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Objective: To improve the precision and reliability
of estimates of the association between preopera-
tive serum albumin concentration and surgical out-
comes.

Design: Prospective observational study. Patients were
followed up for 30 days postoperatively. Multiple logis-
tic regression models were developed to evaluate serum
albumin level as a predictor of operative mortality and
morbidity in relation to 61 other preoperative patient risk
variables.

Setting: Forty-four tertiary care Veterans Affairs (VA)
medical centers.

Patients: A total of 54 215 major noncardiac surgery
cases from the National VA Surgical Risk Study.

Main Outcome Measures: Thirty-day operative mor-
tality and morbidity.

Results: A decrease in serum albumin from concentra-
tions greater than 46 g/L to less than 21 g/L was associ-
ated with an exponential increase in mortality rates from
less than 1% to 29% and in morbidity rates from 10% to
65%. In the regression models, albumin level was the
strongest predictor of mortality and morbidity for sur-
gery as a whole and within several subspecialties se-
lected for further analysis. Albumin level was a better pre-
dictor of some types of morbidity, particularly sepsis and
major infections, than other types.

Conclusions: Serum albumin concentration is a better
predictor of surgical outcomes than many other preop-
erative patient characteristics. It is a relatively low-cost
test that should be used more frequently as a prognostic
tool to detect malnutrition and risk of adverse surgical
outcomes, particularly in populations in whom comor-
bid conditions are relatively frequent.
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H YPOALBUMINEMIA has
been shown to be associ-
ated with increased mor-
tality and morbidity rates
in both hospitalized pa-

tients1-4 and samples of community-
dwelling elderly persons.5,6 In surgery, an
association between hypoalbuminemia and
adverse outcome has been recognized for
many years. In an early series of 26 pa-
tients, most operated on for diseases of the
digestive tract, Jones and Eaton7 found that
postoperative edema was associated with
low concentrations of serum albumin and
serum protein, which they attributed to
preoperative and postoperative undernu-
trition. More recently, Rich et al4 found that
patients undergoing cardiac surgery who
had lower serum albumin levels showed a
trend toward having higher postoperative
mortality rates and had significantly higher
rates of several complications than did pa-
tients with higher serum albumin levels,

while controlling for other risk factors. Al-
bumin also has been found to predict post-
operative mortality and morbidity for pa-
tients undergoing elective surgery8 and
postoperative morbidity for those under-
going gastrointestinal tract surgery.9,10

Although it is well established that
hypoalbuminemia, as a marker of malnu-
trition and disease, is associated with
greater risk of adverse surgical outcome,
previous studies have been based on rela-
tively small samples and selected types of
operations and have failed to adequately
separate the predictive ability of albumin
level from other risk factors. We used a
large database, the National VA Surgical
Risk Study,11-14 which included all major
surgical procedures, to improve the pre-
cision and reliability of estimates of the as-
sociation between albumin levels and
mortality and morbidity. This database was
sufficiently large and detailed to allow
separate as well as summary analysis for
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21 postoperative complications. The availability of com-
prehensive preoperative risk data permitted compari-
son of the predictive ability of serum albumin level with
many other variables and measurement of the contribu-
tion of albumin level to prediction independent of the
effects of other risk factors. Our results should better de-
fine the usefulness of preoperative albumin levels as a
prognostic indicator.

RESULTS

SAMPLE CHARACTERISTICS

Reflecting the composition of all VA hospital patients,
97.1% of the albumin study cases were male, and the mean
age was 61.0 years (SD=13.0 years). Seventy-six percent
were white, 18% were black, and 6% were of other ra-
cial backgrounds (eg, Hispanic, Asian American). The
most frequent subspecialty was general surgery (28.3%),
followed by orthopedics (18.0%), urology (14.8%), vas-
cular surgery (11.7%), neurosurgery (8.4), thoracic sur-
gery (7.3%), otolaryngology (5.9%), plastic surgery
(3.7%), and other (2.0%). The 30-day mortality rate was

3.9%, and the 30-day morbidity rate (1 or more of the
21 complications) was 19.6%. The mean preoperative se-
rum albumin level was 38 g/L (SD=6.5 g/L). Twenty-
three percent of the cases had albumin values less than
35 g/L, which is generally considered the lower bound-
ary of the normal range.

