
Association of PAI-1 and
Fibrinogen With Diabetic
Retinopathy in theVeteransAffairs
Diabetes Trial (VADT)

OBJECTIVE

To test the hypothesis that high levels of plasminogen-activating inhibitor (PAI)-1
and fibrinogen at baseline were associated with the onset or progression of di-
abetic retinopathy (DR) during the Veterans Affairs Diabetes Trial (VADT).

RESEARCH DESIGN AND METHODS

The VADT was an open-label, prospective, randomized controlled trial to test the
effect of standard glycemic control (STD) comparedwith intensive control (INT) on
cardiovascular events in patients with advanced type 2 diabetes mellitus (T2DM).
Diabetic retinopathy (DR) outcomes were also collected. Incidence and progres-
sion of DR were assessed by grading seven-field stereoscopic fundus photographs
at baseline and 5 years later taken in 858 of a total of 1,791 participants who
completed both eye examinations.

RESULTS

Assignment to INT was not independently associated with decreased risk of onset
of DR. However, after adjustment for multiple covariates, baseline level of PAI-1
was an independent risk factor for the onset of DR. The risk for incidence of DR
increased by 12% for each 10 ng/dL increase in baseline PAI-1 concentration (odds
ratio [OR] 1.012 [95% CI 1.00–1.024], P = 0.042). Assignment to INT was not in-
dependently associated with decreased risk of progression of DR. However, there
was an interaction between glycemic treatment assignment and fibrinogen level
at baseline. INT was associated with decreased progression of retinopathy in
those with fibrinogen ,296 mg/dL (OR 0.55 [95% CI 0.31–1.00], P = 0.03).

CONCLUSIONS

The results require confirmation but are consistent with greater hypercoagula-
bilty and inflammation, as measured by higher levels of PAI-1 and fibrinogen,
being related to DR and responsiveness to INT.
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The prevalence of type 2 diabetes
mellitus (T2DM) has increased to
epidemic proportions in recent decades.
Worldwide, the number of patients with
T2DM is estimated to rise from 220
million in 2010 to 366million in 2030 (1).
The overall prevalence of any diabetic
retinopathy (DR) in a large meta-
analysis was 34.6% (2). Twenty-one
percent of patients have retinopathy at
the time of diagnosis of T2DM (3), and
the incidence of retinopathy rises to
60% within the next two decades after
diagnosis (4). Glycemic control remains
the foundation for diabetes mellitus
(DM), and it was shown to reduce the
progression of retinopathy in both type
1 DM and newly diagnosed T2DM (5,6).

Hemostatic and inflammatory markers,
such as serum fibrinogen (7) and
plasminogen-activating inhibitor (PAI)-1
(8,9), have an established relationship
with macrovascular disorders in
subjects with and without DM.
However, their association with
microvascular disorders is somewhat
controversial. It is plausible that high
levels of these hemostatic factors might
be associated with DR, since these
factors lead to microvascular
inflammation and occlusion, which
participate in the genesis of DR. Our
objective was to test the hypothesis that
high baseline levels of PAI-1 and
fibrinogen were associated with the
onset or progression of DR and to
determine whether there was an
interaction between intensive glycemic
control (INT) and these hemostatic
factors with regard to onset or
progression of DR, using data from the
Veterans Affairs Diabetes Trial (VADT).

RESEARCH DESIGN AND METHODS

VADT was an open-label prospective,
randomized controlled trial targeting
patients with inadequately controlled
T2DM, and the details of study design
have previously been reported (10,11).
Briefly, 1,791 patients with T2DM with
inadequate response to maximal doses
of oral agents or insulin therapy were
included and randomized to either a
standard glycemic-management arm
(STD) in which an HbA1c of 8.4% was
achieved or an INT in which an HbA1c of
6.9% was achieved. Of 1,791, 865
individuals completed seven-field
stereo fundus photographs at baseline

and 5 years later. Of these, 7 individuals
had some necessary baseline data
missing, so this report uses data from
the remaining 858 patients.

