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Abstract

Background The Laboratory-based Intermountain
Validated Exacerbation (LIVE) Score is associated with
mortality and chronic obstructive pulmonary disease
(COPD) exacerbation risk across multiple health systems.
However, whether the LIVE Score and its associated risk is
a stable patient characteristic is unknown.
Methods We validated the LIVE Score in a fourth health
system. Then we determined the LIVE Score stability in
a retrospective cohort of 98 766 patients with COPD in
►► Additional material is
four health systems where it was previously validated.
published online only. To view We assessed whether LIVE Scores changed or remained
please visit the journal online
the same over time. Stability was defined as a majority of
(http://dx.doi.org/10.1136/
surviving patients having the same LIVE Score 4 years later.
bmjresp-2019-000450).
Results The LIVE Score separated patients into three
LIVE Score risk groups of low, medium, and high mortality
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and LIVE Score stability. Mortality ranged from 6.2% for
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low-risk LIVE to 45.8% for high-risk LIVE (p<0.001). We
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found that low-risk LIVE groups were stable and high-risk
LIVE groups were unstable. Low-risk LIVE group patients
remained low risk, but few high-risk LIVE group patients
remained high risk (79.0% high vs 48.1% medium vs 8.8%
low, p<0.001 for all pairwise comparisons).
Conclusion The LIVE Score identifies three major clinically
actionable cohorts: a stable low-risk LIVE group, an
unstable high-risk LIVE group with high mortality rates, and
a medium-risk LIVE group. These observations further our
understanding of how existing data used to calculate the
LIVE Score may target interventions across risk cohorts of
patients with COPD in a health system.
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Introduction
Chronic obstructive pulmonary disease
(COPD) is a common, progressive respiratory
disease characterised by airflow obstruction.
COPD primarily impacts patients through
exacerbations that worsen quality of life,
reduce lung function, and increase healthcare utilisation.1 There is increasing recognition that multimorbidity, not just severity of
lung function, drives poor health outcomes
including mortality, COPD exacerbation
frequency, functional ability, and healthcare
utilisation among patients with COPD.1–6

Key messages
What is the key question?
►► Is the mortality risk in patients with chronic obstruc-

tive pulmonary disease (COPD), which has been
assessed by the Laboratory-
based Intermountain
Validated Exacerbation (LIVE) Score, a stable characteristic of patients, or does the LIVE Score fluctuate?

What is the bottom line?
►► The low-risk LIVE Scores are stable, meaning pa-

tients with COPD at low risk are likely to remain low
risk, while the high-risk LIVE Scores are unstable,
meaning that patients who are at high risk are likely
to die or to recover to a lower-risk LIVE Score.

Why read on?
►► Understanding the LIVE Score and its characteris-

tics in patients with COPD helps further our goal of
personalising COPD care across a health system by
harnessing routine clinical data in electronic health
records.

Pulmonary function tests (PFTs) and physiological assessment of the presence and degree
of obstruction remain the cornerstone of
COPD diagnosis1. However, dyspnoea, exercise tolerance (as in the Body-
Mass Index,
Airflow Obstruction, Dyspnea, and Exercise
Capacity [BODE] Index7), and COPD exacerbation frequency, are better predictors of
mortality and COPD exacerbation frequency
than PFTs alone, and form the basis of categorising patients with COPD in current guidelines.1 8 In addition, while dyspnoea, exercise
tolerance, and hospitalisation in patients with
COPD may be attributable to COPD, they
may also be attributable to other comorbidities, such as cardiovascular disease.
Risk stratification among patients with
COPD provides prognostic information
to patients and families. This information
can aid in shared decision making, guide
care management strategies, and help focus
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limited resources for the highest patient benefit.9 10
However, most risk scores for patients with COPD rely on
data typically unavailable for the majority of patients with
COPD, such as PFTs, dyspnoea scores or exercise tolerance.7 While integration of multimorbidity data with risk
scores has been lacking for COPD, laboratory-based risk
scores have been shown to predict mortality, heart failure
diagnosis, and 30-
day readmission in cardiovascular
patients.11–16 More recently, laboratory-based risk scores
assessing 30-day readmission risk in patients with heart
failure have been used to direct clinician management
resources.17
Our team has developed and validated the Laboratory-
based Intermountain Validated Exacerbation (LIVE)
Score in patients with a COPD diagnosis18 using clinically collected electronic health record (EHR) data.
This score has five categories of all-cause mortality risk
and COPD exacerbation risk ranging from highest
risk (LIVE 1) to lowest risk (LIVE 5). The LIVE Score
has the advantage of accounting for multimorbidities
(haemoglobin, albumin, and creatinine are among the
variables that factor into the LIVE Score), and is easily
calculated using available EHR data without additional
data entry.
The LIVE Score has been validated in over 100 000
patients from multiple health systems within USA.18
These included the National Veterans Affairs Health
System, comprising over 80 000 patients with COPD
from across USA, the University of Chicago Health
System, comprising over 2000 patients with COPD who
live in an urban area, the Northwest Kaiser Permanente
(NWKP) Health System, comprising over 17 000 patients
with COPD in north-west USA who have predominantly
employment-based insurance coverage, and over 48 000
patients from the Intermountain Healthcare system,
which includes a combination of urban and rural
patients with COPD from Utah as well as parts of Idaho,
Wyoming, and Nevada. In the same cohorts, COPD exacerbation frequency was only a fair predictor of healthcare
utilisation and all-cause mortality19
The LIVE Score and its associated mortality prediction
may be useful for clinicians, researchers and healthcare
decision makers. First, for the bedside clinician, the LIVE
Score may help identify patients with COPD who have
high mortality risk assessed beyond the severity of obstruction alone. While GOLD stage, and degree of obstruction, have been associated with COPD mortality, reliable
identification of patients with COPD at high mortality
risk due to factors beyond COPD remains a challenge.20
While patients with COPD have higher rates of heart
failure and cardiovascular comorbidities, the treatment
of cardiovascular disease in patients with COPD lags
behind treatment in the general population.21 Thus, risk
stratification for bedside clinicians using the LIVE Score
may aid in personalising the care for patients with COPD
and focusing attention on optimal therapy for COPD
alone, and improved treatment of comorbidities, especially in these highest-risk patients.
2

