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Abstract

Background—Cystic fibrosis (CF) is the
most common life threatening autosomal
recessive disorder in the white population.
Wasting has long been recognised as a
poor prognostic marker in CF. Whether it
predicts survival independently of lung
function and arterial blood gas tensions
has not previously been reported.
Methods—584 patients with CF (261
women) of mean (SD) age 21 (7) years
were studied between 1985 and 1996, all of
whom were being followed up in a tertiary
referral centre. Lung function tests, body
weight, arterial blood oxygen (Pao,) and
carbon dioxide (IPaco,) tensions were
measured. The weight was calculated as a
percentage of the ideal body weight for
age, height, and sex.

Results—Forced expiratory volume in one
second (FEV)) recorded at the start of the
study was 1.8 (1.0) 1 (52 (26)% predicted
FEV), Pao, 9.8 (1.9) kPa, Paco, 5.0
(0.9) kPa, and % ideal weight 92 (18)%.
During the follow up period (45 (27)
months) 137 patients died (5 year survival
72%, 95% CI 67 to 73). FEV,, % predicted
FEV,, Pao,, % ideal weight (all p<0.0001),
and Paco, (p=0.04) predicted survival. In
multivariate analysis, % predicted FEV,
(p<0.0001), % ideal weight (p=0.004), and
Paco, (p=0.02) were independent predic-
tors of outcome. Patients with >85% ideal
body weight had a better prognosis at 5
years (cumulative survival 84%, 95% CI 79
to 89) than those with <85% ideal weight
(survival 53%, 95% CI 45 to 62), p<0.0001.
Percentage predicted FEV, (area under

Table 1  Baseline clinical characteristics of 584 consecutive patients with cystic fibrosis (CF)

Comparison by survival status

All CF patients

(n=584) Died (n=137) Alive (n=447)
Age (years) 21 (7) 22 (7) 21 (7)
Sex (M/F) 323/261 73/64 250/197
FEV, () 1.8 (1.0) 1.1 (0.5) 2.1 (1.0)1
% predicted FEV, 52 (26) 32 (15) 58 (25)t
% ideal weight 92 (18) 82 (15) 95 (18) T
Pao, (kPa) 9.8 (1.9) 8.7 (1.5) 10.2 (1.9)t
Paco, (kPa) 5.0 (0.9) 5.3 (1.1) 4.9 (0.8)*

Data are presented as mean (SD) or numbers of patients.

FEV, = forced expiratory volume in one second; % ideal weight = weight as percentage of the pre-
dicted ideal weight; Pao,= arterial oxygen tension; Paco, = arterial carbon dioxide tension.
*p<0.01, p<0.0001 for unpaired ¢ test of mean of corresponding groups.
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curve 0.83; 95% CI 0.78 to 0.87) and %
ideal weight (area under curve 0.74; 95%
CI 0.68 to 0.79) were accurate predictors
of survival at S years follow up (receiver-
operating characteristic analysis).
Conclusions—Body wasting is a signifi-
cant predictor of survival in patients with
CF independent of lung function, arterial
blood oxygen and carbon dioxide tensions.
(Thorax 2001;56:746-750)
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Cystic fibrosis (CF) is the most common life
threatening autosomal recessive disorder in the
white population, occurring at a frequency of
approximately 1:2000 to 1:2500 live births.'
Advances in medical treatment have resulted in
an improvement in prognosis and symptoms
with increasing numbers of patients surviving
into adult life. However, as the disease
progresses, patients develop disabling lung dis-
ease with the main cause of death in adults
being respiratory failure.” For patients with
advanced CF, lung or heart-lung transplanta-
tion represents an important treatment for
improving survival and quality of life.” In view
of the shortage of donor organs and to assess
the suitability of patients for transplantation,
reliable prognostic indicators that can accu-
rately define groups of patients at high risk are
needed.

Wasting has long been recognised as a
marker of impaired survival in CF,* but it has
not been previously shown to be independent
of established prognostic indicators. Kerem ez
al’ showed that body wasting was predictive of
impaired survival but this was not independent
of lung function or arterial blood gas tensions.
It has been demonstrated that cachexia is a
strong and independent risk factor for mor-
tality in patients with chronic heart failure,’® as
well as other chronic diseases.”® We have
examined whether body wasting is an inde-
pendent prognostic marker in CF.

