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Abstract
Context—Palliative services have historically been offered to terminal cancer patients, but much
less so in other chronic illnesses like chronic obstructive pulmonary disease (COPD) because of
difficulties in predicting the trajectory to death.

Objectives—The goal of this study was to determine if the change over time of key parameters
(trajectory) in severe COPD patients can independently predict short-term mortality.

Methods—We analyzed data from 1218 patients with severe COPD. Multivariate models for
trajectory change were used to forecast mortality at 12 months.

Results—Changes in several variables by defined cutpoints increase significantly and
independently the odds of dying in 12 months. The earliest and strongest predictors were the
decrease in gait speed by 0.14 m/sec or six-minute walk by 50m (OR 4.40, P<0.0001).
Alternatively, if six-minute walk or gait speed were not used, change toward perceiving a very
sedentary -state using single question- (OR 3.56, p=0.0007)and decrease in maximal inspiratory
pressure >11 cm H2O (OR 2.19, p=0.0217). Then, and change toward feeling upset or
downhearted (OR 2.44, p=0.0250), decrease in room air resting PaO2 >5 mmHg (OR 2.46,
p=0.0156), increase in room air resting PaCO2 >3 mmHg (OR 2.8, p=0.0039). Change over time
models were more discriminative (lower c-statistics) than change form baseline models.

Conclusion—The changes in defined variables and patient-reported outcomes by defined
cutpoints were independently associated with increased 12-month mortality in patients with severe
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COPD. These results may inform clinicians when to initiate end-of-life communications and
palliative care.
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life care; gait speed; mortality; prediction tools

Introduction
Palliative care and end-of-life care are becoming increasingly important in the face of an
aging population afflicted with multiple chronic conditions. Estimates show that about 27%
of Medicare’s annual $327 billion budget goes to care for patients in their final year of life.1

Palliative services have most commonly been offered to terminal cancer patients where the
prediction of mortality is much more precise.2 In cancer, compared with other chronic
illnesses, the juncture at which to introduce a palliative focus is clearer for both patient and
physician.

In the arena of chronic illnesses, changing the cynosure of care from therapeutic to palliative
is often subtle. The current model for palliative care proposes an intertwined relationship
between palliative and life-prolonging care.3–5 The efficacy of the current dichotomy is
supported by a recent randomized study that reported that early referral to palliative care
meaningfully improved quality of life in patients with lung cancer6 compared with usual
care. That model, early referral to palliative care, may be applicable to other prevalent
chronic and disabling conditions such as very severe chronic obstructive pulmonary disease
(COPD).

In COPD, the fourth leading cause of death in the U.S., barriers to providing appropriate and
timely end-of-life communications and palliative care are very much rooted in the inherent
difficulties in predicting the trajectory to death. There is an existing knowledge gap about
which changes in defined variables over time predict 12-month mortality, a window
considered appropriate for referral to palliative care.7

FEV1 (forced expiratory volume in one second), the most used marker of disease in COPD,
does not change significantly to predict survival once the patient is in the very severe stage
(<35%). Although a decrease in the modified BODE (body mass index, airflow obstruction,
dyspnea, and exercise capacity) score by more than one point has been reported as predictive
of increased mortality in severe COPD, its value for daily clinical use and to initiate
palliative care is limited. The BODE score is not routinely measured; further, the time frame
for the increased mortality was not specified by the investigators. 8

The goal of this study was to demonstrate how the trajectory (change over time) of simple
variables can predict 12-month mortality. We hypothesized that there are simple clinically
measurable variables not previously defined whose change over time is meaningful and
associated with short-term mortality in COPD. We envisioned that such results would be
timely and critical for bridging the gap between patient and provider for initiating
communications about end-of-life and palliative care interventions. From this, collaborative
exchange and decisions can be made to redirect the focus of treatment.