For the researcher, the LIVE Score provides an easy-to-
understand, reproducible tool for stratifying data sets of
patients with a COPD diagnosis. It identifies patients at
high mortality risk, and patients who have fewer comorbidities (low-risk LIVE Score) in whom COPD targeted
therapies may be most efficacious.
Finally, from a health system perspective, the LIVE
Score provides actionable data for personalised treatment of patients with COPD. While current guidelines
recommend many proven therapies for the treatment
of patients with COPD, at the bedside, for a variety of
reasons, we do not implement these recommendations
consistently. Using the LIVE Score to provide actionable
risk data, health systems can focus on improving workflows and guideline adherence for the highest yield. For
example, interventions aimed only at optimising COPD
care are likely to have limited benefit in patients in whom
the increased mortality is driven by multimorbidities.
Thus, the LIVE Score, in addition to PFT data when available, may be used to best personalise interventions in
patients with COPD.
Whether the LIVE Score, and its associated risk, is a
stable patient characteristic that identifies patients who
are high risk or low risk over years is unknown. Understanding the stability of the LIVE Score and its associated risk would further our understanding of its utility in
clinical care and population health management. In this
study, we tested whether the LIVE Score, and its associated risk, is a stable patient characteristic.
Methods
Study design and patients
This is a large, retrospective cohort study. LIVE Score
stability was assessed in patients with COPD with a calculable LIVE Score across four health systems: Intermountain Healthcare, the National Veterans Affairs Health
System, the NWKP Health System and the University
of Chicago Health System. This study was conducted in
accordance with the Declaration of Helsinki and Good
Clinical Practice guidelines.
The LIVE Score had been previously validated in three
health systems. Before assessing LIVE Score stability
across all cohorts, we validated the LIVE Score in the
fourth health system (NWKP Health System). COPD
diagnosis was defined by billing codes (Blagev et al18 and
online supplementary table 1).
Data extraction
The four health systems have different EHRs and data
warehouse architectures for electronic data extraction.
Intermountain Healthcare designed an integrated,
system-wide electronic medical record, which transitioned
to iCentra (Cerner Corp, North Kansas City, Missouri,
USA and Intermountain Healthcare, Salt Lake City,
Utah, USA) in 2017. The Veterans Affairs (VA) Health
System uses the Veterans Information Systems and Technology Architecture EHR and system. Kaiser Permanente
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and the University of Chicago Health System both use
Epic as their EHR (Epic Corp, Verona, Wisconsin, USA).
Smoking status was collected by each health system
according to workflows and is encoded in the EHR data.
These included categories of never, current, and former
smoker status. Tobacco use rates and demographics were
presented for the start of the study. Smoking rates, as with
all variables in our study, were queried from the EHR.
The Intermountain site extracted EHR laboratory,
spirometry, and professional coding data consisting of
the variables needed to calculate the LIVE Score, COPD
diagnoses, and health outcomes as previously described.18
The tables of the requested variables were available to the
research team at Intermountain (DPB, SR and DSC). VA
EHR data were extracted from the VA Corporate Data
Warehouse databases through the VA Informatics and
Computing Infrastructure (VINCI) server. VINCI is a
Health Services Research and Development resource
centre that provides researchers a nationwide view of
high-value VA patient data. Data analysis was done by SZ
and MA who had full access to the data.
NWKP employs a fully electronic medical record
using a modified Epic (Health Connect) system with a
research mechanism that is used to populate a variety of
administrative and clinical databases that are available to
investigators for use in approved research studies. These
databases are linked using the member’s unique health
record number. For this study we extracted information
on COPD-related outpatient and inpatient encounters,
demographics, spirometry and laboratory results from
the NWKP data warehouse mapped to the specifications set by the original LIVE derivation element rules
and parameters. A de-identified data set was created and
via secured data transfer, shared with Intermountain for
analyses. Data analysis was performed by DSC and DPB
who had access to the de-identified data set.
Data analysis for the University of Chicago Health
System was performed by KAC and VGP who had access
to a de-identified data set of variables needed to calculate
the LIVE Score for each year, healthcare utilisation, and
mortality. Demographics, location data, vital signs, laboratory values, interventions, medications, nurse documentation and diagnostic orders were accessed through
the Clinical Research Data Warehouse at the University
of Chicago. Data were time stamped with the time that
the data were made available in the EHR (eg, time the
laboratory results were available in the EHR).
LIVE Score validation
The LIVE Score was previously validated in three health
systems showing risk stratification for all-cause mortality,
COPD exacerbation frequency and comorbidity rates.18
The LIVE Score validation for the NWKP cohort is
reported here. Adult patients within the NWKP region
who were alive in 2013 with a COPD diagnosis and a LIVE
Score were included (online supplementary figure 1).
The COPD diagnosis in this population was defined by

