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Objective: Although several prediction equations to evaluate peak expiratory flow rate (PEFR) of
Indian children are available in literature, clinicians and researchers need to make a logical
choice of which eguation to use as reference. The aim was to demonstrate a practical approach
to making such a logical choice by using prediction equations on our study population. Methods:
Eighteen linear regression equations generated on Indian children were chosen from available
literature. PEFR measured on a Wright peak flow meter on 81 boys and 60 girls, aged between
8 and 13 years, was compared with the predicted values obtained from the equations. Data was
systematically analyzed for the extent of over-estimation and under-estimation, correlation between
the predicted and measured values and bias and limits of agreement using Bland-Altman plots.
Results: The correlation between observed and predicted values using the eighteen equations
ranged between 0.616 and 0.797 (for all P<0.001). The Bland-Altman plots indicated that for all
but three equations in boys and three equations in girls, lower measured values of PEFR were
associated with higher predicted values. A final choice of a*“ reference” prediction equation was
based on a combination of factorswhich included a high correlation between actual and predicted
PEFR values, the “bias’ of the estimate, the “limits of agreement” and the extent to which
equations over or under-estimated PEFR. Conclusion: A practical approach to evaluate the
applicability of prediction equations on an independent data set has been demonstrated.

Key words: Bland-Altman plot, Peak expiratory flow rate, Prediction equations.

LTHOUGH pulmonary function tests

using complete spirometry provide
guantifiable measures of the state of the
respiratory system and useful information for
the management of respiratory tract illnesses
in pediatric practice, instrumentation for this
is relatively expensive and only available in
hospitals. In contrast, peak expiratory flow
rate (PEFR) can be measured using relatively
inexpensive peak flow metersand are of value
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in identifying and assessing the degree of
airflow limitation of individuals.

The clinical use of PEFR requires a
comparison with normative/standard data, e.g.
for asthma, flow limitation is diagnosed
objectively if PEFR is less than 80% of the
“normal” or reference value. PEFR can thus
be used to assess the presence and severity of
airflow obstruction and the response to

therapy.
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TheAmerican Thoracic Society (ATS) has
recommended that |aboratories should use the
published reference equations (based on
cross-sectional data) that most closely
describe the populations tested in their
laboratories and suggest that laboratories
make an empirical assessment of how
different equations relate to measurements
madein 20to0 40 healthy subjectstypical of the
laboratory’s clientele(1). A large number of
sourcesfor reference dataof PEFR in children
exist in India in the form of prediction
regression equations. Thisposesaproblemfor
clinicians and researchers about which
equation to use for normative data from the
many that are available. This paper addresses
two issues. First, it provides comprehensive
data of regression equations that have been
described in published literature to predict
PEFR in Indian children. In this context we
were particularly interested in sample size,
validation of the published equations and the
extent of variance in PEFR accounted for by
the predictor variables. Second, it compares
independently measured PEFR in South
Indian rural children (“actual” measures) with
“predicted” measures using all the prediction
equations we reviewed. The aim of this
exercise was to determine which equation
was most suitable for an independently
generated data set and to demonstrate a
practical approach to making such a logical
choice.

Subjectsand M ethods

Thedataset used for thisanalysisincluded
healthy children aged between 8-13 years,
who were clinically free from respiratory
diseases and with no prior history of asthma.
The regression equations were all tested for a
samplethat waswithintheagerangefor which
the equation had been generated. This group
of one hundred and forty one children,
(81 boysand 60 girls) wasrecruited fromthree
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schools of Palamaner, Chittoor district,

AndhraPradesh, alargely rural area.

Height was measured to the nearest 0.2 cm
and weight to the nearest 0.5 kg with light
clothing. PEFR was measured using a mini
Wright peak flow meter with the child
standing. The highest of three values (L/min)
was used in the analysis and was compared
with the predicted value obtained in eighteen
prediction equations. The eighteen equations
were chosen by reviewing published literature
obtained through both a pubmed search and a
manual search of documents. Studies from
papers published prior to the year 1975 were
excluded from the analysis. In addition,
equations obtained from studies on children
living in tribal regions and in high altitudes
were excluded.

PEFR was measured after all subjects
assented to the study. The datawere collected
as part of a school health evaluation program
following consultations with the teachers and
administrators. Ethical approval was obtained
aspart of alarger survey inthearea.