Methods

STUDY POPULATION AND FOLLOW UP

Between 1985 and 1996, 584 patients (261
female) with CF, of mean age 21 (7) years
(range 7-45), who attended the Royal Bromp-
ton Hospital were studied. The diagnosis of CF

yBuAdod Aq paraalold 1sanb Ag 20z ‘8z Iudy Uo /w0 fug xeloyy/:dny woly papeojumod “TO0Z 1840100 T U0 9/ 0T 95 Xeloyy/9eTT 0T Se paysiqnd 1siy :xeioy L


http://thorax.bmj.com/

Wasting as an independent predictor of mortality in patients with CF

Table 2 Cox proportional hazards analysis of survival in 584 patients with cystic fibrosis:

univariate analysis

Parameter 7 value P value RR (95% CID

FEV, 137.0 <0.0001 0.999 (0.998 to 0.999)
% predicted FEV, 143.3 <0.0001 0.945 (0.934 to 0.956)
% ideal weight 62.0 <0.0001 0.955 (0.944 t0 0.967)
Pao, 21.7 <0.0001 0.730 (0.637 to 0.838)
Paco, 4.0 0.04 1.280 (1.009 to 1.622)
Age (years) 0.7 0.406 1.010 (0.986 to 1.034)
Female sex 1.2 0.280 1.203 (0.860 to 1.684)

FEV, = forced expiratory volume in one second; Pao,= arterial oxygen tension ; Paco, = arterial
carbon dioxide tension; % ideal weight = weight as percentage of the predicted ideal weight.

Table 3  Cox proportional hazards analysis of survival in 584 patients with cystic fibrosis:
multivariate analysis

Parameter 7 value p value RR (95 % CI)

% ideal weight 5.9 0.015 0.984 (0.971 to 0.997)
% predicted FEV, 63.4 <0.0001 0.951 (0.940 to 0.963)
% ideal weight 56.5 <0.0001 0.955 (0.944 to 0.967)
Age 0.5 0.476 0.990 (0.963 to 1.018)
% ideal weight 53.8 <0.0001 0.956 (0.944 to 0.967)
Female sex 0.3 0.611 1.091 (0.779 to 1.529)
% ideal weight 8.4 0.004 0.968 (0.947 to 0.990)
% predicted FEV, 17.4 <0.0001 0.953 (0.931 to 0.975)
Pao, 1.7 0.187 0.892 (0.752 to 1.057)
Paco, 5.1 0.024 0.714 (0.533 to 0.957)
Age 1.0 0.328 0.982 (0.946 to 1.019)
Female sex 0.05 0.819 0.945 (0.581 to 1.537)

FEV, = forced expiratory volume in one second; Pao, = arterial oxygen tension; Paco, = arterial
carbon dioxide tension; % ideal weight = weight as percentage of the predicted ideal weight.

Cumulative survival (%)
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Figure 1 Kaplan-Meier survival plot for 584 patients with cystic fibrosis: patients
subgrouped according to (A) percentage ideal weight and (B) percentage predicted forced
expiratory volume in one second (FEV).
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was based on positive sweat tests with typical
clinical findings, with or without genotype
confirmation. The patients underwent routine
testing of pulmonary function during their fol-
low up, with forced expiratory volume in one
second (FEV)) expressed as a percentage of the
normal predicted values for height and sex (%
predicted FEV,), as previously described.’ '
Height, weight, arterial blood oxygen and car-
bon dioxide tensions (Pao,, Paco,) were also
measured. Weight was calculated as a percent-
age of the ideal body weight for age, height, and
sex using the standards of Tanner et al'' for
patients aged <19 years and the Metropolitan
height and weight tables” for patients >19
years of age.

As all the above investigations were part of
the routine assessment of patients with CF
attending our hospital, informed consent from
the patients studied or ethics committee
approval was deemed unnecessary.

STATISTICAL ANALYSIS

All results are presented as mean (SD) values.
Cox proportional hazard analysis was per-
formed using baseline values to assess the
association between variables and all-cause
mortality. Previous studies have shown that %
predicted FEV,, age, and sex all relate to
survival. The interaction between the effects of
each of these variables and % ideal weight in
determining survival was therefore evaluated
initially in two variable models. Subsequently,
these parameters (together with arterial blood
gas levels) were included in a six variable model
(table 3). Hazard ratio (RR) and 95% confi-
dence interval (CI) for risk factors as well as
significance levels for x> (likelihood ratio test)
are given, and Kaplan-Meier cumulative sur-
vival plots were constructed (StatView 5, Aba-
cus Concepts, Berkeley, USA). The receiver-
operating characteristic curves for % predicted
FEV,, % ideal weight, and Paco, were drawn
and the areas under the curves calculated
(MedCalc 5.0, MedCalc Inc, Belgium). The
cut off level that resulted in the highest product
of sensitivity and specificity was considered the
optimal level for predicting outcome.

The probability of death within 5 years of
patients with CF (according to % predicted
FEV, and % ideal weight) was calculated using
a logistic regression analysis technique.”