Methods
The clinical data used for this analysis were collected as part of the National Emphysema
Treatment Trial (NETT).9 Between January 1998 and July 2002, 1218 patients enrolled in
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the NETT. Clinical assessments and patient self-reports were collected at baseline, six
months, 12 months and each subsequent year through 2003; mortality was ascertained as of
September 30, 2008. This study was approved by the institutional review boards at all sites,
and all patients signed informed consent forms before entering the study. In this study,
patients with severe emphysema were randomized to medical therapy or lung reduction
surgery. Characteristics, methods, inclusion and exclusion criteria have been previously
published. 9

The outcome of interest was death in the 12 months following a clinical assessment. At each
assessment time (6, 12, and 24 months), the patient was classified as either dying or not
dying in the 12 months following the assessment time.

Predictors of interest were: decline from baseline to the assessment time or decline from the
previous assessment to the current assessment time in clinical measures or patient self-
reports. Candidate predictors were selected a priori from variables included in the NETT
data set that were found to be prognostic of survival in prior studies and others that, because
of simplicity, could be easily translated and applied to daily clinical practice. 8,10

A patient was considered to have had a clinically significant decline in a categorical variable
if the response had changed from no to yes or had declined by at least one level. A patient
was considered to have had a clinically significant decline in a continuous variable if the
patient’s score had declined by more than half of a standard deviation. A half standard
deviation change can be considered a clinically significant change in the absence of an
established significant difference.11 Two predictors were generated for each variable at each
assessment time (6, 12, and 24 months): decline from baseline and decline from the previous
assessment; Table 1 lists the variables used to generate predictors.

Figure 1 diagrams outcome and predictor availability over time for six example patients.
Eighty-six patients who died before the first evaluation at six months were excluded from all
analyses. These patients had only baseline scores, so they did not provide information on the
prognostic power of changes in variables. Table 2 shows the available patient at each time
point.

Statistical Analysis
Separate univariate and multivariate analyses were run at 6, 12, and 24 months. No
covariates other than the predictors described above were included in the multivariate
modeling. Although baseline factors such as treatment arm and age would influence when
the patient started to decline, those variables were not predictive of death after the patient
had already started to decline.

At each time point and for each measure of clinically significant worsening (i.e., each
predictor), Fisher’s Exact Test was used to compare the percentage of patients with
clinically significant worsening who died in the next 12 months to the percentage of patients
without clinically significant worsening who died in the next 12 months. A stepwise logistic
model for predicting death in the next 12 months was fit for each time point, with covariates
selected from the set of all clinical change measures available at the time point. These
models were verified using bootstrapping,11,12 which is a recommended method for
validating the predictive power of logistic models. Finally, a repeated measure logistic
regression model for predicting death in the next 12 months and including clinical measures
from multiple time points was run using SAS Proc GENMOD (SAS Institute Inc., Cary,
NC). This repeated measures analysis adjusts for the correlation between measurements
caused by the same patients having information at multiple time points. For completeness,
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this model also adjusted for treatment arm (NETT study arm: lung reduction surgery or
medical treatment), age, gender, marital status, and disability.

Results
Mean age at baseline was 66.1 ± 6.1 years; 61% were male. Table 1 shows the variables
studied (included in the models in addition to age, gender, marital status) and the
corresponding change considered clinically significant worsening (half standard deviation or
one category change). Table 3 summarizes variables prognostic for dying within 12 months
in the univariate analyses. Changes from baseline in several variables were predictive of
death within the next 12-month period.

Changes in gait speed or six-minute walk, becoming severely sedentary, RV% predicted,
maximal inspiratory pressure, feeling downhearted, and maximum work were predictive for
death. In later evaluations, changes in PaO2, PaCO2, weight, isolation, and disability were
prognostic for death.

Stepwise multivariate logistic modeling (using gait speed/six-minute walk [Table 4] or
alternatively using severe sedentarism instead of gait speed [Table 5]) shows factors
significant during at least one evaluation. Repeated measures analysis using all of the
endpoints and adjusting for treatment arm, age, gender, marital status, and disability
confirmed the variables picked by the logistic models that were strongly associated with
dying in the next 12 months (Table 6).