encounter diagnosis codes present at least once between
2009 and 2013 (online supplementary table 1). LIVE
Scores were calculated for each patient for each year
starting in 2013 through 2016 based on laboratory values
between 2009 and the ‘current’ year of calculation. All-
cause mortality, and severe COPD exacerbation (hospitalisation and/or emergency department visit for COPD)
were assessed over the cohort (2013 to 2016). Kaplan-
Meier survival curves were calculated to evaluate time-
to-
event results for mortality and COPD exacerbation
outcomes (online supplementary methods and Blagev
et al18). All-
cause mortality, and severe COPD exacerbation (hospitalisation and/or emergency department
visit for COPD) were assessed over the cohort (2013 to
2016). Kaplan-Meier survival curves were calculated to
evaluate time-to-event results for mortality and COPD
exacerbation outcomes. In addition, Charlson Comorbidity Index22 comorbid condition rates were assessed in
the first year of the cohort (2013) for each patient and
prevalence of comorbidities was reported with descriptive statistics.23
LIVE Score stability
All patients who were alive and had a LIVE Score for
4 years were included for analysis. As previously reported,
patients with high-
risk LIVE Scores had very high
mortality.18 To avoid issues with censorship by death, we
included only patients who survived for 4 years and had
a valid LIVE Score in the stability analysis. Thus, patients
who remained alive and had a valid LIVE Score within
their health system (though not necessarily specific
hospital) were included and no additional censoring for
movement out of a health system was done. LIVE Score
stability was graphically represented following formatting
of previous graphical representations of COPD exacerbation frequency stability.24
The LIVE Score was calculated as previously described
based on laboratory data in the first year and up to 5 years
prior depending on the variable (24). We categorised the
LIVE Score in high-risk, medium-risk and low-risk LIVE
Groups based on all-cause mortality (figure 1). The decision tree as originally published18 separated patients with
COPD into five LIVE Scores based on six laboratory variables—namely the minimum haemoglobin, minimum
albumin in the previous year, the minimum potassium
in the previous year, the maximum creatinine in the
previous year, the maximum haemoglobin within the
previous year and the minimum chloride. The laboratory
values at each decision node were based on local laboratory flags of high, low, or normal, since normal ranges
can vary with laboratory equipment and analytical techniques. Thus, absolute cut-off’s for values could change
over time at the same laboratory as well as expected variation among laboratories. A sample of laboratory value
ranges for these variables from Intermountain Healthcare are presented in the online supplementary material,
table 5.
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Figure 1 LIVE Score. The LIVE Score was previously validated on a 5-point scale of highest-risk LIVE 1 to lowest-risk LIVE
5. Here we present the LIVE Score tree that categorises LIVE 1 and 2 as high-risk LIVE Score, LIVE 3 as medium risk and LIVE
4 and 5 as low risk. Laboratory cut-offs are based on categorical high/low/normal flags based on laboratory determination.
‘Ever’ variable is the minimum haemoglobin within the last 5 years. Other variables are min/max within the year. Alb, albumin;
Creat, creatinine; Hgb, haemoglobin; K, potassium; LIVE, Laboratory-based Intermountain Validated Exacerbation; min,
minimum; max, maximum.

In order to simplify the LIVE Score for bedside decision making, we divided it into three categories of high,
medium and low risk. The LIVE 1 and 2 Scores were categorised as high-risk LIVE group. LIVE 3 was categorised
as medium-risk LIVE group. LIVE 4 and 5 were categorised as low-risk LIVE group. LIVE Score stability was
determined based on the categorical LIVE groups (high,
medium, and low). A sensitivity analysis was performed to
determine whether stability results were different when
we considered the LIVE Scores 1 through 5.
A LIVE Score or LIVE risk group was considered ‘stable’
if more than half of surviving patients had the same LIVE
Score or LIVE risk group 4 years later. We used 4 years
as our definition of stability because although COPD
exacerbation frequency as a stable characteristic was
first described at 2 years,24 subsequent study in our clinical data has shown exacerbation frequency to become
a ‘stable’ characteristic only after 3–4 years.19 The LIVE
Score and LIVE risk groups were considered ‘unstable’
if the majority of patients who were alive at 4 years had
a different LIVE Score or LIVE risk group. Finally, we
created bar graphs illustrating LIVE Score stability over
the years for LIVE 1 through 5 in all four health systems.
Patients who were alive in year 1 with an existing LIVE
Score and a COPD diagnosis in each health system were
included. This figure was modelled after the stability of
COPD exacerbation frequency as previously reported by
Hurst et al.24 These graphs also include bars representing
the number of patients who died during a given year.24
Patient and public involvement
Patients and public were not involved in the design,
conduct or reporting of this trial.
4

Statistical analysis
Statistical analyses were performed using the R package
V.3.6.1 2019 (R Foundation for Statistical Computing,
Vienna, Austria) and SPSS Statistics for Windows software
V.25.0 2017 (IBM Corp. Armonk, New York, USA). We
compared proportions of stability and 4-year mortality
between LIVE risk groups (low, medium, high) and LIVE
Scores (1 through 5) using Fisher’s exact tests. Analysis
of variance was used to determine statistical significance
for continuous variables (COPD visits) and Fisher’s exact
test was used to determine statistical significance for categorical variables (mortality, transthoracic echocardiogram and chest Computed Tomography [CT]). We ran
the Cochran-Armitage trend test to check for associations
between stability and LIVE Scores (1 through 5) and
LIVE risk groups (low, medium, high). We used Kaplan-
Meier survival analysis to compare LIVE Score survival
functions for 4-year mortality and time to next exacerbation. We compared all survival functions using the pooled
log rank test then compared individual survival functions
using pairwise log rank tests of significance. We also ran
Cox regressions of 4-year mortality and time to next exacerbation with LIVE Score as a predictor variable and age
as a covariate.
Results
LIVE Score validation
The LIVE Score 1 through 5 association with mortality,
COPD exacerbation risk and comorbidity rates were validated in the cohort of 17 124 patients from NWKP. All
adult patients within the NWKP region who were alive
in 2013 with a COPD diagnosis and a LIVE Score were
included (online supplementary figure 1). Demographics
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Table 1 Baseline demographics for 17 124 patients from the Northwest Kaiser Permanente Health System
Variables in 2013