UNIVARIATE ANALYSES

Table1 shows the 10 strongest predictors of 30-day mor-
tality and morbidity, ranked by the c index, from the set
of 62 preoperative variables. For both outcomes, albu-
min level was the best predictor, with ASA class and he-
matocrit ranking second and third, respectively. Albu-
min level alone correctly discriminated between survivors
and nonsurvivors 78% of the time. In general, the c val-
ues are higher for mortality than morbidity, indicating
that the variables predict mortality better than the oc-
currence of 1 or more complications.

Figure 1 and Figure 2 display the relationship be-
tween serum albumin and mortality and morbidity for
all operations and for the 3 selected subspecialties. For
all operations, the mortality rate increases from less than

MATERIALS AND METHODS

OVERVIEW OF THE NATIONAL VA SURGICAL
RISK STUDY

The National VA Surgical Risk Study was initiated in 44
academically affiliated Veterans Affairs (VA) medical cen-
ters with the aim of developing and validating risk-
adjusted models for the prediction of surgical outcome (30-
day mortality and morbidity).11-14 Clinical nurse reviewers
at each site prospectively collected 46 preoperative, 12 op-
erative, and 24 postoperative variables for 87 078 major sur-
gery cases between October 1, 1991, and December 31, 1993.
Preoperative variables included health risk behaviors, co-
morbidities, and 14 laboratory test results. All surgical op-
erations conducted under general, spinal, and epidural an-
esthesia were eligible for inclusion as the index operation
except (1) operations on patients who had been enrolled
in the study for an index operation within the previous 30
days, (2) operations with very low mortality rates (eg, oph-
thalmologic procedures), and (3) organ transplantation, be-
cause this is performed at a limited number of VA medical
centers. The study protocol is described in detail else-
where.11

ALBUMIN STUDY DATABASE

The analyses presented here were based on 54 215 (62%)
of the 87 078 cases from the National VA Surgical Risk Study
database for which preoperative serum albumin values were
reported. The omitted cases, those not tested for albumin
level (38%), were similar in age to those included in the
analysis but were somewhat less likely to have comorbid
conditions or severe disease. For example, 33% of the omit-
ted cases vs 38% of the included cases had hypertension
requiring medication, 12% vs 15% had diabetes mellitus

requiring an oral agent or insulin, and 51% vs 64% were
assigned an American Society of Anesthesiology (ASA) class
of 3 or higher. (An ASA class of 1 indicates a healthy pa-
tient; 2, mild systemic disease but no functional limita-
tions; 3, severe systemic disease with definite functional limi-
tations; 4, severe systemic disease that is a constant threat
to life; and 5, moribund patient unlikely to survive 24 hours
with or without operation.) An analysis using all cases, in
which missing albumin values were imputed from scores
on the other preoperative variables, yielded very similar re-
sults to those reported here for cases tested for albumin level.

INDEPENDENT VARIABLES

Preoperative serum albumin values closest to the day of sur-
gery were used in the analysis. Only those measurements
that occurred within 30 days prior to surgery were con-
sidered valid. The number of days intervening between the
last albumin measurement and surgery (mean=5.03 days,
SD=6.15 days) was not found to affect the association be-
tween albumin level and mortality as indicated by a lack
of statistical interaction between time of measurement and
albumin level (x2=1.47, P=.23). The predictive ability of se-
rum albumin levels was evaluated against 61 other preop-
erative patient characteristics. These variables are listed in
a previous publication.11 They include age, sex, tobacco use,
alcohol use, substance abuse, functional status, weight loss,
emergency operation, presence or absence of comorbidi-
ties covering all major organ systems, and 14 preoperative
laboratory values.

DEPENDENT VARIABLES

Operativemortalitywasdefinedasdeathdue toanycauseoc-
curring within 30 days of the operation. Operative morbidity

Continued on next page
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1% for albumin levels of 46 g/L or higher to 28% for al-
bumin levels below 21 g/L. The increase in mortality seems
to be exponential as albumin level decreases from a level
of approximately 40 g/L. Figure 2 shows that morbidity
increases from approximately 10% to 65% as albumin val-
ues decline from 46 g/L to less than 21 g/L. The subspe-
cialties show similar trends except that the mortality and
morbidity rates are lower for orthopedics than the other
subspecialties.

