of 80 years, the recently
published Hypertension in the Very Elderly Trial
(HYVET) provides evidence that antihyperten
sive treatment with the diuretic indapamide (sus
tained release), with or without the ACE inhibi
tor perindopril, in individuals aged 80 years or
older, is associated with reduced risks of heart
failure, death from stroke and death from any
cause, although only around 7% of subjects
were diabetics [60] . Optimal blood pressure con
trol must be maintained if the cardiovascular
protective benefits are to be sustained [61] .
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492, age
≥60 years

583, age
≥60 years

3577

572, age
25–66 years

12,063, mean
age 66 years

Syst–Eur (1999)

SHEP (1996)

HOPE/MicroHOPE
(2000)

CAPPP (1999)

ALLHAT (2004)

RRR (95%CI) in:
CV mortality: 70% (19–89), p = 0.01
All CV events: 62% (19–80), p = 0.002
Stroke: 69% (14–89), p = 0.02

Randomized to one of three treatments with
chlorthalidone, amlodipine or lisinopril

Randomized to captopril or diuretic/b‑blocker

Ramipril vs placebo

RRR (95%CI):
Combined MI, stroke, CV death: 25% (12–36), p = 0.004
MI: 22% (6–36)
Stroke: 33% (10–50)
CV death: 37% (21–51)
Total mortality: 24% (8–37)
Revascularization: 17% (2–30)
Nephropathy: 24% (3–40)
No difference in fatal/nonfatal MI, stroke, CV death:
RR: 1.05 (0.9–1.220), p = 0.52
Lower mortality with captopril:
RR: 0.77 (0.57–1.04), p = 0.09
More stroke with captopril:
RR: 1.25 (1.01–1.55), p = 0.04
No difference between three drugs on outcome (fatal and nonfatal MI or
all-cause mortality

Diuretic chlorthalidone ± atenolol or reserpine vs RRR (95% CI) in:
placebo
CV events: 34% (6–54)

Felodepine ± other agents to reduce DBP to
three targets:
≤80 mmHg
≤85 mmHg
≤90 mmHg
CCB nitrendipine vs placebo to reduce SBP by
≥20 mmHg

RRR (95%CI):
DM-related end points: 24% (8–38), p = 0.0046
DM-related death: 32% (6–51), p = 0.019
Stroke: 44% (11–65), p = 0.013
Microvascular end points: 37% (11–56), p = 0.0092
51% reduction in major CV events and 30% in stroke in group with diastolic
BP ≤ 80 mmHg compared with diastolic BP ≤90 mmHg, p = 0.005

Outcome

[52]

[49]

[48]

[44]

[43]

[42]

[41]

Ref.

ACE: Angiotensin-converting enzyme; ALLHAT: Antihypertensive and Lipid Lowering Treatment to Prevent Heart Attack Trial; BP: Blood pressure; CAPPP: Captopril Prevention Project; CCB: Calcium channel blocker;
CV: Cardiovascular; DBP: Diastolic blood pressure; DM: Diabetes mellitus; HF: Heart failure; HOPE: Heart Outcomes Prevention Evaluation; HOT: Hypertension Optimal Treatment; HYVET: Hypertension in the Very Elderly
Trial; INSIGHT: Intervention as a Goal in Hypertension Treatment; LIFE: Losartan Intervention for Endpoint Reduction; MI: Myocardial infarction; RR: Relative risk; RRR: Relative risk reduction; SBP: Systolic blood pressure;
SD: Standard deviation; SHEP: Systolic Hypertension in the Elderly Program; SR: Sustained release; STOP-2: Swedish Trial in Old Patients with Hypertension-2; Syst–Eur: Systolic Hypertension in Europe; UKPDS: United
Kingdom Prospective Diabetes Study.

1501, mean (SD)
age 61.5 (7.5)
years, range
50–80 years

1148, mean age Tight BP control with captopril or atenolol
56 years
(<150/85 mmHg) vs less tight control
(<180/105 mmHg)

UKPDS (1998)

HOT (1998)

Population
Intervention
with diabetes

Study (year)

Table 2. Summary of trials of hypertension in patients with diabetes.
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[60]

[58]

ACE: Angiotensin-converting enzyme; ALLHAT: Antihypertensive and Lipid Lowering Treatment to Prevent Heart Attack Trial; BP: Blood pressure; CAPPP: Captopril Prevention Project; CCB: Calcium channel blocker;
CV: Cardiovascular; DBP: Diastolic blood pressure; DM: Diabetes mellitus; HF: Heart failure; HOPE: Heart Outcomes Prevention Evaluation; HOT: Hypertension Optimal Treatment; HYVET: Hypertension in the Very Elderly
Trial; INSIGHT: Intervention as a Goal in Hypertension Treatment; LIFE: Losartan Intervention for Endpoint Reduction; MI: Myocardial infarction; RR: Relative risk; RRR: Relative risk reduction; SBP: Systolic blood pressure;
SD: Standard deviation; SHEP: Systolic Hypertension in the Elderly Program; SR: Sustained release; STOP-2: Swedish Trial in Old Patients with Hypertension-2; Syst–Eur: Systolic Hypertension in Europe; UKPDS: United
Kingdom Prospective Diabetes Study.

