
In Caucasians, the two to threefold increase in car-
diovascular disease seen in subjects with non-insu-
lin-dependent diabetes mellitus (NIDDM) accounts
for a large part of the excess total mortality of this
condition [1, 2]. The increased cardiovascular risk in
NIDDM is greater than can be explained by estab-
lished risk factors such as dyslipidaemia and obesity

[3]. Interest has therefore focused on other features
of NIDDM, that may contribute to the elevated vas-
cular risk in subjects with NIDDM, including abnor-
malities of the coagulation and fibrinolytic cascades.
The elevated circulating levels of the fibrinolytic in-
hibitor plasminogen activator inhibitor-1 (PAI-1)
seen in NIDDM [4–8] offer two possible pathways
by which vascular damage could occur and lead to
the high prevalence of macrovascular disease. First,
through impaired fibrinolysis contributing to the for-
mation of atherosclerotic plaques, of which fibrin is
an important constituent [9]; second, impaired fibri-
nolysis may result in a pro-thrombotic state predis-
posing to formation of thrombi and arterial occlu-
sion.
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Summary Elevated plasminogen activator inhibitor-1
may contribute to vascular disease in diabetes melli-
tus. Pima Indians have a low incidence of cardiovas-
cular disease despite having a high prevalence of
non-insulin-dependent diabetes mellitus (NIDDM)
which in this population is not associated with ele-
vated plasminogen activator inhibitor-1 activity. In
Caucasians an insertion/deletion (4G/5G) polymor-
phism in the promoter region of the plasminogen ac-
tivator inhibitor-1 gene that has been related to activ-
ity levels of its protein in plasma differentially binds
repressor and enhancer elements. In 265 Pima Indi-
ans (133 diabetic, 132 non-diabetic, 129 male, 136 fe-
male, mean age 46.6, range 34–68 years) the pro-
moter genotype frequencies were 23.0% for 4G/4G,
49.8% for 4G/5G and 27.2% for 5G/5G compared
to 35.4%, 50.8% and 13.8% respectively (c2 = 15.3,
2 df, p < 0.0005) previously reported in Caucasians
with NIDDM. The mean plasma activity levels in the
three genotypes in the Pima Indians were 18.2, 19.1

and 18.1 U/ml, respectively. Plasminogen activator
inhibitor-1 activities correlated with plasma insulin
(r = 0.38, p < 0.0001), body mass index (r = 0.24,
p < 0.0001), and with triglyceride level (r = 0.12,
p = 0.054) but there was no relationship between pro-
moter genotype and activity. A steeper regression
slope between plasminogen activator inhibitor-1 ac-
tivity and triglycerides has been observed in Cauca-
sians with the 4G/4G genotype as compared to Cau-
casians with the other genotypes. This was not found
in the Pima population which may indicate a func-
tional difference in this gene associated with reduced
cardiovascular risk and may be involved in the lack
of association of plasminogen activator inhibitor-1
levels with NIDDM in Pima Indians. [Diabetologia
(1996) 39: 1512–1518]
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There is evidence that genetic factors may be im-
portant in determining PAI-1 levels [10–13]. A com-
mon insertion/deletion polymorphism has been re-
ported in the promoter region of the PAI-1 gene that
has been shown to be related to PAI-1 activity in
some populations [11–14]. Environmentally influ-
enced factors, such as serum triglyceride concentra-
tions, have been reported to interact with the PAI-1
genotype to regulate plasma PAI-1 levels in some
populations [10, 12, 15].

The Pima Indians of the Gila River Indian Com-
munity in Arizona have the world’s highest reported
prevalence of NIDDM [16–19]. Despite this, coro-
nary heart disease (CHD) is less common [17, 19–21]
with a rate of fatal CHD of half that in diabetic sub-
jects from the Framingham study when controlled
for age and sex [19]. A study of the effect of diabetes
on PAI-1 levels in three different racial groups found
PAI-1 activity levels in diet-treated diabetic Pima In-
dians were similar to non-diabetic Pima Indians and
that levels in these non-diabetic Pima Indians did
not differ significantly from non-diabetic Caucasian
and Asian subjects [22]. This finding prompted us to
investigate the relationship between features of the
insulin resistance syndrome and PAI-1 activity levels
and the genetic regulation of PAI-1 in Pima Indians.
Genotype at a single base-pair insertion/deletion
polymorphism was identified and the relationship be-
tween levels of PAI-1 and those of other metabolic
variables by genotype was investigated in a multiple
regression model. Genotype data was obtained on
all subjects in the earlier study but insulin-treated
subjects were excluded from this study to enable
comparison with studies of this polymorphism in
other ethnic groups. The low prevalence of CHD
and the lack of association between PAI-1 levels and
NIDDM in the Pima Indians have yet to be explained
and could be due to environmental or genetic factors.