Discussion
Our results identified changes in defined variables that independently predict 12-month
mortality in patients with severe COPD. In this analysis, we found that the very first
indicator that predicts end of life in this population is the decline over time in gait speed or
six-minute walk (Table 4) or alternatively (however, less strongly), the patient reporting a
change to a very low physical activity (Table 5) –“spending most of the day in chair bed or
recliner due to health condition.” These findings have very practical implications because
patients who declined in gait speed by 0.14 meters/second or the six-minute walk by 50
meters or self-report severe sedentarism increased their odds of dying in the subsequent year
about four times. Our results support and encourage the use of six-minute walk/gait speed as
a routine measure in severe COPD for forecasting end of life. The robustness and predictive
power of gait speed/distance walked was confirmed by bootstrapping models, a
recommended method for validating the predictive power of logistic models (instead of
having a derivative cohort and a validating one).12

We also found in the model that included sedentarism but not gait speed (Table 5) that a
decline of maximal inspiratory pressure (MIP) by 14 mmHg is also a predictor of 12-month
mortality. Most likely MIP is a surrogate marker for muscle mass. The fact that MIP did not
enter the multivariate model that included gait speed/six-minute walk may suggest the
comprehensiveness of the gait speed/six-minute walk as a global measure of physical
function, including muscle function. Very likely, both gait speed/six-minute walk and
extreme sedentarism inform about the same construct related to frailty and perhaps very low
physical activity. These findings are particularly relevant and timely as very low physical
activity is an event that has been recently highlighted as an independent and most important
predictor of mortality in COPD. 13,14

Although the six-minute walking test change with time has been reported to predict survival
in patients with COPD,15 there are critical differences that make our findings unique. First,
we based our analysis on predicting the odds of dying at one year (a time frame that is
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considered appropriate for initiation of palliative care and end-of-life communications)
whereas previous work was based on the survival models with a follow-up that was variable
(one to two years). The latter may account for the reported overlap in walking tests that was
seen by their authors as a limitation. Our analysis carries the robustness of a sample size five
times larger in a population of well-characterized COPD patients. Second, we used
predefined cutoffs to facilitate clinicians’ interpretation (of our results) and decision making
in the identification of a patient with a high risk of dying in one year. Finally, we
demonstrated that the change in the predictive parameters (trajectory) is more discriminative
of death in one year compared with the prediction from a baseline value (higher c statistics
from models based on trajectory compared with models from baseline variables).

Our intention in reporting the decline of gait speed (in addition to reporting six-minute walk)
is because gait speed is gaining attention as a simple functional capacity indicator of very
high significance in the elderly and one can be easily measured in the clinic or in the home
setting. 16

The models at 24 months found that change in oxygenation and the development of
depressive symptoms become independent predictors, and finally, one of the multivariate
models included a change in PCO2 at 36 months.

Our findings on the changes in gas exchange, in a well-defined and reproducible clinical
condition (room air and exacerbation free status), are in concert of previous reports that have
shown them as important risk factors for mortality.17,18 We have shown that an increase of
PCO2 by 3mmHg or deterioration of PO2 by >5mmHg are important changes as both are
predictive of 12-month mortality. Although the changes in PO2 and PCO2 may seem trivial
and not clinically relevant, the fact that they were taken in very defined conditions and their
independent association with the end of life provide them value. The amount of decline
observed in PO2 and PCO2 may represent a measure of a minimal clinically important
difference. Even though we wanted to define a meaningful change in a generalized and
simple way for all continuous variables (half standard deviation), we also analyzed the
decline by 10 mmHg in both PO2 and PCO2 (a more common and intuitive meaningful
decline) and as expected, that change much increased the odds of death in 12 months
(analysis not shown). From a practical standpoint, the authors believe that a room air arterial
blood gas is a measure that is feasible in the office care of severely ill patients (as it was
done in the multicenter, large cohort that participated in this study).

