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Pulmonary-Specific Intermountain Risk Score Predicts All-Cause
Mortality via Spirometry, the Red Cell Distribution Width, and Other

Laboratory Parameters
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BACKGROUND: Pulmonary function testing parameters predict cardiovascular and mortality
outcomes. Previously, risk scores were created using the basic metabolic profile and complete blood
count, including the Intermountain Risk Score (IMRS). This study sought to develop similar pul-
monary-specific risk scores for mortality prediction. METHODS: Subjects evaluated by spirometry
at 5 Intermountain Healthcare hospitals (females: » = 2,943; males: n = 2,495) were randomly
assigned to risk score derivation (70% of subjects) or an independent validation set (the remaining
30%). Sex-specific scores used spirometry, age, and metabolic and blood count laboratory data. Cox
regression 3-coefficients formed the basis of risk score weightings. RESULTS: Among females,
pulmonary IMRS was strongly associated with 5-y mortality in the validation set (hazard ra-
tio = 1.24 per +1 risk score, CI 1.16-1.33, P trend < .001), with C-statistics of C = 0.835 and
C = 0.757 for derivation and validation, respectively. Among males, validation results were simi-
larly significant (hazard ratio = 1.20 per +1 risk score value, CI 1.11-1.28, P trend < .001), with
C = 0.755 and C = 0.699 in derivation and validation sets, respectively. Results were stronger for
pulmonary basic metabolic profile risk score, with females having C = 0.815 (derivation) and
C = 0.806 (validation), whereas males had C = 0.734 and C = 0.731. CONCLUSIONS: Pulmonary-
specific IMRS and pulmonary-specific basic metabolic profile risk score provided excellent dis-
crimination of mortality among pulmonary subjects. These risk stratification tools combine famil-
iar, relatively inexpensive, commonly-measured, standardized laboratory parameters with
spirometry data. They may be electronically calculated and delivered at the point of care, providing
meaningful risk information to assist clinicians in patient evaluations. Key words: red cell distribution
width; RDW, pulmonary function test; clinical decision rule; clinical prediction rule; Intermountain Risk

Score; IMRS. [Respir Care 0;0(0):1—=. © 0 Daedalus Enterprises]

Introduction

Pulmonary function testing (PFT) is an essential tool for
the diagnosis and management of patients with respiratory
disease. The most commonly-performed and clinically-
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useful pulmonary function test is spirometry, which mea-
sures the FVC, FEV,, and FEV /FVC. Although required
for diagnosing and staging COPD,! FVC and FEV, also
predict cardiovascular and all-cause mortality.?3
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Previously, the Intermountain Risk Score (IMRS) was
created among general medical patients using the basic
metabolic profile (BMP) and the complete blood count
(CBC).* IMRS stratified mortality in other general medi-
cal patients, low-risk NHANES (National Health and Nu-
trition Examination Survey) III participants, and higher-
risk coronary angiography patients.* IMRS research led to
the discovery that the red cell distribution width (RDW)
predicts mortality.#-¢ IMRS also predicts common morbid-
ity end points that lead to mortality, including COPD.°

The finding that IMRS is associated with COPD raised
the questions of whether IMRS, its components, or a re-
derivation of IMRS that integrated PFT variables could
predict mortality in a pulmonary population. Given the
lesser ability of IMRS to predict mortality in coronary
angiography patients compared with general medical pa-
tients,* it is expected that a risk score integrating PFT-
specific data will better predict risk. To determine whether
the PFT data elements and re-derived risk values for the
CBC and BMP predict mortality in a pulmonary disease
population of individuals undergoing spirometry, this study
created and tested new pulmonary-specific Intermountain
Risk Scores (pIMRS) for mortality.

Methods
Study Population

Subjects evaluated by PFT between October 2002, and
October 2011, at 5 urban hospitals in the Salt Lake valley
of Utah were considered for inclusion in this study. These
hospitals where PFT was routinely performed included
Intermountain Medical Center, LDS Hospital, Cottonwood
Hospital, Alta View Hospital, and Riverton Hospital. Sub-
jects met inclusion criteria if they were 18 y of age or older
and had data for spirometry variables available. Subjects
were excluded from the study if their PFT was performed
for the purpose of a research protocol; if unique identify-
ing information in the electronic PFT database was miss-
ing or incorrect; if measured values were extreme and
likely erroneous: forced expiratory time (FET,yyq) Was

< 6.0 s (a major data quality indicator)” or FVC or FEV,

were > 140% of predicted (using NHANES III reference
values)?; or if subject age, sex, body mass index, FVC,
FEV,, or BMP data were not available. This study was
approved by the Intermountain Healthcare Urban Central
Region institutional review board (1017618).