Fibrinogen and PAI-1 Assays
Fibrinogen was assessed by using
thrombin to convert fibrinogen to fibrin.
The coefficient of variation was 1.2%
with the replicate samples, 2.8% in
sequential studies of a single purified
bovine fibrinogen pool, and 4.7% for
lyophilized commercial plasma (12). An
ELISA was used to assess PAI-1 level. The
lower sensitivity of the assay was 2 ng/mL.
The intra-assay, interassay, and
interdilution coefficients of variation
were 5.2%, 8.0%, and 7.1%, respectively
(13). The assay is 12-fold more sensitive
to detect free PAI-1 compared with the
PAI-1/tPA. In platelet-poor plasma, a
linear correlation (r = 0.80) was present
between PAI-1 activity and PAI-1 antigen.

Assessment of Eye Complications
Seven-field stereoscopic color
photographs of the retina were
obtained at baseline and at 5 years by
certified photographers in participating
hospitals (14,15). The fundus
photographs were centrally assessed by
trained personnel at the Department of
Ophthalmology and Visual Sciences,
University of Wisconsin, Madison. The
readers were blinded to subject
attributes, including glycemic treatment
assignment. The 23-level Early
Treatment Diabetic Retinopathy Study
(ETDRS) DR severity scale was used to
define the incidence and progression of
DR (3). Each eye was graded for
retinopathy lesions individually,
independent of the grading of the other
eye. Incidence of DR was defined in
subjects who had ETDRS severity 10
(absence of microaneurysms and other
characteristics of DR) at baseline and
who developed three or more retinal
microaneurysms in one or both eyes or
who developed level 31 or worse on the
ETDRS scale at the 5-year follow-up visit.
Progression of DR was defined as a two-
step change in ETDRS severity in either
eye between baseline and the 5-year
follow-up visit.

Statistical Analysis
We first assessed the relationship of
onset and progression of DR with a large
number of baseline variables in a single

logistic analysis for each variable. The
variables included assignment to
intensive treatment, age at onset of DM,
duration of DM, sex, ethnicity, BMI,
insulin treatment at baseline, blood
pressure, lipid profile, glycemic control
as measured by HbA1c, pancreatic
reserve as measured by C-peptide,
fibrinogen, PAI-1, prior cardiovascular
events, presence of baseline DR, history
of photocoagulation, history of
vitrectomy, history of cataract surgery,
presence of clinically significant macular
edema, albuminuria, and estimated
glomerular filtration rate (eGFR)
(Table 1).

Among these baseline risk factors, the
most relevant variables to the outcome
variables, the onset and progression of
DR, were selected for following. For
both progression and incidence, a
multiple logistic regression model was
used to determine baseline predictors
of on-study retinopathy. The model
selection procedure was as follows:
After univariate analyses were
performed on each outcome of interest
using logistic regression, each covariate
with treatment interactions was tested
separately in logistic regression. The
predictor variables and the treatment
interactions with P value #0.2 were
selected as candidates in the multiple
logistic regression models, and
backward elimination was performed
with a cutoff P value of ,0.07.
According to the hypothesis, this paper
focused on two hemostatic and
inflammatory factors, PAI-1 and
fibrinogen, adjusting for other
covariates in the final model. No
interaction effect between covariates
was allowed to enter the model without
the corresponding main treatment
effects. The data analysis was generated
using version 9.2 of the SAS system for
Windows (Cary, NC).

RESULTS

Table 1 shows that the individuals
whose fundi were photographed and
gradable for DR at baseline and 5 years
were largely representative of the VADT
cohort as a whole. Statistically
significant differences between those
included in this analysis and those
excluded were relatively small and not
likely of clinical significance. Table 2
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compares the characteristics of those
with and without DR at baseline. Not
surprisingly, those with baseline DR had
longer duration of DM, more
macrovascular disease, higher systolic
blood pressure, and slightly higher
HbA1c. They had lower triglycerides and
lower PAI-1.

Onset of DR During the Study
Of the 858 evaluable patients, 263 were
free from DR at the onset of the study.
Of these 263, 202 had all available data

and were used for this analysis. Over the
5 years between photographs, 96

patients developed DR.

Assignment to INT was not
independently associated with

decreased risk of onset of DR. However,

after adjustment for covariates,

baseline level of PAI-1 was an

independent risk factor for the

incidence of DR. The risk for incidence of

DR increased by 12% for each 10 ng/dL

increase in baseline PAI-1 concentration

(odds ratio [OR] 1.012 [95% CI 1.000–
1.024], P = 0.0417) after controlling for
other variables. This analysis was
adjusted for age, LDL cholesterol, HDL
cholesterol, albuminuria, and
C-peptide.

