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OBJECTIVEdThe incidence of type 1 diabetes complications appears to be decreasing, but
relative contributions of risk factors are unclear. We thus estimated the effect of modifiable risk
factors on the incidence of a composite end point, major outcomes of diabetes (MOD).

RESEARCH DESIGN AND METHODSdThe Pittsburgh Epidemiology of Diabetes
Complications (EDC) Study was used to derive two cohorts based on diabetes diagnosis year
(1960–1969 and 1970–1980). Baseline exam data in the current analysis for the 1960s group
were collected in 1986–1988 and for the 1970s in 1996–1998. Each group was followed for
8 years for MOD incidence (diabetes-related death, myocardial infarction, revascularization pro-
cedure/blockage $50%, stroke, end-stage renal disease, blindness, and amputation). Assessed
risk factors include the following: HbA1c, hypertension, microalbuminuria, BMI, hypercholes-
terolemia, and smoking. Accelerated failure time models were used to estimate the acceleration
factor.

RESULTSdMOD incidence decreased in the 1970s cohort (15.8% [95% CI 11.6–21.4])
compared with the 1960s (22.6% [17.0–29.1]) over the 8-year follow-up (P = 0.06). Hyperten-
sion and microalbuminuria were associated with significantly accelerated MOD incidence in
both cohorts (P , 0.01 for both). High HbA1c (P = 0.0005), hypercholesterolemia (P = 0.01),
and current smoking (P = 0.003) significantly accelerated the incidence of MOD in the 1960s but
not 1970s cohort. BMI was not associated with MOD in either cohort.

CONCLUSIONSdThese results suggest that hypertension and microalbuminuria remain
important predictors of complications that are not being adequately addressed.
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The Diabetes Control and Complica-
tions Trial/Epidemiology of Diabetes
Interventions and Complications

(DCCT/EDIC) Study provides convincing
evidence that more intensive diabetes
therapy is associated with long-term ben-
efits for both microvascular (1) and mac-
rovascular (2) complications, which
likely relates to the decrease in incidence
of most type 1 diabetes complications.
However, little is known about the rela-
tive impact of HbA1c and other major risk
factors on complication risk in cohorts

experiencing generally improved glyce-
mic control after the publication of the
DCCT/EDIC results and implementation
of those standards of care (3). Also, al-
though many studies (1,2,4–18) have
reported risk factors for individual com-
plications, only one recent publication
has focused on the combined incidence of
major outcomes of diabetes (MOD) (19).
This report, which examined how well
MOD was predicted by various definitions
of themetabolic syndrome and their com-
ponents, did not examine the impact of

risk factor differences over time. Thus, it
is largely unknown which and to what
degree risk factor changes account for im-
provements in MOD. Our objective was
thus to determine the relative roles of ma-
jor modifiable risk factors, specifically,
glycemia, hypertension, hypercholester-
olemia, microalbuminuria, BMI, and
smoking, on the 8-year incidence of any
MOD within two subcohorts of the Pitts-
burgh Epidemiology of Diabetes Com-
plications (EDC) Study; participants
diagnosed with type 1 diabetes between
1960 and 1969 and those diagnosed be-
tween 1970 and 1980. We also examined
whether adjustments for these risk factors
affect the temporal (i.e., cohort) associa-
tion with MOD incidence.