Whereas the decline in functional capacity determinants seem to be the earlier signs of end
of life in COPD patients, we consider patient perceptions of health and symptoms also to be
of the utmost importance. The perception of depressive symptoms have been consistently
significant in our results and in previous multivariate models.19 Our results add to the
existing literature that the development of depressive symptoms, in the context of severe and
very severe disease, independently indicate higher odds of dying in 12 months. Depression
has been largely identified as a predictor of mortality in COPD.20–22 Our results not only
confirm the observation that a patient’s perceptions of well-being and mental health are
critically important to physical health, but also that the development of depressive symptoms
in a patient with severe lung disease has a morbid meaning. This concept has been noted
previously.23,24 Exploring the emotional needs of a patient and discussing care goals are a
challenging task for every clinician. 25 To open the lines of communication, our results
indicate that simple questions during a clinical encounter are informative and add to the
overall assessment of the need of palliative care.

Although nothing can replace the overall gestalt of a patient’s worsening status that heralds
the end of life, we believe that our results may be informative for the initiation of end-of-
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life communications and timely palliative care. Our results serve to fill a knowledge gap
about the trajectory towards end of life in patients with very severe COPD.26 Whereas
predictors of one-year survival exist, they are not informative to the clinician as they have
no cutpoint or specific values that guide decisions and, therefore, are not commonly used to
refer COPD patients for palliative care. Importantly, our results indicated that the change in
parameters over time is more discriminative of death in one year (higher c-statistics) than
the static values at baseline. Other studies that have looked at the relationships between
different variables and mortality only predict which patients will live longer.10,27 They do
not give any indication of whether or not a specific patient is close to death. The goal of this
research was to see if these variables were indicators that patients had started their decline
towards death. Indicators of this decline could be used to signal that a patient and their
physician should consider a discussion of palliative care.

Understanding which changes in the trajectory of a very severely ill COPD patient are
independently associated with approaching end of life may be of significant value in
decision making for the early referral to palliative care in this prevalent disease. Early
referral to palliative care in advanced lung cancer meaningfully improved quality of life
compared with usual care.6 That model can possibly be applied to patients with very severe
COPD and lead to an improved quality of life so much desired by patients.

Our study has several important limitations. First, our cohort was derived from a cohort of
COPD patients with predominant emphysematous characteristics and may not completely
represent the total spectrum of severe COPD. However, the quality of the data and the
results (not just survival prediction based on a single evaluation) encouraged us to report
these findings as they may represent the first available data to inform about the trajectory to
death. Second, gait speed as it was calculated in this study represents identical information
to the six-minute walk. Gait speed calculated from the six-minute walking test has been
previously reported28 but it may provide a different result compared with gait speed that is
obtained from a resting start. The value of the method presented lies in the independent
association with mortality in 12 months. Third, inspiratory muscle strength is a measure that
depends heavily on patient’s effort and technician coaching (something that may be different
across laboratories), and can introduce significant variability and, therefore, requires
confirmation. The strength of this broad analysis lies in the volume and diversity of patients
(17 centers) with available data and the breadth of clinical and patient self-assessment
questions available for analysis.

In summary, we found that in severe COPD patients, the trajectory to end of life is initially
signaled by a decline in a physical function measure (six-minute walk/gait speed) or the
development of a very severe sedentary life, followed by the onset of depressive symptoms,
and a decline in oxygenation and eventually a decline in PCO2. Our results suggest very
practical implications for the care of patients with severe COPD: the yearly measure of the
six-minute walk or gait speed, the screening for severe physical inactivity or extreme
sedentarism (one item question), depression (one item question), and the room-air
assessment of oxygenation (first) and hypercapnia.

