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RESEARCH DESIGN AND METHODS — This longitudinal cohort study was conducted in Rochester, Minnesota. Local residents age 50 –70 years with a prior diagnosis of PAD
and/or diabetes were identified from the Mayo Clinic diagnostic registry and invited to a baseline
examination (1977–1978). Those who met inclusion criteria were assessed for PAD progression
at 2 and 4 years and followed for vital status through 31 December 1999.
RESULTS — The numbers who met criteria for PAD, diabetes, and both conditions at baseline
were 149, 238, and 186, respectively. Within each group, observed survival was less than
expected (P ⬍ 0.001). The adjusted risk of death for both conditions was 2.2 times that for PAD
alone. Among the 449 who returned at 4 years, the risk of subsequent death was greater for those
whose PAD had progressed; among individuals with diabetes alone at baseline, 100% (17 of 17)
who met criteria for PAD progression were dead by 31 December 1999 compared with 62% (111
of 178) of those who had not met criteria (adjusted relative hazard 2.29 [95% CI 1.30 – 4.02],
P ⫽ 0.004). The increased mortality associated with PAD progression was significant only for
individuals with diabetes (alone or with PAD).
CONCLUSIONS — Diabetes is a risk factor for both PAD and PAD-associated mortality,
emphasizing the critical need to detect and monitor PAD in diabetic patients.
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p to 20% of elderly individuals have
peripheral arterial disease (PAD)
upon noninvasive testing (1– 4).
Because only a small percentage of these
individuals are symptomatic, PAD is
poorly recognized in primary care practice (1,3,5,6). This is disconcerting because both asymptomatic and
symptomatic PAD contribute to increased
mortality, and both have been associated
with increased cardiovascular events,
gangrene, revascularization, and amputation, leading to considerable disability

and use of health care resources (6 –10).
As a consequence, numerous studies have
attempted to assist physicians in identifying individuals at greatest risk of developing PAD. Such studies consistently
identify diabetes as a key risk factor
(1,2,4,11–15). The extent to which diabetes contributes to progression to disability and/or premature mortality in
individuals with PAD, however, is less
clear. A study from our institution prospectively determined the presence of diabetes and PAD in a cohort of individuals
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OBJECTIVE — The aims of this study were to provide estimates of 1) the risk of mortality for
individuals with both diabetes and peripheral arterial disease (PAD) relative to that for individuals with either condition alone and 2) the association between PAD progression and mortality
for individuals with diabetes, PAD, and both conditions.

at baseline (i.e., 1977–1978) and again 4
years later (16 –21). The study confirmed
that individuals with diabetes were at significantly increased risk of developing
PAD (21). However, among individuals
who met criteria for PAD at baseline, the
likelihood of progression at 4 years, measured as rate of change in postexercise ankle-brachial index (ABI), was unaffected
by the presence of diabetes at baseline
(20). The opportunity to compare these
findings is limited because few studies
have had serial measures of ABI and because most investigations of PAD progression have consisted of individuals who
were symptomatic at baseline (22–24).
There is also a shortage of data on the
association between PAD progression and
mortality, and to our knowledge, there
are no investigations of whether the association between PAD progression and
mortality differs between individuals with
and without diabetes.
These are critical questions. The finding that individuals with asymptomatic
PAD are at increased risk of adverse outcomes has resulted in recommendations
that elderly individuals be screened for
PAD (25). But a majority of individuals
identified with asymptomatic PAD upon
screening will compensate for the reduced perfusion with collateral circulation (26), and the risk of adverse
outcomes in such individuals is likely to
be low. To identify which individuals
should be monitored more frequently and
how often, it is important to understand
the extent to which progression of PAD
contributes to increased morbidity and
mortality and in whom that risk is greatest. The present study begins to examine
these issues by following members of the
cohort initiated in 1977–1978 to determine vital status through 31 December
1999, for a maximum of 23 years of observation. The aims of the study were 1) to
estimate the risk of mortality for individuals with both diabetes and PAD relative
to that for individuals with either condition alone and 2) to estimate the association between PAD progression and
mortality for individuals with diabetes
alone, those with PAD alone, and those
with both conditions at baseline.