Satistical analysis

Comparison between the measured values
and the predicted val ues obtained from the 18
equations were analyzed to ascertain the
degree of over-estimation and under-
estimation (that is, above or below 10% of
predicted value), and the extent of correlation
between them. Bland-Altman plots (scatter
plots of the difference between predicted and
measured PEFRs versus the average of the
predicted and measured PEFRs) were
constructed to measure agreement between
measured values and the predicted values
from the 18 equations for boys and girls
separately, and the bias and limits of
agreement were calculated(2,3). The mean
difference between the predicted and the
measured PEFR value is the estimated bias,
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while the mean difference plus or minus 1.96
standard deviations indicates the limits of
agreement, that is, how far apart measure-
ments by thetwo methodswerelikely to befor
most individuals. Correlation of thedifference
in PEFR versus the mean PEFR for each
equation was obtained.

Results

Characteristics of 18 described equations
are described in Table 1(4-17). The mean
hei ghts and wei ght and measured PEFR of the
children are indicated in Table 1. The mean
PEFR of boys was higher than in girls even
after adjusting for height, although not
significant [boys302 L/min (Cl: 292.5-312.0)
versusgirls291 L/min (Cl: 279.8-302.9)].

The values obtained using each of the
18 sets of equations published was compared
with the actual measured PEFR of the 81 boys
and 60 girls. Based on the American Thoracic
Society requirement for a 10% accuracy in
peak expiratory flow measurements to
account for the higher within-and between-
subject variability associated with PEF
measurements and because of testing
instrument limitations(18), the percentage of
comparable values (within 10% of predicted),
the percentage of over-estimation and under-
estimation of values using the prediction
equations was calculated. Tables Il & 1V
provide the extent of under-estimation and
over-estimation using these equations and
also indicate the correlation of predicted
valueswith the measured PEFR.

The percentage of “comparable’ (i.e,
within 10% of predicted) values ranged from
5% to 54.6% for all children across equations,
with a range of 1.2% to 55.6% in boys and
3.3% to 53.3% in girls. Equation 4 had the
highest percentage of comparable values for
all children as awhole and when separated by
gender. Among boys, equations 3,4,8 and 15
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and among girls, equations 4 and 15 had more
than 50% of the values within the comparable
range. The degree of over-estimation ranged
from 1.4% to 46.1% for all children with a
range of 0% to 75.3% in boys and 1.7% to
45.0%ingirls. Thedegree of under-estimation
ranged from 9.2 % to 93.6 % for all children
with arange of 0% to 97.5 in boys and 5% to
93.3% in girls. Equation 1 and 6 consistently
underestimated PEFR values in all children.
For boys, over-estimation using Equation 10
was high (75.3%). Equation 6 underestimated
most valuesin girls. For boys, in addition, the
degree of under-estimation using Equation 7
wasvery high (97.5%).

The correlation between the measured
PEFR and the predicted values was
moderately high with correlation coefficients
above 0.7 for all equations, except equation 16
in boys and for 14 (out of 16) equations in
girls. For boys the highest correlation was
obtained using equation 3, while equation 13
had the highest correlation in girls. However,
correlation coefficientsonly show the strength
of the relationship, but not the agreement
between the two values. Data which seem to
bein poor agreement can also show very high
correlations(2).

The Bland-Altman plot (Figs. 1 & 2) was
used to further measure the agreement of the
values obtained from the prediction equations
with measured PEFR. A highly significant
negative correlation of varying magnitude
was obtained between the difference
(predicted - measured) and the mean (average
of predicted and measured) PEFR valueswith
the exception of equations 1, 10 and 18 for
boys and equations 12, 15 and 17 in girls.
These data suggest that the majority of
equations overestimated PEFR at low mean
PEFRs while they underestimated PEFRs at
higher mean PEFRs.

