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Rationale: American Thoracic Society guidelines state that a 10% or
greater intersession change in diffusing capacity of the lung (DLco)
should be considered clinically significant. However, little is known
about the short-term intersession variability in DLco in untrained
subjects or how variability is affected by rigorous external quality
control.

Objectives: To characterize the intersession variability of DLco and the
effect of different quality control methods in untrained individuals
without significant lung disease.

Methods: Data were pooled from the comparator arms of 14 pre-
registration trials of inhaled insulin that included nonsmoking di-
abetic patients without significant lung disease. A total of 699 par-
ticipants performed repeated DLco measurements using a highly
standardized technique. A total of 948 participants performed re-
peated measurements using routine clinical testing.

Measurements and Main Results: The mean intersession absolute
change in DLco using the highly standardized method was 1.45 ml/
minute/mm Hg (5.64%) compared with 2.49 ml/minute/mm Hg
(9.52%) in the routine testing group (P < 0.0001 for both absolute
and percent difference). The variability in absolute intersession
change in DiLco increased with increasing baseline Dico values,
whereas the absolute percentage of intersession change was stable
across baseline values. Depending on the method, 15.5 to 35.5% of
participants had an intersession change of 10% or greater. A 20% or
greater threshold would reduce this percentage of patients to 1 to
10%.

Conclusions: Intersession variability in DLco measurement is depen-
dent on the method of testing used and baseline DLco. Using a more
liberal threshold to define meaningful intersession change may
reduce the misclassification of normal variation as abnormal change.
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Measurement of single-breath diffusing capacity of the lung
(DLco) is an integral component of the assessment of lung func-
tion in many diseases (1-5). As inhaled medications for non-
pulmonary diseases are developed, DLco will play a more
important role in monitoring for early lung toxicity in individuals.
This assessment requires adequate characterization of the
expected intersession variability in DLco in individuals without
lung disease.
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Intersession variability in single-breath diffusing capacity is
poorly characterized in previous studies.

What This Study Adds to the Field

Our study shows that the current criterion of 10% for
determining clinical change in diffusing capacity may be
too sensitive, and we suggest a 20-25% threshold as more
appropriate.

Intersession variability in DLco measurements exists as a
consequence of biological and measurement variability (6, 7).
Current American Thoracic Society/European Respiratory So-
ciety (ATS/ERS) guidelines state that a change of more than 10%
in DLco over 1 year should be considered clinically significant (8).
This value is derived from the work of Hathaway and colleagues,
who reported on the intraindividual variability in five DLco
measurements in eight healthy trained pulmonary function tech-
nicians over 1 year (9). Additional variability can be introduced
by using different testing centers to serially monitor an individual.
Wanger and Irvin have shown that healthy trained subjects had
a substantial variation in measured DLco when tested at 13 pul-
monary function laboratories in a major metropolitan center (10).
To minimize this measurement variability, published guidelines
provide standard methods for DLco measurement and quality
control (8, 11). Although standard testing methods improve
reproducibility within a single session at a single center (12),
there are few data about the intersession reproducibility in DLco
measurements in untrained individuals free of substantial lung
disease. Moreover, it is unclear how much intersession reproduc-
ibility can be improved by instituting a centralized structured
program of laboratory quality control.

Recently, a series of multicenter trials of inhaled human
insulin (Exubera [insulin human (rDNA origin)] Inhalation
Powder; Pfizer, Inc., New York, NY; and Nektar Therapeutics,
San Carlos, CA) was completed in individuals with type 1 and 2
diabetes (13-22). Serial DLco measurements were obtained in
participants receiving inhaled insulin and in comparator partic-
ipants receiving no inhaled therapy. In the initial drug safety
trials, lung function was measured in community pulmonary func-
tion laboratories (hereafter referred to as “routine testing”). In
later trials, a comprehensive program of centralized quality
control monitoring was instituted (referred to as “highly stan-
dardized testing”) (23-27). Individuals enrolled in the compara-
tor groups did not receive inhaled therapies during the study
protocol.
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The present analyses used DLco measurements from the
comparator groups of these preregistration trials of inhaled
insulin to address the following questions: What is the mean
intersession difference in DLco measurements obtained using
routine as compared with highly standardized testing in individ-
uals free of overt lung disease? Is the magnitude of intersession
difference best described as absolute change or percentage of
change from baseline DLco? Are the intersession differences
observed in absolute and percent changes affected by the baseline
DLco level? Is the current ATS recommendation of a 10%
threshold to define clinically significant change appropriate for
an untrained population free of overt lung disease?

