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4G/5G Polymorphism of Plasminogen Activator Inhibitor -1
Gene Is Associated with Mortality in Intensive Care Unit
Patients with Severe Pneumonia
Anil Sapru, M.D., M.A.S.,* Helen Hansen, B.A.,† Temitayo Ajayi, M.D.,‡ Ron Brown, B.A.,§ Oscar Garcia, B.A.,§
HanJing Zhuo, M.Ph.,� Joseph Wiemels, Ph.D.,# Michael A. Matthay, M.D.,** Jeanine Wiener-Kronish, M.D.††

Background: Higher plasma and pulmonary edema fluid
levels of plasminogen activator inhibitor-1 (PAI-1) are associ-
ated with increased mortality in patients with pneumonia and
acute lung injury. The 4G allele of the 4G/5G polymorphism of
the PAI-1 gene is associated with higher PAI-1 levels and an
increased incidence of hospitalizations for pneumonia. The
authors hypothesized that the 4G allele would be associated
with worse clinical outcomes (mortality and ventilator-free
days) in patients with severe pneumonia.

Methods: The authors enrolled patients admitted with severe
pneumonia in a prospective cohort. Patients were followed
until hospital discharge. DNA was isolated from blood samples,
and genotyping detection for the PAI-1 4G/5G polymorphism
was carried out using Taqman-based allelic discrimination.

Results: A total of 111 patients were available for analysis.
Distribution of genotypes was 4G/4G 26 of 111 (23%), 4G/5G 59
of 111 (53%), and 5G/5G 26 of 111 (23%). Of 111 patients, 32
(29%) died before hospital discharge and 105 patients (94%)
received mechanical ventilation. Patients with the 4G/4G and
the 4G/5G genotypes had higher mortality (35% vs. 8%, P �
0.007) and fewer ventilator-free days (median 4 vs. 13, P � 0.04)
compared to patients with the 5G/5G genotype.

Conclusions: The 4G allele of the 4G/5G polymorphism in the
PAI-1 gene is associated with fewer ventilator-free days and in-
creased mortality in hospitalized patients with severe pneumonia.
These findings suggest that PAI-1 may have a role in pathogenesis
and that the 4G/5G polymorphism may be an important biomar-
ker of risk in patients with severe pneumonia.

PROCOAGULANT activity is increased and anticoagulant
and fibrinolytic activities are decreased in the alveoli of
patients with pneumonia. Intraalveolar fibrin deposition,
which is the hallmark of many acute inflammatory lung

diseases, including pneumonia, exerts beneficial effects
by sealing leakage sites when the capillary endothelium
and alveolar epithelial barrier are compromised. How-
ever, when this process of fibrin deposition is severe and
persistent, it can have deleterious effects. Excessive fi-
brin deposition enhances inflammatory responses by ac-
tivating endothelial cells to produce proinflammatory
mediators and an increase in vascular permeability.

Fibrin is degraded by plasmin, a proteolytic enzyme
that is present in the tissues in the form of an inactive
precursor, plasminogen. The decreased fibrinolysis in
patients with pneumonia is mainly attributed to eleva-
tion in plasminogen activator inhibitor–1 (PAI-1) acti-
vity.1–8 PAI-1 is activated during infection and has been
shown to be elevated in the air spaces of patients with
ventilator-associated pneumonia, aspiration pneumonia,
and acute lung injury.2–5,8–11

Higher plasma and bronchoalveolar lavage (BAL) fluid
levels of PAI-1 levels are associated with severe disease
and adverse clinical outcomes both in patients with
pneumonia and in patients with the acute respiratory
distress syndrome. In patients with pneumonia, PAI-1
concentration in BAL fluid is higher in patients requiring
mechanical ventilation than in those who do not require
mechanical ventilation.9,12 In our earlier studies, we
found that elevated plasma and BAL concentrations of
PAI-1 were directly correlated with mortality and fewer
ventilator-free days in patients with ventilator-associated
pneumonia and acute respiratory distress syndrome.9,12–14

Also in a large multicenter trial of patients with acute
lung injury, elevated PAI-1 was associated with higher
mortality.14 It is not known whether the elevation of
PAI-1 in patients with pneumonia is a result of genetic
predisposition or occurs solely as a result of environmen-
tal factors (e.g., the severity of lung injury).