RESEARCH DESIGN AND
METHODS

Study population
The Pittsburgh EDC Study is a prospec-
tive cohort study of childhood-onset
(,17 years old) type 1 diabetes. All par-
ticipants were diagnosed or seen within 1
year of diagnosis at Children’s Hospital of
Pittsburgh between 1950 and 1980. The
cohort has been described in detail else-
where (3). In brief, participants have been
followed since 1986–1988, initially with
biennial examinations for 10 years and
thereafter with biennial questionnaires
and a further examination 18 years post-
baseline. Data used in the current analyses
are from two subcohorts of the EDC
Study based on year of diabetes diagnosis
(1960–1969 or 1970–1980). To obtain
comparable distributions of age and dia-
betes duration in the cohorts and equiva-
lent follow-up, baseline for the 1960s
cohort consisted of exam data collected
during the first examination period
(1986–1988), whereas for the 1970s co-
hort, data collected during the sixth exam-
ination period (1996–1998) was used for
baseline. Research protocols were approved
by the University of Pittsburgh institutional
review board, and all participants provided
written informed consent.
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Ascertainment of MOD
MOD incidence was defined as the first
instance of diabetes-related death, myo-
cardial infarction, revascularization pro-
cedure and/or blockage $50%, stroke or
carotid endarterectomy, end-stage renal
disease (ESRD), blindness, or amputation.
Death certificates, next of kin interviews,
and medical records, as appropriate, were
reviewed by amortality classification com-
mittee composed of at least two physician
epidemiologists, and cause of death was
classified according to the Diabetes Epide-
miology Research International (DERI)
system (20). Medical records were also ob-
tained for all cardiovascular events, which
were classified as 1) coronary artery dis-
ease (CAD), including myocardial infarc-
tion, revascularization procedure, and
blockage $50%, and 2) cerebrovascular
disease (CBVD), including stroke and ca-
rotid endarterectomy. ESRD was ascer-
tained by self-report of a history of
dialysis or renal transplantation. Blindness
was ascertained by self-report of physician-
diagnosed blindness and by visual acuity
testing during either the 1994–1996
(1960s cohort) or the 2004–2006 (1970s
cohort) examinations. Amputation was
ascertained by self-report and/or physi-
cian examination. Complication status
was assessed biennially, and each subco-
hort was followed for 8 years to ascertain
MOD incidence status.

Clinical measurements
For the first 18 months of the study (May
1986 to November 1987), fasting blood
samples were analyzed for HbA1 using
microcolumn cation exchange (Isolab,
Akron, OH). For the remainder of the
baseline examinations, automated high-
performance liquid chromatography
(Diamat; Bio-Rad, Hercules, CA) was per-
formed. Correlation between the two as-
says was very high (r = 0.95; Diamat
HbA1 = –0.18 + 1.00[Isolab HbA1]).
HbA1 values were converted to DCCT-
aligned values for all analyses using a re-
gression equation derived from duplicate
assays (DCCT HbA1c = 0.14 + 0.83[EDC
HbA1]). Three seated blood pressure
readings were taken with a random-zero
sphygmomanometer, and the mean of the
second and third readings was used in
analyses, according to the hypertension
detection and follow-up protocol (21).
Hypertension was defined as blood pres-
sure at least 140/90 mmHg or use of an-
tihypertensive medication. Alternate
analyses were also performed using a cut
point of 130/80 mmHg. Serum total

cholesterol and triglycerides were deter-
mined enzymatically (22,23), and HDL
cholesterol was determined using a mod-
ified precipitation technique (24) based
on the lipid research clinics method
(25). Eight-hour fasting LDL cholesterol
levels were calculated from measure-
ments of total cholesterol, triglycerides,
and HDL cholesterol using the Friedewald
equation (26). Hypercholesterolemia
was defined as LDL cholesterol of
$130 mg/dL or cholesterol medication
use. Alternate analyses were performed
using a cut point of $100 mg/dL. Micro-
albuminuria (or worse) was determined as
an albumin excretion rate of$20 mg/min
in two out of three timed urine samples
(24-h, overnight, and 4-h collections
collected over a 2-week period). Alternate
analyses were performedwithmicroalbu-
minuria defined as above plus use of
ACE inhibitors. Urinary albumin was
measured by immunonephelometry
(27). Participants were weighed in light
clothing on a balance beam scale. Height
was measured using a wall-mounted
stadiometer. BMI was calculated as the
weight in kilograms divided by the
square of the height in meters. Current
and ever smoker status was obtained by
self-report.