Subjects were divided randomly into derivation and val-
idation populations using a long-period Mersenne Twister,
with 70% of the subjects (females: n = 2,056; males:
n = 1,754) included in the derivation sample. Those 70%
were evaluated to derive sex-specific risk scores using the
FVC (or FEV, or FEV /FVC), body mass index, age, and
the CBC and BMP parameters. The other 30% of PFT
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QUICK LOOK

Current knowledge

Pulmonary function testing (PFT) parameters predict
cardiovascular and mortality outcomes in patients with
respiratory disease. The Intermountain Risk Score
(IMRS) was developed using basic metabolic profile
and complete blood count to predict outcomes in gen-
eral medical patients. The IMRS also predicts common
morbidity end points that lead to mortality in chronic
lung disease.

What this paper contributes to our knowledge

Pulmonary disease-specific risk scores that employ PFT,
the basic metabolic profile, and complete blood count
were highly predictive of mortality and provided good
discrimination of risk among subjects undergoing PFT.
The IMRS was easy to compute using electronic med-
ical records and relatively-inexpensive parameters. This
simple tool provided clinically-relevant information in
the form of prognostic clinical risk stratification in sub-
jects being evaluated for pulmonary disease.

subjects were held aside as an independent replication set
for validating the risk scores (females: n = 887, males:
n = 741). Sex-specific modeling was used as per prior
evidence in IMRS that showed substantial differences by
sex in risk models,* and because sex-stratification is a
standard in the field.®

Study Variables

The first available PFT measurements were utilized as
the baseline time point of study entry, with subject age
calculated at that time. CBC and BMP laboratory tests
performed within 3 months before the PFT or 1 month
afterwards were utilized. Missing PFT or other data re-
sulted in the exclusion of subjects with missing data. PFT
was performed using the SensorMedics diagnostic system
(SensorMedics, Yorba Linda, California), and data were
extracted electronically from each machine using the VMax
program (CareFusion, San Diego, California). All testing
was performed by a certified pulmonary function techni-
cian using American Thoracic Society acceptability and
repeatability criteria.” PFT data that were extracted from
the PFT results included FVC percent predicted values,
FEV, percent predicted, FEV,/FVC percent predicted, and
body mass index. NHANES III reference values for spi-
rometry were used.®

CBC parameters were measured using a clinical labo-
ratory method (Beckman Coulter, Hialeah, Florida). CBC
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Table 1.  Baseline Characteristics of the Derivation and Validation Groups
Females Males
Characteristic

Derivation Validation P Derivation Validation P
Age (y) 594 =154 58.6 = 14.9 18 60.2 = 15.2 60.5 = 15.0 .63
BMI (kg/m?) 31.6 = 8.8 314 +94 .65 30.5 £ 6.9 306 7.0 73
FVC (% predicted) 90.5 = 18.1 91.0 = 19.1 57 88.1 = 18.8 89.4 = 19.7 11
FEV, (% predicted) 86.6 = 22.6 86.5 = 23.5 .93 82.7 £234 84.3 £23.6 13
FEV,/FVC ratio 70.8 £ 11.5 70.7 = 11.4 .88 66.9 = 12.9 67.2 = 12.6 .58
Sodium 139.4 £ 3.1 139.6 £ 3.0 .09 139.5 =33 139.7 = 3.0 31
Potassium 4.20 = 0.44 4.19 = 0.46 .36 4.28 = 0.45 4.31 =048 .14
Bicarbonate 26.7 =34 26.8 =33 .55 26.7 = 3.1 26.5 3.2 25
Calcium 9.26 = 0.57 9.23 = 0.58 .23 9.12 = 0.59 9.15 = 0.57 21
Glucose 102.3 = 36.7 1045 £42.4 12 108.2 = 43.0 105.0 = 39.8 .07
Creatinine 0.93 £ 0.53 0.93 = 0.54 .88 1.18 £ 0.71 1.16 = 0.57 43
BUN 18.1 £9.8 17.8 2 9.3 .39 20.6 = 11.0 20.2 = 10.7 .38
Chloride 103.4 = 4.0 103.5 = 4.0 .70 103.5 = 4.1 103.8 = 4.0 .035
Hematocrit 38752 39.0 =53 .38 41.1 £ 6.6 40.6 = 6.7 22
Hemoglobin 13.1 = 1.8 13.1 = 1.8 .86 140 =22 13.8 223 .19
RBC count 429 £ 0.61 435 £0.62 .09 451 £0.76 4.48 £ 0.80 .53
WBC count 7.89 £4.52 7.98 + 3.96 71 7.90 = 4.23 8.14 = 3.65 32
Platelet count 252 = 96 253 =95 .92 209 + 88 216 = 84 18
MCV 90.7 = 6.7 90.0 = 6.6 .08 91.5*+6.8 91.1 6.7 .35
MCH 30.7 = 2.6 303 £2.6 .009 31.1 £2.6 309 = 2.6 .29
MCHC 33.8 £0.9 336 1.0 <.001 340 =09 33909 .50
RDW (%) 15125 152 =26 .54 154 =25 151 =24 12
MPV 8.07 = 1.04 8.10 = 1.06 .58 8.06 = 1.07 7.99 £ 1.01 27