HYVET (2008)

LIFE (2002)

[54]

[53]

Reduction of blood pressure was similar
719, age range Randomized to one of three treatments with
conventional therapy (diuretic or b‑blocker), CCB CV mortality was similar
70–84 years,
Fewer MI with ACE inhibitor compared with CCB:
mean 75.8 years or ACE inhibitor
RR: 0.51 (0.28–0.92), p = 0.025
Nonsignificant more stroke with ACE inhibitor compared with CCB:
RR: 1.16 (0.71–1.91)
1302, age
Randomized to nifedipine or conventional
No difference in CV death, MI, HF, stroke:
55–80 years
therapy (b‑blocker or diuretic)
RR: 0.9 (0.69–1.42), p = 1.0
All-cause mortality better for nifedipine:
RR: 0.76 (0.59–0.97), p = 0.03
Risk reduction better for losartan compared with atenolol:
1195, mean (SD) Losartan vs atenolol
CV death: 76% (58–98)
age 67 (7) years,
All-cause mortality: 61% (45–84)
range 55–80
years
263, mean age Randomized to indapamide SR or
Indapamide/perindopril better than placebo in reducing fatal or nonfatal stroke:
83.6 years
placebo ± perindopril or placebo
RR: 30% (-1–51), p = 0.06
Stroke mortality:
RR: 39% (1–62), p = 0.05
All-cause mortality:
RR: 21% (24–78), p = 0.001

STOP-2 (2000)

INSIGHT (2003)

Ref.

Outcome

Population
Intervention
with diabetes

Study (year)