Statistical analysis
Baseline characteristics were compared
between MOD incident cases and non-
cases for each subcohort using Student t
test and x2 test for binary variables.

To assess the impact of risk factors on
MOD incidence, prevalent cases of MOD
were excluded at baseline, and the 8-year
incidence of the first occurrence of MOD
by risk factor status was estimated using
Weibull accelerated failure-time models,
separately for each subcohort. All models
were adjusted for diabetes duration. The
risk factors of interest, specifically, HbA1c,
hypertension, microalbuminuria (or
worse), hypercholesterolemia, and
both a history of smoking and current
smoking status, were assessed using the
acceleration factor k, which measures the
impact of the presence relative to the ab-
sence of a factor in either accelerating or
slowing the rate of incidence. The inter-
pretation of k is as follows: k = 1, the factor
has no impact on incidence; k .1, the
factor is associated with an accelerated in-
cidence; and k,1, the factor is associated
with a decelerated incidence. To calculate
its acceleration factor, HbA1c was dichot-
omized at the median, which was 8.4%
(68 mmol/mol) at baseline in both

subcohorts. Analyses of HbA1c were also
performed using 8% (64 mmol/mol) and
9% (75 mmol/mol) as alternative cut
points.

To determine the impact of risk fac-
tors on the temporal incidence of MOD,
data from the two subcohorts were
pooled. Cox proportional hazards mod-
els, which included a subcohort indica-
tor variable as a predictor of MOD, were
then examined to assess the impact of
different risk factors on the subcohort
variable’s regression coefficient and haz-
ard ratio (HR). Statistical significance
was defined as P , 0.05. SAS version
9.3 (SAS Institute, Cary, NC) was used
for all analyses.

RESULTSdAt baseline, the prevalence
of any MOD was 15.9% in the 1960s
cohort and declined insignificantly to
13.0% in the 1970s cohort (P = 0.35).
The prevalence of each component of
MOD at baseline generally declined,
with the exception of CAD, which re-
mained the same (1960s, 2.9% vs.
1970s, 2.9%; P = 0.98), and amputation,
which increased slightly (1960s, 1.7% vs.
1970s, 2.5%; P = 0.50). No differences in
prevalence between the 1960s and 1970s
cohorts reached statistical significance.
Blindness was the most common preva-
lent complication in both cohorts (1960s,
10.9% vs. 1970s, 7.6%; P = 0.19),
whereas CBVD was the most rare (0.8
vs. 0.4%, respectively, P = 0.60). Preva-
lence of ESRD in the 1970s cohort (2.5%)
was less than half that seen in the 1960s
cohort (5.4%) (P = 0.09).

After excluding all prevalent cases of
MOD at baseline, the estimated 8-year
incidence of any MOD was 22.6% (95%
CI 17.0–29.1) in the 1960s cohort, and
15.8% (11.6–21.4) in the 1970s cohort
(P = 0.06). The change in the 8-year in-
cidence of individual MOD types is
shown in Fig. 1. The most significant de-
clines were seen in diabetes-related death
(13 vs. 7%, P = 0.02), CAD (12 vs. 5%, P =
0.005), and ESRD (12 vs. 4%, P ,
0.0001) from the 1960s to the 1970s co-
hort. The incidence of CBVD, although
low, also decreased (3 vs. 0.7%, P =
0.09), whereas blindness declined only
slightly (7 vs. 5%, P = 0.42), and the
low incidence of amputation remained
the same (1 vs. 1%, P = 0.99).

