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Background: We developed and validated laboratory test–based risk scores (i.e., lab risk scores) to reclassify

mortality risk among patients undergoing their first coronary catheterization.

Methods: Patients were catheterized between 2009 and 2015 in Calgary, Alberta, Canada (n¼14135, derivation co-

hort), and in Edmonton, Alberta, Canada (n¼12143, validation cohort). Logistic regression with group LASSO (least ab-

solute shrinkage and selection operator) penalty was used to select quintiles of the last laboratory tests (red blood cell

count, mean corpuscular hemoglobin concentration, mean corpuscular hemoglobin, mean corpuscular volume, red

cell distribution width, platelet count, total white blood cell count, plasma sodium, potassium, chloride, CO2, interna-

tional normalized ratio, estimated glomerular filtration rate) performed <30days before catheterization and by age

and sex that were significantly associated with death �60 and >60 days after catheterization. Follow-up was until

2016. Risk scores were developed from significant tests, internally validated in Calgary among bootstrap samples and

externally validated in Edmonton after recalibration using coefficients developed in Calgary. Interaction tests were per-

formed, and net reclassification improvement vs conventional demographic and clinical risk factors was determined.

Results: Lab risk scores were strongly associated with mortality (29–40� for top vs bottom quintile, P for trends

<0.01), had good discrimination and were well calibrated in Calgary (C¼0.80–0.85, slope¼0.99–1.01) and

Edmonton (C¼0.80–0.82; slope¼1.02–1.05)—similar to demographic and clinical risk factors alone. Associations

were attenuated by several comorbidities; however, scores appropriately reclassified 11%–20% of deaths (both

follow-up periods) and 6%–9% of survivors (>60days) after catheterization vs demographic and clinical risk factors.
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Conclusions: In 2 populations of patients undergoing their first coronary catheterization, risk scores based on

simple laboratory tests were as powerful as a combination of demographic and clinical risk factors in predicting

mortality. Lab risk scores should be used for patients undergoing coronary catheterization.

INTRODUCTION

Appropriate treatment of patients with coro-
nary artery disease requires accurate risk estima-
tion. To simplify prognostication, algorithms have
been developed to transform predictive demo-
graphic and clinical data (e.g., age, sex, electrocar-
diogram variables, vital signs, presence of
traditional risk factors for coronary artery disease)
into risk scores (1–5). Simple laboratory tests such
as complete blood count (CBC), electrolytes, and
creatinine are also strongly predictive of cardio-
vascular events (6–18) and mortality (19, 20).
However, laboratory data are obtained more eas-
ily, are relatively free of error, and make up a large
portion of the electronic medical record. Despite
these benefits, simple laboratory data remain
underutilized. It is unclear whether these data can
provide prognostic information above and beyond
standard risk assessments.
The objectives of this study were (1) to develop

and internally and externally validate laboratory
test–based risk scores (i.e., lab risk scores) for mortal-
ity in patients undergoing coronary catheterization,

(2) to examine variations in these associations
according to conventional demographic and clinical
risk factors, and (3) to determine whether lab risk
scores improve prognostication above and beyond
demographic and clinical risk factors.

MATERIALS AND METHODS

Ethics Statement

This study was approved by the University of
Calgary Conjoint Research Ethics Board (Ethics ID:
E25065). Patient consent was obtained at
catheterization.

Population

Our study included patients from the Alberta
Provincial Project for Outcome Assessment in
Coronary Heart Disease (APPROACH; www.ap
proach.org). Established in 1995, APPROACH is
cardiac registry that captures detailed information
on patients undergoing coronary catheterization
and revascularization in Alberta, Canada. Only
patients who underwent their first coronary
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catheterization between November 16, 2009, and
September 21, 2015, at either of the 2 catheteriza-
tion sites (Calgary, n¼ 23636; Edmonton,
n¼ 28441) were eligible for inclusion. Data from
Calgary were used for model development and in-
ternal validation. Data from Edmonton were used
for external validation. At the time of analysis,
follow-up was available until September 6, 2016.

Outcomes

Outcomes used in this study were death occur-
ring �60 or >60days after catheterization.
Patients who died on the day of catheterization
were excluded. Mortality information was pro-
vided by linkage of APPROACH to Alberta Vital
Statistics.