MULTIVARIATE ANALYSES

Table 2 presents the final models developed from the
62 preoperative variables for all operations and for 3 se-
lected subspecialties. The models predict mortality very
well for all operations, general surgery, and orthope-
dics, with c values ranging from 0.86 to 0.91. The c val-
ues for the morbidity models are not as high, ranging from
0.67 to 0.76. The predictive variables are listed in Table
2 in order of the magnitude of their Wald x2 values, which
indicates their relative importance in the models. Albu-
min level appears in all of the models and is the stron-
gest predictor in both the mortality and morbidity mod-

els for all operations and in several of the subspecialty
models. The odds ratios for albumin level in the all op-
erations models indicate that a decrease of 10 g/L in al-
bumin value was associated with more than a 2-fold in-
crease in the odds of dying and almost a 2-fold increase
in the odds of a complication. The ASA class was also a
strong predictor, particularly in the mortality models. Both
serum albumin levels and weight loss appear in the mor-
tality model for thoracic surgery, indicating that albu-
min level detects risk not associated with weight loss of
greater than 10% of body weight in the 6 months prior
to surgery.

COMPLICATION-SPECIFIC ANALYSIS

In addition to analysis of morbidity using the summary
measure of complications, we analyzed the association
between preoperative serum albumin and each of the 21
predefined complications. Table 3 gives the mortality
rate, incidence, and regression results for each of the com-
plications, listed in order of the magnitude of the c in-
dex for the regression of the complication on serum al-
bumin level. The complications with the higher c values

included 21 predefined complications recorded in the
30 days after the operation. The summary measure used
in this analysis was the presence or absence of 1 or more
of the 21 complications. In other analysis of the National
VA Surgical Risk Study database, this score was found to
be strongly correlated with summary scores based on
several weighting schemes, including the total number
of morbidities reported (r=0.74), weights based on the
regression relationship between postoperative length
of stay and the 21 morbidities (r=0.75), weights based
on the relative proportion of a morbidity occurring with
other morbidities (r=0.96), and the mean ratings by
the chiefs of surgery at the 44 participating VA medical
centers on a scale of 1 to 5 as to the likelihood that the
morbidity could result in death, permanent sequelae,
prolonged length of stay, or patient dissatisfaction
(r=0.97).

STATISTICAL ANALYSIS

First, the association between preoperative serum albu-
min levels and mortality and morbidity was assessed
univariately. We compared the predictive ability of albu-
min level with that of each of the 61 other preoperative
variables. The predictive ability of each variable was
determined by the c index15 from logistic regressions
with 1 independent variable. A c index of 0.5 or less
indicates prediction no better than chance, and values
from 0.5 to 1.0 (perfect prediction) indicate improve-
ment over chance.

Second, multivariate logistic regression models were
developed to assess the predictive ability of albumin level
independent of the effects of other variables. The large num-
ber of candidate predictor variables was reduced in sev-
eral steps. First, the variables were screened for signifi-
cant univariate association (P,.001) with the dependent
variables, which eliminated only 10 of the 62 candidate

variables for mortality modeling and only 4 for morbid-
ity modeling. Next, we eliminated variables that pre-
dicted the dependent variables with a c index less than
0.57, a cutoff level that substantially reduced the num-
ber of variables but retained a diverse set of variables.
We further reduced the number of remaining variables
by developing separate stepwise regression models for
the remaining comorbidity and laboratory variables,
requiring P#.0001 (Wald x2) to enter the models and
P#.0005 (Wald x2) to stay, and then eliminating vari-
ables that did not increase the c index for the model by
at least 0.01. These steps identified a diverse set of 7
strong predictors of mortality, including serum albumin
level, that were forced in a final model to assess their
relative predictive ability. Likewise, 6 variables were
selected for a final morbidity model. These variables
were tested for intercorrelation, and none of the correla-
tions between pairs of predictor variables exceeded
r=0.37.