The baseline characteristics of the two
cohorts after excluding prevalent cases of
MOD are shown in Table 1. Diabetes du-
ration, HbA1c, systolic and diastolic blood
pressure, LDL cholesterol level, albumin
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excretion rate, current smoking status,
the proportion with HbA1c greater than
the median, hypertension, hypercholes-
terolemia, microalbuminuria, and the
proportion using blood pressure–lowering
medications at baseline were all signif-
icantly higher (P , 0.05) in those with
incident MOD in the 1960s cohort. How-
ever, in the 1970s, only systolic blood
pressure, blood pressure–lowering med-
ication use, hypertension, albumin ex-
cretion rate, and proportion with
microalbuminuria were significantly
higher (P, 0.05) in those with incident
MOD. Because we only have one HbA1c

measurement in the 1970s cohort after
baseline (i.e., at the 8-year follow-up ex-
amination), and this is only available for
survivors and those able to attend that
clinical examination, we cannot fully ex-
amine change in risk factors. Mean
HbA1c remained fairly stable in the 1960s
cohort, being 8.5% (69 mmol/mol) at
baseline and 8.6% (70 mmol/mol) at
the 8-year follow-up, whereas in the
1970s cohort, mean HbA1c decreased
from 8.6% (70 mmol/mol) at baseline
to 8.2% (66 mmol/mol) at 8 years.

In the 1960s cohort, the estimated
8-year incidence of MOD was 49.2% in
those with hypertension at baseline and
16.5% in those without (Table 2),
yielding a significant acceleration factor
of 4.5 (P = 0.0002). The 1970s cohort
showed a similar difference in 8-year
MOD incidence by baseline hypertension
(42.8 vs. 11.8%), and acceleration factor
of 4.2 (P = 0.001) (Table 3). Three

subgroups of those with hypertension
were examined separately: BP $140/90
and untreated, $140/90 despite treat-
ment with medication, or ,140/90 on
treatment with medication (Supplemen-
tary Table 1). The group with successfully
controlled hypertension accounted for
84% of the 32 participants with hyperten-
sion in the 1970s cohort, but nonetheless
showed a significantly higher risk ofMOD
than those without hypertension (P =
0.001). The numbers were too small to
obtain reliable comparisons in the other
hypertension groups. When these analy-
ses were repeating using a lower defini-
tion of hypertension (130/80 mmHg or
medication), hypertension remained sig-
nificantly predictive of MOD in both the
1960s and 1970s cohorts. Additionally,
microalbuminuria was associated with ac-
celeratedMOD incidence in both cohorts,
although to a greater degree in the 1960s
cohort (k = 13.2, P , 0.0001 vs. 1970s,
k = 3.0, P = 0.008), and these results did
not differ when using an alternate defini-
tion of microalbuminuria that included
the use of ACE inhibitors. Whereas hy-
pertension and microalbuminuria were
the only factors to predict MOD incidence
in the 1970s cohort (Table 2), hypercho-
lesterolemia (k = 2.5, P = 0.01), HbA1c

$8.4% (68 mmol/mol, median) (k =
4.7, P = 0.0005), and current smoking
status at baseline (k = 3.1, P = 0.003)
were all significantly predictive of MOD
incidence in the 1960s cohort (Table 2).
In alternate analyses, HbA1c $8% (64
mmol/mol) showed similar results to the

8.4% cut point, being predictive only in
the 1960s (k = 4.2, P = 0.003 vs. 1970s,
k = 1.7, P = 0.20), as was HbA1c $9%
(75 mmol/mol) (k = 4.7, P = 0.0005 vs.
1970s, k = 1.1, P = 0.74). Using the alter-
nate hypercholesterolemia cut point of
LDL cholesterol$100 mg/dL also showed
similar results to those above and was pre-
dictive of MOD only in the 1960s cohort.
BMI was not associated with MOD inci-
dence in either cohort.