Laboratory Variables

Laboratory data were extracted along with veri-
fication date and time and healthcare number
from the provincial laboratory information sys-
tems of Alberta Precision Laboratories.
Laboratory tests were candidate predictors if �1
result was present in >80% of patients’ laboratory
records. These tests included CBC (red blood cell
count, mean corpuscular hemoglobin concentra-
tion, mean corpuscular hemoglobin, mean cor-
puscular volume, red cell distribution width,
hemoglobin, platelet count, and total white blood
cell), plasma sodium, potassium, chloride, CO2,
creatinine and whole blood international normal-
ized ratio (INR). Hematocrit was excluded because
of its high correlation with red blood cell count
(r¼0.86) and hemoglobin (r¼ 0.96). White blood
cell count differential was not included because it
was not routinely reported in Calgary. Estimated
glomerular filtration rate (eGFR) was calculated
from plasma creatinine using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI)
equation (21), and it was assumed that all patients
were white because in 2011, Alberta was 82%
white (22). Laboratory data were merged with

APPROACH data by personal healthcare number.
The last tests performed �30days before the first
recorded catheterization were included in this
analysis.

Demographic and Clinical Risk Factors

Demographic and clinical risk factors in
APPROACH were age, sex, body mass index (BMI;
kg/m2), smoking status (current, prior, never),
presence of renal disease, hypertension, hyperlip-
idemia, type 2 diabetes, congestive heart failure,
prior history of myocardial infarction (MI), family
history of heart disease, ejection fraction (<20%,
20%–34%, 35%–50%, >50%, missing), diagnoses
of ST-segment elevation MI (STEMI) or non-STEMI
(NSTEMI), and coronary artery disease severity de-
fined by a modified 5-unit Duke severity score
based on the number of coronary vessels affected
and the extent of occlusion as well as catheteriza-
tion priority (emergency, urgent, planned, and un-
known). All variables were assessed at the time of
catheterization. Differences in demographic and
clinical risk factors were assessed among patients
with and without laboratory data.

Statistical Analysis

Model selection, discrimination, and calibration.

Continuous variables except for age were coded
into quintiles and treated as 4 dummy variables to
help account for nonlinear relationships. Age and
sex were included because they are used fre-
quently to interpret laboratory data. Logistic re-
gression was used to select variables in the
Calgary data set after applying a group LASSO
(least absolute shrinkage and selection operator)
penalty based on a tuning parameter that penal-
izes the number of variables in a model (23–25).
All quintile dummy variables were included in the
model regardless of their significance if at least 1
dummy variable was a significant predictor. The
ability to discriminate between deaths and survi-
vors was calculated as the C statistic, and
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calibration metrics were slope, intercept, and as-
sociated P values from linear regression of the ob-
served probability (number of deaths within
deciles of predicted probability to number of
patients in deciles) vs expected probability (mean
predicted probability within deciles). A score with
perfect discrimination and calibration would yield
a C statistic of 1.0, slope of 1.0 (and P>0.05 for
comparison to a slope of 1.0), and intercept of 0
(and P>0.05 for comparison to an intercept of 0)
(26). Models with the highest C statistic (best dis-
crimination) and highest slope P value (no differ-
ence between predicted and observed
probabilities) were selected for lab risk score de-
velopment and validation.

Lab risk scores. Regression coefficients were
multiplied by an integer and rounded to the near-
est whole number to make them large and easy to
work with. A continuous lab risk score (log odds of
death) was generated for each patient after add-
ing together products of coefficients and patient
values. Separate models were then fitted with the
lab risk score as the sole predictor. Discrimination
and calibration metrics were contrasted with
models containing demographic and clinical risk
factors.

Internal validation. Bootstrapping was used to
internally validate models containing continuous
lab risk scores in the Calgary data set. In each iter-
ation, a C statistic from the bootstrap sample and
a C statistic from the original sample were calcu-
lated using coefficients estimated in the bootstrap
sample. The mean difference of the C statistics
across 100 bootstrap subsamples was then sub-
tracted from the C statistic of the lab risk score in
the original sample to obtain optimism-adjusted C
statistics (27). Average calibration metrics were
also calculated from the bootstrap samples.

External validation and recalibration. Quintile
ranges and coefficients estimated using the
Calgary data set were used to create lab risk

scores in the Edmonton data set. Discrimination
and calibration metrics were determined and
then recalculated after a global recalibration fac-
tor was applied to regression coefficients using
methods described by Janssen et al. (28).