In addition to analysis of all operations in the data-
base, we assessed the predictive ability of albumin levels
within 3 subspecialties chosen to represent variation in mor-
tality and morbidity rates as well as different types of sur-
gery—general surgery and noncardiac thoracic surgery,
which had the highest subspecialty 30-day mortality rates
(6.4% and 6.0%, respectively) and higher than average mor-
bidity rates (26.3% and 23.6%, respectively), and ortho-
pedics, with a mortality rate of 2.5% and a morbidity rate
of 13.7%. The model development process described for
all operations was also used for the subspecialty analyses
except that less stringent screening and model entry cri-
teria were used owing to smaller sample sizes. Split-
sample cross-validation of the all operations and subspe-
cialty models showed little degradation of the c values,
ranging from no decrease from learning to test samples in
3 of the models to a decrease of 0.03 in the c value for the
orthopedic mortality model.
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tend to have higher mortality rates. They also are char-
acterized by incidence rates that are markedly higher for
cases with albumin levels below normal (,35 g/L) than
for cases in the normal range ($35 g/L).

The last column of Table 3 shows the entry step of
albumin level in stepwise logistic regression using all 62
preoperative variables and an entry criterion of P,.05.
In these multivariate analyses, albumin level was a rela-
tively strong predictor of most of the complications,
entering the models at the first, second, or third step.
Albumin level was the first variable to enter for the
major infection complications (systemic sepsis, pneu-
monia, deep wound infection). For several complica-
tions, albumin level was not a significant predictor in
the regression analyses.

The variation in the predictive ability of albumin level
for different complications partially explains why albu-
min level was not as strong a predictor of operative mor-
bidity for some types of surgery as it was for others in
our analysis using a summary measure of morbidity (Table
2). For example, albumin level did not predict morbid-
ity as well in orthopedic surgery as it did for all opera-
tions, and we found that most of the complications that
were predicted best by albumin level for all operations
in Table 3, such as systemic sepsis and failure to wean
from ventilation, were proportionately underrepre-
sented in orthopedic surgery, whereas several that were
predicted less well by albumin level for all operations,
such as pulmonary embolism and deep vein thrombosis/
thrombophlebitis, were overrepresented in orthopedic
surgery.

Veterans who receive surgical care at VA hospitals
are predominantly male and older, with higher rates of
comorbid conditions than those undergoing surgery else-
where. To demonstrate the applicability of the findings
beyond VA patients, we performed separate analyses for
a lower-risk segment of the sample and for women. All
cases were identified in which the patient was younger
than 70 years, had an ASA classification of 1 or 2 (healthy

patient or mild disease), was independent in functional
status, and did not report a weight loss of more than 10%
within the last 6 months prior to surgery. There were
15 555 patients in our sample who met these criteria. The
30-day death rate for these low-risk patients was 0.32%.
As shown in Figure 3, there was a negative association
(c=0.72, P,.001) between serum albumin level and mor-
tality even within this lower-risk subgroup. Likewise, for
the women in the sample (n=1575), there was a strong
association between serum albumin level and mortality
(c index=0.86, P,.001), with a graded increase in mor-
tality rates as albumin values declined, similar to the find-
ing for the total sample.

COMMENT

We used a large national sample of VA patients to
determine the association between preoperative serum
albumin level and 30-day postoperative mortality and
morbidity. We found large, graded increases in mor-
tality and morbidity as albumin level declined from
high to low levels. We found that for all major opera-
tions combined and for selected surgical subspecial-
ties, serum albumin level was a strong predictor of
mortality and morbidity independent of the effects of a
large, diverse set of prospectively determined patient
risk variables. The association between albumin con-
centration and operative mortality persisted in a sub-
sample of patients who were classified as low risk on

Table 1. Preoperative Predictors of 30-Day Mortality and
Morbidity After Major Surgery, Ranked by c Index Magnitude
(Albumin Study Database)*

Mortality Morbidity

Variable† c Index Variable c Index

Albumin, g/L 0.78 Albumin, g/L 0.68
ASA class 0.77 ASA class 0.67
Hematocrit, % 0.72 Hematocrit, % 0.66
Serum urea nitrogen,

mmol/L
0.69 Functional status 0.60

Functional status 0.67 Age, y 0.60
Prothrombin time, s 0.67 Prothrombin time, s 0.59
Age, y 0.64 Serum urea nitrogen,

mmol/L
0.58

Emergency operation 0.64 Alkaline phosphatase, U/L 0.58
WBC, .11 000/µL 0.63 Emergency operation 0.57
Alkaline phosphatase, U/L 0.62 WBC, .11 000/µL 0.57

*ASA indicates American Society of Anesthesiology; WBC, white blood
cell count.