Overall
n=17 124

Live 1
n=264

Live 2
n=667

Live 3
n=3472

Live 4
n=6443

Live 5
n=6278

P value

N (%)
Age (mean, SD)

17 124 (100)
61.5±17.4

264 (0.02)
66.9±15.3

667 (0.04)
64.8±14.8

3472 (20)
71.4±13.5

6443 (38)
62.3±17.1

6278 (37)
54.6±16.9

<0.001
<0.001

Sex (F, %)

10 175 (59.4)

120 (45.5)

452 (67.8)

1657 (47.7)

4282 (66.5)

3664 (58.4)

<0.001

3206 (18.7)

167 (63.3)

316 (47.4)

1353 (39.0)

1098 (17.0)

272 (4.3)

<0.001

4-year palliative

2685 (15.7)

148 (56.1)

279 (41.8)

1128 (32.5)

940 (14.6)

190 (3.0)

<0.001

4-year hospice

1757 (10.3)

70 (26.5)

151 (22.6)

738 (21.3)

653 (10.1)

145 (2.3)

<0.001

4-year mortality

Smoking
 Current

2845 (16.6)

41 (15.5)

118 (17.7)

364 (10.5)

1038 (16.1)

1284 (20.5)

<0.001

 Former

7481 (43.7)

124 (47.0)

318 (47.7)

1928 (55.5)

2904 (45.1)

2207 (35.2)

<0.001

 Never

6483 (37.9)

85 (32.2)

216 (32.4)

1125 (32.4)

2386 (37.0)

2671 (42.5)

<0.001

315 (1.8)

14 (5.3)

15 (2.2)

55 (1.6)

115 (1.8)

116 (1.8)

<0.001

14 874 (86.9)

225 (85.2)

598 (89.7)

3062 (88.2)

5572 (86.5)

5417 (86.3)

<0.001

2250 (31.1)
1985 (11.6)

39 (14.8)
31 (11.7)

69 (10.3)
101 (15.1)

410 (11.8)
443 (12.8)

871 (13.5)
759 (11.8)

861 (13.7)
651 (10.4)

<0.001
<0.001

 Not available
Race
 Caucasian
 Other
Spirometry

Fisher’s exact test was used to determine statistical significance for categorical variables. A table summarising the demographics of patients
included in this analysis from the Northwest Kaiser Permanente Health System is shown. Overall 4-year mortality was 18.7% ranging from
4.3% for lowest-risk LIVE 5 patients to 63.3% for highest-risk LIVE 1 patients. The lowest risk patients (LIVE 5) comprised 37% of the cohort,
while the highest risk patients (LIVE 1) were very few and comprised only 0.2% of the cohort. Current smokers comprised 16.6% of the
cohort with 43.7% former smokers and 37.9% never smokers. Spirometry was available in 11.6% of patients.
LIVE, Laboratory-based Intermountain Validated Exacerbation.

for this population are summarised in table 1. Similar to
our previous reports in the other health systems,18 only
11.6% of patients in this cohort had prior spirometry.
A relatively low rate of current smoking (16.6%) was
reported in that population and a relatively high rate of
never smokers (37.9%) was noted. This rate of COPD in
never smokers is within previously reported ranges from
27.7%25 up to 40.2% in a northern European population,
with even higher rates of never smokers (up to 75.8% in
women aged 76–77 years).26 However, the relatively high
rate of never smokers could also be due to data quality
variability, as these were data extracted from encoded
elements captured in routine clinical workflows in the
EHR and were not independently validated.
Using methods previously described for the other
cohorts,18 all-cause mortality, COPD exacerbation rates and
comorbidity rates were determined. Baseline demographics,
comorbidities and healthcare utilisation for this cohort are
shown in online supplementary tables 3–5. As noted in the
other cohorts, 4-
year all-
cause mortality correlated with
the LIVE Score. LIVE 1 (highest-risk) patients had 54.7%
4-year mortality, compared with 3.8% 4-year mortality in
LIVE 5 (lowest-risk) patients, p<0.001 (table 2, figure 4A).
Similarly, the LIVE Score correlated with COPD exacerbation risk with high-risk LIVE Score patients having higher
risk of COPD exacerbation frequency compared with low-
risk LIVE Score patients (table 2, figure 4B).
The same pattern repeated for comorbidity rates
(for example, 40.9% of LIVE 1 patients had congestive
heart failure whereas only 2.7% of LIVE 5 patients had

congestive heart failure, p<0.001) (online supplementary table 4). High-risk LIVE 1 patients had much higher
COPD exacerbation frequency compared with low-risk
LIVE 5 patients (1.33 inpatient COPD visits per year vs
0.10 inpatient COPD, p<0.001) (online supplementary
table 4).