Results

Of the 584 patients who were followed up for a
mean of 45 (27) months, 137 (23.5%) died
after 2.4-89.9 months (mean 31.0 (21.0);
median 25.0). The mean (SD) follow up
period of the 447 survivors was 48.0 (27.1)
months (range 1.6-94.7). The cumulative sur-
vival of all patients was 96.3% at 1 year (95%
CI 94.7 to 97.9), 82.8% at 3 years (95% CI
79.4 to 86.2), 71.9% at 5 years (95% CI 67.3
to 76.5), and 62.7% at 7 years (95% CI56.9 to
68.5). For all the 584 patients the mean FEV,
recorded at the start of study was 1.8 (1.0) 1
(52 (26)% predicted FEV,), Pao, 9.8
(1.9) kPa, Paco, 5.0 (0.9) kPa, and % ideal
weight 92 (18)% (table 1).

yBuAdod Aq paraalold 1sanb Ag 20z ‘8z Iudy Uo /w0 fug xeloyy/:dny woly papeojumod “TO0Z 1840100 T U0 9/ 0T 95 Xeloyy/9eTT 0T Se paysiqnd 1siy :xeioy L


http://thorax.bmj.com/

748

100

80

2]
o

Sensitivity

40

20

% FEV, (area under curve = 0.83)
Optimal cut off 38% (sensitivity 78%,
specificity 74%)
--- % ldeal weight (area under curve = 0.74)*
Optimal cut off 83%
(sensitivity 78%, specificity 63%)
"""" Paco, (area under curve = 0.543)t §
Optimal cut off 5.8 kPa (sensitivity
86%, specificity 26%)
| | | |

40 60 80 100
100 - Specificity

Figure 2 Receiver-operating characteristic curves of S year survival for percentage
predicted forced expiratory volume in one second (FEV ), % ideal weight, and Paco, in
patients with cystic fibrosis. *Percentage ideal weight v percentage predicted FEV: p =
0.002; fpercentage ideal weight v Paco,: p = 0.011; $Paco, v percentage predicted FEV ,:

£<0.0001.
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Figure 3 Estimated probability of death within 5 years of patients with cystic fibrosis
according to percentage predicted FEV, and percentage ideal weight.

FEV,, % predicted FEV,, % ideal weight,
Pao, (all p<0.0001) and Paco, (p=0.04)
predicted survival (table 2). In multivariate
analysis including these measurements, % pre-
dicted FEV, (p<0.0001), % ideal body weight
(p=0.004), and Paco, (p=0.02) were found
independently to predict outcome after 5 years
(table 3). Age and sex were not predictive of
survival in univariate or multivariate analyses.

Kaplan-Meier survival analysis shows that
patients with >85% ideal body weight had a
better prognosis at 5 years (cumulative survival
83.8%; 95% CI 78.8 to 88.8) than those with
<85% ideal weight (survival 53.4%; 95% CI
45.2 to 61.6; p<0.0001, fig 1A). Furthermore,
patients with FEV, >30% predicted were
found to have a significantly better prognosis
than those with FEV, <30% predicted
(fig 1B).
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Receiver-operating characteristic (ROC)
curves were plotted for % predicted FEV,, %
ideal weight, and Paco, (fig 2). Both %
predicted FEV, (area under the curve 0.827;
95% CI 0.780 to 0.867) and % ideal weight
(area under the curve 0.736; 95% CI 0.684 to
0.785) were found to be highly accurate
predictors of 5 year survival, with the former
being significantly better than the latter
(p=0.002). In contrast, Paco, was not shown to
be an accurate prognostic indicator (area under
the curve 0.543;95% CI 0.445 to 0.639). ROC
curves were also drawn for 1, 2, 3, and 7 years
follow up which resulted in similar results to
those above (data not shown). The optimal cut
off value for predicting death at 5 years was
38% for predicted FEV, and 83% for ideal
weight.

The probability of death within 5 years was
estimated according to % predicted FEV, and
% ideal weight (fig 3). For any given %
predicted FEV,, the probability of death was
found to increase markedly as the % ideal
weight decreased. The probability of death
within 2 and 7 years was also calculated, result-
ing in similar findings (data not shown).

Discussion

This study has shown that body wasting is an
important predictor of impaired survival in CF.
It provides prognostic information independ-
ently of established risk factors such as lung
function (% predicted FEV,) and arterial
blood gas tensions (Pao, and Paco,). Although
it has long been recognised that wasting is a
predictor of survival in CF,* it has not been
previously shown to be an independent prog-
nostic indicator.