Subjects and methods

Subject recruitment. Subjects were randomly recruited as part
of a longitudinal epidemiological study [17] of NIDDM among
the Pima Indian residents of the Gila River Indian Community
between November 1991 an October 1992. Every 2 years resi-
dents of the community over the age of 5 years are asked to un-
dergo a research examination which includes the determina-
tion of venous glucose concentration 2 h after the ingestion of
75 g of glucose. The diagnosis of diabetes was made by World
Health Organisation criteria [23] (plasma glucose
≥ 11.1 mmol/l 120 min after 75 g carbohydrate load). All sub-
jects aged between 35 and 70 years, attending between Novem-
ber 1991 and October 1992, were included unless excluded by
the following criteria; pregnancy, a clinical history of ischaemic
heart disease, use of thiazide diuretics, oral contraceptives or
insulin treatment. Height and weight were recorded in subjects
wearing light clothing without shoes. body mass index was cal-
culated from the subject’s weight in kilograms divided by the
square of the height measured in meters.

Plasma glucose was measured by a hexokinase method
(Ciba-Corning EXPRESS 550 analyser, Ciba-Corning, Nor-
wood Massachusetts). Total serum cholesterol and serum tri-
glycerides were measured by enzymatic methods using a Hita-
chi 717 analyser (Boehringer Mannheim Indianapolis, Indi-
ana).

Plasma insulin was measured using previously character-
ised antibodies [24] in a modified two-site microplate immuno-
enzymometric assay [25]. The assay was sensitive to 2.0 pmol/l
with an intra-assay coefficient of variation of 8.7 % for concen-
trations above 15 pmol/l and inter-assay coefficient of variation
of 12 %.

Blood was collected into EDTA before lysing of the eryth-
rocytes and pelleting of the leukocytes for later DNA extrac-
tion. After digestion with proteinase K, DNA was extracted
by a standard phenol-chloroform method.

Determination of PAI-1 genotype. PAI-1 4G/5G promoter gen-
otype was established for each subject by polymerase chain re-
action (PCR) amplification of genomic DNA using the allele
specific primers [26]: insertion 5G allele; 5 ′-GTC TGG ACA
CGT GGG GG-3 ′, deletion 4G allele; 5 ′-GTC TGG ACA
CGT GGG GA-3 ′ each in a separate PCR reaction together
with the common downstream primer 5 ′-TGC AGC CAG
CCA CGT GAT TGT CTA G-3 ′ and a control upstream pri-
mer 5 ′-AAG CTT TTA CCA TGG TAA CCC CTG GT-3 ′
to verify the occurrence of DNA amplification in the absence
of the allele on the genomic DNA. The PCR was carried out
in a final volume of 25 ml containing 100 ng DNA, 50 pmol of
specific and downstream primers, 3 pmol of upstream primers,
0.2 mmol/l dNTPs, and 1 U Taq polymerase (Gibco, Paisley,
UK). The PCR cycle conditions were 94 °C for 60 s, 65 °C for
45 s then 72 °C for 75 s for 30 cycles. The amplified DNA frag-
ments were separated by agarose gel electrophoresis and, after
staining with ethidium bromide, viewed under ultraviolet light.
Each subject was classified by two observers into one of the
three possible genotype groups: 4G/4G, 4G/5G or 5G/5G. To
validate this method control subjects of each genotype, as
shown by direct sequencing, were run with each batch of sam-
ples.

Measurement of PAI-1 activity. All samples were taken after an
overnight fast, between 08.00 and 10.00 hours to minimise the
effect of diurnal variation. Blood for PAI-1 activity was col-
lected without venous stasis with a wide-bore needle into pre-
chilled tubes containing 3.8 % sodium citrate solution. Samples
were cold centrifuged immediately and the plasma stored at –
70 °C. PAI-1 activity was measured by a kit chromogenic sub-
strate method (Kabi Vitrum, Uxbridge, Middlesex, UK), mod-
ified to a microplate method. Results are expressed as arbi-
trary units (AU/ml), one unit of inhibitor being defined as the
amount that inhibits one international unit of tissue plasmino-
gen activator. The intra-assay coefficient of variation is 4.5 %
and inter-assay coefficient of variation is 8.5 % and detection
limit of the assay is 5 AU/ml.