BMI = body mass index

BUN = blood urea nitrogen

MCV = mean corpuscular volume

MCH = mean corpuscular hemoglobin

MCHC = mean corpuscular hemoglobin concentration
RDW = red cell distribution width

MPV = mean platelet volume

components evaluated were hematocrit, hemoglobin, red
blood cell count, mean corpuscular volume, RDW, platelet
count, mean platelet volume, mean corpuscular hemoglo-
bin, mean corpuscular hemoglobin concentration, and total
white blood cell count. BMP testing used the Vitros 950
(Ortho Clinical Diagnostics, Rochester, New York) and its
components included: sodium, potassium, chloride, bicar-
bonate, blood urea nitrogen, creatinine, glucose, and cal-
cium. CBC and BMP data were extracted electronically
from the Intermountain Healthcare electronic data ware-
house, as were subject age and sex. Race data were avail-
able for 23% of subjects.

Study Outcomes

The primary end point for which pIMRS was derived
was all-cause mortality at up to 5 y of follow-up. Five-year
mortality was selected because the majority of spirometry
testing is performed among lower-risk out-patients at the 5
hospitals included in the study. Mortality was determined
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using local Intermountain electronic medical records, Utah
State Health Department electronic death certificates, and
the national United States Social Security death master
file, with deaths recorded through December 2011. Sub-
jects who were reported deceased by one or more sources
were considered deceased.

A secondary study outcome was admission to one of
Intermountain Healthcare’s 22 hospitals in Utah, which
was determined by electronic query of a central electronic
data warehouse. No risk score was derived for risk of
hospital admission, but the mortality risk scores were ap-
plied to this outcome to determine whether they also pre-
dicted hospital admission.

Statistical Considerations
For risk scoring methods, see the supplementary mate-
rial (available at http://www.rcjournal.com). The receiver

operating characteristic curve was used to determine the
C-statistic from pIMRS for both the derivation and vali-

3

Copyright (C) 2015 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



RESPIRATORY CARE Paper in Press. Published on April 14, 2015 as DOI: 10.4187/respcare.03370
PULMONARY-SPECIFIC INTERMOUNTAIN RISK SCORE

Table 2.
Study Covariables)

The Association in the Derivation Set of FVC, FEV,, and FEV,/FVC With Mortality in Separate Cox Models (Adjusted for the Other