In a univariate Cox proportional haz-
ards model assessing the relationship
between cohort membership and MOD
incidence, individuals in the 1960s cohort
were twice as likely to develop a MOD
event during the 8-year follow-up com-
pared with the 1970s cohort (HR 2.01
[95% CI 1.23–3.28], P = 0.005). Adjusting
for each of the risk factors of interest sepa-
rately (hypertension, hypercholesterolemia,
HbA1c greater than or equal to the median,
and ever and current smoking status)
showed little effect on the increased haz-
ard of the 1960s cohort (Table 3). How-
ever, adjusting for microalbuminuria
status attenuated the cohort effect so
that it was no longer statistically signifi-
cant (P = 0.09). In a final multivariable
model that allowed for all of the risk fac-
tors and included hypertension, HbA1c

greater than or equal to the median, mi-
croalbuminuria, and current smoking af-
ter forward selection, the cohort effect
was also attenuated (1960s cohort HR
1.47, P = 0.18).

CONCLUSIONSdThe results of our
study suggest that the impact of glycemia,
cholesterol, and smoking on the develop-
ment of MOD was lower in those diag-
nosed with type 1 diabetes in the 1970s
compared with those diagnosed in the
1960s. However, hypertension showed
no change in its impact, accelerating the
incidence of a MOD to a similar degree in
both cohorts. The persistence of hyper-
tension as a strong predictor of MOD is in
spite of the fact that treatment of hyper-
tension increased dramatically, from 50%
in the 1960s cohort to .90% in the 1970s
cohort. Additionally, whereas BMI was
higher in the 1970s compared with the
1960s cohort, it was not associated with
the incidence of MOD in either. Finally, mi-
croalbuminuria was a significant factor in
accelerating the incidence of MOD in both
diagnosis cohorts, although to a much
greater degree in the 1960s cohort compared
with the 1970s. Furthermore, only microal-
buminuria appears to account for much of
the cohort effect on MOD incidence.

Figure 1dChange in 8-year incidence of specific MOD by diagnosis cohort. T1D, type 1 diabetes.
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It is important to note that the two
cohorts analyzed here both had median
HbA1c levels of 8.4% at their respective
baselines, suggesting that control had
not significantly improved. However, as
we have previously reported, there has
been a decrease in the HbA1c in the total
EDC cohort, particularly since 1996–
1998 (28). The equivalent HbA1c in the
two cohorts presented here thus likely re-
flects the exclusion of prevalent MOD
case subjects who were greater in number
in the 1960s cohort and in worse control.
Unfortunately, we do not have sufficient
follow-up data to effectively assess the im-
pact of change in glycemia throughout
follow-up as the 1970s cohort had only
one subsequent exam (8 years postbase-
line), although as mean HbA1c at 8 years
follow-up decreased in the 1970s cohort
but remained nearly unchanged in the
1960s, it is likely that HbA1c improved
over follow-up to a greater extent in the
1970s cohort.

Although the prevalence of any MOD
at a mean diabetes duration of 22 years
decreased only nonsignificantly from the
1960s cohort to the 1970s, by 18%, after
excluding prevalent MOD cases, a much
larger proportion of the 1960s diagnosis
cohort experienced an incident MOD
than the 1970s cohort. The most marked
differences were seen in death, CAD,
CBVD, and ESRD incidence, whereas
the 8-year incidence of blindness was
only slightly lower in the 1970s cohort
and incidence of amputation was;1% in
both cohorts.

A number of issues merit further
discussion, the first being the failure of
amputations and blindness to decline, as
have other complications. Although
numbers of amputations are small, their
failure to decline does not seem to be the
result of an increased trend to minor (e.g.,
toe) amputations, as might be expected. It
should also be noted that for both co-
horts, the prevalence is lower than the
25-year cumulative incidence of 10.1%
observed in theWisconsin Epidemiologic
Study of Diabetic Retinopathy (WESDR)
from 1979–1980 to 2004–2005 (29). The
lack of a decline in the incidence of blind-
ness might reflect improved ascertain-
ment. This, however, seems unlikely, as
virtually all cases were ascertained using
the same method in both cohorts (3% by
visual acuity measurement and the re-
mainder through self-report of physician-
diagnosed blindness). These results are
also consistent with data on blindness
in diabetes from the 1980–1996 dataT
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from the WESDR (30) and the 1965–
1979 data from the Danish Hvidore Hos-
pital cohort (31), neither of which
demonstrated a significant decline in
the incidence of blindness over time.
The WESDR investigators more recently