The regulation of PAI-1 is a complex process and is
under control of metabolic, lifestyle, and genetic factors.
Even though the genetic variation in the levels of PAI-1
under basal conditions is small, this difference becomes
more amplified under conditions of stress.10 A common
insertion/deletion polymorphism containing either four
or five guanine bases (4G/5G) is located within the
promoter region of the human PAI-1 gene 650 bases
upstream from the start of transcription. The minor
allele (4G allele) frequency is reported to be 45% in the
Caucasian population. Both the alleles bind to a tran-
scriptional activator, but the 5G allele reduces transcrip-
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tion by virtue of binding to a repressive protein and is
associated with lower circulating PAI-1 levels.10 Artificial
constructs have shown that the 4G alleles provide six
times more PAI-1 messenger RNA than 5G alleles in
response to interleukin.15

In children with meingococcemia, the 4G allele of the
4G/5G polymorphism in the PAI-1 gene has been asso-
ciated with higher plasma PAI-1 levels and increased
mortality.16 In a prospective cohort of adults, the 4G
allele of the 4G/5G polymorphism has also has also been
associated with higher PAI-1 levels and increased inci-
dence of hospitalizations due to community-acquired
pneumonia.17 Therefore, we hypothesized that genetic
variation in the PAI-1 gene, specifically the 4G allele of
the 4G/5G insertion/deletion polymorphism of the pro-
moter region of the PAI-1 gene, would be associated
with worse clinical outcomes (mortality and ventilator-
free days) in patients with severe pneumonia.

Materials and Methods

Prospective Cohort Design
We recruited patients from the intensive care units

at the University of California, San Francisco–affiliated
Moffitt Hospital, San Francisco General Hospital, and
the University of California San Franciso Fresno Med-
ical Center. The study was reviewed and approved by
the University of California, Committee on Human
Research, Office of Research, University of California,
San Francisco.

Patients over the age of 18 yr and diagnosed with
pneumonia and meeting either the American Thoracic
Society or the British Thoracic Society criteria for severe
pneumonia were enrolled.18 The diagnosis of pneumo-
nia was made on the basis of the appearance of a new
infiltrate on the chest x-ray in the presence of cough or
fever. The American Thoracic Society Criteria are: (1)
need for mechanical ventilation or (2) septic shock or
(3) two of following three minor criteria: (a) systolic
blood pressure less than 90 mmHg, (b) multilobar pneu-
monia, and (c) PaO2/FiO2 less than 250. The British Tho-
racic Society criteria are two of four criteria: (1) respira-
tory rate greater than 30 breaths/min, (2) diastolic blood
pressure less than 60 mmHg, (3) Blood urea nitrogen
greater than 19 mg/dl, and (4) confusion.18

The study enrollment was carried out between Novem-
ber 2003 and December 2007. All patients meeting en-
rollment criteria were approached, and consent for en-
rollment in the study was obtained from either the
patient or a surrogate.

Outcomes
The primary outcome was in-hospital mortality, and

the secondary outcome was ventilator-free days (the
number of days patient was alive with unassisted breath-
ing during the first 28 days after enrollment).19

Shortly after enrollment, 10 ml of whole blood was
collected in potassium EDTA tubes. Patient data were
obtained from the patient’s charts at the time of enroll-
ment and during hospital stay. The data collected in-
cluded patient demographics, baseline comorbidities,
and clinical and physiologic data, including the acute
physiology and chronic health evaluation score
(APACHE II), simplified acute physiologic score (SAPS
II), the PaO2/FIO2 ratio, ventilator-associated variables,
including tidal volume, peak, and positive end-expira-
tory pressure. Patients were followed daily for 28 days to
determine their need for mechanical ventilation and un-
til hospital discharge or death for other outcomes.
Genomic DNA was isolated from the buffy coat, and the
quantity and quality of the genomic DNA isolated was
determined by 260/280 ultraviolet spectrophotometer
and quantified using the picogreen method.