PAD, diabetes, and mortality

Determination of diabetes and PAD
The presence of PAD and diabetes at baseline were confirmed with 1) review of
complete Mayo Clinic medical records
(hospitalizations and emergency department, urgent care, and office visits), 2) a
detailed medical history obtained by a
trained interviewer, and 3) a thorough
physical examination by one of the investigators that included chemical, hematological, and vascular laboratory studies.
Individuals were considered to have diabetes if taking antidiabetic medication
and/or if their glucose values (mmol/l) ex2844

ceed thresholds used by Mayo clinicians
at the time of the original study (i.e., fasting of 6.66 or tolerance test values at 1
and 2 h, respectively, of 9.16 and 6.66 for
age 50 years, 9.71 and 7.22 for ages
51–59 years, and 10.27 and 7.77 for ages
60 –70 years). The definition of PAD incorporated the postexercise ABI values
obtained at baseline. Baseline ABI was calculated as the mean ankle systolic blood
pressure at 1, 3, 5, and 10 min postexercise divided by the mean of the arm systolic pressures at the same times. The
lesser of the mean ABI values for the right
and left legs was used to determine the
presence of PAD (yes/no) (20). For the
present study, individuals were categorized as having PAD at baseline if this
value was below the 5th percentile of the
distribution of lesser mean ABI values observed at baseline for subjects in the
healthy control group (i.e., 0.89).
Determination of PAD progression
At enrollment, individuals were invited to
return for follow-up examinations at 2
and 4 years. For each individual who returned at year 4, a weighted summary
measure of the annual rate of change in
postexercise ABI between baseline, year
2, and year 4 was calculated (summary
rate). Details of the calculation are provided elsewhere (20). Individuals were
categorized as exhibiting PAD progression who met both of the following: 1) the
summary rate value for either leg fell below the fifth percentile of the value for the
healthy control group, i.e., ⬍⫺0.032,
and 2) the 4-year ABI measure was
⬍0.89. Individuals who had undergone
peripheral arterial reconstructive surgery
because of worsened clinical status (disabling claudication or development of
ischemic rest pain) or amputation of part
of the lower extremity as a result of gangrene produced by increasing ischemia
were also classified as exhibiting PAD
progression (20). Findings from the
4-year assessment were reported previously (21).
Determination of vital status as of
31 December 1999
Vital status as of 31 December 1999 and
date of death for those who died was determined following review of Mayo Clinic
medical records, Social Security death index, state of Minnesota death tapes, and
with telephone and mail follow-up.

Statistical analysis
The three groups (PAD alone, diabetes
alone, and PAD with diabetes) were compared for baseline characteristics using 2
tests for categorical variables and nonparametric ANOVA for continuous variables. For each group separately, KaplanMeier life table estimates of survival were
obtained, and one-sample log-rank tests
were used to compare observed mortality
with that expected, based on West North
Central white population rates for individuals of the same age, sex, and calendar
year distribution. To assess the independent contribution of both conditions versus each condition alone to mortality (i.e.,
adjusted for baseline differences among
the groups), we used multivariable Cox
proportional hazards modeling. We first
used forward stepwise regression to identify which baseline covariates (sex, age,
BMI, smoking status [current and ever],
history of hypertension, history of coronary heart disease [CHD], duration of diabetes, and duration of PAD) contributed
significantly to mortality. When this
modeling was complete, we then added
the variables for group status to the model
(coded as two indicator variables to distinguish diabetes alone and PAD alone
from both conditions). Then, to test if
baseline postexercise ABI had an additional influence on mortality, we entered
it into the above model. Appropriate interaction and higher order terms were assessed as part of the model building
process.
Among subjects who returned for the
4-year assessment, subsequent survival
rates were estimated separately for those
who progressed and those who had not
progressed using the Kaplan Meier product limit method. Tests for significant differences between those who did and did
not progress were performed using Cox
proportional hazards, adjusted for sex,
age, and baseline postexercise ABI. Comparisons were performed separately for
each of the three groups as defined at
baseline, that is, PAD alone, diabetes
alone, and PAD with diabetes. In models
that included all three groups, a process
similar to that described above was used
to identify covariates that contributed significantly to mortality. The independent
contribution of 4-year progression of PAD
to mortality was then assessed by adding
progression (yes/no) to the variables
found to be significant in the Cox models.
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RESEARCH DESIGN AND
METHODS
The present study is a follow-up to a
4-year longitudinal study initiated in
1977. The original study received Mayo
Clinic Institutional Review Board approval. Separate institutional review
board minimal risk approval was obtained for this follow-up. The identification and recruitment of subjects for the
original study have been described in detail (16). Potential cases were identified
from a registry maintained on all patients
seen at the Mayo Clinic, Rochester, Minnesota, since 1945. The registry was used
to generate a listing of all individuals who
as of 1 January 1977 were age 50 –70
years, had any clinical diagnosis of diabetes and/or PAD, and lived close enough to
return to the clinic on a regular basis. Individuals were excluded who had a diagnosis of secondary diabetes, advanced
renal failure, blood dyscrasias, liver disease, active malignancy, untreated endocrine dysfunction other than diabetes,
previous peripheral arterial surgery, or
any condition other than diabetes or PAD
that might limit life expectancy ⬍5 years.
For the purpose of calibrating PAD progression, a healthy control group was also
identified, consisting of individuals with
no diagnoses of diabetes or PAD but at
least one clinic encounter in the 2 years
before 1977. Individuals who exhibited
any of the above exclusion criteria were
excluded as potential control subjects;
those with evidence of hypertension or
hyperlipidemia were also excluded. Eligible subjects were contacted, and examinations were scheduled from January
1977 through March 1978. Baseline clinical characteristics, physical examination
findings, and laboratory results have been
reported (16 –21). Written informed consent was obtained from all subjects.