Table 2. Summary of trials of hypertension in patients with diabetes.
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Multiple risks
Cardiovascular risk factors tend to cluster in
what is known as the metabolic syndrome.
Both age and diabetes increase the preva
lence of metabolic syndrome. In a Norwegian
study, the prevalence increased from 11.0%
in the 20–29 years age group to 47.2% in the
80–89 years age group in men, and from 9.2
to 64.4% for women in the corresponding
age groups [62] . In a population-based study
of a sample of 5632 individuals of a caucasian
cohort (65–84 years old), the prevalence was
64.9 and 87.1% in diabetic men and women,
respectively, while in nondiabetics it was 25.9%
in men and 55.2% in women [63] . Although
metabolic syndrome is recognized as a risk fac
tor for cardiovascular disease, in a prospective
study of 1025 elderly subjects aged between
65 and 74 years [64] and a recent analysis of
the outcome of two prospective studies in an
elderly population above the age of 60 years,
metabolic syndrome was demonstrated to be
a maker of CVD, but did not enhance risk
prediction above and beyond the risk associ
ated with its individual components [65] . Older
diabetics are likely to have multiple vascular
risk factors at their first presentation with dia
betes, and vascular disease is the most com
mon cause of mortality. In the Cardiovascular
Health Study, diabetes and increasing age
were independent predictors of CHD fatal
ity (odds ratio: 1.66; 95% CI: 1.10–2.31 and
1.21 per 5 years, 95% CI: 1.07–1.37, respec
tively) among 5888 adults aged over 65 years
and followed up for a median of 8.2 years [66] .
Identification of these risk factors is of vital
importance in the initial evaluation of diabetic
patients. Hyperglycemia should not be treated
in isolation, but the holistic view of the col
lective cardiovascular risk should constitute a
comprehensive plan of intervention and risk
reduction in these patients. The comprehensive
plan should start with lifestyle modifications.
Lifestyle modifications include changes in diet,
weight reduction, exercise and smoking cessa
tion. Overweight elderly people are at increased
risk of cardiovascular morbidity and this risk
increases with increasing BMI [67] . Weight loss
within this group has been demonstrated to
reduce cardiovascular events, improve blood
pressure control, improve insulin levels and
reduce insulin resistance [67] . A diet that is high
in fiber and potassium, and lower in saturated
fat, refined carbohydrates and salt, improves
the lipid profile and significantly lowers blood
pressure [68] . Data from the Cardiovascular
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Health Study [69] revealed that older persons
(≥65 years), who consumed a diet rich in fatty
fish twice per week, had a 47% lower risk of
coronary death compared with those who con
sumed fatty fish less than once per month, while
high cereal fiber intake (approximately two
whole-grain bread slices per day) was associated
with a 14% lower risk of myocardial infarction
or stroke. Compared with little activity, mod
erate and high leisure-time activity predicted
28% and 44% lower mortality, respectively [69] .
Smoking cessation may be the single most effec
tive means of reducing mortality in high-risk
populations. 1 year of smoking cessation results
in a reduction of the excess risk associated with
current smoking of half or more. However,
many years of abstinence are needed to reduce
the risk of ex-smokers to that of nonsmokers [70] .
The achievement of ideal body weight through
diet changes and exercise will reduce overall
cardiovascular risk, and will have a favorable
effect on the metabolic profile of lipids, glyce
mia and blood pressure. In a small, random
ized, controlled trial of patients with Type 2
diabetes comparing structured multifactorial
intervention management including behavior
modification, aspirin use and tight targets for
blood glucose, blood pressure and lipids in a
specialist setting with a conventionally man
aged group receiving usual care in a primary
care setting, the risk of CVD was reduced by
0.47 (95% CI: 0.24–0.73) in the multifactorial
intervention group after 8 years of follow-up
[71] . The beneficial effect of multifactorial inter
vention was sustained after a total of 13.3 years
of follow-up, with reduction in cardiovascular
death in the multifactorial intervention group
(HR: 0.43; 95% CI: 0.19–0.67; p < 0.001) [72] .
The effects of aspirin are likely due to the fact
that diabetes is associated with increased intrin
sic platelet activation and decreased endogenous
inhibitors of platelet activity [73] . Aspirin effects
may vary in different diabetic populations, with
no evidence of cardiovascular risk reduction in
diabetic patients with no history of or asymp
tomatic vascular disease [74,75] . However, the use
of aspirin 75 mg daily in the HOT study signifi
cantly (p = 0.03) reduced major cardiovascular
events by 15%. This relative benefit of aspirin
on major cardiovascular events and all myocar
dial infarctions was approximately the same in
the groups of patients with and without diabe
tes mellitus [42] . In addition, it was found in a
secondary prevention meta-analysis that aspirin
significantly reduced cardiovascular events by
25%, although the analysis included diabetic
future science group
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and nondiabetic patients [76] . It appeared from
the multifactorial interventional trial that
the use of statins and antihypertensive drugs
might have had the largest effect in reducing
cardiovascular events with hypoglycemic agents
and aspirin, the next most important interven
tions [72] . This comprehensive approach is cur
rently suboptimal. In a recent study to assess
whether elderly patients with Type 2 diabetes
use a comprehensive cardioprotective regimen
(CCR) of antihypertensive, lipid-lowering and
antiplatelet drugs in the year following oral
antidiabetic drug initiation in 48,505 elderly
diabetics above the age of 66 years, only 9912
(20.4%) used a CCR during the year following
the first antidiabetic medication [77] .
Conclusion
The combination of both diabetes and old age
puts older diabetics at the highest baseline risk
for cardiovascular disease. Although the RR
reduction could be similar in both diabetics and
nondiabetics, the absolute risk reduction is likely
to be higher in diabetics. This will have favorable
implications on the number needed to treat and
more cost saving. Therefore, elderly diabetics
stand to gain the most benefit of cardiovascular
risk reduction. Although most of the clinical tri
als have excluded or included few older people,
there is now enough evidence to suggest that
aggressive treatment of risk factors in this age
group is beneficial and cost-effective. Because
of this, aggressive control of all risk factors is
especially important in diabetics and includes
both lifestyle modification and pharmacological
intervention. This aggressive treatment is appro
priate for elderly diabetics with life expectancy
of approximately 5–10 years. For those with a
limited life expectancy or multiple comorbidi
ties, the objectives should be more conservative
[78] . Many older diabetics may not achieve rec
ommended targets for risk factor reduction due
to various factors, such as multiple comorbidi
ties, polypharmacy and intolerance of higher
doses or multiple medications. However, even a
small reduction in these risk factors is beneficial.
Quality of life is the primary target in the care
of older diabetics and a care plan should involve
patients, families and carers, and will need to
be considered on an individual basis. Care plans
should include discussion with the patient and
their carer as to whether the primary goal is
tight intervention of risk factors or symptom
relieve with avoidance of complications of both
hyper- and hypo-glycemia. These goals should