Genotyping
DNA was normalized to 10 ng/�l and plated in 384-

well plates. Genotoyping for the PAI-1 4G/5G insertion/
deletion polymorphism was carried out using the Taq-
man based allelic discrimination method on an Applied
Biosystems 7900 Real-Time Polymerase Chain Reaction
System (Foster City, CA), which combines thermal cy-
cling, fluorescence detection, and application-specific
software to measure the cycle-by-cycle accumulation of
polymerase chain reaction products in a single-tube,
homogeneous reaction.20

Power Estimation
We estimated that a sample size of 120 patients has

power of 0.8 to detect an odds ratio of 3 or greater with
P value of 0.05 with the following assumptions: (1)
mortality 30%, (2) minimum allele frequency of 0.45, and
(3) dominant genetic model.‡‡

Data Analysis
Normally distributed data are presented as mean and

SD, and nonnormally data are presented as median and
interquartile range. Nonnormally distributed continuous
variables were compared across categories using the
nonparametric Mann–Whitney test (two groups) or non-
parametric trend test (three groups). Comparison of fre-
quencies within the genotype categories was carried out
using the chi-square test.

Odds ratios were calculated under a dominant geno-
typic model consistent with trends in our data and ear-
lier studies. Logistic regression models were used to
adjust for confounding due to race, age, and severity of
illness on mortality. All P values were two-sided, and

‡‡ Gauderman J, Morrison J: Quanto, Version 0.5, 2004. Available at: http://
hydra.usc.edu/gxe. Accessed: June 12, 2007.
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statistical significance was defined as a P value of 0.05 or
less. The statistical analysis was carried out using Stata
software (Stata Corporation, College Station, TX).

Results

A total of 121 patients were initially enrolled in the
study. All patients were followed until hospital dis-
charge. Eight patients were excluded due to the lack of
availability of a suitable blood sample to extract the
DNA. DNA was extracted from whole blood from 113
subjects and was genotyped for the 4G/5G polymor-
phism. Genotyping was unsuccessful in two patients.
Therefore, a total of 111 patients were available for
analysis. We ran 10% duplicates and no template con-
trols during the genotyping. There was 100% agreement
on the genotype calls among the duplicated samples.

The distribution of genotypes is shown in table 1 and
is in agreement with the Hardy Weinberg equilibrium.
Baseline demographic and physiologic data stratified by
genotypes is depicted in table 2. Pathogens were isolated

from blood culture in 37 (33%) patients, and from lavage
obtained on the mini BAL in 47 patients (42%). Organ-
isms isolated and the associated mortality is shown in
table 3. Out of total of 111 patients, 23 patients (20%)
met the Society of Critical Care Medicine criteria for
sepsis, and 12 patients (10%) met the criteria for septic
shock.21 At the time of diagnosis, 73% of the patients
presented with a PaO2/FIO2 ratio of less than 300 and
involvement of two or more quadrants on chest radio-
graph. During the course of hospitalization, 95% of the
patients had at least a single blood gas with PaO2/FCO2

ratio of less than 300. Only one patient received acti-
vated protein C as part of treatment for sepsis.

Of 111 patients, 32 died before hospital discharge,
yielding an overall mortality of 29%. The mortality rate
was 34%, 36%, and 8% in patients with the 4G/4G,
4G/5G, and 5G/5G genotypes, respectively (table 1).
Mortality rates varied among racial groups (European
descent, 23%; African descent, 33%; Asian descent, 50%;
others, 12%), but this difference was not statistically
significant (P � 0.33).