Females Males
PFT Characteristic
Hazard Ratio (95% CI) P Hazard Ratio (95% CI) P
FvC
Quintile 1 3.82 (1.98-7.36) <.001 2.32(1.44-3.74) .001
Quintile 2 2.40 (1.19-4.82) .014 1.24 (0.74-2.06) 42
Quintile 3 1.99 (0.99-4.01) .054 1.29 (0.77-2.13) .33
Quintile 4 1.69 (0.79-3.59) 18 1.05 (0.61-1.81) .86
Quintile 5 1.0 NA 1.0 NA
FEV,
Quintile 1 3.50 (1.80-6.81) <.001 2.62 (1.56-4.39) <.001
Quintile 2 2.26 (1.14-4.50) .020 1.54 (0.89-2.67) 12
Quintile 3 1.80 (0.88-3.67) A1 1.39 (0.80-2.41) 25
Quintile 4 1.71 (0.83-3.55) 15 1.49 (0.86-2.60) .16
Quintile 5 1.0 NA 1.0 NA
FEV,/FVC
Quintile 1 2.19 (0.85-5.65) .10 1.83 (0.84-3.99) 13
Quintile 2 1.71 (0.64-4.58) 28 1.58 (0.72-3.46) 25
Quintile 3 1.64 (0.58-4.68) .35 1.24 (0.53-2.92) .62
Quintile 4 1.68 (0.65-4.33) 28 1.84 (0.85-3.96) 12
Quintile 5 1.0 NA 1.0 NA

*See Table S1 for quintile thresholds (in supplementary materials available at http://www.rcjournal.com).

PFT = pulmonary function testing
NA = not applicable

dation populations to evaluate and compare the predictive
ability in and between both subject sets. Kaplan-Meier
survival curves were used to graphically evaluate the as-
sociation of pIMRS with 5-y all-cause mortality in deri-
vation and validation sets, and the log-rank statistic was
computed to evaluate the trend in mortality risk across
PIMRS risk strata. Cox regression was used to compute
hazard ratio and 95% CI values for the association of
pIMRS with 5-y all-cause mortality.

These methods for C-statistic calculations and survival
analyses were also used to evaluate 1-y hospital admission
after PFT and 1-y mortality. Similarly, the methods were
also used to evaluate the association and predictive ability
of the pulmonary-specific BMP risk score (pBRS) and the
original IMRS with 5-y all-cause mortality in the deriva-
tion and validation PFT population sets. IMRS for 5-y
mortality was computed as described by Horne et al.*

Descriptive data are summarized as the mean * SD for
continuous variables and frequencies for discrete data. Sim-
ple comparisons utilized Pearson chi-square statistic or
Student 7 test. All analyses were performed using SPSS 21
(SPSS, Chicago, Illinois) and used 2-tailed P values with
.05 as the threshold for statistical significance.

Results

Females averaged 59.4 = 15.4 and 58.6 = 14.9 y of age
in the derivation and validation population sets, respec-
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tively, and males were 60.2 = 15.2 and 60.5 = 15.0 y of
age, respectively. Other baseline characteristics are shown
in Table 1. PFT and BMP data were available for 2,056
females and 1,754 males in the derivation set, and for 887
females and 741 males in the validation set. CBC data
were only available on about half of the subjects 993 fe-
males and 847 males in the derivation set; 432 females and
359 males in the validation set). Race was available for
23% of subjects, with the distribution being 1.0% African-
American, 2.6% Asian, 0.2% Native American, 3.3% His-
panic, and 92.9% white.

Among females, FVC and FEV, predicted mortality,
with a weak association for FEV,/FVC (Table 2). For
males, FVC, FEV,, and FEV,/FVC also were associated
with mortality risk (Table 2). Because FVC showed the
strongest association with mortality in females and the
FVC and FEV, associations were of similar magnitude in
males (Fig. 1), FVC was chosen as the primary PFT mea-
sure of interest for risk score creation.

Risk Score Derivation

For results of the risk score derivations, see the supple-
mentary material (available at http://www.rcjournal.com).
The median and range of each risk score are provided in
Table 3. Among females in the derivation set, pIMRS and
pBRS had C-statistics > 0.80, whereas C-statistics for the
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Fig. 1. Kaplan-Meier survival curves for the association of quintiles
of FVC (A, C) and FEV, (B, D) with mortality among females (A, B)
and males (C, D), with all P values having P trend < .001.
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risk scores in males were 0.73—0.76 (Table 3). The C-sta-
tistics for both pulmonary-specific scores were greater than
those for the original IMRS.

Both risk scores were strongly associated with mortality
in females (pIMRS: hazard ratio = 1.51 per +1 risk score
value, CI 1.40-1.62, P trend < .001; pBRS: hazard ra-
tio = 1.58 per +1 score, CI 1.48-1.69, P trend < .001).
The associations were also strong in males (pIMRS: haz-
ardratio = 1.33 per + 1 score, C11.26—1.39, Ptrend < .001;
pBRS: hazard ratio = 1.41, CI 1.33-1.48, P trend < .001).