Leibson and Associates

Table1 —Comparison of baseline characteristics among individuals who met study criteria for
PAD, diabetes, or both conditions at baseline (1977–1978)
Group

PAD

Both

P

238
62
11
45
12
42
3
—
6.2
—
60.3 ⫾ 5.3
28.5 ⫾ 4.8
1.06 ⫾ 0.10

149
72
38
83
30
50
—
17
—
3.1
61.8 ⫾ 5.4
26.7 ⫾ 4.3
0.53 ⫾ 0.28

186
57
22
60
26
41
3
82
12.2
0
60.8 ⫾ 5.2
28.8 ⫾ 5.2
0.75 ⫾ 0.26

0.019
0.001
0.001
0.001
0.205
0.9
⬍0.001
⬍0.001
⬍0.001
0.031
⬍0.001
⬍0.001

Data are means ⫾ SD unless otherwise indicated.

RESULTS — There were 583 individuals enrolled in 1977–1978 who met criteria for PAD and/or diabetes. In
accordance with a 1997 Minnesota privacy law (27), three subjects who subsequently refused authorization for medical
records research were excluded, as were
seven subjects who had vascular surgery
before enrollment. Of the remaining 573,
149 had PAD only, 238 had diabetes only,
and 186 had both conditions.
The three groups differed significantly with respect to baseline characteristics (Table 1). At baseline, the
proportion of individuals with newly discovered diabetes was 3% in the group
with diabetes alone and 3% in the group
with both PAD and diabetes. Because diabetes is a risk factor for PAD, duration of
diabetes in individuals with diabetes
alone was shorter than that for individuals
with both conditions. By contrast, duration of PAD in individuals with PAD alone
was longer than that for individuals with
both diabetes and PAD. This difference
reflects the manner in which potential
subjects were identified (see RESEARCH DESIGN AND METHODS), such that the proportion of individuals newly discovered as
having PAD at the baseline examination
was only 17% for individuals with PAD
alone versus 82% for individuals with
both PAD and diabetes. This also explains
the lower mean postexercise ABI values
for individuals with PAD alone compared
with those with both conditions.
Information on vital status as of 31
December 1999 was available for 98% of
subjects (559 of 573). For each group, the

observed number of deaths between baseline and 31 December 1999 was greater
than expected based on rates for the West
North Central white population of similar
age, sex, and calendar year distribution
(111 versus 80 for individuals with PAD
alone, 163 versus 123 for individuals with
diabetes alone, and 152 versus 72 for individuals with both conditions) (P ⬍
0.001 for each comparison).
Survival as a function of baseline
status
Stepwise Cox proportional hazards modeling was used to estimate the hazard of
death associated with each of the baseline
characteristics, exclusive of group variables and postexercise ABI (a marker of
PAD severity). Only age, male sex, ever
having smoked, history of hypertension,
history of CHD, and duration of diabetes
contributed independently to mortality,
with no other factors entering the model.
Addition of the two group variables to this
model revealed that individuals with both
PAD and diabetes had an adjusted risk of
death 1.55 times that for individuals with
diabetes alone (95% CI 1.22–1.95, P ⬍
0.001) and 1.67 times that for individuals
with PAD alone (1.24 –2.26, P ⬍ 0.001).
The addition of baseline postexercise
ABI (range 0.03–1.65) to the model revealed a strong association (P ⬍ 0.01) between this measure and the risk of death,
with every 0.1-unit decrease in ABI resulting in a 13% increase in the risk of death.
With this measure of PAD severity in the
model, the risk of death for the three
groups was still significant, but the risk