We examined a dominant genotypic model for associ-
ation with mortality. Mortality in patients with the
5G/5G genotype was 8%, whereas the mortality in pa-
tients with 4G/4G and 4G/5G genotypes was 35% (P �
0.007) (fig. 1). Among those of European descent only,
mortality in patients with the 5G/5G genotype was 10%,
whereas the mortality in patients with 4G/4G and 4G/5G
genotypes was 33% (P � 0.046). Overall, the odds ratio
of mortality among patients with the 4G/4G and 4G/5G
genotypes compared to patients with the 5G/5G geno-
type was 6.5 (1.4–30) (P � 0.015). On univariate anal-
ysis, mortality was associated with age, APACHE II, and
SAPS II at diagnosis, and with the genotypes, but it was
not associated with race, gender, or the PaO2/FIO2 at the
time of presentation. On multivariate logistic regression,
the 4G/4G and 4G/5G genotype was independently as-
sociated with mortality after adjustment for age and
severity of illness at presentation (table 4).

A total of 105 (94%) of the 111 patients required
mechanical ventilation. We calculated ventilator-free

Table 1. Genotypes of Plasminogen Activator Inhibitor-1 4G/5G
Polymorphism and Hospital Mortality among 111 Patients with
Severe Pneumonia

Genotype n (%) Hospital Mortality (%)

4G/4G 26 (23) 9 (35%)
4G/5G 59 (53) 21 (36%)
5G/5G 26 (23) 2 (8%)

Table 2. Baseline Demographics and Physiologic
Characteristics of 111 Patients with Severe Pneumonia

4G/4G and
4G/5G Genotypes

5G/5G
Genotype P Value

n 85 26
Age, yr* 56.5 � 19.6 50.6 � 18.4 0.15
Gender, male (%) 35 (41%) 7 (27%) 0.21
Race

European descent 64 (75%) 20 (77%) 0.15
African descent 5 (6%) 4 (15%)
Asian descent 10 (12%) 0 (0%)
Other 6 (7%) 2 (8%)

Ethnicity, Hispanic (%) 8 (10%) 10 (38%) 0.001
Physiological

characteristics†
APACHE II 20 (15–25) 18 (16–26) 0.56
SAPS II 40 (30–55) 40 (30–47) 0.39
PF ratio 165 (109–212) 145 (119–183) 0.35
Minimum PF ratio � 300 82 (96%) 24 (92%) 0.88

Comorbidities
Sepsis 18 (21%) 5 (19%) 0.8
Septic shock 9 (11%) 3 (12%) 0.9
NYHA category 3 or

greater
8 (9%) 0 (0%) 0.1

* Mean � SD. † Median (25th–75th percentile).

APACHE II � acute physiology and chronic health evalution score; NYHA �
New York Heart Association; PF � PaO2/FIO2; SAPS � simplified acute
physiology score.

Table 3. Pathogens Isolated from 111 Patients* with Severe
Pneumonia

Pathogen Isolated Number of Patients Mortality, n (%)

Candida sp. 23 5 (21.7%)
Staphylococcus epidermadis 16 3 (18.8%)
Pseudomonas aeruginosa 12 3 (25.0%)
Staphylococcus aureus 12 3 (25.0%)
Enterococcus sp. 12 5 (41.7%)
Klebsiella sp. 11 2 (18.2%)
Escherichia coli 6 2 (33.3%)
Yeast, other 6 2 (33.3%)
Other 34 5 (15%)
No organisms isolated 43 16 (37.2%)

* Of the 111 patients, 39 had more than one organism isolated, and 18
patients had three or more organisms isolated.
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days with the standard definition used in the Acute
Respiratory Distress Syndrome network trials, specifi-
cally as the days patient was alive with unassisted breath-
ing during the first 28 days after enrollment.19 Patients
with the 5G/5G genotype had a median of 13 ventilator-
free days, with an interquartile range of 1 to 19 days; the
patients with the 4G/5G and 4G/5G genotypes had a
median of 4 ventilator-free days, with an interquartile
range of 0 to 15 (P � 0.04) (see fig. 2).