future science group
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take into consideration patient and carer views,
life expectancy, functional status of the patients
and impact of tight control on patient quality
of life.
Future perspective
The current evidence for blood pressure and
lipid lowering in older people with diabetes is
established. As their baseline risk is generally
higher than both younger patients with diabetes
and older people without diabetes, intervention
to reduce these two risk factors in this group of
patients is more cost-effective. There is no leg
acy effect for blood pressure control, and once
control is lost the cardioprotection disappears
[61] . However, the benefits of blood glucose con
trol are still not very clear. It appears that there
is good evidence for tight blood glucose control
for new-onset diabetics who are at low risk of
CVD. For older people the situation is more
complex because of the diversity of this group
of patients in terms of their biological age, func
tional status, polypharmacy and comorbidities.
From the recently published trials (ACCORD,
ADVANCE, VADT and UKPDS-follow-up),
it appears that tight glycemic control will con
tinue to be the target in the subgroup of older
people who have a younger biological age, or
who have recently been diagnosed with diabe
tes, and avoided in the frail group in whom risk
of hypoglycemia is expected to be high. There
will be a requirement for clinical trials specifi
cally designed for older people with diabetes to
explore the benefit of tight blood glucose con
trol in this age group. With this unclear pic
ture of blood glucose lowering, it appears that
multifactorial risk reduction will continue to be
aimed for, as the benefit seems to be greater for
both blood pressure control and statin therapy
followed by glucose control and antiplatelet
therapy. In other words, cardiovascular risk
reduction will be better seen as a package of
the multiple risks treated together, rather than
tackling each factor in isolation.
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Executive summary
Introduction
 Both aging and diabetes have profound structural and functional effects on the cardiovascular system by increasing cardiovascular risk in
older people with diabetes.
 Although most of clinical trials have excluded older people, there is now enough evidence to suggest that aggressive reduction of
cardiovascular risk factors is beneficial in this group of patients.
Hyperglycemia
 The benefit of tight glycemic control in older people with diabetes is not very clear in those with an already established cardiovascular
disease; however, it appeared to be beneficial in those with new-onset diabetes without evidence of cardiovascular disease, and seems
to emerge in the long term.
 In frail older people with diabetes and multiple comorbidities, tight glycemic control is better avoided, especially for those with a high
risk of hypoglycemia.
Dyslipidemia
 Cholesterol-lowering with statins has the same benefits for older people as in younger people.
 Relative risk reduction is the same in older people with diabetes as in younger diabetics, but because older people with diabetes have
higher baseline risk the absolute risk reduction in this group is higher.
Hypertension
 The impact of blood pressure reduction on cardiovascular risk is greater in older people with diabetes than in those without diabetes.
 The benefit of blood pressure control is even more significant than blood glucose control.
 Optimal blood pressure control must be maintained if the cardiovascular protective benefits are to be sustained.
Multiple risks
 Hyperglycemia should not be treated in isolation but should constitute a part of mutifactorial intervention including lifestyle
modification, statins, antiplatelets and blood pressure control.
 As the baseline risk of older people with diabetes is high, absolute risk reduction is more beneficial and cost-effective than in
younger people.
Conclusion
 Care plans should be individualized with an aggressive approach considered for older people with diabetes who have reasonable life
expectancy, otherwise a conservative approach is appropriate.
 Quality of life is the primary target in the care of older diabetics and the care plan should involve patients, families and carers, and will
need to be considered on an individual basis.
Future perspective
 There will be a requirement for clinical trials specifically designed for older people with diabetes to explore the benefit of tight blood
glucose control in this age group.

Bibliography

6

Papers of special note have been highlighted as:
n of interest nn of considerable interest
1

2

3

4

5

Samani NJ, Harst P: Biological ageing and
cardiovascular disease. Heart 94, 537–539
(2008).
Nilsson PM, Lurbe E, Laurent S: The early
life origins of vascular ageing and
cardiovascular risk: the EVA syndrome
J. Hyperten. 26, 1049–1057 (2008)
Ezzat VA, Duncan ER, Wheatcroft SB et al.:
The role of IGF-I and its binding proteins in
the development of Type 2 diabetes and
cardiovascular disease. Diabetes Obes. Metab.
10, 198–211 (2008).
Henry RMA, Paulus WJ, Kamp O et al.
Deteriorating glucose tolerance status is
associated with left ventricular dysfunction
– The Hoorn study. Neth. J. Med. 66,
110–117 (2008).
Varas-Lorenzo C, Rueda de Castro A,
Maguire A et al.: Prevalence of glucose
metabolism abnormalities and cardiovascular
co-morbidity in the US elderly adult
population. Pharmacoepidemiol. Drug. Saf. 15,
317–326 (2006).

526

7

8

n

9

10

Sloan FA, Bethel MA, Ruiz D Jr et al.:
The growing burden of diabetes mellitus in
the US elderly population. Arch. Intern. Med.
168, 192–199 (2008).
Huang ES: Appropriate application of evidence
to the care of elderly patients with diabetes.
Curr. Diabetes Rev. 3, 260–263 (2007).
Turner RC, Cull CA, Frighi V et al.:
Glycemic control with diet, sulfonylurea,
metformin, or insulin in patients with Type 2
diabetes mellitus: progressive requirement for
multiple therapies (UKPDS 49): UK
Prospective Diabetes Study (UKPDS) Group.
JAMA 281, 2005–2012 (1999).
HbA1c as a predictor of
cardiovascular events.
DECODE Study Group, European Diabetes
Epidemiology Group: Is the current definition
for diabetes relevant to mortality risk from all
causes and cardiovascular and
noncardiovascular diseases? Diabetes Care 26,
688–696 (2003).
Selvin E, Marinopoulos S, Berkenblit G et al.:
Meta-analysis: glycosylated hemoglobin and
cardiovascular disease in diabetes mellitus.
Ann. Intern. Med. 141, 421–431 (2004).
Therapy (2009) 6(4)

n

HbA1c as predictor of cardiovascular events.