We believe that the novelty of this report is rooted in the identification of specific changes
that are predictive of short-term survival and are more informative than predictions made
from baseline values. Our findings may help fill the knowledge gap about forecasting end of
life in COPD, what has been described as “prognostic paralysis,”29 when clinicians faced
with uncertain illness trajectories prevaricate when considering end-of-life issues, and most
importantly, from that awareness that would stimulate communication between patients,
families and health care providers. The latter will lead to better symptomatic treatment and
early referral for palliative care services, which can ameliorate both the functional and
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emotional burden in facing a terminal illness, promote better quality of life at the end of life,
and decrease unnecessary care.
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Fig. 1.
Diagram of outcome and predictor availability over time for 6 example patients.
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Table 1

Variables Studied and Included in All Models (in addition to sex, gender, marital status and arm in the
randomized study)

Variable Mean Value or
Percent at Baseline

Change Considered
Clinically Significant
(1/2 SD for continuous
variables and otherwise
stated for categorical
ones )

PaO2(mmHg) at rest on room air 64.4 ↓5.14

PaCO2(mmHg) at rest on room air 43.1 ↑2.91

Maximal inspiratory pressure(cmH2O) 62.0 ↓11.24

FVC % predicted, pre BD (bronchodilator) 59.1 ↓7.43

FEV1 % predicted, post BD 26.8 ↓3.59

RV % predicted, post BD 221.9 ↑24.69

TLC % predicted, post BD 128.2 ↓7.57

DLCO % predicted 27.9 ↓4.82

Maximum work (watts) 39.0 ↓10.81

Gait speed (meters/second) 1.00 ↓0.137

Six-minute walk 371.1 ↓49.3

Weight (kg) 70.4 ↓6.72

MRC dyspnea scale (scale 1–5) 3.2 ↑One level

Modified BODE index 8 5.3 ↑One level

Feelings of being lonely or socially isolated?a 7.9% No to Yes

Trouble falling asleep or staying asleep?a 31.0% Yes No to Yes

Spells of feeling upset, downhearted, or blue?a 16.1% Yes No to Yes

Because of any impairment or health problem, did you need help with your personal care

needs, such as eating, dressing, bathing, or getting around your home?a
4.8% Yes No to Yes

Avoid walking, have trouble walking, or walk more slowly than other people your age?a 66.9% Yes No to Yes

Spent most or all of day in chair, recliner of bed due to a health condition?a 11.8% Yes No to Yes

a
For all items of the Quality of Well-Being questionnaire,30 patients were asked to respond to the following prompt “Please check which days (if

any) over the past 3, not including today: a. no days; b. yesterday; c. 2 days ago; or d. 3 days ago.” Responses of “a. no days” were considered as
“No “and any other response (“b. yesterday; c. 2 days ago; or d. 3 days ago”) was considered as a response of “Yes.” The latter method of

characterization and the modified BODE score have been reported previously.8,14
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Table 5

Repeated Measures Multivariate Logistic Modela

Variable Odds Ratio 95% Confidence Interval P-value

Maximal inspiratory pressure(cmH2O) 2.29 1.45 to 3.62 0.0004

Feeling upset or downhearted 1.97 1.16 to 3.33 0.0117

Gait Speed decline by 0.137 at 6 months or six-minute walk decline by 50 meters 1.70 1.09 to 2.66 0.0202

PaO2(mmHg) at rest on room air decline by 5.14 1.69 1.07 to 2.67 0.0240

a
This model takes into account all of the time points and results in four easy-to-interpret variables.
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Table 6

Distribution of Analyzed Patients Over Time

Evaluation Number (%) of Patients for Death Analysis Number (%) of Patients Dying Within 12 Months of This Evaluation

Baseline 1218 (100%) --

6 1072 (88%) 90 (8%)

12 925 (76%) 87 (9%)

24 649 (53%) 97 (15%)

36 347 (28%) 100 (29%)

48 112 (9%) 56 (50%)

60 26 (2%) 24 (92%)
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