Validation Population Set

The medians and ranges of the risk scores in the vali-
dation set are shown in Table 3, along with the sample
sizes and mortality data for females and males. Table 3
also contains the C-statistic data for pIMRS and pBRS.
Both risk scores were associated with 5-y mortality in
females (pIMRS: hazard ratio = 1.24 per +1 risk score
value, CI 1.16-1.33, P trend < .001; pBRS: hazard ra-
tio = 1.48 per +1 risk score value, CI 1.35-1.63, P
trend < .001), and in males (pIMRS: hazard ratio = 1.20
per +1 risk score value, CI 1.11-1.28, P trend < .001;
pBRS: hazard ratio = 1.34 per +1 risk score value, CI
1.23-1.46, P trend < .001).

Evaluations of mortality using quartiles are shown in
survival curves in Figure 2 for pIMRS and Figure 3 for
pBRS (for the original IMRS, see Fig. S1 in the supple-
mentary material). For females, the mortality association
was hazard ratio = 2.30 per quartile for pIMRS (CI 1.66—
3.20, P trend < .001) and hazard ratio = 3.36 per quartile
for pBRS (CI 2.35-4.82, P trend < .001). Among males,
the quartile associations with mortality were hazard ra-
tio = 2.11 per quartile for pIMRS (CI 1.60-2.79, P
trend < .001) and hazard ratio = 2.05 per quartile for
pBRS (CI 1.61-2.60, P trend < .001).

High sensitivity (93-99% for females and males) was
found for the comparison of quartiles 2—4 to quartile 1 for
pBRS and pIMRS, whereas specificity was respectable at
76—-80% for both sexes in the comparison of quartile 4 to
quartiles 1-3 of either risk score. The strongest result for
predictive values, however, was consistently the negative
predictive value, which was 97-99% for pBRS and 93—
97% for pIMRS among females, whereas males had neg-
ative predictive value = 92-99% for pBRS and negative
predictive value = 89-95% for pIMRS in the comparison
of any combination of quartiles (quartile 4 vs 1-3, 3—4 vs
1-2, or 2-4 vs 1).

For stratified risk score results based on the Global Ini-
tiative for Chronic Obstructive Lung Disease (GOLD)
stages, see the Supplemental Results and Figures S2 and
S3 (available in the supplementary material at http://
www.rcjournal.com). Stratified analyses were also per-
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Table 3. Risk Score Results for 5-y All-Cause Mortality

Population Sample Size (n) Iale?;: ; ’ M;zlllll; flcizrnege) C-statistic
All subjects
Pulmonary BMP risk score (laboratory panel: BMP only)
Females
Derivation 2,056 141 (6.9) 9 (0-18) 0.82*
Validation 887 70 (7.9) 9(1to17) 0.81*
Males
Derivation 1,754 212 (12.1) 5(0-13) 0.73%*
Validation 741 75 (10.1) 5(0-13) 0.73%*
Subjects with a CBC panel
Pulmonary IMRS (laboratory panels: BMP and CBC)
Females
Derivation 993 96 (9.7) 19 (5-28) 0.84*
Validation 432 49 (11.3) 19 (8-33) 0.76*
Males
Derivation 847 136 (16.1) 11 (2-22) 0.76*
Validation 359 56 (15.6) 11 (2-24) 0.70*
Pulmonary BMP risk score (laboratory panel: BMP only)
Females
Derivation 993 96 (9.7) 9 (1-16) 0.79%
Validation 432 49 (11.3) 9 (1-16) 0.82%
Males
Derivation 847 136 (16.1) 5(0-13) 0.70*
Validation 359 56 (15.6) 5(0-13) 0.68*
Original IMRS (laboratory panels: BMP and CBC)¥
Females
Derivation 993 96 (9.7) 14 (-3 to 28) 0.72%
Validation 432 49 (11.3) 13 (-1to027) 0.77*
Males
Derivation 847 136 (16.1) 12 (1-24) 0.66*
Validation 359 56 (15.6) 11 (1-23) 0.67*

Risk scores are given for all subjects in the study, and for subjects with a CBC available. All pulmonary risk scores used subject age decade, FVC percent predicted, and BMI, in addition to the
indicated laboratory panels (the original IMRS used age decade only in addition to the 2 laboratory panels).