Lab risk scores, patient characteristics, outcomes,

and interactions. Patient characteristics were
tabulated by lab risk score quintiles. An ordinal
variable for lab risk score quintile was used to test
for linear trends across patient characteristics us-
ing linear regression (continuous variables) and lo-
gistic regression (dichotomous variables). Logistic
regression coefficients representing associations
between quintiles of lab risk scores and mortality
outcomes were plotted for illustrative purposes.
Discrimination and calibration of models were

determined containing (1) only continuous lab risk
scores, (2) demographic and clinical risk factors,
and (3) both (1) and (2), and model improvement
attributed to using lab risk scores in addition to
demographic and clinical risk factors was evalu-
ated using log-likelihood ratio tests of nested
models.
Interactions between lab risk scores and demo-

graphic and clinical risk factors were evaluated us-
ing multiplicative terms in a combined Calgary and
Edmonton data set to maximize sample size.
Stratified associations between lab risk scores and
mortality end points were shown for significant
interactions.

Net reclassification improvement. Net reclassifi-
cation improvement (29) was calculated for
deaths, survivors, and overall to evaluate the abil-
ity of lab risk scores to correctly reclassify mortal-
ity risk when added to a model containing
established demographic and clinical risk factors.
Patient probability estimates were stratified into
categories frequently used for cardiovascular risk
assignment (0% to <5%, 5% to <10%, 10% to
<20%, and �20%) (30).
Net reclassification improvement estimates

were also calculated following the addition of
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demographic and clinical risk factors to a model
initially containing only the lab risk score.
Statistical analyses were performed using R

(3.2.4; R Foundation for Statistical Computing) and
SAS version 9.4 (SAS Institute). Analyses were con-
sidered statistically significant at a < 0.05.

RESULTS

The Calgary development data set initially con-
tained 14 135 patients (mean age, 63 years; 69%
male) catheterized between November 2009 and
October 2015. Patients were followed for a me-
dian of 3.5 years (51 038 person-years) from the
time of catheterization until death or censoring
(see online Supplemental Fig. 1). There were 1157
deaths (23 per 1000 person-years), among which
216 occurred �60days after catheterization and
941 afterward. The median time from catheteriza-
tion until death was 1.3 years, and the median
time between laboratory testing and catheteriza-
tion was 1day. Among those with complete demo-
graphic and clinical info (n¼13072), patients
excluded because of missing laboratory data
(n¼ 8514; 36% of original APPROACH data) were
more likely to have high BMI; to be current smok-
ers; or to have had STEMI, low ejection fraction, a
high modified 5-unit Duke severity score, or an
emergency catheterization but were less likely to
be prior smokers or to have hypertension; hyper-
lipidemia; prior MI; congestive heart failure; or
planned, urgent, or unknown catheterization pri-
ority (see Supplemental Table 1).
The Edmonton validation data set initially con-

tained 12 394 patients (mean age, 62 years; 68%
male) catheterized between November 2009 and
November 2015. Patients were followed for a me-
dian of 3.4 years (44 127 person-years) from the
time of catheterization until death or censoring
(see Supplemental Fig. 1). There were 1420 deaths
in total (32 per 1000 person-years), 347 occurring
�60days from catheterization and 1073

afterward. The median time from catheterization
until death was 0.83 year, and the median time
between laboratory testing and catheterization
was 1day. Among those with complete demo-
graphic and clinical info (n¼10416), patients who
were excluded because of missing laboratory data
(n¼ 13542; 48% of original APPROACH data) were
more likely to be older and to have higher BMI, hy-
pertension, family history of heart disease, prior
MI, and planned catheterization but were less
likely to be current smokers and to have renal dis-
ease, hyperlipidemia, STEMI, NSTEMI, congestive
heart failure, low ejection fraction, missing ejection
fraction, lower modified 5-unit Duke severity
score, and urgent catheterization priority (see
Supplemental Table 1).
Compared with Calgary, higher proportions of