METHODS
Study Participants

Data for this analysis were pooled from a database of participants
enrolled as control subjects in 14 preregistration trials of inhaled insulin
(Table 1). All participants were individuals with type 1 or type 2 diabetes
using either subcutaneous insulin or oral hypoglycemic medications.
Individuals enrolled in type 1 diabetes studies ranged from 18 to 65 years
of age, whereas individuals enrolled in type 2 diabetes studies ranged
from 35 to 75 years of age. Individuals with active lung disease, self-
reported smoking within 6 months, previous abnormal lung function,
inability to perform pulmonary function tests, or major organ system
disease were excluded. Individuals were screened for lung disease with
physical examination, chest radiograph, and pulmonary function testing
(PFT). Individuals with stable mild asthma (determined by self-report)
or mild chronic obstructive pulmonary disease (COPD) (ratio of FEV; to
FVC <70%, FEV; =70% predicted, and a history of smoking) were
permitted to participate in these studies. Participants underwent baseline
and serial PFT.

Monitoring and Measurements

In the preregistration trials, individual participants performed DLco
measurements at baseline and serially for 3 months to 3 or more years,
depending on the specific trial protocol. For this analysis, the baseline
and the last measurement at or before the Month 6 visit were used.
Individuals underwent PFT measurements using either a highly stan-
dardized or routine approach. Methods for the highly standardized
approach have been previously described (23). In brief, all sites used
the same type of lung function analyzer (Collins CPL; Ferraris Re-
spiratory, Louisville, CO), and all analyzers were calibrated and leak-
tested daily. Technicians, many of whom had no previous experience in
performing PFTs, underwent a 2-day training course followed by
a written test and performance evaluation. For all PFT measurements in
the highly standardized method, the prediction equations of Miller and
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colleagues (28), Crapo and colleagues (29), and Hankinson and colleagues
(30) were used for DLco, total lung capacity (TLC), and FEV|, respec-
tively. A 12% adjustment in TLC and DL predicted values was applied
for African-American participants. All study data were transmitted to
a reading center (Ferraris Respiratory), where they were reviewed within
24 hours for test quality, and feedback was given to technicians.

The pulmonary function laboratories using the routine testing
approach were all community and hospital pulmonary function labora-
tories. By protocol, these testing laboratories were required to follow
published guidelines for performance and reproducibility as recommen-
ded by the ATS (11). However, formal technician training and central
review of results were not performed at these sites. For calculation of
predicted values, the prediction equations in place at the particular PFT
lab were used. In the routine testing group, performing serial testing at
different pulmonary function laboratories or on different pieces of
equipment was possible. Although not specifically tracked, testing at
adifferent site was a very rare event insofar as patients were monitored at
the same clinical site throughout. In both the highly standardized and
routine testing approach, values of DLco were corrected for hemoglobin
concentration per ATS guidelines (11).

Statistical Analysis

Baseline clinical and demographic characteristics were compared be-
tween groups using ¢ tests for continuous variables and Fisher’s exact test
for categorical variables. Box-and-whisker plots of intersession differ-
ences between the first and 3- or 6-month session measurements were
generated. For each subject, the intersession change was calculated as the
second session DL value minus the first (baseline) DLco value. The
percentage of intersession change was calculated as the second session
Dico value minus the baseline Dico value divided by the baseline
session DLco value, multiplied by 100%. For both calculations, the
absolute value was represented (i.e., always positive, irrespective of
sign). Analysis of variance (ANOVA) was performed to compare mean
intersession changes between different categories of baseline DLco.
Cumulative frequency distributions were generated to reflect the per-
centage of participants with various magnitudes of DrLco difference
between baseline and final DrLco. Kolmogorov-Smirnov analysis was
performed to evaluate differences between cumulative frequency dis-
tributions. Stata version 10.0 (Stata Corp, College Station, TX), Splus
version 7.0.6 for Microsoft Windows (Microsoft Corp., Redmond, WA),
and SAS release 8.2 (SAS Institute, Cary, NC) were used for statistical
calculations.

RESULTS

Baseline Demographic and Clinical Characteristics

A total of 739 participants were enrolled in four studies using the
highly standardized procedure. Of these, 699 participants had