examined change in the prevalence of
visual impairment by diagnosis period
1922–1979 and concluded that for any
visual impairment (visual acuity#20/40 in
the better eye), the prevalence was signifi-
cantly lower in the more recent diagnosis

periods (32); however, this was a milder
degree of impairment than in our current
analysis. The 25-year cumulative incidence
of blindness in theWESDR cohort of com-
parable diabetes duration at baseline
was ;6% (33), which is somewhat
lower than the 9% observed when our
two subcohorts are combined. Additionally,
a significant decrease in the incidence of
blindness has been observed in the Japanese
cohort from the Diabetes Epidemiology
Research International study when com-
paring the 1965–1969 and 1975–1979
diagnosis cohorts (34).

The analysis of risk factors of major
clinical concern (Table 2) raise consider-
able potential implications, suggesting
that a greater focus is needed for blood
pressure control, as it remains a major
predictor even though blood pressure lev-
els have fallen in the more recent cohort
(Table 2).We primarily used the cut point
of 140/90 mmHg, as this was the goal for
most of the follow-up period. When the
data were reanalyzed using a cut point of
130/80 mmHg, hypertension remained a
significant predictor of MOD in both co-
horts, but its effect was somewhat stron-
ger in the 1960s and slightly attenuated in

Table 2dEffect of modifiable risk factor status on estimated 8-year incidence of the first MOD by type 1
diabetes diagnosis cohort, adjusted for diabetes duration

1960–1969 diagnosis cohort 1970–1980 diagnosis cohort

Risk factor

Estimated 8-year
incidence of MOD

(95% CI)

Acceleration
factor,

k (95% CI) P value

Estimated 8-year
incidence of MOD

(95% CI)
Acceleration factor,

k (95% CI) P value

Hypertension
Yes 49.2% (34.9–65.6) 4.5 (2.0–9.8) 0.0002 42.8% (26.9–63.1) 4.2 (1.8–9.9) 0.001
No 16.5% (11.5–23.0) 11.8% (7.9–17.4)

Hypercholesterolemia
Yes 33.4% (22.9–47.1) 2.5 (1.2–5.3) 0.01 18.8% (10.2–33.0) 1.3 (0.6–2.8) 0.52
No 16.5% (11.2–23.9) 15.0% (10.4–21.3)

HbA1c $8.4% (median)
Yes 36.1% (27.3–46.7) 4.7 (2.0–11.2) 0.0005 20.9% (13.5–31.4) 1.9 (0.9–4.2) 0.11
No 10.8% (6.2–18.1) 10.9% (5.8–19.9)

Microalbuminuria
Yes 39.8% (31.1–50.0) 13.2 (3.6–47.9) ,0.0001 27.1% (18.6–38.6) 3.0 (1.34–6.82) 0.008
No 4.8% (2.0–11.2) 9.0% (5.0–16.2)

Overweight (BMI $25)
Yes 28.8% (19.2–41.9) 1.6 (0.8–3.4) 0.17 15.9% (9.9–25.1) 1.0 (0.5–2.0) 0.98
No 20.0% (14.2–27.5) 16.1% (10.3–24.6)

Ever smoker
Yes 25.1% (117.4–35.4) 1.3 (0.6–2.5) 0.52 22.9% (14.7–34.6) 2.0 (1.0–4.0) 0.07
No 21.2% (14.7–30.2) 12.4% (8.0–19.0)

Current smoker
Yes 39.2% (27.6–53.6) 3.1 (1.5–6.5) 0.003 22.5% (12.4–38.9) 1.7 (0.8–3.6) 0.21
No 17.2% (12.0–24.3) 14.3% (9.9–20.4)

Comparisons that were significantly different are in boldface (P ,0.05).