LIVE Score and mortality survival analysis
A plot of the Kaplan-Meier 4-year mortality survival functions for LIVE Scores in the 17 124 patients in the NWKP
cohort is shown in figure 2A. The overall pooled log rank
test and each of the pairwise comparisons of mortality
survival functions were statistically significant (p<0.001).
A plot of the Kaplan-Meier time to next exacerbation
survival functions is shown in figure 2B. The overall
pooled log rank test was significant (p<0.001). In the
pairwise comparisons of exacerbation survival functions,
with the exception of LIVE 1 and 2 (p=0.43), all other
pairwise comparisons were significant (p<0.001). Cox
regressions for 4-year mortality and COPD exacerbation
included LIVE Score as a predictor and age in 2013 as
a covariate (table 3). LIVE Scores 1, 2, 3 and 4 represented a significant increase in the HR for the event of
interest (4-year mortality or time to next exacerbation)
while adjusting for age.
These regression results indicate that the LIVE Score
predicts mortality and exacerbation risk independent of
age.
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Table 2 LIVE Score validation cohort—Kaiser Permanente mortality and healthcare utilisation
Variables in 2013

Overall
n=17 124

LIVE 1
n=264

LIVE 2
n=667

LIVE 3
n=3472

LIVE 4
n=6443

LIVE 5
n=6278

P value

N (%)
4 year mortality

17 124 (100)
3206 (18.7)

264 (0.02)
167 (63.3)

667 (0.04)
316 (47.4)

3472 (20)
1353 (39.0)

6443 (38)
1098 (17.0)

6278 (37)
272 (4.3)

<0.001
<0.001

Transthoracic echocardiogram

3006 (17.6)

Chest CT

2548 (14.9)

133 (50.4)

318 (47.7)

1140 (32.8)

958 (14.9)

457 (7.3)

<0.001

78 (29.5)

281 (42.1)

778 (22.4)

938 (14.6)

473 (7.5)

<0.001

ED COPD visits

0.49±1.0

0.89±1.3

0.98±1.9

0.74±1.2

0.48±1.0

0.21±0.6

<0.001

Inpatient COPD visit

0.47±0.9

1.33±1.1

1.42±1.5

0.81±1.0

0.37±0.7

0.10±0.4

<0.001

OP COPD visit

2.11±3.0

1.50±2.9

1.99±3.7

2.45±3.9

2.31±3.0

1.70±2.2

<0.001

18.66±21.5

26.89±31.5

30.67±31.5

26.65±30.2

18.53±18.1

12.74±13.4

<0.001

0.57±1.2
1.24±2.2

2.34±2.0
3.46±3.5

2.39±2.0
3.58±3.7

1.10±1.4
1.86±2.5

0.45±0.9
1.19±2.1

0.13±0.5
0.60±1.5

<0.001
<0.001

OP any visit
Inpatient any visit
ED any visit

A table summarising the healthcare utilisation for the 17 124 patients is shown. Healthcare utilisation measured by ED visits and inpatient
visits for COPD and any cause followed a similar pattern as mortality. The highest-risk patients (LIVE 1 and 2) had the highest rate of ED
visits and hospitalisations for COPD and any cause, while the lowest-risk patients (LIVE 5) had the lowest rate. Analysis of variance was
used to determine statistical significance for continuous variables (COPD visits) and Fisher’s exact test was used to determine statistical
significance for categorical variables (mortality, transthoracic echocardiogram and chest CT). Analysis of variance was used to determine
statistical significance for continuous variables (COPD visits) and Fisher’s exact test was used to determine statistical significance for
categorical variables (mortality, transthoracic echocardiogram and chest CT)
COPD, chronic obstructive pulmonary disease; ED, emergency department; LIVE, Laboratory-based Intermountain Validated Exacerbation;
OP, outpatient.

Patient characteristics and LIVE Score categorised
The entire cohort of patients alive with a LIVE Score in
year 1 was 110 439 patients, with overall 10.6% all-cause
4-year mortality yielding 98 766 patients included in the
LIVE Score stability analysis (table 4). Mortality varied by
LIVE Score, with high-risk LIVE group patients showing

high 4-year all-cause mortality compared with low-risk
LIVE group patients (45.8% vs 6.2%, p<0.001). Medium-
risk LIVE group patients had 24.9% 4-
year all-
cause
mortality (p<0.001 for comparisons vs high-risk and low-
risk groups). Data for individual LIVE Scores 1 through 5
were similar and are shown in table 1. Data for individual

Figure 2 LIVE Score—mortality and COPD exacerbation frequency. (A) A Kaplan-Meier survival curve is shown for the
17 124 patients where 2013 LIVE Score is associated with 4-year all-cause mortality. High-risk LIVE Scores (1 and 2) have the
highest mortality whereas low-risk LIVE Scores (LIVE 4 and 5) have low mortality. Cox regressions for 4-year mortality and
COPD exacerbation included LIVE Score as a predictor and age in 2013 as a covariate (table 3). LIVE Scores 1, 2, 3 and 4
represent a significant increase in HRs for the event of interest (4-year mortality or time to next exacerbation) while adjusting
for age. (B) A Kaplan-Meier curve is shown for the 17 124 patients where 2013 LIVE Score is associated with 4-year COPD
exacerbation risk. High-risk LIVE Scores (1 and 2) have the highest COPD exacerbation risk whereas low-risk LIVE Scores
(LIVE 4 and 5) have low COPD exacerbation risk.
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Table 3 Cox regression for mortality and COPD exacerbation for LIVE Score with age in 2013 adjustment
(A) Cox regression for 4-year mortality