In a study by Kerem ez al,” % ideal weight
was not found to be an independent predictor
of survival, in contrast to the present study.
One reason for this may be that our data are
more recent (patients followed up between
1985 and 1996) than those of Kerem ez al
(patients followed up between 1977 and 1989).
During the last two decades there have been
major improvements in the nutrition of pa-
tients with CF, with the introduction of high
calorie diets and the development of better
pancreatic enzymes in the mid 1980s."* It may
be hypothesised that, in the past, if a patient
with CF was cachectic this was simply due to
poor nutrition, which is why body weight was a
relatively weak marker of disease severity in the
study by Kerem er al. However, since the
advances in nutritional support, the develop-
ment of weight loss (or failure to thrive in chil-
dren) is likely to be due to a serious deteriora-
tion in the metabolic status of the patient as a
result of the disease process itself. As a result, a
low % ideal body weight has become a more
powerful and independent predictor of survival
in patients with CF who are managed using
present day treatment strategies. It must be
borne in mind that, as new therapies for
chronic diseases emerge, the prognostic value
of certain markers may change, as has been
observed in other disease states."

In the present study, age and sex were not
significant predictors of mortality in CF.
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Although there have been some previous stud-
ies in which these parameters were found to be
of prognostic value, there have also been
several studies in which this was not the
case.* "' In particular, in one of the largest
epidemiological studies to date in CF which
investigated over 21 000 patients, sex was
noted to be a significant predictor of mortality
only in patients below 20 years of age.'*
Furthermore, in the same study there was a
trend within the 1-20 year age group for the
relative risk to diminish with increasing age. As
the mean age of our study population was 21
years, this may explain why we did not find sex
to be a significant prognostic marker for CF.

One of the major problems of research into
cachexia is in defining the degree of wasting.
The body mass index is routinely used for
assessing weight in relation to height in adults,
but this method gives only limited information
and cannot be applied to children. Instead, cal-
culating the weight as a percentage of the ideal
weight (according to height, age and sex) is
more appropriate." *" Percentage ideal
weight measurements are generally considered
superior to the % average weight of the respec-
tive populations when performing survival
studies, as the former refer to the weight asso-
ciated with the lowest mortality rate.” The
present study has shown that % ideal weight is
a highly accurate prognostic indicator, with the
optimal cut off level being 83% for predicting 5
year survival. This finding is in keeping with a
consensus report on nutritional assessment in
CF" which defined nutritional failure as a %
ideal weight of <85. The marked difference in
survival between patients subdivided according
to 85% ideal weight is shown in fig 1.

As % predicted FEV, and % ideal weight
were the only two risk factors that predicted
death independently and accurately in our
study, the probability of death within 5 years
was estimated using a model based on these
two variables (fig 3). Graphs were also
constructed based upon the probability of
death within 2 and 7 years which yielded simi-
lar results (data not shown). In fig 3, patients
were divided into subgroups according to %
ideal weight using a classification system modi-
fied from Waterlow and Rutishauser.”’ The
range of body size for normal nutritional status
is 90-110% of ideal weight. Patients with
85.0-89.9% of ideal weight are defined as hav-
ing early malnutrition, 80.0-84.9% as mild
malnutrition, and <80% as moderate to severe
malnutrition."” From fig 3, the probability of
death within 5 years can be estimated for any
patient provided their % predicted FEV, and %
ideal weight are known, both of which can be
readily assessed in the outpatient clinic. As a
patient’s nutritional status worsens, the prob-
ability of death for any given % predicted FEV,
increases markedly. The development of
cachexia in CF should therefore be considered
an ominous clinical sign. Interestingly, patients
in our study who were overweight (>110%
ideal weight) had a better prognosis than
patients with normal nutritional status.
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There are several reasons for weight loss in
patients with CF, including uncontrolled mal-
absorption, the development of diabetes melli-
tus, or the progression of respiratory disease.
Recurrent episodes of pulmonary sepsis can
result in wasting due to an increase in
metabolic rate and because the patient may
become too breathless to eat properly.
Cachexia is also known to be a poor prognostic
sign in patients with other medical conditions
such as cancer, AIDS, and chronic heart
failure.”® Although there are different mecha-
nisms responsible for the wasting process in
these conditions, the common finding appears
to be that cachexia is a strong predictor of
impaired survival. Furthermore, it is known
that improvements in nutrition can lead to
increased survival of patients with CF. In a
study comparing the survival rates of two large
CF centres in North America, there was a
higher median survival rate among patients in
Toronto than in those in Boston because of
better nutrition in the former centre.”

The present study shows that CF patients
with wasting represent a high risk group which
should be considered for transplantation at an
earlier stage than patients who are not cachec-
tic. Previous work has shown that preoperative
body mass index does not influence survival
following transplantation, suggesting that ca-
chectic patients should not be denied trans-
plantation unduly while attempts are being
made to increase weight."” Percentage ideal
weight represents a simple and cost effective
measurement which, in addition to % pre-
dicted FEV,, provides an accurate and inde-
pendent prediction of prognosis in CF.
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