TABLE 1. STUDIES CONTRIBUTING TO Dico ANALYSIS

ClinicalTrials.gov Diabetes No. of Study Reference
Study No. Registration Type Participants Comparator Date No.
Highly Standardized
1022 NCT00137046 1 290 SC Insulin 5/02-Present 24
1026 N/A 1 22 SC Insulin 4/02-4/03 25
1027 N/A 1 116 SC Insulin 4/02-10/03 27
1029 NCT00136916 2 311 SC Insulin 6/02-Present 26
Routine Testing
102 N/A 1 37 SC Insulin 12/96-9/97 17
103 N/A 2 28 SC Insulin 11/96-9/97 18
104 N/A 2 36 Oral Agents 10/97-7/98 19
106 NCT00424437 1 135 SC Insulin 9/99-9/00 14
107 NCT00424333 1 105 SC Insulin 5/99-10/00 15
108 NCT00424411 2 149 SC Insulin 9/99-12/00 13
109 NCT00370565 2 99 Oral Agents 6/99-9/00 16
110 N/A 2 68 Oral Agents 10/99-3/01 20
1001 N/A 2 210 Oral Agents 2/00-2/04 21
1002 N/A 2 231 Oral Agents 2/00-2/04 22

Definition of abbreviations: N/A = not applicable; SC = subcutaneous.
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both baseline and follow-up DL measurements within 6 months
(Table 2). For 82% of these individuals, the first and last DLco
measurements were 6 months apart, whereas 18% had a 3-month
interval between the two tests. A total of 1,098 participants were
included in 10 studies using the routine testing procedures. Of
these, 948 had both baseline and follow-up DL measurements
within 6 months. For 76% of the participants in this group, 6
months elapsed between the first and last test, whereas 24% of
participants had a 3-month interval between tests. Sex and
smoking status were not significantly different between the highly
standardized and routine testing groups. Subjects in the highly
standardized group were slightly younger (45 vs. 52 yr), had
a lower body mass index (27.2 vs. 29.1 kg/m?), and more fre-
quently had type 1 diabetes (58 vs. 25%). The mean age for all
type 1 subjects was 38.0 = 10.9 years. For the subjects with type 2
diabetes included in this analysis, the mean age was 56.16 = 10.1
years. Of the 699 individuals in the highly standardized group, 36
(5.4%) had mild stable asthma (n = 9) or COPD (n = 27). In the
routine testing group, 38 (4.0%) of the 948 individuals with this
information available had mild asthma (n = 19) or COPD (n =
19). Absolute DLco measurements at baseline were similar for
the two groups (25.90 *= 6.26 ml/min/mm Hg for the highly
standardized group, 26.01 = 6.52 ml/min/mm Hg for the routine

testing group). At baseline, percent predicted DL was lower in
the highly standardized group compared with routine testing
(92.44 £ 12.6 vs. 98.31 = 17.16% predicted, P < 0.0001).

Mean Intersession Change in DLco Measurements

The mean = SD intersession change in DL measurements for
participants in the highly standardized group was —0.31 = 1.86
ml/minute/mm Hg. For participants in the routine testing group,
the mean intersession change was —0.54 = 3.50 ml/minute/mm
Hg. The mean absolute intersession change in DLco measure-
ments (change expressed as positive, regardless of direction) for
individuals using the highly standardized approach was smaller
than in the routine testing group (1.45 vs. 2.49 ml/min/mm Hg, P <
0.0001) (Figure 1, top). The highly standardized group also had
a smaller interquartile range (75th-25th percentile) than did the
routine testing group (1.51 vs. 2.61 ml/min/mm Hg). The 90th
percentile for mean absolute intersession change was lower in the
highly standardized group than in the routine testing group (3.06
vs. 5.40 ml/min/mm Hg).

The mean intersession change was also expressed in terms of
the percentage of change from baseline (final value minus
baseline value, divided by baseline value, times 100% ). The mean
absolute percentage of intersession change for the highly stan-