Progression of DR During the Study
Of the 595 evaluable patients who had
DR at baseline, 536 had all the data and
were included in the analysis. During the
5-year observation period, 106 had
progression of DR.

Table 1—Baseline demographics and clinical characteristics of those included and not included in this study

Characteristic Included Not included Overall P

N 858 933 1,791

Age (years), mean 6 SD 60 6 8 61 6 9 60 6 9 0.0250

Sex, n (%) 0.2494
Male 829 (96.6) 910 (97.5) 1,739 (97.1)
Female 29 (3.4) 23 (2.5) 52 (2.9)

Time since diabetes diagnosis (years), mean 6 SD 11 6 7 12 6 8 12 6 8 0.0334

Patients with previous cardiovascular event, n (%) 0.0003
No 549 (64.0) 519 (55.6) 1,068 (59.6)
Yes 309 (36.0) 414 (44.4) 723 (40.4)

Patients with hypertension, n (%) 0.4891
No 244 (28.5) 252 (27.0) 496 (27.7)
Yes 612 (71.5) 680 (73.0) 1,292 (72.3)

Race or ethnic group, n (%) 0.2652
Non-Hispanic white 532 (62.0) 579 (62.1) 1,111 (62.0)
Hispanic white 136 (15.9) 155 (16.6) 291 (16.2)
Non-Hispanic black 154 (17.9) 145 (15.5) 299 (16.7)
All other 36 (4.2) 54 (5.8) 90 (5.0)

HbA1c (%; mmol/mol), mean 6 SD 9.4 6 1.5;
79.2 6 7.1

9.5 6 1.6;
80.3 6 6

9.4 6 1.5;
79.2 6 7.1

0.0542

Weight (lb), mean 6 SD 216 6 35 213 6 37 214 6 36 0.0825

BMI (kg/m2), mean 6 SD 31.3 6 4.3 31.2 6 4.5 31.2 6 4.4 0.7253

Systolic blood pressure, mean 6 SD 131 6 17 132 6 17 132 6 17 0.3896

Diastolic blood pressure, mean 6 SD 76 6 10 76 6 10 76 6 10 0.7293

Total cholesterol (mg/dL), mean 6 SD 183 6 44 183 6 50 183 6 47 0.8105

LDL (mg/dL), mean 6 SD 108 6 33 107 6 33 108 6 33 0.7825

HDL (mg/dL), mean 6 SD 36 6 10 36 6 10 36 6 10 0.4334

Triglycerides (mg/dL), mean 6 SD 202 6 177 221 6 340 212 6 274 0.1440

eGFR (10 mL/min/1.73 m2), mean 6 SD 88 6 22 87 6 24 87 6 23 0.5648

Baseline cataract surgery, n (%) 0.2098
No 740 (89.3) 699 (87.3) 1,439 (88.3)
Yes 89 (10.7) 102 (12.7) 191 (11.7)

Microalbuminuria (mg), n (%) 0.0033
0–30 526 (62.8) 498 (55.9) 1,024 (59.3)
.30 311 (37.2) 393 (44.1) 704 (40.7)

Baseline photocoagulation, n (%) 0.5776
No 749 (91.0) 718 (90.2) 1,467 (90.6)
Yes 74 (9.0) 78 (9.8) 152 (9.4)

PAI-1 (ng/dL), mean 6 SD 43 6 27 46 6 34 44 6 31 0.0318

Baseline vitrectomy, n (%) 0.6253
No 805 (98.1) 786 (98.4) 1,591 (98.2)
Yes 16 (1.9) 13 (1.6) 29 (1.8)

Fibrinogen (mg/dL), mean 6 SD 368 6 88 372 6 92 3,679 6 90 0.3372
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Neither PAI-1 nor fibrinogen was a
significant predictor of progression of
DR. Assignment to INT was also not
independently associated with
decreased risk for progression of DR.