11

Milicevic Z, Raz I, Beattie SD et al.:
Natural history of cardiovascular disease in
patients with diabetes. Diabetes Care
31(Suppl. 2), S155–S160 (2008).

12

The ADVANCE Collaborative Group:
Intensive blood glucose control and vascular
outcomes in patients with Type 2 diabetes.
N. Engl. J. Med. 358, 2560–2572 (2008).

nn

13

nn

14

nn

15

Cardiovascular outcome of tight glycemic
control in Type 2 diabetes.
The ACCORD Study Group: Effects of
intensive glucose lowering in Type 2 diabetes.
N. Engl. J. Med. 358, 2545–2559 (2008).
Cardiovascular outcome of tight glycemic
control in Type 2 diabetes.
The VADT Investigators: Glucose control and
vascular complications in veterans with Type 2
diabetes. N. Engl. J. Med. 360, 129–139 (2009).
Cardiovascular outcome of tight glycemic
control in Type 2 diabetes.
Holman RR, Paul SK, Bethel MA et al.:
10-years follow-up of intensive glucose control
in Type 2 diabetes. N. Engl. J. Med. 359,
1577–1589 (2008).

future science group

Hyperglycemia, dyslipidemia & hypertension in older people with diabetes

nn

16

nn

17

nn

18

nn

19

20

21

Long-term cardiovascular outcome of tight
glycemic control in Type 2 diabetes.
UK Prospective Diabetes Study (UKPDS)
Group: Intensive blood glucose control with
sulphonylureas or insulin compared with
conventional treatment and risk of
complications in patients with Type 2
diabetes (UKPDS 33). Lancet 352, 837–853
(1998).

Nathan DM, Cleary PA, Backlund JY et al.:
Intensive diabetes treatment and cardiovascular
disease in patients with Type 1 diabetes.
N. Engl. J. Med. 22, 2643–2653 (2005).
Long term cardiovascular outcome of tight
glycemic control in Type 1 diabetes.
The Diabetes Control and Complications
Trial Research Group: The effect of intensive
treatment of diabetes on the development and
progression of long-term complications of
insulin-dependent diabetes mellitus. N. Engl.
J. Med. 329, 997–986 (1993).
Benefits of tight glycemic control in
Type 1 diabetes.
Klimt CR, Knatterud GI, Meinert CL et al.:
University Group Diabetes Program. A study
of the effects of hypoglycemic agents on
vascular complications in patients with
adult-onset diabetes, II: mortality results.
Diabetes 19(Suppl.), 789–830 (1970).
Karter AJ, Ahmed AT, Liu J et al.:
Pioglitazone initiation and subsequent
hospitalisation for congestive heart failure.
Diabet. Med. 22, 986–993 (2005).
Masoudi FA, Inzucchi SE, Wang Y et al.:
Thiazolidinediones, metformin, and
outcomes in relation between chronic heart
failure and diabetes mellitus 1237 older
patients with diabetes and heart failure:
an observational study. Circulation 111,
583–590 (2005).
Domanski M, Krause-Steinrauf H et al.:
The effect of diabetes on outcomes of patients
with advanced heart failure in the BEST trial.
J. Am. Coll. Cardiol. 42, 914–922 (2003).

23

Smooke S, Horwich TB, Fonarow GC:
Insulin-treated diabetes is associated with a
marked increase in mortality in patients with
advanced heart failure. Am. Heart J. 149,
168–174 (2005).

nn

n

UK Prospective Diabetes Study (UKPDS)
Group: Effect of intensive blood-glucose
control with metformin on complications in
overweight patients with Type 2 diabetes
(UKPDS 34). Lancet 352, 854–865 (1998).
Benefits of tight glycemic control
with metformin in obese Type 2
diabetes patients.

future science group

Lincoff AM, Wolski K, Nicholls SJ et al.:
Pioglitazone and risk of cardiovascular events
in patients with Type 2 diabetes mellitus:
a meta-analysis of randomized trials. JAMA
298, 1180–1188 (2007).
Prognostic benefits of pioglitazone treatment
in Type 2 diabetes.

26

Berlie HD, Kalus JS, Jaber LA:
Thiazolidinediones and the risk of edema:
a meta-analysis. Diabetes Res. Clin. Pract. 76,
279–289 (2007).

27

Karalliedde J, Buckingham RE:
Thiazolidinediones and their fluid-related
adverse effects: facts, fiction and putative
management strategies. Drug Saf. 30, 741–753
(2007).