The mean bias ranged from 19.8L/min
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TABLE II-Characteristics of the Sudy Group

Characteristics Total Male Female
(n=141) (n=81) (n=60)
Age(yr) 11.3 114 11.2
(8-13) (8-13) (8-13)
Height (cm) 138.5 138.1 138.9
(109.5-176.5) (109.5-176.5) (112.4-172.7)
Weight (kg) 29.5 29.3 29.9
(15.6-55.2) (16.3-51.5) (15.6-55.2)
PFER (1/min) 298 301 293
(160-530) (160-530) (160-430)
Mean (Range)

(equation 13) to —98.7 L/min (equation 7)
in boys and 14.35 L/min (equation 4) to
—97.9 L/min (equation 1) in girls (Tables V &
V).

In summary, equation 4 appeared to be
best suited for our study group on several
counts:

(@) A relatively good correlation between
measured PEFR and predicted value.

(b) Greatest number within normal limits
(10% of predicted) with 55.6 % in boys
and53.3%ingirls.

() An amost even extent of over- and
under-estimation (24.1% and 21.3%
respectively).

(dA low bias compared to all
equations.

other

Discussion

Seventeen prediction equations for boys
and 16 equations for girls were evaluated for
their suitability asreference valuesfor astudy
population between of 8 to 13 years of age.
The results of this study highlight the
problems that are associated with using
prediction equationsfor normative data.

Equation 4 among the eight that were
tested was found most suitable for our study

INDIAN PEDIATRICS

population. Beyond the specific findings of
this study, however, is the demonstration of a
practical approach to choosing a regression
equation when multiple such equations are
available.

Our suggested approach would beto:

(a) Evauate the strengths and weaknesses of
theregression equationitself and

(b) Test the regression equation on a small
sample of the intended study population
using multiple methods to ascertain
suitability.

Thisis, indeed, the approach that has been
suggested by the ATS(1).

For the purpose of identifying the
most suitable regression equation the ATS
has suggested evaluating the following
guestions(1):

(a) Have the investigators used acceptable
methods and equipment?

(b) Has the study sample been adequately
described?

(c) Is the statistical approach to equation
generation adequately described?

(dyWas the equation validated on an
independent study sample?

In the present study, the papers reviewed
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INDIAN PEDIATRICS

689

VOLUME 43—aucusTt 17, 2006



SUMATHI, ET AL. EVALUATING LUNG FUNCTION PREDICTION EQUATION

s

:

¥ Fmin

in PEFR (Eq

Daflererce n PEFR (Equeiion T- meeasured) Winin

E -
u ?m-.:.n_- e E) ax e B
Average PEFR (Equation 7 and PEFR) L/min Average PEFR (Equation 8 and PEFR) L/min
r=-0.96 p = <0.001 r=-0.61 p=<0.001
(9 (n
E 10 — E H:l:-'!'- ..... —
i E=: E =
E, [ - 3% % x o
z B P A 3 i F-g-————— -
'ii .:....:-.;‘-E.:"" '__m.i:!_'_;: g P n
|_.EI_ S "n = r'-:_ — — é . h :'h% al [ —— e
E oo . ' A it s ST
T “.__ ......... E #" TP h g oo, .
= E 1 P TR
| N ae ___ S ___
E ml- S = —— E -¥O0 —
i 0 b o) - o O e P WK a1 - =
Average PEFR (Equation 9 and PEFR) L/min Average PEFR (Equation 10 and PEFR) L/min
r=-034  p=0.002 r=+018 p=0.102
0 (i)
£ £
E
= E oy S R
= ] TR 1] a -
B S . 2 = aa E xm,__:‘% "E"u_,, :
= i 118 = el O
5 ) ;a-' £, ) g ) """:,'D'n“‘ A
3 G - 3 : L 4
x o TV - S A
E wmd T TT T T T T T h"-"‘-_ T (=TT a "
= o "-\-_\_H_ e
g b 4
é an EE' 1]
= ¥ 20 e o ) ] = a0 0 =0
Average PEFR (Equation 12 and PEFR) L/min Average PEFR (Equation 13 and PEFR) L/min
r=-057 p=<0.001 r=—-059 p=<0.001
) 0}

Fig. 1. Bland-Altman plots for difference against mean PEFR in boys.