Edmonton patients were current smokers (30%
vs 21%) and had renal disease (6.5% vs 3.5%),
STEMI (26% vs 15%), NSTEMI (36% vs 20%), or ur-
gent (14% vs 7%) and emergency (84% vs 56%)
procedures, but a lower proportion had planned
procedures (3% vs 34%) (Table 2, Supplemental
Table 2).
For �60days after catheterization, the final

model selected (Table 1, Supplemental Fig. 2) in
the Calgary data set showed that increasing age,
total white blood cell count, INR, and decreasing
CO2, sodium, and eGFR were significantly associ-
ated with increased mortality risk—with evidence
of nonlinear associations (Table 1). For >60days
after catheterization, the final model selected
(Table 1, Supplemental Fig. 3) showed that increas-
ing age, male sex, increasing hemoglobin, increas-
ing red cell distribution width, increased INR, low
and high CO2, and decreasing chloride, eGFR, and
red blood cell count were significantly associated
with increased mortality risk—also with some
showing evidence of nonlinear associations
(Table 1).
Laboratory risk scores were created after multi-

plying regression coefficients and intercepts by 32
and rounding to the nearest whole number,
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yielding mostly negative values, as higher labora-
tory results were generally protective. For
�60days after catheterization, increasing lab risk
score quintile was significantly associated with
greater age and modified 5-unit Duke severity
score, as well as greater prevalence of renal dis-
ease, hypertension, type 2 diabetes, prior MI,
STEMI or NSTEMI diagnoses, congestive heart fail-
ure, and low ejection fraction (<50%) (Table 2). It
was also associated with a greater proportion of
missing ejection fraction and higher emergency or
urgent priority for catheterization. Conversely, in-
creasing lab risk score quintile was associated
with lower BMI and proportions of men, current
smokers, hyperlipidemia, family history of heart
disease, and planned catheterization. (Table 2) For
>60days after catheterization, trends were identi-
cal for increasing lab risk score except for prior
smoking (increasing prevalence), STEMI (decreas-
ing prevalence), and emergency priority for cathe-
terization (decreasing prevalence). Trends were
identical in the Edmonton data set except for BMI
(no relationship at �60days of follow-up), hyper-
lipidemia (increasing prevalence at >60days

follow-up), NSTEMI (no relationship), urgent cathe-
terization (decreasing prevalence at <60days
follow-up), and planned catheterization (increas-
ing prevalence at >60days follow-up) (see
Supplemental Table 2).
Lab risk scores had good discrimination and

calibration (Table 3), which did not change
substantially during internal validation.
Although risk scores initially overestimated risk
by 11%–16% in the Edmonton data set, this pro-
portion was reduced through recalibration to
2%–5% (28).
Increasing lab risk score quintile was signifi-

cantly associated with increased risk of death
(Fig. 1). Lab risk scores in the top quintiles were
associated with 29- to 40 times greater odds of
death. Adjusting for demographic and clinical risk
factors weakened relationships by 60%–86%;
however, associations remained significant (Fig. 1).
Similar results were observed in the Edmonton
data set (data not shown).
In a data set containing both Calgary and

Edmonton data (adjusted for each site), lab risk
scores were significantly more strongly associated

Table 3. Internal and external validation of lab risk scores.

Original model
(Calgary)

Internal validation
(Calgary)a

External validation (Edmonton)

Original Recalibrated

�60 days after catheterization

C statistic 0.85 0.85 (0.01) 0.82

Calibration slope 1.00 1.01 (0.03) 1.16 1.05

Calibration slope P value 0.99 0.55 (0.24) 0.01 0.18

Intercept 0.00 0.00 (0.00) 0.00 0.00

Intercept P value 1.00 0.75 (0.19) 0.06 0.38

>60 days after catheterization

C statistic 0.80 0.80 (0.01) 0.80

Calibration slope 0.99 0.99 (0.01) 1.11 1.02

Calibration slope P value 0.74 0.71 (0.17) 0.00 0.06

Intercept 0.00 0.00 (0.00) 0.00 0.00

Intercept P value 0.83 0.80 (0.12) 0.01 0.18

aMean (SD) optimism-adjusted C statistics are shown for 100 bootstrap samples.

ARTICLE Lab Risk Scores vs Conventional Risk Factors

...................................................................................................