(B) Cox regression for next COPD exacerbation

95% CI for HR

95% CI for HR

Predictor variables

HR

Lower

Upper

P value

Predictor variables

HR

Lower

Upper

P value

LIVE in 2013, 5 (ref)
LIVE in 2013, 1

 
13.85

 
11.4

 
16.83

<0.001
<0.001

LIVE in 2013, 5 (ref)
LIVE in 2013, 1

 
4.86

 
4.12

 
5.66

<0.001
<0.001

10.89

<0.001

LIVE in 2013, 2

4.85

4.36

5.4

<0.001

LIVE in 2013, 2

9.25

7.86

LIVE in 2013, 3

5.05

4.42

5.78

<0.001

LIVE in 2013, 3

2.72

2.52

2.93

<0.001

LIVE in 2013, 4
Age in 2013

2.81
1.06

2.46
1.06

3.21
1.06

<0.001
<0.001

LIVE in 2013, 4
Age in 2013

1.77
1.02

1.65
1.02

1.91
1.03

<0.001
<0.001

HRs and CIs for Cox regressions for 4-year mortality and next COPD exacerbation are shown. In this Cox regression analysis, LIVE Score in
2013 was the predictor and age in 2013 was a covariate. LIVE Scores 1, 2, 3 and 4 represented a significant increase in HR for the event of
interest (4-year mortality or time to next exacerbation) while adjusting for age. These regression results indicate that the LIVE Score predicts
mortality and exacerbation risk independent of age.
COPD, chronic obstructive pulmonary disease; LIVE, Laboratory-based Intermountain Validated Exacerbation.

Table 4 LIVE Score stability and mortality
Alive in year 1
N (%)

Mortality
year 1 to year 4
N (%)

Survived
year 1 to year 4
N (%)

Stability (same LIVE
Score year 1 to year P value
4) N (%)
(test of proportions)

Total for all health systems categorised LIVE Score (high-risk, medium-risk and low risk)
Year 1 LIVE Risk Score
 High-risk LIVE

4330 (3.9%)

1985 (45.8%)

2345 (54.2%)

 Medium-risk LIVE

16 732 (15.2%)

4160 (24.9%)

 Low-risk LIVE

89 377 (80.9%)

 Total

110 439 (100%)

207 (8.8%)

High vs medium,
stability, p<0.001

12 572 (75.1%)

6049 (48.1%)

Medium vs low,
stability, p<0.001

5528 (6.2%)

83 849 (93.8%)

66 245 (79.0%)

Low vs high, stability,
p<0.001

11 673 (10.6%)

98 766 (89.4%)

72 501 (73.4%)

All groups trend test
for stability, p<0.001

Total for all health systems LIVE Score 1 through 5
Year 1 LIVE Score
 LIVE 1

1361 (1.2%)

744 (54.7%)

617 (45.3%)

45 (7.3%)

1 vs 2, stability
p=0.14

 LIVE 2

2969 (2.7%)

1241 (41.8%)

1728 (58.2%)

162 (9.4%)

2 vs 3, stability
p<0.001

 LIVE 3

16 732 (15.2%)

4160 (24.9%)

12 572 (75.1%)

6049 (48.1%)

3 vs 4, stability,
p<0.001

 LIVE 4

33 633 (30.5%)

3397 (10.1%)

30 236 (89.9%)

21 130 (69.9%)

4 vs 5, stability,
p<0.001

 LIVE 5

55 744 (50.5%)

2131 (3.8%)

53 613 (96.2%)

45 115 (84.1%)

11 673 (10.6%)

98 766 (89.4%)

72 501 (73.4%)

5 vs 1, stability,
p<0.001
All groups trend test
for stability, p<0.001

 Total

110 439 (100%)

LIVE Score stability and mortality for all health systems is summarised. High-risk LIVE Score patients, only 54.5% of whom were alive at
4 years, were unlikely to remain high risk (only 8.8% of survivors remained with a high-risk LIVE Score). Thus the high-risk LIVE Score was
unstable. In contrast, low-risk LIVE Score patients, the majority of whom were alive after 4 years (89.4%), were very likely to remain low
risk. The low-risk LIVE Score was stable, with 73.4% of patients remaining low risk at 4 years. Similar patterns were noted when the LIVE
Score was broken out into the five categories of lowest (LIVE 5) to highest (LIVE 1) risk with number of survivors and stability increasing with
decreasing mortality risk.
LIVE, Laboratory-based Intermountain Validated Exacerbation.
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Figure 3 LIVE Score stability Kaplan-Meier curves for the four health systems. (A) The low-risk (LIVE 4 and 5) patients have
a stable LIVE Score, whereas the high-risk patients (LIVE 1 and 2) have an unstable LIVE Score. Similar patterns are noted in
the other cohorts: (B) The Veterans Affairs National Health System. (C) The Northwest Kaiser Permanente Health System. (D)
The University of Chicago Health System.

health systems and log rank tests are presented in online
supplementary table 2.
LIVE Score stability
We included 98 766 adult patients with a diagnosis of
COPD who were alive and had an existing LIVE Score for
4 years in the LIVE Score stability analysis. This cohort
comprised: 12 587 adult patients from Intermountain
Healthcare; 76 799 patients from the National Veterans
Affairs Health System (VA); 8513 patients from the
NWKP Health System; and 867 patients from the University of Chicago Health System. The Intermountain, VA
and University of Chicago cohorts have been described in
detail elsewhere.18 The majority of patients (84.9%) were
in the low-risk LIVE Group, whereas very few patients
(2.4%) were in the high-risk LIVE Group in the first year
(table 4).
In all health systems, the low-risk LIVE Group was stable,
whereas the high-risk LIVE Group was unstable among
patients who survived all 4 years (table 4). The majority
of low-risk LIVE group patients had the same LIVE risk
group 4 years later while very few high-risk LIVE group
patients did (79.0% vs 8.8%, p<0.001) (table 4). Similar
results were noted when LIVE Scores were considered as
LIVE 1 through 5 in the sensitivity analysis. LIVE 1 and 2
were unstable, LIVE 4 and 5 were stable, and LIVE 3 was
in between (table 4 and figure 3). The majority of high-
risk LIVE group patients who survived 4 years ‘recovered’
to a more stable medium-risk LIVE group (figures 4–7
and online supplementary figure 2A–C).
8