INDIAN PEDIATRICS 690 VOLUME 43—AaucusT 17, 2006



SUMATHI, ET AL

Cifference in PEFR [Eguaiicn 14 - measured) Pmin

Difarescn i PEFR (Eguaton 18 - measursd) Pmin

INDIAN PEDIATRICS

¥o X a0 a a0
Average PEFR (Equation 14 and PEFR) L/min
r=-056 p=<0.001
(m)
e —
B
J T N
BN
1m .;' q_, u =
ﬁ:ﬂ .;\-H-H"'-.
- — — ——————1—3-\_\_:.—___
A a i "'\-\.\_\_\‘HE
300 B
el FK 300 A o

Average PEFR (Equation 16 and PEFR) L/min

EVALUATING LUNG FUNCTION PREDICTION EQUATION

g = —
T
5
i " .
E [ 1,nL R "_H_ —— -
o [T : v."t a
- -\-"‘--l__n =] ol o {
5 “??\5"- P
g : e
L3 " nlﬁ'p .,”L -u“-:_\-_\_‘"-- e
E __________ ) L : -____-_-\__-\_:'_'
L m B
=
£
£ )
e 00 20 E) P ) i
Average PEFR (Equation 15 and PEFR) L/min
r=-0.37 p = <0.001
(n
E 30
-
;_% ° h_\--_"j—\_- . Iu'.-“-n a
I._:j_l ..:: i-??u_.'u___n_ .......
¥ 9,9 g bg "=——__ @
e M™ML . i ——
&
g m B
8 . i 41 s A

Average PEFR (Equation 17 and PEFR)L/min

r=-0.70 p=<0.001 r=-035 p=<0.002
(0) ()
§
=
E
g w
C I T
; . L] L
‘E ..... .4 ’1, ; e B
= __L%‘Lfﬁ = -
o do Yoo . L
Ii.] i N q’ﬁ -
: o a o
§ = .
v e m L] L) [cri]
Average PEFR (Equation 18 and PEFR) L/min
r=+0.12 p=0.279
(@

Fig. 1. Bland-Altman plots for difference against mean PEFR in boys.

691

VOLUME 43—aucusTt 17, 2006



SUMATHI, ET AL.

EVALUATING LUNG FUNCTION PREDICTION EQUATION

i |
-
é il
E
v S - I
E ' " = e
o _\——_e—j'\— :"" I' a B “
—_ [ | I.;:..-‘_..‘n. g m = e o]
E ';":" n—w:‘.—_h"h_._‘——\_
o g oo
E i — o m m————— L
& o 7
- .
g . 4
1] 2 oo 1
Average PEFR (Equation 1 and PEFR) L/min
r=-0.63 p=<0.001
(@
g il - |
==
E 1
N e R e
= a o e
3 i Sl .
e — EH M P ek
: R ]
: L “n l. 1
E =) r [
f [T T T T T e e T e T T e
i b
E ’ L T I E ]
Average PEFR (Equation 3 and measured) L/min
r=-0.61 p=<0.001
(©
£
; :
: '-.___._._., v : - P
'I: n ﬂ;t“ ﬂ:'.'.'._ T =
K ]
e e,
E )
; '

b ]

Average PEFR (Equation 5 and measured) L/min

r=-083 p=<0.001
(e)

am

ax

™
15 ] o L

Average PEFR (Equation 2 and measured) L/min
r=-0.65 p=<0.001
(b)

Diffrance in FEFR [Equatian 2 - s suned) Smin

W ]
o E-) 00 o E]

Average PEFR (Equation 4 and measured) L/min
r=-059 p=<0.001

Cvifaronica o PEFI (Tquation 4 - measured} imn

=
E )
E
E
13
E
=
5 ¢
E afo————————- ST e
i g w8, a
E ™ £ #a a
- oy B T P .
B ]
: P .
? " - @ v"q" .\__\__\_-
R a 2 == -
o =M xa L

Average PEFR (Equation 6 and PEFR) L/min
r=-0.70 p=<0.001
(f)

Fig. 2. Bland-Altman plots for difference againstmean PEFR in girls.