624 JALM | 616–630 | 05:04 | July 2020

D
ow

nloaded from
 https://academ

ic.oup.com
/jalm

/article/5/4/616/5815232 by guest on 09 April 2024

/article-lookup/doi/10.1093/jalm/jfaa008#supplementary-data


with mortality at �60days after catheterization
among patients who were free of renal disease,
prior MI, or congestive heart failure (see
Supplemental Table 3). Lab risk scores were more
strongly associated with mortality >60days after
catheterization among patients free of type 2 dia-
betes or congestive heart failure or those who had
NSTEMI or were above the median age (63 years)
(Supplemental Table 3).
Compared with demographic and clinical risk fac-

tors, lab risk scores alone had slightly better dis-
crimination in both follow-up periods and data sets
except for �60days in Calgary (Table 4). Calibration
slopes for lab risk scores were within 3% of those
for demographic and clinical risk factors. Models
containing all predictors had the best discrimina-
tion and had calibration slopes that were almost
universally the highest. (Table 4). Furthermore,

addition of lab risk scores to the models signifi-
cantly improved fit by the likelihood ratio test.
Compared with demographic and clinical risk fac-

tors, lab risk scores appropriately reclassified 11%–
20% of deaths in Calgary and Edmonton to higher
risk categories at both follow-up periods and 6%–9%
of survivors to lower risk categories >60days after
catheterization (Table 5, Supplemental Tables 4–6).

DISCUSSION

In patients undergoing their first coronary cathe-
terization in 2 large urban centers, risk scores based
on simple laboratory tests, age, and sex classified
patient risk nearly as well a combination of demo-
graphic and clinical risk factors but improved risk es-
timation when used with them. Lab risk scores

Fig. 1. Lab risk score quintiles and mortality risk in the Calgary (development) data set. Number of
deaths/survivors in each quintile, �60 days: Q1, 4/2881; Q2, 6/2699; Q3, 18/2803; Q4, 30/2825; Q5, 158/
2495; >60 days: Q1, 24/2730; Q2, 61/2803; Q3, 86/2723; Q4, 208/2517; Q5: 562/2205. Demographic and clin-
ical risk factors: age, sex, BMI, smoking status, renal disease, hypertension, hyperlipidemia, type 2 dia-
betes, family history of heart disease, prior MI, congestive heart failure, whether ejection fraction was
measured, ejection fraction (<20%, 20%–34%, 35%–50%, >50%), NSTEMI, STEMI, modified 5-unit Duke se-
verity score, and catheterization priority. Each series exhibited a significant (P <0.01) positive linear
trend between lab score quintile and log-odds of each outcome.
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Table 4. Lab risk scores vs demographic and clinical risk factors.a

Lab risk
score

Demographic
and clinical
risk factors

Lab risk score 1
demographic and

clinical risk factorsb

�60 days after catheterization

Calgary C statistic (95% CI) 0.85 (0.82–0.88) 0.89 (0.87–0.91) 0.91 (0.89–0.93)

Calibration slope (P value) 1.00 (0.86) 1.00 (0.27) 1.00 (0.88)

Calibration intercept (P value) 0.0 (0.99) 0.00 (0.60) 0.00 (0.95)

Edmonton (recalibrated) C statistic (95% CI) 0.81 (0.78–0.83) 0.80 (0.77–0.83) 0.84 (0.81–0.86)

Calibration slope (P value) 1.05 (0.78) 1.02 (0.64) 1.04 (0.38)

Calibration intercept (P value) 0.00 (0.99) 0.00 (0.77) 0.00 (0.62)

>60 days after catheterization

Calgary C statistic (95% CI) 0.80 (0.78–0.81) 0.78 (0.76–0.80) 0.82 (0.81–0.84)

Calibration slope (P value) 0.99 (0.79) 1.00 (0.98) 1.00 (0.92)

Calibration intercept (P value) 0.00 (0.85) 0.00 (0.99) 0.00 (0.95)

Edmonton (recalibrated) C statistic (95% CI) 0.79 (0.78–0.81) 0.78 (0.76–0.80) 0.82 (0.80–0.83)

Calibration slope (P value) 1.02 (0.06) 1.03 (0.27) 1.00 (0.98)

Calibration intercept (P value) 0.00 (0.99) 0.00 (0.43) 0.00 (0.99)

aSample size and number of deaths varied across models because of missing demographic and clinical data. A calibration slope close to 1.0 and
intercept close to 0 were desirable. Demographic and clinical risk factors were age, sex, BMI, smoking status, renal disease, hypertension, hyperlip-
idemia, type 2 diabetes, family history of heart disease, prior MI, congestive heart failure, whether ejection fraction was measured, ejection fraction
(<20%, 20%–34%, 35%–50%, >50%), NSTEMI, STEMI, modified 5-unit Duke severity score, and catheterization priority. Lab risk scores calculated in
the Edmonton data set were recalibrated.
bModels containing the lab risk score in addition to demographic and clinical risk factors fit data significantly better than demographic and clinical
risk factors alone according to the likelihood ratio test.