Statistical analysis

Variables with a loge-normal distribution, insulin, triglycerides,
cholesterol and blood glucose, were loge transformed and are
shown as the geometric mean with its 95 % confidence interval.
Other data are presented as arithmetic mean and 95 % confi-
dence interval. Continuous variables were compared using
the Student’s t-test for independent samples. Categorical
variables were compared using the chi-square test. Pearson
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correlation coefficients between the metabolic parameters and
PAI-1 levels were calculated.

One-way ANOVA was used to compare values between
more than two groups of subjects. The relationship of various
independent variables to PAI-1 activity levels was assessed by
stepwise multiple linear regression analysis with entry criterion
as p < 0.05 and removal criterion as p > 0.1 for each indepen-
dent variable.

Two techniques were used to detect the influence of geno-
type on PAI-1 activity. First, genotype, expressed as two indica-
tor variables was entered in a regression analysis model. Sec-
ond, the PAI-1 activity data was adjusted for the influence of
factors that showed significant correlation with PAI-1 activity,
i. e. ln insulin and age, and then adjusted levels were compared
in the three genotype groups.

The regression slope for the relationship between each met-
abolic factor (insulin, body mass index, triglyceride, glucose)
and PAI-1 was calculated for each genotype and the slopes com-
pared using the method described by Armitage and Berry [27].

Results

Clinical data. The clinical characteristics of the 265
Pima Indians are shown in Table 1. Subjects with dia-
betes had higher fasting glucose, HbA1c and were old-
er. There was no significant difference in the body
mass index of the two groups.

Fibrinolytic data. PAI-1 activity levels and Pearson
correlation coefficients between the metabolic pa-
rameters and PAI-1 levels have been reported previ-
ously for 213 of these subjects [22]. As there was no
difference between the PAI-1 activity levels in the di-
abetic and non-diabetic subjects (Table 1) these
groups were combined to look at the effects of meta-
bolic and genetic variables on PAI-1 activity. In the
265 Pima Indians studied PAI-1 activity correlated
with plasma insulin (r = 0.38, p < 0.0001), body mass
index (r = 0.24, p < 0.0001), and weakly with trigly-
cerides (r = 0.12, p = 0.054). There was also a nega-
tive correlation between age and PAI-1 activity
(r = –0.16, p < 0.010) and no significant correlation
with glucose, cholesterol or HbA1c.

To determine the independent predictors of PAI-1,
linear multiple regression analysis was performed
with PAI-1 activity as the dependent variable and
body mass index, age, sex, insulin, triglycerides, glu-
cose, cholesterol and genotype as the initial indepen-
dent variables in a stepwise model. Age and insulin
remained in the model as the only independent and
significant predictors of PAI-1 activity according to
the mathematical expression:
PAI-1 activity = 4.95 ln insulin – 0.16 age + 2.96
(F = 25.8, p < 0.00001)

This model accounts for 16.5% of the variance in
PAI-1 levels between individuals.

Genotype data. There were 61 subjects with the 4G/
4G genotype, 134 with 4G/5G and 72 with 5G/5G.

The genotype frequencies were not different from
those predicted by Hardy-Weinberg equilibrium.
The allele frequencies were 0.48 and 0.52 for 4G and
5G, respectively (Table 2). There was no difference
in the genotype distribution between diabetic and
non-diabetic Pima Indians (c2 = 1.94, 2 df, p = 0.38).
The genotype frequencies in the Pima Indians were
however significantly different from those observed
in a previously reported study of 189 Caucasian sub-
jects with NIDDM in Leeds, UK [15] (c2 = 15.2, 2 df,
p < 0.0005) (Fig. 1). There was no relationship be-
tween PAI-1 genotype and PAI-1 concentrations
alone or when adjusted for features of the insulin re-
sistance syndrome (Table 2). Power calculations esti-
mate this study had an 80% likelihood of detecting a
difference in PAI-1 activity of 4.5 mU/l between the
4G/4G and 5G/5G groups at the p < 0.05 level. This
would represent a 25% difference between the high-
est level of 19 mU/l and the lowest levels, a difference
less than was detected between 4G/4G subjects and
5G/5G subjects in NIDDM subjects in the UK [12].