†All variables were examined using single-variable logistic regression
models, and all variables were significant at P,.001.
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Figure 1. Thirty-day mortality rate by preoperative serum albumin level for
all operations and 3 subspecialties.
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Figure 2. Thirty-day morbidity rate by preoperative serum albumin level for
all operations and 3 subspecialties.
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the basis of clinically recognizable risk factors. With
regard to operative morbidity, we showed that albu-
min level was a better predictor of some types of com-
plications than others.

Although serum albumin level may also be affected
by acute factors such as trauma and surgical stress, it is
predictive of operative outcome because it is a marker
of disease and malnutrition as well as possibly confer-
ring a direct protective effect through several biological
mechanisms.16 It is a better prognostic indicator than an-

thropomorphic markers of nutritional status8-10,17-19 be-
cause of its ability to detect protein-energy malnutri-
tion, which is not necessarily accompanied by lower body
weight and may not be clinically recognizable, but is as-
sociated with significantly increased risk of morbidity and
mortality.20-22 Protein-energy malnutrition results from
increased protein and energy requirements associated with
the stress of illness, injury, or infection.23,24 If the in-
creased needs are not met from dietary or therapeutic
sources, visceral protein stores are depleted, leading to

Table 2. Multivariate Models of 30-Day Mortality and Morbidity After Major Surgery (Albumin Study Database)*

Variable

Mortality

Variable

Morbidity

Wald x2† OR 95% CI Wald x2† OR 95% CI

All Operations‡
Albumin level, g/L 541.0 0.44 0.41-0.48 Albumin level, g/L 813.9 0.58 0.56-0.60
ASA class 416.1 2.33 2.15-2.53 ASA class 745.8 1.71 1.65-1.78
Emergency operation 212.0 2.26 2.02-2.53 Emergency operation 422.1 2.00 1.87-2.14
Serum urea nitrogen, mmol/L 109.2 1.01 1.01-1.02 Functional status 351.2 1.48 1.42-1.55
Age, y 108.9 1.03 1.02-1.03 Age, y 115.1 1.01 1.01-1.01
Dyspnea 63.8 1.38 1.27-1.49 Serum urea nitrogen, mmol/L 82.2 1.01 1.01-1.01
Functional status 47.4 1.28 1.19-1.37

General Surgery§
Albumin level, g/L 162.9 0.49 0.44-0.55 Albumin level, g/L 245.2 0.61 0.57-0.65
ASA class 140.1 2.18 1.91-2.49 ASA class 199.6 1.60 1.50-1.71
Ascites 86.1 4.47 3.23-6.17 Emergency operation 181.8 1.96 1.77-2.16
Age, y 45.7 1.03 1.02-1.03 Functional status 84.7 1.46 1.34-1.58
Serum urea nitrogen, mmol/L 44.1 1.01 1.01-1.02 Age, y 55.2 1.01 1.01-1.02
Functional status 36.6 1.41 1.26-1.57 Transfusions (.4 U preoperatively) 34.4 1.75 1.44-2.11
Emergency operation 34.4 1.68 1.41-2.01 Serum urea nitrogen, mmol/L 25.8 1.01 1.01-1.01
Prothrombin time, s 28.5 1.11 1.07-1.15

Thoracic Surgery|

Albumin level, g/L 40.5 0.51 0.41-0.63 Age, y 29.7 1.02 1.02-1.03
Serum urea nitrogen, mmol/L 13.9 1.02 1.01-1.03 Ventilator use (preoperative) 29.6 4.66 2.64-8.19
Weight loss 12.5 1.86 1.31-2.65 Albumin level, g/L 25.7 0.70 0.61-0.81
Dyspnea 12.0 1.45 1.17-1.79 ASA class 15.6 1.35 1.16-1.58
ASA class 8.5 1.47 1.12-1.92 Functional status 12.0 1.39 1.15-1.69
Age, y 7.7 1.02 1.01-1.04 Prothrombin time, s 6.6 1.08 1.02-1.15
Emergency operation 6.9 1.82 1.15-2.86 Dyspnea 5.4 1.18 1.02-1.36