Table 5. Net reclassification improvement (NRI) of mortality risk by lab risk scores vs demographic and
clinical risk factors.a

NRI for deaths,% NRI for survivors, % Overall NRI

�60 days after catheterization

Calgary 14.0 0.14 0.14

Edmonton (recalibrated) 20.3 �0.55 0.20

>60 days after catheterization

Calgary 14.1 5.9 0.20

Edmonton (recalibrated) 11.0 9.3 0.20

aDemographic and clinical risk factors were age, sex, BMI, smoking status, renal disease, hypertension, hyperlipidemia, type 2 diabetes, family his-
tory of heart disease, prior MI, congestive heart failure, whether ejection fraction was measured, ejection fraction (<20%, 20%–34%, 35%–50%,
>50%), NSTEMI, STEMI, modified 5-unit Duke severity score, and catheterization priority. Lab risk scores calculated in the Edmonton data set were
recalibrated.
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generally had stronger associations with mortality
among patients with fewer comorbid conditions.
Mortality risk scores such as the Global Registry

of Acute Coronary Events (GRACE) are recognized
in treatment guidelines for patients presenting
with acute coronary syndromes (1–5). C statistics
for these scores are typically >0.8 for assessing
short-term (e.g., <30-day) risk but rely mostly on
clinical characteristics, which can take significant
time and effort to assess, and some may not be
objective (31). Although some scores contain lim-
ited laboratory data such as cardiac markers (e.g.,
troponin) (1, 3, 4) and markers of kidney function
(creatinine), tests such as the CBC and electrolytes
are not included. Simple tests such as a CBC can
provide information on inflammation, infection,
anemia, and hemostasis, whereas an electrolyte
panel provides information on water balance,
acid–base status, and renal function (32). Other
tests such as INR provide further information on
hemostasis, and eGFR allows chronic kidney dis-
ease to be staged. As such, risk scores based on
simple laboratory data can stratify patient mortal-
ity risk equally well (C¼0.8–0.9) (19, 20, 33) but are
more conveniently calculated in laboratory infor-
mation systems and are based on objective and
precise assessments.
Some of the most well-known laboratory data–

based risk scores have been developed by
Intermountain Healthcare and have C statistics of
0.8–0.9 for predicting short- and long-term mortality
in a variety of patients (19, 20). These scores contain
components of the CBC and complete metabolic
panel (sodium, potassium, bicarbonate, calcium, glu-
cose, and creatinine) as well as age and sex.
Although C statistics are similar in different popula-
tions, calibration has not been reported. Calibration
is particularly important because risk scores may
correctly rank patient risk but incorrectly estimate
actual risk. Similarly, risk reclassification, which meas-
ures prognostic ability above and beyond conven-
tional risk factors, has not been reported. All metrics
are needed to define practical utility (34).

In our study, lab risk scores measured before cath-
eterization were significantly associated with mortal-
ity risk and were similar (C 6 0.03) in their ability to
discriminate between deaths and survivors in both
development and validation data sets. Lab risk
scores were similarly calibrated to actual risk in the
validation data set after a recalibration procedure re-
duced risk overestimation. Interestingly, individuals in
the validation data set had a higher mortality rate,
likely related to a higher prevalence of serious condi-
tions (e.g., renal disease, smoking, NSTEMI and
STEMI) that resulted in more urgent procedures.
Although lab risk scores were strongly associ-

ated with outcomes, associations were attenuated
but remained significant after adjusting for demo-
graphic and clinical risk factors. This finding con-
firms that lab risk scores capture some
independent information about risk. However,
this may be partially due to imperfect measure-
ment and overly simplistically representation
(presence vs absence) of some clinical risk factors.
In support of these findings, lab risk scores im-