Discussion

In this study, we found that the presence of 4G/4G and
4G/5G genotypes of the 4G/5G insertion/deletion poly-
morphism in the promoter region of the PAI-1 was inde-
pendently associated with adverse clinical outcomes in

adults with severe pneumonia. Patients with the 4G/4G
or 4G/5G genotypes had higher hospital mortality and
fewer ventilator-free days compared to the patients with
the 5G/5G genotype.

These results are consistent with the results from a
recently published study of 52 patients with acute lung
injury, which reported higher 28-day mortality (70.6%)
for patients with the 4G/4G genotype as compared to
patients with the non-4G/4G genotype. (P � 0.06).22 In
another recent study, Yende et al. reported an increased
incidence of hospitalization for community-acquired
pneumonia among subjects with the 4G/4G and 4G/5G
genotypes of the 4G/5G polymorphism in a prospective
cohort of healthy adults. They also reported higher
plasma PAI-1 levels and increased expression of PAI-1 on
whole blood stimulation assay among patients with the
4G/4G and 4G/5G genotypes.17 Several other studies
that have reported that the 4G allele of the 4G/5G
polymorphism is associated with greater production of
PAI-1 under conditions of stress.15,16,23,24 Therefore, the
association of 4G/4G and 4G/5G genotypes with adverse
clinical outcomes in this study is concordant with the
results from our earlier studies, in which we found that
elevated plasma and alveolar fluid concentrations of
PAI-1 were associated with adverse clinical outcomes in
patients with acute respiratory distress syndrome and
severe pneumonia.12,13

The alveolar compartment is an important site of PAI-1
production and activity. BAL fluid of patients with inflam-
matory pulmonary conditions, including interstitial pulmo-
nary fibrosis, sarcoidosis, acute lung injury, and severe
pneumonia have elevated levels of PAI-1, and higher levels
of PAI-1 are associated with worse outcomes in patients
with pneumonia and acute lung injury.1–3,5,9,12–14

PAI-1 is primarily an antifibrinolytic agent, but it can
also dampen the inflammatory response. The urokinase
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Fig. 1. Mortality among 111 patients with severe pneumonia
stratified by genotypes of PAI-1 4G/5G polymorphism (chi-
square P � 0.007). PAI-1 � plasminogen activator inhibitor-1.

Table 4. Univariate and Multivariate Analysis of the Effect of
Selected Risk Factors on Hospital Mortality among Patients
with Severe Pneumonia

Outcome: Hospital Mortality

OR (95%
Confidence Interval) P Value

Predictors
Age, yr 1.03 (1.002–1.05) 0.03
Gender, male 1.3 (0.6–3.0) 0.5
Race_2 1.3 (0.3–5.0) 0.7
Race_3 2.6 (0.7–10) 0.15
Race_4 .37 (.04–3.2) 0.37
APACHE II 1.12 (1.05–1.20) 0.001
SAPS II 1.07 (1.03–1.1) 0.001
4G/4G and 4G/5G vs.

5G/5G genotypes
6.4 (1.5–30) 0.01

Multivariate analysis
4G/4G & 4G/5G vs.

5G/5G genotypes
6.5 (1.3–34) 0.026

Age, yrs 1.01 (0.97–1.03) 0.61
APACHE II 1.13 (1.05–1.21) 0.001

APACHE II � acute physiology and chronic health evaluation score; OR �
odds ratio; Race_2 � Black; Race_3 � Asian; Race_4 � Other; SAPS �
simplified acute physiology score.