DIABETES CARE, VOLUME 27, NUMBER 12, DECEMBER 2004

Survival as a function of PAD
progression at year 4
Of the 573 individuals enrolled at baseline, 449 (78%) returned for the 4-year
assessment. The numbers by category status at baseline were 110 with PAD only,
195 with diabetes only, and 144 with
both PAD and diabetes. Of the 110 individuals with PAD alone at baseline, only
two (1.8%) had developed diabetes by
year 4. The numbers with progression of
PAD at year 4 were 31 (28.2%) for individuals with PAD alone at baseline, 17 (8.7%)
for individuals with diabetes alone at baseline, and 31 (21.5%) for individuals with
both PAD and diabetes at baseline.
The subsequent risk of mortality for
individuals who at year 4 exhibited PAD
progression relative to those who did not
is displayed graphically for each group
(Fig. 1). Among individuals with PAD
alone at baseline, the proportions who
died by 31 December 1999 were 77% (24
of 31) for progressors versus 66% (52 of
79) for nonprogressors (age, sex, and
baseline ABI adjusted HR 0.91 [95% CI
0.55–1.51], P ⫽ 0.72). By contrast,
among individuals with diabetes alone at
baseline, 100% (17 of 17) of those who
exhibited PAD progression at year 4 had
died by 31 December 1999 versus 62%
(111 of 178) of nonprogressors (2.29
[1.30 – 4.02], P ⫽ 0.004). Among individuals with both conditions at baseline,
the proportions who died by 31 December 1999 were 94% (29 of 31) for progressors versus 75% (85 of 113) for
nonprogressors (1.85 [1.18 –2.90], P ⫽
0.008). Thus, among individuals with
PAD alone at baseline, progression of PAD
at year 4 was not a significant predictor of
mortality. But among individuals with diabetes at baseline (either alone or with
PAD), PAD progression at year 4 was a
significant predictor of mortality.
In a model that included all 449 individuals who returned for the 4-year assessment, we used forward stepwise
regression in the manner described above
to test whether PAD progression at year 4
contributed significantly to mortality.
2845
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n
Men (%)
Current smoker (%)
Ever smoked (%)
CHD (%)
Hypertension (%)
Newly identified diabetes (%)
Newly identified PAD (%)
Median duration diabetes (years)
Median duration PAD (years)
Age (years)
BMI (kg/m2)
ABI

Diabetes

for individuals with both PAD and diabetes no longer differed from those with diabetes alone (hazard ratio [HR] 1.12 [95%
CI 0.85–1.48], P ⫽ 0.41). The risk of
death for individuals with both PAD and
diabetes versus those with PAD alone remained highly significant (HR 2.21
[1.59 –3.07], P ⬍ 0.001).
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Figure 1—Subjects were local residents registered at the Mayo Clinic (Rochester, MN) who met criteria for PAD (A), diabetes (B), or both conditions
(C) at the baseline examination (1977–1978). For each group, those who did (- - -) and did not (—) exhibit progression of PAD at year 4 are
compared for subsequent survival through 1999 with Kaplan-Meier survival curves.
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CONCLUSIONS — This prospective
cohort study with ⬎20 years of follow-up
revealed marked increases in the risk of
death for individuals who met criteria for
either PAD or diabetes at baseline relative
to that for the general population. This is
consistent with a large body of evidence
demonstrating that each condition is associated with substantial reductions in
survival. In analyses limited to individuals
with either or both conditions, we observed a significant inverse association between baseline ABI and mortality that was
independent of other CHD risk factors.
The latter is compatible with previous reports that individuals with low ABI (both
symptomatic and asymptomatic) are at
increased risk of death relative to individuals with normal ABI (8,9,11). There is
less agreement across these studies regarding the independent contribution of
diabetes to the risk of death. The unique
estimates provided here reveal that individuals with both PAD and diabetes have
a risk of death approximately twice that
for individuals with PAD alone, even after
adjusting for between-group differences
in baseline ABI, history of heart disease,
and other risk factors. In investigations of
subjects, all of whom had arteriographically proven CAD, Barzilay et al. (28,29)
observed that the adjusted risk of death
for individuals with both lower extremity
arterial disease (defined as pain in the calf
muscles on ambulation that subsided
with rest, self-reported diagnosis of vascular disease or surgical repair, or absent
pedal pulses on examination), and selfreported diabetes was 40% greater than
that for individuals with lower extremity
arterial disease and no diabetes, a smaller
difference than the twofold increase
found here. Between-study comparisons
are complicated by differences in the pop-