#P < .001.

7See Horne et al.*

BMP = basic metabolic profile
CBC = complete blood count
IMRS = Intermountain Risk Score
BMI = body mass index

formed based on low (< median) and high (= median)
FVC, which showed better pBRS and pIMRS stratification
among those with low FVC than high values (Fig. S4,
available in the supplementary material). Finally, results
for 1-y mortality and hospital admission end points are
provided in the Supplemental Results (available in the
supplementary material).

Among females (Fig. 4A), RDW quintile 5 versus 1 was
associated with 5-y mortality with hazard ratio = 2.12 (CI
1.13-3.98, P = .020) after full adjustment. For males (Fig.
4B), RDW quintile 5 versus 1 was also associated with
mortality (hazard ratio = 2.73, CI1 1.59-4.68, P < .001).
For further RDW-based analyses, see the supplementary
material.
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Discussion

Risk scores using PFT and laboratory variables were
highly predictive in both females and males of the risk of
future mortality. Among a large population of subjects
referred for PFT, pIMRS and pBRS predicted 5-y all-
cause mortality. In particular, these results suggest that
pBRS provides additional predictive ability beyond the
original IMRS, whereas pIMRS provides similarly-excel-
lent results but requires further evaluation.

An abundance of risk scores exists in medicine, and
more are being developed, but their implementation in
clinical practice is limited to just a few.!%-!! Risk scores
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Fig. 2. Kaplan-Meier survival curves of pIMRS quartiles among A: females (P trend < .001) and B: males (P trend < .001) in the validation
set. Quartile ranges were pIMRS = 17, 18-19, 20-22, and = 23 for females, and = 9, 10-12, 13-14, and = 15 for males. pIMRS = pul-

monary-specific Intermountain Risk Score.

that predict outcomes for patients with COPD include the
APACHE family of risk tools that predict in-hospital mor-
tality'?; the BODE (for body mass, airway obstruction,
dyspnea, exercise) index, which was derived among only
207 patients to predict mortality during a 2—4-y follow-
up'3; the simpler ADO index, which has similar prognostic
capability when compared with the BODE index!4; a COPD
exacerbations risk score for predicting mortality!>; and a
survey-based COPD severity score for predicting disease
severity, which was developed to avoid the use of PFT
data.'® Unfortunately, each of these risk models requires
manual collection and hand-entering of data that are not
standard elements in the electronic medical record or re-
quires additional testing usually reserved for higher-acuity
patients.

Because financial reimbursement is being tied to hos-
pital and clinician performance and to patients’ outcomes,
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improved but low-cost methods are needed for assessing
future risk during each patient evaluation or hospitaliza-
tion. These methods will predict future patient outcomes
well but will need to be easier to compute, less costly, and
less resource-intensive than existing tools. The original
IMRS and related scores including pIMRS and pBRS were
created with these concerns in mind.*%!7.!8 They can be
computed automatically inside the electronic medical re-
cord and delivered to a clinician at the point of care with-
out changing the care process or involving any clinician in
time-consuming data collection or risk score computations.
The CBC and BMP data are also standardized, quantita-
tive, objective measures of risk. The availability of robust
and easy to obtain risk scores may facilitate clinician ac-
ceptance and use. Furthermore, this risk information has a
low financial cost because most PFT patients also receive
the BMP and CBC laboratory panels routinely.
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Fig. 3. Kaplan-Meier survival curves of pBRS quartiles among A: females (P trend < .001) and B: males (P trend < .001) in the validation
set. Ranges of pBRS quartiles in females were = 8, 9-10, 11-12, and = 13, and for males were = 4, 5-6, 7-8, and = 9. pBRS = pul-

monary-specific basic metabolic profile risk score.