Benefits of tight glycemic control in
Type 2 diabetes.

22

24

25

28

29

n

30

31

n

32

33

34

Nissen SE, Wolski K: Effect of rosiglitazone on
the risk of myocardial infarction and death
from cardiovascular causes. N. Engl. J. Med.
356, 2457–2471 (2007).
Singh S, Loke YK, Furberg CD: Long-term
risk of cardiovascular events with rosiglitazone:
a meta-analysis. JAMA 298, 1189–1195
(2007).

35

Foody JM, Rathore SS, Galusha D et al.:
Hydroxymethylglutaryl-CoA reductase
inhibitors in older persons with acute
myocardial infarction: evidence for an age
statin interaction. J. Am. Geriatr. Soc. 54,
421–30 (2006).

36

Baigent C, Keech A, Kearney PM et al.:
The Cholesterol Treatment Trialists’ (CTT)
Collaborators: efficacy and safety of
cholesterol-lowering treatment: prospective
meta-analysis of data from 90,056
participants in 14 randomised trials of statins.
Lancet 366, 1267–1278 (2005).

nn

37

nn

38

Cardiovascular effects of rosiglitazone
treatment in Type 2 diabetes.
Singh S, Loke YK, Furberg CD:
Thiazolidinediones and heart failure:
a teleo-analysis. Diabetes Care 30, 2148–2153
(2007).
Lipscombe LL, Gomes T, Lévesque LE et al.:
Thiazolidinediones and cardiovascular
outcomes in older patients with diabetes.
JAMA 298, 2634–2643 (2007).

nn

Aronow WS, Ahn C: Incidence of new
coronary events in older persons with prior
myocardial infarction and serum low-density
lipoprotein cholesterol ≥125 mg/dl treated with
statins versus no lipid-lowering drug.
Am. J. Cardiol. 89, 67–69 (2002).
Aronow WS, Ahn C, Gutstein H: Incidence
of new atherothrombotic brain infarction in
older persons with prior myocardial
infarction and serum low-density
lipoprotein cholesterol ≥125 mg/dl treated
with statins versus no lipid-lowering drug.
J. Gerontol. A Biol. Sci. Med. Sci. 57,
M333–M335 (2002).

www.futuremedicine.com

Meta-analysis of statin trials.
The Cholesterol Treatment Trialists’ (CTT)
Collaborators: Efficacy of cholesterollowering therapy in 18,686 people with
diabetes in 14 randomised trials of statins:
a meta-analysis. Lancet 371, 117–125 (2008).
Meta-analysis of statin trials involving
diabetic patients.
Collins R, Armitage J, Parish S, Sleigh P, Peto
R; Heart Protection Study Collaborative
Group: Heart Protection Study of cholesterol
lowering with simvastatin in 5963 people with
diabetes: a randomised placebo-controlled
trial. Lancet 361, 2005–2016 (2003).
Prognostic benefits of statin therapy with
data on diabetics and older people.

39

Neil HAW, DeMicco DA, Luo D et al.:
Analysis of efficacy and safety in patients aged
65–75 years at randomisation. Diabetes Care
29, 2378–2384 (2006).

40

Mihaylova B, Briggs A, Armitage J et al.:
The Heart Protection Study Collaborative
Group: Cost-effectiveness of simvastatin in
people at different levels of vascular risk:
economic analysis of a randomised trial in
20,536 individuals. Lancet 365, 1779–1785
(2005).

Cardiovascular effects of thiazolidinediones
treatment in Type 2 diabetes.
Derosa G, Cicero AF, D’Angelo A et al.:
Effects of 1 year of treatment with pioglitazone
or rosiglitazone added to glimepiride on
lipoprotein (a) and homocysteine
concentrations in patientswith Type 2 diabetes
mellitus and metabolic syndrome: a
multicenter, randomized, double-blind,
controlled clinical trial. Clin. Ther. 28,
679–688 (2006).

Review

nn

41

nn

42

nn

Benefits and cost–effectiveness of
statin therapy.
UK Prospective Diabetes Study Group:
Tight blood pressure control and risk of
macrovascular and microvascular
complications in Type 2 diabetes: UKPDS
38. BMJ 317, 703–713 (1998).
Benefits of tight blood pressure control in
Type 2 diabetes.
Hansson L, Zanchetti A, Carruthers SG
et al.: HOT Study Group. Effects of intensive
blood pressure lowering and low dose aspirin
in patients with hypertension: principal
results of the Hypertension Optimal
Treatment (HOT) randomised trial. Lancet
351, 1755–1762 (1998).
Prognostic benefits of blood pressure control
in older people with or without diabetes.