INDIAN PEDIATRICS

692 VOLUME 43—AucusT 17, 2006



SUMATHI, ET AL

EVALUATING LUNG FUNCTION PREDICTION EQUATION

-]
&

Ciffarancs in FEFR (Equaton 9 - maasyred) Mmin

Average PEFR (Equation 9 and PEFR) L/min

r=-0.28
(9)

meEnsuned ] imim

Cifaranos in PEFR (Eguaton 11

p= 0.033

Average PEFR (Equation 11 and PEFR) L/min

r=-0.39 p= 0.002
0}

§
g
i .
E F--————-—-==- S
o 100 =
E : = ‘P:n" & o ’
g .
i - L T TE L
E [] LN |
= . % 8% :
N
E -1I:I:I_i - +
a o] kol 400 L]

Average PEFR (Equation 13 and PEFR) L/min

r=-033
®

p= 0.011

Cufference in PEFR (Equation 12 - measured) #min

ad} Wmin

£

E

=

=

@

=

5

o

@ 1

E

! a

= Sl e
5 e , o o

m o Tm—— b o & =

By e T =

w e og 9

=1 R :aaafl s .

b 5 a0, "—-u.;-_'“-

ik T m—

u i ==
ﬂ:l 100 N LT .

c " oA

I bt
[=

2

£ m N

o =1} a0 ] 400

Average PEFR (Equation 10 and PEFR) L/min

r=-042 p=<0.001
(h)
FLLE
4 — — L] S TP B
o ]
a u n
e L4
a et
Y &fp oo mu"_‘I g .
o N u= I.Ihﬂ .::":
51 | T e - 1
i
s . |
02 e ] 50 k=]

Average PEFR (Equation 12 and PEFR) L/min

r=-0.10
()]

p= 0.447

Average PEFR (Equation 14 and PEFR) L/min

r=-0.44
"

p = <0.001

Fig. 2. Bland-Altman plots for difference against mean PEFR in girls.

INDIAN PEDIATRICS

VOLUME 43—aucusTt 17, 2006



SUMATHI, ET AL.

Cetterence in PEFHR {Equabon 15 » measuned ) Krmin

a'.-'-i—-- td - =
1ma 200 1] 400 500
Average PEFR (Equation 15 and PEFR) L/min
r=-0.07 p= 0.590
(m)
:; 2
5
§ 100 4
E L . T ——p = -
E] s o a® = B
LIiJr 'a-.- :...,____" - ‘F ............
E . n Be I:‘e |; . I:-:
[T o B o
=
3 T - T
B
5
£ W -
=] .Ii.l 200 A A0 End
Average PEFR (Equation 17 and PEFR) L/min

r=-0.03
(0)

p= 0.799

EVALUATING LUNG FUNCTION PREDICTION EQUATION

Ditference n PEFR |Eguatnn 18 - measure &) Pmin
a

Average PEFR (Equation 16 and PEFR) L/min

r=-0.60 p = <0.001
(n)
E T e
;'I'_-' - ]
5 n :. e
E o9 [ = ee _——____
-4 | “ nﬁ B O -
B F------ s LI S
E |mm—"T o= d g o g0 L]
E 400 4 o N ate 2 :
g o, e
ta wo | T ‘_____. .____-
=] 108 0 0 0 500
Average PEFR (Equation 18 and PEFR) L/min
r=+0.20 p= 0.119

(p)

Fig. 2. Bland-Altman plots for difference against mean PEFR in girls.

allowed an assessment of the first two
guestions. With regard to the third question,
only 10 equations provided correlation
coefficients for the equations that were
generated and 6 provided in addition, the
standard error of the estimate. Further
statistical analyseson the statistical validity of
the generated regression equations were not
available. In addition, more detail regarding
the process of generation of the regression
equations in dstatistical terms would have
allowed better evaluation. None of the
equations had accompanying validation data
on anindependent data set.

INDIAN PEDIATRICS

Thus, there are clear problems, some of
which are based on the insufficiency of
data, which make a choice of regression
equationsfor PEFR difficult. Inthe absence of
totally acceptable information on ‘regression
equations of PEFR based on ATS recommen-
dations, we have described a practical
approach that alows clinicians and
researchersto evaluate whSich equation to use
forlocal datasets.

Thispaper providesapractical step by step
approach to choosing prediction equations
when multiple equations are available. The
method includes critical evaluation of the
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Key Messages

* Clinical use of peak expiratory flow rates require comparisons with normative/standard data

*  Where multiple regression equations are available, evaluation using a small study sample
and multiple statistical methods will allow investigators to make a choice.

prediction equations themselves as well as an
analysis of suitability on a small independent
dataset.
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