Fig. 2. Ventilator-free days among 111 patients with severe
pneumonia stratified by genotypes of plasminogen activator
inhibitor-1 (PAI-1) 4G/5G polymorphism. The white line repre-
sents the median, box boundaries represent the 25th and 75th
percentiles, and the whisker ends represent 10th and 90th
percentile (Mann–Whitney P � 0.04).
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plasminogen activator is important for an adequate im-
mune response to respiratory tract infection through its
role in migration of inflammatory cells. PAI-1 inhibits
urokinase plasminogen activator and can, therefore,
modulate the immune response in pneumonia by alter-
ing leukocyte trafficking by its inhibition of urokinase
plasminogen activator.25–29 PAI-1 can also directly in-
hibit integrin-mediated cell migration.30

A significant strength of our study is the prospective
cohort design. The cohort was chosen from mixed med-
ical-surgical intensive care units in urban tertiary care
health centers. The mortality in our cohort was associ-
ated with age, APACHE II, and SAPS II, but not with
gender and race.31

Limitations of this study include the relatively small
sample size and a mixed racial cohort. Our study popu-
lation consisted of a mixed racial cohort that reflects the
population served by the study centers. However, the
difference in mortality among the various racial sub-
groups in our cohort was not statistically significant, as
has been reported in previous studies.32 The association
of genotypes with mortality was present when the anal-
ysis was restricted to those of European descent only. In
addition, we included self-identified race as a covariate in
the regression model to test for the effect of genotype on
mortality. The effect of genotype on mortality was inde-
pendent of race, and there was no significant change in
the odds of death when we included race in the model.
Therefore, we believe that, although we cannot rule it
out with certainty, it is unlikely that our results were
confounded by racial mixture in our cohort.

Another limitation is that we only tested for one poly-
morphism in the PAI-1 gene. However, we studied the role
of the 4G/5G insertion deletion polymorphism because it is
a well-characterized polymorphism in the PAI-1 gene that
has been studied both in normal individuals and in disease
states. The 4G/5G polymorphism is associated with PAI-1
levels both in health and disease, and it is also associated
with clinical outcomes in disease states. Kathiresan et al.
studied the relationship of 18 single nucleotide polymor-
phisms in the PAI-1 gene to plasma PAI-1 levels among
1,328 individuals enrolled in the Framingham cohort and
reported that the 4G/5G polymorphism accounts for most
of the genetic variation in PAI-1 levels in normal individuals
and that individuals with the 4G allele have higher PAI-1
levels.33 Similarly, in a cohort of patients with myocardial
infraction, Errikson et al. reported higher PAI-1 levels
among subjects with the 4G allele of the 4G/5G polymor-
phism.23 In a study of children with meningococcal sepsis,
Hermans et al. reported that the 4G allele of the 4G/5G
polymorphism is associated with higher PAI-1 levels and
increased mortality.16

The results of this study suggest that the 4G/5G poly-
morphism may serve as a useful biomarker of prognosis
in patients with severe pneumonia. It may help identify
patients who are at the greatest risk for poor clinical

outcomes so that therapeutic and preventive interven-
tions could be directed towards the susceptible patients.
In addition, genetic markers are present before the de-
velopment of illness, and they cannot be the result of the
pneumonia. Therefore, the elevation of PAI-1 in patients
with severe pneumonia, which is associated with clinical
outcomes, is not exclusively the result of environmental
factors (such as the extent and severity of pneumonia),
but may be determined by genetic predisposition of the
individual. Therefore, this study provides further evi-
dence of the role of PAI-1 in the pathogenesis of acute
lung injury and its relationship to clinical outcomes in
patients with severe pneumonia that has been reported
both by our group and other investigators.9,12–14

In conclusion, the results from our study suggest that
the 4G/4G and 4G/5G genotypes of the 4G/5G polymor-
phism of the PAI-1 gene are associated with higher
mortality and fewer ventilator-free days among patients
hospitalized with severe pneumonia and may, therefore,
be useful as a biomarker of risk in patients with severe
pneumonia. These results also suggest that PAI-1 may
have a role in the pathogenesis of severe pneumonia and
adverse clinical outcomes.
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