527

Review
43

nn

44

nn

45

46

47

48

nn

49

50

n

51

Brown & Abdelhafiz

Tuomilehto J, Rastenyte D, Birkenhager WH
et al.: Systolic Hypertension in Europe Trial
Investigators. Effects of calcium-channel
blockade in older patients with diabetes and
systolic hypertension. N. Engl. J. Med. 340,
677–684 (1999).

52

Prognostic benefits of blood pressure control
in older people with or without diabetes.
Curb JD, Pressel SL, Cutler JA et al.: Systolic
Hypertension in the Elderly Program
Cooperative Research Group. Effect of
diuretic based antihypertensive treatment on
cardiovascular disease risk in older diabetic
patients with isolated systolic hypertension.
JAMA 276, 1886–1892 (1996).

nn

53

Prognostic benefits of blood pressure
control in older people with or
without diabetes.
McFarlane SI, Jacober SJ, Winer N et al.:
Control of cardiovascular risk factors in
patients with diabetes and hypertension at
urban academic medical centers. Diabetes
Care 25, 718–723 (2002).
Bakris GL: Maximizing cardiorenal benefit in
the management of hypertension: achieve
blood pressure goals. J. Clin. Hypertens. 1,
141–147 (1999).
Gianni M, Bosch J, Pogue J et al.: Effect of
long-term ACE-inhibitor therapy in elderly
vascular disease patients Eur. Heart. J. 28,
1382–1388 (2007).
Heart Outcomes Prevention Evaluation
(HOPE) Study Investigators: Effects of
ramipril on cardiovascular and microvascular
outcomes in people with diabetes mellitus:
results of the HOPE study and MICROHOPE substudy. Lancet 355, 253–259
(2000).
Cardio- and reno-protective effects of
angiotensin-converting enzyme inhibition in
diabetic patients.
Hansson L, Lindholm LH, Niskanen L et al.:
Effect of angiotensin-converting-enzyme
inhibition compared with conventional
therapy on cardiovascular morbidity and
mortality in hypertension: the Captopril
Prevention Project (CAPPP) randomised trial.
Lancet 353, 611–616 (1999).
Bangalore S, Parkar S, Grossman E et al.:
A meta-analysis of 94,492 patients with
hypertension treated with b-blockers to
determine the risk of new-onset diabetes
mellitus. Am. J. Cardiol. 100, 1254–1262
(2007).

54

55

56

57

58

n

59

Meta-analysis of efficacy and safety of
b-blockers in treatment of hypertension.
Elliott WJ, Meyer PM: Incident diabetes in
clinical trials of antihypertensive drugs:
a network meta-analysis. Lancet 369, 201–207
(2007).

528

60

Major outcomes in high risk hypertensive
patients randomised to angiotensin converting
enzyme inhibitor or calcium channel blocker
vs diuretic. The Antihypertensive and Lipid
Lowering Treatment to Prevent Heart Attack
trial (ALLHAT). The ALLHAT Officers and
Coordinators for the ALLHAT Collaborative
Research Group. JAMA 288, 2981–2997
(2002).
Major antihypertensive clinical
trial comparing old vs new
antihypertensive medication.
Lindholm LH, Hansson L, Ekbom T et al.:
Comparison of antihypertensive treatments in
preventing cardiovascular events in elderly
diabetic patients: results from the Swedish
Trial in Old Patients with hypertension-2.
STOP Hypertension-2 Study group.
J. Hyperten. 18, 167–165 (2000).
Mancia G, Brown M, Castaigne A et al.;
INSIGHT: Outcomes with nifedipine GITS
or Co-amilozide in hypertensive diabetics and
nondiabetics in Intervention as a Goal in
Hypertension (INSIGHT). Hypertension 41,
431–436 (2003).
Brenner BM, Cooper ME, de Zeeuw D et al.:
Effects of losartan on renal and cardiovascular
outcomes in patients with Type 2 diabetes and
nephropathy. N. Engl. J. Med.. 345, 861–869
(2001).
Parving HH, Lehnert H, BrochnerMortensen J et al.: The effect of irbesartan on
the development of diabetic nephropathy in
patients with Type 2 diabetes. N. Engl.
J. Med.. 345, 870–878 (2001).
Lewis EJ, Hunsicker LG, Clarke WR et al.:
Renoprotective effect of the angiotensin
receptor antagonist irbesartan in patients with
nephropathy due to Type 2 diabetes. N. Engl.
J. Med. 345, 851–860 (2001).
Lindholm LH, Ibsen H, Dahlöf B et al.:
Cardiovascular morbidity and mortality in
patients with diabetes in the Losartan
Intervention For Endpoint reduction in
hypertension study (LIFE): a randomised trial
against atenolol. Lancet 359, 1004–1010
(2002).
Prognostic benefits of the angiotensin
receptor blocker losartan above its
antihypertensive effects.
Matchar DB, McCrory DC, Orlando LA
et al.: Systematic review: comparative
effectiveness of angiotensin converting
enzyme inhibitors and angiotensin II
receptor blockers for treating essential
hypertension Ann. Intern. Med. 148, 16–29
(2008).
Beckett NS, Peters R, Fletcher AE et al.:
Treatment of hypertension in patients 80
years of age or older. N. Engl. J. Med. 358,
1887–1898 (2008).
Therapy (2009) 6(4)

nn

61

nn

The only clinical trial exploring the
benefits of treating hypertension in the
very elderly.
Holman RR, Paul SK, Bethel MA et al.:
Long term follow-up after tight control of
blood pressure in Type 2 diabetes. N. Engl.
J. Med. 359, 1565–1576 (2008).
Long-term prognostic benefits of tight blood
pressure control in Type 2 diabetes.