Table 3dHR of a MOD associated with type 1 diabetes diagnosis
cohort

Risk factor adjustment
HR

(95% CI)*
P

value

Cohort (no adjustment) 2.01 (1.23–3.28) 0.005
Cohort, adjusted for hypertension 1.82 (1.12–2.98) 0.02
Cohort, adjusted for hypercholesterolemia 1.83 (1.11–3.02) 0.01
Cohort, adjusted for HbA1c $8.4% 2.11 (1.23–3.61) 0.0001
Cohort, adjusted for microalbuminuria 1.55 (0.94–2.55) 0.09
Cohort, adjusted for ever smoker 1.95 (1.19–3.20) 0.008
Cohort, adjusted for current smoker 1.91 (1.17–3.12) 0.01
Fully adjusted model†
Cohort 1.47 (0.84–2.67) 0.18
Hypertension 4.41 (2.49–7.82) ,0.0001
HbA1c $8.4% 2.46 (1.40–4.31) 0.002
Microalbuminuria 3.44 (1.72–6.90) 0.0005
Current smoker 1.73 (1.01–2.97) 0.05

*HR for being in the 1960–1969 diagnosis cohort compared with 1970–1979 (reference group).
†Hypercholesterolemia and ever smoker also made available for forward selection, but not selected.
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the 1970s. This persistence of hyperten-
sion as a risk factor at either level implies
that although blood pressure levels are
lower and blood pressure medication
use higher in the 1970s cohort, these im-
provements are not eliminating the prior
damage of higher blood pressure, or that
the medications themselves are not with-
out risk or are not lowering blood pres-
sure enough, or that other derangements
associated with higher blood pressure are
not being addressed. In the current study,
we observe that although the vast major-
ity of participants with hypertension in
the 1970s cohort have blood pressure lev-
els that are controlled to ,140/90, only
;34% of those with hypertension are
controlled to ,130/80 (Supplementary
Tables 1 and 2), thus suggesting that
lower levels may be beneficial in type 1
diabetes. The complexity of these issues
and the importance of their resolution are
underscored given the surprising results
from the blood pressure arm of the
ACCORD trial in type 2 diabetes, which
failed to show benefit (in terms of CVD
risk andmortality) from amore aggressive
blood pressure control protocol (35).
Similarly, a recent review and meta-
analysis of clinical trials in type 2 diabetes
found that intensive blood pressure con-
trol is not associated with decreased risk
for mortality or myocardial infarction but
was associated with decreased risk of
stroke (36). Finally, from a CAD and renal
disease viewpoint, another recent review
and meta-analysis found no consistent
benefit for lowering blood pressure
,130/80 mmHg (37). Unfortunately,
there are no relevant blood pressure con-
trol trials focused on type 1 diabetic sub-
jects to determine specific target goal
levels. Further highlighting this issue,
the American Diabetes Association re-
cently issued new clinical practice recom-
mendations, which included a higher
systolic blood pressure goal of ,140
mmHg, with the diastolic blood pressure
goal remaining at ,80 mmHg, based on
information from the aforementioned
clinical trials of type 2 diabetes (38).
This important issue of appropriate blood
pressure goals for type 1 diabetes thus
requires a relevant clinical trial, which
should be a high priority.

Another interesting result is that, like
hypertension, microalbuminuria is still
predictive in the 1970s cohort, but mark-
edly less so than in it was the 1960s
cohort. This effect may partially be ex-
plained by the observation that despite
the decrease in the continuous values of

albumin excretion rate from the 1960s to
1970s, many in the 1970s cohort still
meet the definition of microalbuminuria.
Thus, the microalbuminuria in the 1970s
cohort is, on average, milder than that of
the 1960s cohort. These findings also
underscore the importance of microalbu-
minuria as a predictor of adverse outcome
and are consistent with our recent confir-
mation over a 20-year follow-up period
that micro- (or greater) albuminuria fully
accounts for the excess mortality in type 1
diabetes (9), as was first shown in the
Finnish Diabetic Nephropathy (Finn-
Diane) Study (14).