However, there was an interaction
between glycemic treatment
assignment and fibrinogen level at
baseline. As shown in Fig. 1, INT was
associated with decreased progression

of retinopathy in those with fibrinogen
,296 mg/dL (OR 0.55 [95% CI 0.31–
1.00], P = 0.0347) after adjustment for
other covariates. This analysis was
adjusted for HbA1c, C-peptide, history

Table 2—Baseline demographics and clinical characteristics of those with and without baseline DR

Variables
With

baseline DR
Without

baseline DR Overall P

N 595 263 858

Age (years), mean 6 SD 60 6 8 59 6 8 60 6 8 0.285

Sex, n (%) 0.004
Male 582 (97.8) 247 (93.9) 829 (96.6)
Female 13 (2.2) 16 (6.1) 29 (3.4)

Time since diabetes diagnosis (years), mean 6 SD 12.9 6 7.2 7.2 6 5.7 11 6 7.2 ,0.0001

Patients with previous cardiovascular event, n (%) 0.015
No 365 (61.3) 184 (70.0) 549 (64.0)
Yes 230 (38.7) 79 (30.0) 309 (36.0)

Patients with hypertension, n (%) 0.865
No 168 (28.3) 76 (28.9) 244 (28.5)
Yes 425 (71.7) 187 (71.1) 612 (71.5)

Race or ethnic group, n (%) 0.096
Non-Hispanic white 353 (59.3) 179 (68.1) 532 (62.0)
Hispanic white 102 (17.1) 34 (12.9) 136 (15.9)
Non-Hispanic black 115 (19.3) 39 (14.8) 154 (17.9)
All others 25 (4.2) 11 (4.2) 36 (4.2)

HbA1c (%; mmol/mol), mean 6 SD 9.4 6 1.5;
79.2 6 7.1

9.2 6 1.3;
77 6 9.3

9.4 6 1.5;
79.2 6 7.1

0.008

Weight (lb), mean 6 SD 215 6 35 218 6 36 216 6 35 0.156

BMI (kg/m2), mean 6 SD 31 6 4.2 32 6 4.3 31 6 4.3 0.063

Systolic blood pressure, mean 6 SD 133 6 17 127 6 15 131 6 17 ,0.0001

Diastolic blood pressure, mean 6 SD 76 6 10 76 6 11 76 6 10 0.418

Total cholesterol (mg/dL), mean 6 SD 183 6 45 183 6 40 183 6 44 0.929

LDL (mg/dL), mean 6 SD 108.2 6 32 107 6 33 108 6 33 0.564

HDL (mg/dL), mean 6 SD 36 6 10 36 6 9.7 36 6 10 0.228

Triglycerides (mg/dL), mean 6 SD 155 6 117 168 6 126 160 6 124 0.003

eGFR (10 mL/min/1.73 m2), mean 6 SD 87 6 23 90 6 21 88 6 22 0.113

Baseline cataract surgery, n (%) 0.2
No 508 (88.3) 232 (91.3) 740 (89.3)
Yes 67 (11.7) 22 (8.7) 89 (10.7)

Baseline photocoagulation, n (%) ,0.0001
No 500 (87.9) 249 (98.0) 749 (91.0)
Yes 69 (12.1) 5 (2.0) 74 (9.0)

Baseline vitrectomy, n (%) ,0.0001
No 556 (97.9) 249 (98.4) 805 (98.1)
Yes 12 (2.1) 4 (1.6) 16 (1.9)

Baseline EDTRS group, n (%)
10 0 (0.0) 263 (100.0) 263 (30.7)
20 182 (30.6) 182 (21.2)
35 220 (37.0) 220 (25.6)
43 140 (23.5) 140 (16.3)
60 53 (8.9) 53 (6.2)

Baseline macular edema, n (%)
No 496 (83.9) 262 (100.0) 758 (88.9)
Yes 95 (16.1) 95 (11.1)

Microalbuminuria (mg), n (%) 0.0001
0–30 334 (57.8) 192 (74.1) 526 (62.8)
.30 244 (42.2) 67 (25.9) 311 (37.2)

PAI-1 (ng/dL), mean 6 SD 40.5 6 25.5 47.6 6 29.4 42.6 6 26.9 0.002

Fibrinogen, mean 6 SD 371.3 6 89.5 359.5 685.2 367.7 6 88.4 0.08
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of cataract surgery, and total
cholesterol.

CONCLUSIONS

An altered coagulation pathway and
high plasma levels of coagulation and
fibrinolytic factors are accepted as
important risk factors for the
occurrence of coronary heart disease in
individuals with or without DM (7–9).
Plasminogen activator inhibitor-1
participates in the regulation of
fibrinolysis. It has been shown that PAI-1
is a predictor of incidence of coronary
heart disease (8,9,16), is an independent
predictor of incidence of DM (17), and is
associated with insulin resistance (18).