Orthopedic Surgery¶
ASA class 70.4 2.95 2.28-3.18 Age, y 36.1 1.02 1.01-1.02
Albumin level, g/L 40.3 0.49 0.39-0.61 Wound infection (preoperative) 28.6 1.71 1.40-2.09
Age, y 27.7 1.04 1.02-1.05 Functional status 27.7 1.38 1.22-1.56
Emergency operation 26.1 2.38 1.70-3.34 ASA class 19.3 1.31 1.16-1.47
Weight loss 24.2 3.14 1.97-5.00 Hematocrit, % 17.0 0.97 0.96-0.99
DNR orders 17.1 2.47 1.60-3.83 COPD 16.0 1.43 1.19-1.70
Functional status 16.2 1.54 1.24-1.90 Alkaline phosphatase, U/L 15.7 1.00 1.00-1.00
Serum urea nitrogen, mmol/L 10.0 1.01 1.01-1.02 Albumin level, g/L 12.5 0.78 0.68-0.90

Emergency operation 11.8 1.42 1.16-1.74
WBC, .11 000/µL 11.1 1.32 1.12-1.56
Impaired senses 9.1 1.38 1.12-1.72
Serum urea nitrogen, mmol/L 5.9 1.01 1.00-1.01

*OR indicates odds ratio; CI, confidence interval; ASA, American Society of Anesthesiology; DNR, do not resuscitate; COPD, chronic obstructive pulmonary
disease; and WBC, white blood cell count. Total sample size is reduced slightly from 54 215, and sample sizes differ between the mortality and morbidity models
because of varying numbers of missing values associated with each set of predictor variables. The number of cases for the subspecialty models do not add to the
totals for the all operations models because the all operations models also include cases from all other subspecialties in the database.

†P#.001 for all variables in the all operations models. P#.05 for all variables in the subspecialty models.
‡For all operations, mortality data, N = 53 055, with 2076 deaths and a c index of 0.86. For morbidity data, N = 53 136, with 10 358 cases of complications and a

c index of 0.73.
§For general surgery, mortality data, N = 13 566, with 864 deaths and a c index of 0.87. For morbidity data, N = 14 782, with 3888 cases of complications and a

c index of 0.74.
\For thoracic surgery, mortality data, N = 3740, with 228 deaths and a c index of 0.74. For morbidity data, N = 3685, with 877 cases of complications and a c

index of 0.67.
¶For orthopedic surgery, mortality data, N = 9467, with 235 deaths and a c index of 0.91. For morbidity data, N = 8673, with 1141 cases of complications and a

c index of 0.76.
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abnormal function in organ systems, including gastroi-
ntestinal malabsorption, impaired immunologic re-
sponse, and impaired production of albumin and other
plasma proteins in the liver.24,25 However, albumin infu-
sion usually is not an effective therapy because the al-
bumin will degrade quickly and infusion does not
address the underlying causes of adverse operative
outcome.26

There was wide variation in the rate of preopera-
tive serum albumin testing among the 44 participating
hospitals, ranging from 20% to 98% of cases, with a
median testing rate of 60%. Even if the analysis is
restricted to cases with an ASA score of 3 or higher (se-
vere systemic disease with functional limitation; 59% of
all cases), the variation by hospital in the proportion
tested remains large (from 27% to 97% of cases, with a
median of 72%). In contrast, the ordering of blood
counts and portions of the SMA-7 (eg, serum sodium
and potassium) was consistently high (.90%) across
hospitals.

These findings suggest that preoperative serum
albumin testing is underutilized by some surgeons. The
cost of the test ($2-$4, based on cost data from 2 VA
hospitals and 1 large community hospital) is low in
relation to its prognostic value. In addition to its value
as a prognostic tool, serum albumin level is a key ele-
ment in accurate nutritional assessment,9,10,17,27 and it
has been shown that nutritional therapy is more effec-
tive in reducing operative mortality and morbidity
when the diagnosis of malnutrition is based on objec-
tive nutritional indices that include serum albumin
rather than on subjective assessment.28,29 Particularly in

patient populations with high rates of comorbidities,
such as VA patients, it would seem that the test should
be used more frequently as a prognostic tool and for
detecting malnutrition.

This research was supported by a grant from the American
Association for Clinical Chemistry Inc,Washington, DC, to
the Institute for Health Services Research and Policy Stud-
ies at Northwestern University, Evanston, Ill; and by the Of-
fice of Patient Care Services and Cooperative Studies Pro-
gram, US Department of Veterans Affairs Headquarters,
Washington. Dr Daley is a Senior Research Associate in the
Health Services Research and Development Program in the
Department of Veterans Affairs.
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Figure 3. Thirty-day mortality by preoperative serum albumin for low-risk
cases (American Society of Anesthesiology class of 2 or lower, independent
functional status, no weight loss of .10% in 6 months prior to surgery, and
age younger than 70 years).