Another finding of interest is the
observation that a history of ever smoking
does not predict MOD in the 1960s co-
hort, where rates are high in both smokers
(25%) and nonsmokers (22%). However,
in the 1970s, rates remain similar in the
smokers (23%) but have halved in the
nonsmokers (12%), revealing a border-
line risk factor (P = 0.07). The lack of a
smoking effect seen in some diabetes
studies may reflect a minimal impact of
the formation of advanced glycation end
products (one putative pathway for dam-
age in smokers) in those with poor glyce-
mic control (as here in the 1960s), when
cumulative excess advanced glycation
end product formation may be higher;
thus, the added effect of smoking is small.
In contrast, in the 1970s cohort, when
glycemic control improves, this added
risk factor emerges. Interestingly, the im-
pact of current smoking shows a different
pattern, being a major predictor in the
1960s cohort, but not in the 1970s.

Another major observation of interest
is that high HbA1c (.8.4%, 68 mmol/
mol) in the 1970s cohort is not associated
with an increased risk of MOD, whereas
the same cut point in the 1960s cohort
increases risk significantly. However,
there still is an almost twofold difference
in MOD rates by HbA1c status in the
1970s cohort (21 vs. 11%), albeit not as
great as in the 1960s (36 vs. 11%). Also,
HbA1c levels decreased during the 8-year
follow-up in the 1970s cohort but did not
change in the 1960s cohort; thus, baseline
values are more representative of follow-
up values in the 1960s cohort than the
1970s. More extensive analysis of the im-
pact of change in HbA1c was not possible
here, as the numbers of participants with
repeated HbA1c measures at 8 years of
follow-up were small and biased because
of mortality. Nevertheless, these data are
consistent with our previous observation
that long-term change in HbA1c may be a

better predictor of cardiovascular events
than baseline, or even mean, HbA1c (39).
Finally, it is possible that better blood
pressure and lipid management in the
later period of the 1970s cohort follow-
up helps to ameliorate the damage of poor
glycemic control per se.

Our study has many strengths, in-
cluding its prospective design and wide
range of diabetes diagnosis years, which
allowed us to compare the two cohorts.
Additionally, deaths and cardiovascular
events were verified using death certifi-
cates and medical records by reviewers
who were masked to risk factor status.
The main limitation is the potential for a
“survivor bias,” because prevalent cases of
MOD were excluded from incident risk
factor analysis. This exclusion means
that we have not been able to assess the
impact of risk factors in the earliest,
higher-risk cases, which predominate in
the earlier 1960s cohort. This exclusion
may also minimize the impact of baseline
HbA1c in the 1970s cohort, as discussed
above. Although we have standardized
the two cohorts in terms of duration of di-
abetes, we are not able to fully account for
exposure to various risk factors over time,
which is likely to differ between the two
cohorts (e.g., changes in clinical practice,
introduction of medications, etc.). Despite
these limitations, the original objective, to
examine risk factors in the setting of im-
proved control, is still addressable with
this data set.

In conclusion, the incidence of MOD
decreased in people diagnosed during
1970–1980 compared with those diag-
nosed during 1960–1969, with the ex-
ceptions of amputation and blindness. A
decline in microalbuminuria appears to
explain much of this improvement. Addi-
tionally, whereas the impact of hypergly-
cemia and hypercholesterolemia on the
development of major complications ap-
pears to have been reduced, most likely re-
flecting improved control, the impact of
hypertension remains an important predic-
tor of complications, raising the need for
further research to determine appropriate
blood pressure goals and management.
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