The medium-
risk LIVE group was unstable: only a
minority of survivors (48.1%) remained with a medium
risk LIVE group at 4 years (table 4) (figures 4–7). Considering the medium risk LIVE group within each health
system, stability varied among health systems ranging
from 33% (unstable) at University of Chicago to 67%
(stable) at Intermountain Healthcare (figures 4–7,
online supplementary table 2A). In all health systems, the
medium-risk LIVE group stability was higher than high-
risk LIVE group stability, and lower than low-risk LIVE
group stability (table 4, figures 4–7, online supplementary table 2A).
The flow charts of LIVE Scores 1 through 5 over time for
the four health systems (figures 4–7) show that patients
do not randomly change among LIVE Scores. LIVE Score
changes correspond to gradations of risk. For example,
no patients in the high-risk LIVE Scores (LIVE 1 and 2)
changed to the lowest-risk LIVE Score (LIVE 5). Similarly,
almost no patients who were lowest risk (LIVE 5) become
highest risk (LIVE 1) in subsequent years. Indeed, very
few high-risk LIVE Group (LIVE 1 and 2) patients remain
high risk over years. As previously noted, their mortality
is very high, but if they survive, they transition to lower-
risk LIVE Scores (LIVE 3, and less frequently LIVE 4)
(figures 4–7).
Discussion
In a large, multicentre study, we report that the stability
of the LIVE Score, a risk stratification score in patients

Blagev DP, et al. BMJ Open Resp Res 2020;7:e000450. doi:10.1136/bmjresp-2019-000450

BMJ Open Resp Res: first published as 10.1136/bmjresp-2019-000450 on 13 February 2020. Downloaded from http://bmjopenrespres.bmj.com/ on September 24, 2020 by guest. Protected
by copyright.

Open access

Figure 4 The 12 587 patients who met inclusion criteria at Intermountain Healthcare are shown. The majority of patients
have a low-risk LIVE Score (LIVE 4 and 5) and very few patients have a high-risk LIVE Score (LIVE 1 and 2). LIVE 1 and 2
patients were unstable, whereas LIVE 3, 4, and 5 patients were stable, meaning the majority remained in the same LIVE Score
4 years later. Patients with a high-risk LIVE Score (1 and 2) have a very high mortality, and, if they survive, are likely to recover
to a medium risk LIVE Score (LIVE 3). In contrast, patients with a low-risk LIVE Score (LIVE 4 and 5) have very low mortality
and are likely to remain low risk with a stable LIVE Score. LIVE, Laboratory-based Intermountain Validated Exacerbation.

with COPD based on six laboratory variables has variable
stability. Furthermore, the LIVE Score stability correlates
with mortality and exacerbation frequency, and there is
heterogeneity in how these scores impact potential clinical care. For instance, patients in the lowest-risk LIVE

Score had low overall mortality and were very likely to
remain low risk for at least 4 years. In contrast, more than
half of patients with high-risk LIVE Scores died within
4 years;18 high-risk survivors had unstable LIVE Scores
that vacillated between medium-risk to high-risk LIVE

Figure 5 LIVE Score stability National Veterans Affairs Health System. Figure 5 Shows the National Veterans Affairs cohort of
76 799 patients showing that LIVE 1 and 2 Scores were unstable (the vast majority of patients who were LIVE 1 or 2 in the first
year did not remain in the same LIVE Score 4 years later). LIVE 3, 4, and 5 Scores had increasing stability.
Blagev DP, et al. BMJ Open Resp Res 2020;7:e000450. doi:10.1136/bmjresp-2019-000450
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Figure 6 LIVE Score stability Northwest Kaiser Permanente Health System. Figure 6 LIVE Score stability for the 8513
patients from the Kaiser Permanente cohort are shown with the same pattern. LIVE 1 and 2 Scores were unstable, LIVE 3, 4
and 5 Scores had increasing stability and were stable.

groups (figures 4–7). These findings translate into pragmatic clinical approaches to triaging resource-intensive
interventions using readily available EHR data.
The LIVE Score has important advantages over existing
COPD risk-stratification schema. First, the LIVE Score
does not depend on symptom scores or lung function
testing, which are often not available in current EHR
data for the majority of patients. As has been increasingly
observed, mortality, healthcare utilisation and functional
ability for patients with a COPD diagnosis are significantly
influenced by their multimorbidities. There are multiple
reasons for the association of COPD disease course with
multimorbidity. The association may be due to common
risk factors for development of COPD and other morbidities, due to the systemic effects of COPD, due to complications of COPD therapy or a combination of the above.
For instance, a major risk factor for the development of
COPD is tobacco exposure, which is also a risk factor in
10