In addition to its association with
macrovascular disease, there are data
linking PAI-1 with microvascular disease
as well. A number of prior studies had
examined the cross-sectional
association between circulating levels of
PAI-1 and DR with inconsistent findings
(rev. in 19). However, Brazionis et al.
(19) found that a higher level of PAI-1
was independently associated with a
lower risk for DR, while it was positively
correlated with a higher incidence of
coronary artery disease. In light of most,
but not all, studies, our data are not
surprising. PAI-1 activity directly
measured in retinal tissue was
significantly higher in DM subjects
compared with those of a control group
(20). Furthermore, the same authors
observed a positive correlation between
expression of PAI-1 in the retina and the
intensity of DR in a DM rabbit model
(20). Erem et al. (21) reported a
significantly higher level of plasma PAI-1
in DM subjects with DR compared with
those without DR. We found that a high
level of PAI-1 at baseline was an

independent risk factor for the onset of
DR during the VADT, even after
adjustment for other relevant
predictors including age, LDL
cholesterol, HDL cholesterol,
albuminuria, and C-peptide. This finding
allows speculation that a propensity to
hypercoagulabilty and probably
increased inflammation, evidenced by
higher PAI-1, may have a deleterious
effect on the retinal vasculature in
people with DM.

Fibrinogen is another coagulation factor
that is involved in diabetic vascular
disease. Fibrinogen has multiple roles in
the pathogenesis of arteriosclerosis.
Hyperfibrinogenemia enhances
coagulation activity, and it is associated
with blood hyperviscosity. Fibrinogen
is a cofactor in the platelet activation
process, and it may be directly involved
in plaque formation where fibrinogen is
converted to fibrin and fibrinogen
degradation product.
Hyperfibrinogenemia is also an indicator
of inflammatory changes, which result in
endothelial dysfunction (22–24). In
addition, hyperfibrinogenemia may also
be an indirect marker of an unstable
vascular lesion with subintimal
hemorrhage. Moreover, high levels of
inflammatory markers such as
fibrinogen and its independent
association with cardiac mortality and
morbidity have been reported in the
past (25,26).

In addition to its implications in
macrovascular disease, fibrinogen may
also participate in the genesis of
microvascular complications in DM.
Data from Japan in subjects with T2DM
demonstrated an independent
association between serum fibrinogen
and DR after adjustment with various

covariates (27). A multiethnic study of
atherosclerosis in DM subjects (type not
stated) found a significant correlation
between retinopathy and serum
fibrinogen level after adjustment of the
data for all the conventional markers of
atherosclerosis except serum
creatinine; however, addition of serum
creatinine to the other markers
weakened the correlation (28). The
relationship between fibrinogen and
retinopathy may not hold true in people
with type 1 DM (8,29). To our
knowledge, ours is the first study
showing that INT in subjects with T2DM
and lower fibrinogen was associated
with a decrease in the progression of DR
but not in DM individuals with higher
fibrinogen level who presumably had a
higher propensity to abnormal
coagulation and inflammation (Fig. 1).

The limitations of this study are that it
is a post hoc analysis of a cohort
consisting mainly of males with
advanced T2DM. Therefore, the findings
may not be generalizable to a broader
population of people with DM.

In summary, we found that a high
baseline level of PAI-1 was an
independent risk factor for the onset of
DR. While INT was not associated with
decreased risk of onset or progression of
DR in the VADT cohort as a whole, there
was a heretofore unrecognized
interaction between INT and fibrinogen
levels at baseline in that INT was
associated with a beneficial effect on
progression of DR in those with lower
fibrinogen levels. Our data support the
idea that patients with a high propensity
for coagulation and vascular
inflammation, demonstrated by
elevated levels of PAI-1, are more likely
to develop DR. Furthermore, there may

Figure 1—The solid line represents the point estimate of the treatment ORs at various levels along the x-axis that ranges from the minimum to the
maximum observed value, while the dotted lines represent the 95% CIs. INT was associated with decreased progression of retinopathy in those with
fibrinogen ,296 mg/dL (OR 0.55 [95% CI 0.31–1], P = 0.0347).
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be a differential retinal response to INT
depending on the intensity of
hypercoagulability and inflammation
manifested by circulating fibrinogen
concentration.
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