Gene-environment interactions. Table 3 shows the re-
sults of the regression analyses. There was no differ-
ence in the regression slopes of PAI-1 on triglycer-
ides, insulin or glucose between genotype groups.
For PAI-1 on body mass index the regression slope
in the 4G/4G group was significantly steeper than in
the 4G/5G group (p = 0.022), although no adjustment
has been made for multiple comparisons.
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Table 1. Subjects characteristics

Diabetic Non-diabetic p value

Number 133 132 NS

Male : Female 65 : 68 64 : 68 NS

Age
(years)

48.7
(47.2–50.2)

44.5
(43.2–45.9)

0.03

Body mass index
(kg/m2)

33.2
(32.0–34.3)

35.7
(34.3–37.1)

0.07

PAl-1 activity
(AU/ml)

18.7
(17.1–20.3)

18.6
(17.1–20.1)

NS

HbA1c
(%)

8.7
(8.3–9.0)

5.5
(5.4–5.6)

< 0.0001

Fasting glucosea (mmol/l) 9.8
(9.1–10.5)

5.4
(5.4–5.5)

< 0.0001

Cholesterola (mmol/l) 4.42
(4.27–4.58)

4.36
(4.22–4.49)

NS

Triglyceridesa (mmol/l) 1.49
(1.35–1.65)

1.29
(1.18–1.42)

NS

Insulina

(pmol/l)
105.7
(93.6–119.3)

104.7
(93.4–117.4)

NS

Treatment
(Diet: Sulphonylurea)

74 : 59

Data shown as the geometric mean (95% confidence interval)
or where log transformeda as geometric mean and anti-logged
(95% confidence interval). Parameters were compared using
the t -test for independent samples or chi-square test where ap-
propriate



Discussion

Elevated circulating levels of PAI-1 seen in Cauca-
sian subjects with NIDDM [4–8] may contribute to
vascular damage and hence to the high prevalence of
macrovascular disease in this disorder. Evidence to
support this view comes from studies in which ele-
vated levels of PAI-1 predict recurrent infarction in
a group of young survivors of myocardial infarction
[28, 29] and may predict poor outcome from myocar-
dial infarction [30].

The causes of high levels of PAI-1 seen in Cauca-
sians in NIDDM remain to be established. Insulin re-
sistance and its associated features have all been

implicated in this process. Insulin resistance has a
strong correlation with PAI-1 levels in glucose-clamp
studies in hypertensive [31], obese [32], and subjects
with NIDDM [33]. This relationship has also been
found in population studies where insulin resistance
is identified indirectly by the presence of its associ-
ated features [8, 28, 29, 31, 33–38].

It is difficult to distinguish the effects of insulin re-
sistance from those of hyperinsulinaemia, hypertri-
glyceridaemia, male pattern obesity, high BMI, sys-
tolic hypertension, low HDL-cholesterol and glucose
intolerance. In vitro cell stimulation experiments pro-
vide evidence to implicate insulin [39–41] very low
density lipoproteins from hypertriglyceridaemic sub-
jects [42] and high glucose levels [43–44] in the pro-
duction of elevated PAI-1 levels. However, in vivo
studies have failed to demonstrate an effect of hyper-
insulinaemia [45–48] or hypertriglyceridaemia [45]
on PAI-1 levels. While some studies find a significant
correlation between PAI-1 and glycaemia [12], others
have shown only a weak correlation [15, 49, 50].

Evidence that genetic factors are important in de-
termining PAI-1 levels comes from clinical studies.
Initially, a 3 ′ Hind III RFLP and an intronic dinucle-
otide (CA) repeat were shown to be related to ele-
vated PAI-1 levels [10]. More recently, an insertion/
deletion (4G/5G) polymorphism has been related to
circulating levels of PAI-1 in several large studies of
NIDDM and non-diabetic subjects. Levels are high-
est in subjects with the 4G/4G genotype and generally
about one-third higher than subjects homozygous for
the 5G allele [11–13]. Recent studies have shown an
association between genotype at this site and coro-
nary artery disease itself [13, 51]. Evidence that the
informative nature of the 4G/5G polymorphism lies
in it being a functional site comes from in vitro stud-
ies demonstrating differential enhancer/repressor
binding at the 4G and 5G sites [11, 13]. Studies of
gene-environment interactions in patients have pro-
vided further information on the functional nature
of the 4G/5G mutation, with three studies having
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Table 2. Relationship between genotype and PAl-1 activity levels

PAl-1 genotype

4G/4G 4G/5G 5G/5G All

Number of subjects
Diabetic: non-diabetic

61
26 : 35

132
68 : 64

72
39 : 33

265
133 : 132

PAl-1 activity (AU/ml) 18.2
(15.9–20.5)

19.1
(17.5–20.7)

18.1
(16.0–20.2)

18.6
(17.5–19.7)