62

Hildrum B, Mykletun A, Hole T et al.:
Age-specific prevalence of the metabolic
syndrome defined by the International
Diabetes Federation and the National
Cholesterol Education Program: the
Norwegian HUNT 2 study BMC Pub. Health
7, 220 (2007).

63

Maggi S,Noale M,Gallina P et al.: Metabolic
syndrome, diabetes, and cardiovascular
disease in an elderly caucasian cohort: the
Italian longitudinal study on ageing.
J. Gerontol. 61, 505–510 (2006).

64

Wang J, Ruotsalainen S, Moilanen L et al.:
The metabolic syndrome predicts
cardiovascular mortality: a 13‑year follow-up
study in elderly non-diabetic Finns. Eur.
Heart J. 28, 857–864 (2007).

65

Sattar N, McConnachie A, Shaper AG et al.:
Can metabolic syndrome usefully predict
cardiovascular disease and diabetes? Outcome
data from two prospective studies Lancet 371,
1927–1935 (2008).

66

Pearte CA, Furberg CD, O’Meara ES et al.:
Characteristics and baseline clinical
predictors of future fatal versus nonfatal
coronary heart disease events in older
adults.:the cardiovascular health study.
Circulation 113, 2177–2185 (2006).

67

McTigue KM, Hess R, Ziouras J et al.:
Obesity in older adults: a systematic review of
the evidence for diagnosis and treatment.
Obesity 14, 1485–1497 (2006).

68

Stewart KJ: Exercise training and the
cardiovascular consequences of Type 2
diabetes and hypertension: plausible
mechanisms for improving cardiovascular
health. JAMA 288, 1622–1631 (2002).

69

Mozaffarian D, Fried L, Burke G et al.:
Lifestyles of older adults: can we influence
cardiovascular risk in older adults?
Am. J. Geriatr. Cardiol. 13, 153–160 (2004).

70

Rea TD, Heckbert SR, Kaplan, RC et al.:
Smoking status and risk for recurrent
coronary events after myocardial infarction.
Ann. Intern. Med. 137, 494–498 (2002).

71

Gaede P, Vedel P, Larsen N et al.:
Multifactorial intervention and cardiovascular
disease in patients with Type 2 diabetes.
N. Engl. J. Med. 348, 383–393 (2003).

n

Importance of multiple risk reduction
in diabetes.

future science group

Hyperglycemia, dyslipidemia & hypertension in older people with diabetes

72

n

Gaede P, Lund-Anderson H, Parving HH
et al.: Effect of multifactorial intervention on
mortality in Type 2 diabetes. N. Engl. J. Med.
358, 580–591 (2008).
Importance of multiple risk reduction
in diabetes.

73

Beckman JA, Creager MA, Libby P: Diabetes
and atherosclerosis. JAMA 287, 2570–2581
(2002).

74

Sacco M, Pellegrini F, Roncaglioni MC et al.:
Primary prevention of cardiovascular events
with low dose aspirin and vitamin E in Type 2

future science group

of death, myocardial infarction, and stroke
in high risk patients. BMJ 324, 71–86
(2002).

diabetic patients: results of the primary
prevention project (PPP) trial. Diabetes Care
26, 3264–3272 (2003).
75

76

Belch J, MacCuish A, Campbell I et al.:
The prevention of progression of arterial
disease and diabetes (POPADAD) trial:
factorial randomised placebo controlled trial
of aspirin and antioxidants in patients with
diabetes and asymptomatic peripheral arterial
disease. BMJ 337, a1840 (2008).
Antithrombotic Trialists’ Collaboration:
Collaborative meta-analysis of randomised
trials of antiplatelet therapy for prevention

www.futuremedicine.com

Review

n

Benefits of antiplatelets in
secondary prevention.

77

Sirois C, Moisan J, Poirier P et al.: Underuse
of cardioprotective treatment by the elderly
with Type 2 diabetes. Diabetes Metab. 34,
169–176 (2008).

78

Canadian Diabetes Association: Clinical
practice guidelines for the prevention and
management of diabetes in Canada. Can.
J. Diabetes 27(Suppl. 2), S1–S152 (2003).

529