proved risk prediction of 11%–20% of deaths in
both follow-up periods when considered in addi-
tion to demographic and clinical risk factors. Risk
prediction slightly improved among patients who
survived; however, this was only over follow-up
>60days. Our findings indicate that lab risk scores
improve risk assessment of catheterization
patients and could even replace some conven-
tional assessments. Interestingly, we found that
associations were attenuated in the presence of
several serious conditions, and that attenuation
may reduce the predictive power of lab risk scores
in part because they affect mortality risk through
different pathways (e.g., increased plaque bur-
den). Another possibility is that they drive changes
in laboratory parameters within the risk scores
themselves, reducing score variability and attenu-
ating associations. The strengthening of lab risk
score associations among patients with NSTEMI
was unexpected but may reflect the smaller initial
effect of incomplete coronary artery blockage,
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leaving other important effects to be detected in
tests that are part of lab risk scores.
Despite our findings, it is unclear how clinicians

should respond to an elevated lab risk score other
than by increasing vigilance and initiating earlier
and more aggressive “usual” therapies. Conversely,
patients with lower risk scores could be treated
more conservatively. In a pilot implementation of
the Intermountain risk score combined with data
from dictated reports, heart failure patients identi-
fied as high risk were entered into a care pathway
with enhanced assessment, home care, and close
follow-up, which lowered 30-day mortality risk by
69% after adjusting for age and sex (35). It is
unclear whether a similarly effective pathway could
be implemented for patients undergoing coronary
catheterization.
Our study has some strengths. First, we utilized

a long-running registry of all coronary catheteriza-
tion patients in a large region (Alberta, Canada) to
develop strongly predictive risk scores based on
simple laboratory data. Second, we used the ro-
bust group LASSO selection method to identify
clusters of laboratory variables while accounting
for nonlinear associations. Third, we developed and
validated risk scores within different geographic
areas, which enhanced generalizability. Fourth, we
tested for interactions of scores with conventional
risk factors and quantified additional predictive
power gained by using them. Fifth, we used labora-
tory tests from a narrow window immediately pre-
ceding first catheterization; this approach
eliminates the effect of catheterization itself and
reduces the impact of other therapies that could
be initiated following previous catheterizations.
Our study also has some limitations. The most sig-

nificant is its observational design. We could not con-
trol when and what tests were ordered for
catheterization patients, which led to missing data
and some bias. Patients in Calgary without complete
laboratory data were more likely to undergo emer-
gency catheterization for STEMI, whereas those in
Edmonton were more likely to undergo planned

(scheduled in advance) catheterization for non-MIs.
Because the reason behind these practice differen-
ces is not described by our data, using multiple im-
putation to re-generate missing laboratory data may
lead to further bias (36). Therefore, we performed
complete case analysis and recalibrated scores de-
veloped in Calgary for use in Edmonton. As such,
prospective implementation of scores may require
temporal validation and recalibration. We also could
not determine whether lab risk scores were causally
related to mortality risk, markers of underlying causal
conditions, or reflective of medical management,
which could explain U-, L-, or J-shaped associations
between individual laboratory tests and mortality
risk. However, because lab risk scores have been suc-
cessful in improving patient outcomes, the exact
causal relationships may be irrelevant. Second, we
used a relatively small number of laboratory tests as
candidate predictors, and this may have limited pre-
dictive power. However, considering a greater num-
ber of rarer tests would have reduced the sample
size and generalizability of our study. Third, clinical
variables evaluated in the models were dichotomized
and could not capture the full spectrum of disease
states (e.g., hypertension vs blood pressure; hyperlip-
idemia vs LDL [low-density lipoprotein] cholesterol).
However, clinicians routinely consider comorbidities
as either present or absent during clinical risk assess-
ments. Fourth, we did not contrast lab risk scores
with clinical prognostic scores such as GRACE mainly
because of missing data needed to compute these
scores. Finally, we could not use proportional haz-
ards modeling because the assumption of propor-
tional hazards was violated for several analyses.

CONCLUSIONS

In 2 populations of patients undergoing their first
coronary catheterization, risk scores based on sim-
ple laboratory tests yielded predictive power similar
to conventional risk factors and improved identifica-
tion of high-risk patients as well as some low-risk
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patients. Lab risk score associations were some-
what attenuated among patients with comorbid-
ities. Our findings support the use of lab risk scores
in patients undergoing coronary catheterization.
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