ulations under investigation, determination of PAD and diabetes, and choice of
adjusting variables.
Increasing age, diabetes, and diabetes
duration are important risk factors for
PAD. Because the population is aging
(30), the incidence of diabetes is rising,
and individuals with diabetes are living
longer (31), it is likely that the burden of
PAD will increase. In a “call to action,”
members of the Prevention of Artherothrombotic Disease Network emphasized
early detection of PAD (25). The authors
recognized that for any screening protocol to be clinically and cost effective, it
must target individuals at high risk. This
is because up to 20% of the elderly population meet criteria for PAD based on
noninvasive examination, yet relatively
few asymptomatic individuals develop intermittant claudication, and only a small
proportion of claudicants experience disease progression (9,32). In addition, the
characteristics consistently identified to
date as predictive of adverse PAD outcomes are very similar to those associated
with the development of PAD (11). Thus,
these characteristics are of limited use in
identifying, among individuals with these
characteristics who screen positive for
PAD, those who are at high risk of experiencing adverse outcomes.
Very few other studies that include
asymptomatic individuals have afforded
assessment of PAD progression as measured by change in ABI over time (24,33).
To our knowledge, this is the only study
to demonstrate that PAD progression,
measured as rate of change in ABI, is a risk
factor for mortality. Perhaps the most important study finding was that, although
individuals who exhibited progression of
PAD were at significantly increased risk of
death compared with nonprogressors, the
risk was significantly elevated only for individuals who had diabetes at baseline
(either alone or with PAD). This finding
emphasizes the need to identify PAD clinically and/or by vascular laboratory studies (ABI) in individuals with diabetes and
highlights the importance of periodic assessment of PAD progression in individuals with diabetes.
Not surprisingly, we observed that
male sex, increasing age, hypertension,
and CHD contributed independently to
mortality, even after adjusting for the effects of diabetes, PAD, and PAD progression. These findings suggest that
detection and aggressive control of car-
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diovascular risk factors remain the core of
management for both diabetic and nondiabetic individuals with PAD.
Interpretation of study findings is
limited to the extent that the sample was
not population based but rather consisted
of individuals residing in the area who
were registered at the Mayo Clinic, Rochester, Minnesota. Previous studies have
demonstrated that, due to the unique geographic setting and the limited number of
health care providers in this community,
essentially all local residents are registered
at the Mayo Clinic in any 5-year period
(34). Subjects were also not identified
from a random sample of registrants. Although the final categorization as to PAD,
diabetes, or both was based on objective
criteria, the list of potential subjects was
drawn from individuals who had come to
clinical attention for PAD and/or diabetes
or who were initially selected as potential
healthy control subjects. Thus, the distribution, severity, and duration of disease
differed from that within the population
generally (35). In addition, the study population was 98% white. Thus, the generalizability of study findings to nonwhite
populations cannot be assessed. The extent to which the findings hold for ethnic
minorities has important implications because these populations have both a
higher prevalence of diabetes and PAD
and an increased risk of adverse outcomes
(4,8,36).
The determination of PAD progression was based on assessments at baseline, year 2, and year 4. Importantly, the
extent to which these measures were representative of the entire follow-up period
cannot be assessed. The determination of
both PAD and PAD progression relied on
the ratio of lower extremity to arm systolic
blood pressures. In the group of 238 with
diabetes only, there were four individuals
with a baseline and/or subsequent ratio
⬎1.5, which was a value 4 SD above the
control mean. These values may have
been falsely elevated due to sclerotic, noncompressible arteries; therefore, analyses
were also performed excluding these few
individuals. The results were virtually
identical (data available on request).
The advantages of this study include a
well-characterized sufficiently large sample, objective determination of both PAD
and diabetes, serial measurements of ABI,
a definition of PAD progression based on
distributions for a healthy control group,
and a cohort design with extensive fol2847
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The final model included age, male sex,
current smoking, history of hypertension,
history of CHD, BMI, duration of diabetes, the group variables, and baseline postexercise ABI. Baseline postexercise ABI
remained an independent predictor of
mortality; and the risk of death for individuals with both diabetes and PAD at
baseline remained greater than that for individuals with PAD alone at baseline (data
not shown). The risk of death for individuals with PAD progression at 4 years was
46% greater than that for individuals who
did not exhibit progression (95% CI
1.08 –1.96, P ⫽ 0.012).

PAD, diabetes, and mortality

low-up. This study reinforces the need to
closely monitor PAD progression in individuals with diabetes and emphasizes the
importance of diabetes prevention and
management for reducing the burden of
PAD.
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