Adjusted PAl-1 activitya 18.1
(15.9–20.2)

19.0
(17.6–20.5)

18.3
(16.5–20.2)

18.6
(17.6–19.6)

PAl-1 activity (AU/ml) in diabetic subjects 18.0
(13.9–22.0)

19.1
(16.8–21.4)

18.4
(15.3–21.4)

18.7
(17.1–20.3)

PAl-1 activity (AU/ml) in non-diabetic subjects 18.4
(15.6–21.2)

19.1
(16.8–21.4)

17.7
(14.7–20.6)

18.6
(17.1–20.1)

a PAl-1 activity (AU/ml) adjusted for insulin and age in a multiple regression model, shown as mean and (95% confidence interval)

Fig. 1. The frequency of each genotype in Pima Indians (R)
compared to Caucasian subjects (A) with NIDDM in Leeds.
(c2 = 15.2, 2 df, p < 0.0005). The number of individuals is shown
above each bar



demonstrated an interaction between triglycerides
and genotype in relation to PAI-1 levels [10, 12, 15].

In contrast to the studies in Caucasians that have
not shown a significant difference between PAI-1 lev-
els in the different genotypes [15], in the Pima Indi-
ans not even a trend towards higher levels was seen
with possession of one or more 4G alleles. Pre-exist-
ing vascular disease may be necessary for expression
of the genotype effect on PAI-1 levels, and this could
explain the absence of an effect of genotype on PAI-1
levels in Pima Indians.

In Pima Indians CHD is infrequent despite the
high prevalence of diabetes and obesity. This popula-
tion, in which the prevalence of CHD is low even in
subjects with NIDDM, could give important clues to
the factors that form the link between NIDDM and
CHD in other populations. In these Pima Indians
there was no significant difference between PAI-1 ac-
tivity levels in diabetic and non-diabetic subjects de-
spite a similar relationship between PAI-1 activity
and the features of insulin resistance to that observed
in studies of Caucasians.

The prevalence of the different alleles at the 4G/
5G locus has mainly been studied previously in Cau-
casian populations and demonstrate broadly similar
prevalences whether patients are derived from Swed-
ish or British populations. In the present study the
Pima Indian population was found to have a signifi-
cantly lower prevalence of the potentially deleterious
4G/4G genotype than in Caucasian subjects. Addi-
tionally, unlike some of the previous studies, there
was no relationship between possession of a particu-
lar genotype at this locus and circulating levels of
PAI-1. This variation in genotype prevalence may
merely reflect random ethnic differences of no bio-
logical significance, alternatively this may be one of
several genes predisposing an individual to CHD

which may account for the lower prevalence of heart
disease seen in this ethnic group.

In this group of Pima Indians we found a similar
though weaker correlation between PAI-1 and triglyc-
eride levels than previously found in Caucasian sub-
jects with NIDDM. No relationship was found be-
tween PAI-1 genotype at the 4G/5G polymorphic
site and the regression slope for PAI-1 activity on
triglyceride or glucose concentration. The regression
of PAI-1 on body mass index showed a steeper slope
in the 4G/4G group compared to the 4G/5G group,
although this may be a chance finding.

The reason for the absence in this ethnic group of
the genotype specific relationship between PAI-1 ac-
tivity and triglyceride that has been observed in Cau-
casians is unclear. However, one possibility is that
binding of transcription factors differs in Pima Indi-
ans leading to alterations in gene regulation com-
pared to Caucasians. Differences in triglyceride levels
could also be involved. Although the allele frequen-
cies in the Pima Indians were significantly different
from those observed in Caucasian populations, it is
unlikely that the absence of a relationship between
4G/5G genotype and PAI-1 levels in Pima Indians
would be explained solely by differences in genotype
frequency suggesting changes in other regulatory
functions.

In summary, this study demonstrates that in Pima
Indians there is no relationship between the PAI-1
4G/5G polymorphism, PAI-1 levels and most features
of the insulin resistance syndrome. However, a geno-
type specific relationship between body mass index
and PAI-1, with a steeper slope in the 4G/4G group
was observed. In contrast to most studies in Cauca-
sian subjects, there was no direct relationship be-
tween PAI-1 genotype and levels of PAI-1. These
data suggest that this polymorphic site is not involved
in the regulation of PAI-1 synthesis in Pima Indians.
This may indicate a functional difference in the PAI-1
gene in this population. Further studies are required
to elucidate the relationship between the PAI-1
gene, circulating PAI-1 levels and the presence of vas-
cular disease in the Pima population.
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