the development of cardiovascular disease, lung cancer
and osteoporosis, among other comorbidities.3 4 27 28
On the other hand, COPD itself may contribute to the
development of cor pulmonale.29 Finally, treatments for
COPD may increase the risk of other comorbidities—as
in the use of oral steroids for COPD exacerbations and
complications of diabetes mellitus.30 Current guidelines
on COPD care recommend optimal multimorbidity
management.1 However, how to successfully implement
guideline recommendations across multimorbidities to
improve health outcomes in clinical practice remains
unclear.31 The LIVE Score, which incorporates objective
evidence of comorbidities, allows for reliable identification of high-risk, medium-risk and low-risk LIVE group
cohorts from easily accessible EHR data.
For instance, calculating the LIVE Score using EHR
data, systems and providers can readily identify a population of low-risk LIVE group patients with COPD who may
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Figure 7 LIVE Score stability University of Chicago Health System. Figure 7. The 867 patients from the University of Chicago
cohort follow a similar pattern with instability in LIVE 1 and 2 Scores and stable LIVE 4 and 5 Scores.

require few additional resources. In contrast, annual reassessment of the LIVE Score among patients who initially
are in the high-risk LIVE group may inform future interventions among those who survive the initial insult.
Interestingly, of the three LIVE risk groups, medium-
risk LIVE group patients may represent the most prime
group of patients with COPD for targeted multimorbidity
interventions.
Medium-
risk LIVE group patients have relatively
high, stable risk, perhaps affording time for intervention. Components from the LIVE Score may shed some
light on useful interventions. For instance, this group
of patients typically have anaemia and markers of renal
insufficiency, but with normal albumin in the current
year (figure 1). Whether more intensive multimorbidity
management of this group results in improved all-cause
mortality remains unknown. Harnessing the clinical data
in the EHR to calculate a LIVE Score and pair an intervention provides the potential for testing this hypothesis
efficiently.
Similarly, while high-risk LIVE group patients have high
mortality, it is unclear whether the mortality is attributable solely to COPD. The LIVE Score may help identify a
high-risk group that requires a targeted, multimorbidity
approach. Anaemia, low albumin and low potassium
levels may identify patients who are at high risk due to
multimorbidity where COPD-specific interventions are
less likely to be effective in reducing mortality or healthcare utilisation. Given the lack of stability of the high-risk
LIVE group, patients who survive may have their LIVE
Scores recalculated to determine appropriate risk assessment as their clinical course evolves.

The reproducibility of LIVE Score stability and risk
stratification across cohorts in multiple health systems
is likely reflective of the importance of comorbidity on
outcomes in patients with COPD. In addition, the reproducibility of routine laboratory measurements obtained
through clinical care among institutions is very high, as
these objective measurements have less variability than
coding patterns among institutions and providers, or
other less objective pieces of data. The simplicity and reliance on laboratory values allows for LIVE Score calculations to be done automatically within or outside the EHR,
thereby not adding to bedside clinician burden. The
ability to query health system data for groups of patients
at varying risk profiles allows for design of interventions
targeting a personalised population health approach in
COPD care.
Thus, these observations set the stage for future work in
prospectively identifying high-risk, medium-risk and low-
risk LIVE group patients with COPD and targeting them
from a health system level through personalised interventions based on individual risk. Interventions using the
LIVE Score can account for a patient’s prognosis based
on a single diagnosis, namely COPD, and incorporate
systematic data in a multimorbidity model for COPD.
Although the use of EHR data to calculate LIVE risk
groups is innovative and holds advantages over existing
methods, our study has several notable limitations. To
date, all work related to developing and validating the
LIVE Score has been conducted with retrospective
cohorts. Future work using prospective study designs
to validate the LIVE Score and its use for clinical care
is needed. Second, although the LIVE Score has been

Blagev DP, et al. BMJ Open Resp Res 2020;7:e000450. doi:10.1136/bmjresp-2019-000450

11

BMJ Open Resp Res: first published as 10.1136/bmjresp-2019-000450 on 13 February 2020. Downloaded from http://bmjopenrespres.bmj.com/ on September 24, 2020 by guest. Protected
by copyright.

Open access

validated in over 100 000 patients across four different
health systems, it reflects only patients and health systems
within USA. Thus, the generalisability of the LIVE Score
and its characteristics is uncertain, though its reliance on
common laboratory values obtained in routine clinical
care makes it likely. An important limitation is the lack
of spirometry in these patients, and thus the diagnostic
uncertainty of the COPD diagnosis. The relatively low
rate of spirometry in these cohorts may be due to the fact
that spirometry was not done at all, or that it was done
at outpatient clinics and offices outside the integrated
health records of the clinics, or that the data from PFTs
were not encoded and queryable (eg, scanned in paper-
faxed files in the record). While this lack of spirometry is
an important limitation of our work, it also is reflective of
the current clinical environment of COPD care. Finally,
although the LIVE Score is robust in identifying all-cause
mortality and COPD exacerbation risk, what specific
interventions, if any, might modify those risks remains
unclear. The variables used to calculate the LIVE Score
are likely markers of comorbidity and illness and in themselves may not be amenable to targeted therapy. The
utility of the LIVE Score is likely as a structured assessment of comorbidity risk in patients with COPD, which
may inform whether therapies aimed at COPD, comorbidities or both are likely to have the highest impact.
Further work on how to best use the LIVE Score to
improve interventions in patients with COPD is needed.
In summary, the LIVE Score identifies three major clinically actionable cohorts. A stable low-risk LIVE Group,
an unstable high-risk LIVE group associated with high
mortality rates, and a third medium-risk LIVE group in
between. These observations further our understanding
of how existing EHR data used to calculate the LIVE
Score may help to target interventions across risk cohorts
of patients with COPD in a health system.
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