Further study is required to discover the optimal clinical
uses of these risk scores. Some potential implementations
can be envisioned, however, due to the high negative pre-
dictive value, which suggests that low-risk individuals can
be confidently given standard care and that more advanced
evaluations may be reserved for the higher-risk patients.
The risk scores may be used as quantitative, repeatable,
standardized assessments in place of clinical gestalt. For
example, clinical application of pBRS and pIMRS may
include their use as first-line screening tools to identify
higher-risk patients among whom the BODE index or other
more expensive, invasive, or time-consuming diagnostic
testing or enhanced education or consultations may be
used. In this scenario, a risk score is used to identify the
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high-risk patients so that additional resources and efforts
may be used to produce better clinical outcomes, whereas
low-risk patients are given standard care (saving both fi-
nancial costs and clinical time) because applying more
extensive testing or additional therapies to low-risk pa-
tients will likely have minimal additional benefit. That is,
for potential actions that a clinician is considering, the risk
score may be used to pursue the action in high-risk pa-
tients and to hold off in low-risk individuals when the
clinician is deciding whether the action is of value. Com-
puting the risk score multiple times as a patient’s care
progresses and providing the clinician with data showing
risk trends may be particularly useful, which was not pos-
sible in this study due to data limitations but was per-
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Fig. 4. Kaplan-Meier survival curves of RDW quintiles among A: females (P trend < .001) and B: males (P trend < .001) in all subjects
(combined population of the derivation and the validation sets). RDW = red cell distribution width.

formed in a study of IMRS wherein a second risk compu-
tation 6 months to 2 y after the first revealed that both
provided independent risk prediction information.!”

For clinical interpretation of a new patient’s risk score,
3 historical data elements are required to place it in con-
text: (1) the distribution of scores in a historical popula-
tion, and the risk level for patients of similar age and sex
who: (2) had the same score, and (3) had the lowest-risk
values for each CBC, BMP, and PFT parameter. Compar-
ing the score to such historical data aids in determining the
intensity of additional clinical actions to take. Importantly,
historical data are most applicable when they arose from a
local population.

Finally, whether pIMRS versus pBRS is chosen for use
also depends on whether CBC data are available and other
considerations. Because the scores’ derivation populations
were different, as the mortality rates demonstrate, the se-
lection of pIMRS or pBRS also depends on whether CBC
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data were collected as a routine care decision or to obtain
pIMRS. The existence of CBC data may indicate greater
pulmonary disease severity, an in-patient setting, or more
comorbidities. The generalizability of pIMRS to those who
do not receive CBC testing routinely is unknown, thus
additional CBC testing simply to obtain pIMRS is not
recommended currently.

Limitations

This study potentially includes the limitations of all ob-
servational studies, such as not measuring all important
covariables and the inability to completely remove con-
founding in complex statistical models. For example, data
on specific diagnoses of each subject, their symptoms,
socioeconomic variables, and smoking status were not
available to the study. The analysis did adjust for a pleth-
ora of variables among a large number of study subjects
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using Cox regression; thus, the results are unlikely to rep-
resent chance findings. The vast majority of subjects un-
dergoing spirometry at the hospitals included in the study
were out-patients, thus the results will apply best to those
patients. Due to racial homogeneity of the source popula-
tion, additional validation of pIMRS in other distinct pop-
ulations including among minorities is indicated (the orig-
inal IMRS validated well in external populations).*!3
The source of differences in predictive ability of pIMRS
between the derivation and validation populations is not
clear. The differences may have resulted from the smaller
sample size in which pIMRS was derived, which conveyed
a lesser ability to accurately characterize the effect of PFT,
CBC, and BMP variables. In contrast, it may reflect that
the smaller sample size of the validation population was
subject to lower risk estimate precision. Furthermore, the
subjects with CBC data were at higher risk of mortality
than the full population; thus, pIMRS may have been de-
rived among individuals with more comorbidities that com-
plicate the assessment of risk. Whatever the cause of these
differences, further validation of pIMRS is required.

Conclusions

Pulmonary disease-specific risk scores (pIMRS, pBRS)
that employ PFT, BMP, and CBC variables—including the
RDW-were highly predictive of mortality and provide good
discrimination of risk among subjects undergoing PFT.
Simple to compute using electronic medical records and
employing common, familiar, and relatively-inexpensive
parameters, these risk stratification tools provide an addi-
tional piece of clinically-relevant information in the form
of prognostic clinical risk stratification for use among pa-
tients being evaluated for pulmonary disease or respiratory
symptoms. Specifically, these tools can seamlessly pro-
vide risk information to physicians and other clinicians
without requiring those individuals to gather data or com-
pute the scores, likely resulting in greater clinical use.
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