Table 3. Association Between Preoperative Serum Albumin Level and Selected Complications After Major Surgery
(Albumin Study Database)*

Complication
(Mortality Rate, %†)

Incidence When
Albumin Level ,35 g/L, %

Incidence When
Albumin Level $35 g/L, %

c Index for
Univariate Prediction‡

Entry Step of Albumin
Level in Stepwise

Logistic Regression

Systemic sepsis (40.0) 8.0 1.3 0.78 1
Acute renal failure (47.8) 2.1 0.4 0.76 2
Coma (64.1) 2.3 0.4 0.76 2
Renal insufficiency (41.3) 3.0 0.6 0.75 3
Failure to wean from ventilation (30.9) 11.2 2.3 0.75 3
Bleeding/transfusions (27.3) 7.1 1.6 0.72 2
Cardiac arrest (77.8) 4.4 1.1 0.72 2
Pneumonia (22.1) 10.6 2.9 0.71 1
Urinary infection (8.1) 8.9 2.6 0.69 2
Pulmonary edema (27.1) 5.9 1.9 0.69 3
Reintubation (35.6) 6.2 2.0 0.68 2
Deep wound infection (10.2) 5.9 2.0 0.66 1
Wound dehiscence (11.3) 2.0 0.8 0.64 3
Prolonged ileus (14.3) 3.9 1.9 0.61 . . .
Pulmonary embolism (44.0) 0.6 0.3 0.60 1
Myocardial infarction (42.2) 1.1 0.6 0.59 . . .
Neurological deficits (29.9) 1.7 0.8 0.59 . . .
Superficial wound infection (3.6) 4.4 2.4 0.59 . . .
DVT/thrombophlebitis (12.0) 0.9 0.5 0.58 . . .
CVA (27.6) 0.9 0.5 0.58 . . .
Graft failure (9.2) 1.0 0.7 0.53 10

*DVT indicates deep vein thrombosis; CVA, cerebrovascular accident; and ellipses, not applicable.
†Thirty-day mortality associated with occurrence of the complication, occurring by itself or in combination with other complications.
‡All relationships were significant at P,.001.
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Dyspepsia in the Community Is Linked to Smoking and Aspirin Use but Not to Helicobacter pylori Infection

Sanjay Nandurkar, FRACP; Nicholas J. Talley, MD, PhD, FRACP; Harry Xia, PhD;
Hazel Mitchell, PhD; Stuart Hazel, PhD; Michael Jones, PhD

Background: The relationship between Helicobacter pylori infection and symptoms remains controversial. We aimed to determine
if an association exists between unexplained dyspepsia (pain or discomfort centered in the upper part of the abdomen) and
H pylori.
Methods:A validated questionnaire was completed by 592 healthy blood donors. Helicobacter pylori serologic values (via
enzyme-linked immunosorbent assay), blood group status, and Rh status were measured; 4.9% of subjects who had a history
of peptic ulcer disease were excluded from the analyses.
Results:The prevalence of dyspepsia and no ulcer history was 11% (95% confidence interval [CI], 8.6%-13.8%); 15.4% of
subjects with dyspepsia had H pylori while 14.6% of subjects without dyspepsia were infected (P = .90). The mean dyspepsia
impact scores (combining frequency and severity) in those with and without H pylori were 4.7 and 5.4, respectively (P = .20).
The median H pylori optical density values in dyspepsia vs no dyspepsia were not significantly different (P = .30). Independent
risk factors for dyspepsia were the use of aspirin (odds ratio [OR], 2.2; 95% CI, 1.3-3.7) and smoking (OR, 2.1; 95% CI,
1.3-3.6) but not age, sex, marital status, educational level, income, or the use of alcohol, coffee, or nonsteroidal anti-inflammatory
drugs. Independent risk factors for H pylori were increasing age (OR, 1.8 per decade; 95% CI, 1.5-2.3), male sex (OR, 2.1;
95% CI, 1.3-3.4), and net family income (OR, 1.8; 95% CI, 1.2-3.3).
Conclusion: Dyspepsia in the community is linked to smoking and aspirin use, but not to H pylori infection. (1998;158:
1427-1433)
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