TABLE 2. BASELINE DEMOGRAPHIC AND CLINICAL CHARACTERISTICS

Highly Standardized

Routine Testing

(n=739) (n=1,098) P Value
Age, yr 45.14 = 13.85 51.9 +12.82 <0.0001
Race, n (%) 0.005
White 608 (82) 951 (87)
Black 36 (5) 44 (4)
Other 95 (13) 103 (9)
Sex, n (%) 0.66
Female 310 (41.9) 474 (43.2)
Male 429 (58.1) 624 (56.8)
Body mass index, kg/m? 27.21 £ 4.25 29.14 = 4.98 <0.0001
Diabetes type, n (%) <0.0001
Type 1 428 (57.9) 277 (25.2)
Type 2 311 (42.1) 821 (74.8)
Duration of diabetes, yr
Type 1 18.21 = 10.59 18.28 = 10.80 0.89
Type 2 13.67 = 7.55 8.96 + 6.58 < 0.0001
Hemoglobin A1C, % Hb 7.59 = 1.08 8.97 +1.33 <0.0001
Smoking status, n (%) 0.97
Never 450 (60.9) 667 (60.8)
Former 289 (39.1) 429 (39)
Current 0 (0) 2(0.2)
Pack-years* 142 + 16.5 N/AT
Interval between PFTs, % 0.002
3 mo 18.0 24.0
6 mo 82.0 76.0
Spirometry
FEVy, L 3.23 £ 0.78 3.07 = 0.79 <0.0001
FEV;, % predicted 92.19 + 11.49 97.96 * 15.06 <0.0001
FVC, L 4.08 + 0.98 3.81 = 1.01 <0.0001
FVC, % predicted 92.63 = 11.30 97.66 *= 14.47 <0.0001
FEF,5_75, L 3.12 = 1.10 3.19 £ 1.13 0.19
FEF25_75, % predicted 98.62 = 10.42* 94.39 * 30.9 0.52
Lung volumes
TLC, L 5.75 = 1.29 5.80 + 1.28 0.43
TLC, % predicted 94.13 £ 11.13 97.61 = 12.90 <0.0001
RV, L 1.77 = 0.57 1.97 = 0.65 <0.0001
RV, % predicted 98.39 + 13.21 99.84 + 28.48 0.18
Dico, ml/min/mm Hg 2590 + 6.26 26.01 * 6.52 0.73
Dico, % predicted 92.44 + 12.6 98.31 = 17.16 <0.0001

Definition of abbreviations: Hb = hemoglobin; PFTs = pulmonary function tests.

Values are expressed as mean + SD or mean (% of total).
* Pack-years = (cigarette/d) * (no. of yr subject smoked)/20.
T Pack-years data not collected in this group.

* FEF25_75 % predicted only collected in protocol 1026 (n = 22).
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Highly Standardized

dardized approach was statistically significantly smaller than that
for the routine testing group (5.64 vs. 9.52%, P < 0.0001) (Figure
1, bottom). Similarly, the highly standardized group had a smaller
interquartile range than did the routine testing group (5.82 vs.
9.73%). The 90th percentile for mean absolute percentage of
intersession change from baseline was lower in the highly
standardized group than in the routine testing group (11.3 vs.
20.0%). When the diffusing capacity was separated into compo-
nents Kco (DLco/VA) and Va, both Kco and Va components had
smaller variability in the highly standardized method when
compared with routine method. Both components contributed
approximately equally to the observed variability.

Because the age of participants in the routine testing method
was slightly older than those in the highly standardized method,
we assessed the possible interaction of age on intersession
variability in these groups. When analyzing mean absolute in-
tersession change across age strata within a testing method, no
difference was seen between age groups in the highly standard-
ized (P = 0.39) or routine testing group (P = 0.10). Similarly, no
difference in mean absolute percentage of intersession change
was seen across age strata in the highly standardized (P = 0.59) or
routine testing group (P = 0.71).

To assess the potential effect of individuals with mild asthma
or COPD on the observed variability, a sensitivity analysis was

Routine Testing

performed excluding those individuals. After excluding the 5.4%
of individuals in the highly standardized approach, we observed
no difference in the mean absolute intersession change (1.43 ml/
min/mm Hg) or interquartile range for mean absolute interses-
sion change (1.53 ml/min/mm Hg). Similarly, there was no dif-
ference in mean absolute percentage of intersession change
(5.57%) or interquartile range for mean absolute percentage of
intersession change (5.89%). After excluding the 4% of partic-
ipants in the routine testing group with mild asthma or COPD, we
observed no difference in the mean absolute intersession change
(2.50 ml/min/mm Hg) or interquartile range for mean absolute
intersession change (2.65 ml/min/mm Hg). Similarly, there was no
difference in mean absolute percentage of intersession change
(9.52%) or interquartile range for mean absolute percentage of
intersession change (10.12%).

Intersession Change in DLco as a Function of Baseline DLco

The absolute intersession change varied with baseline DL in
both PFT methods (Figure 2, top). Across categories of baseline
DLco, the mean absolute change in the highly standardized group
ranged from 1.13 ml/minute/mm Hg in the <15 ml/minute/mm
Hg category to 2.15 ml/minute/mm Hg in the >35 mL/minute/mm
Hg category (P < 0.0001 for difference across means using
ANOVA). In the routine testing group, the mean absolute change
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was 1.01 ml/minute/mm Hg in the <15 ml/minute/mm Hg cate-
gory, increasing to 4.29 ml/minute/mm Hg in the >35 ml/minute/
mm Hg category (P < 0.0001 for difference across means).

In contrast, the mean absolute percentage of intersession
change across categories of baseline DLco did not differ signif-
icantly, regardless of testing method used (P = 0.28 for the highly
standardized group, P = 0.39 for routine testing) (Figure 2,
bottom). The intersession percentage of change in the highly
standardized group ranged from 5.28 % in the >30-35 ml/minute/
mm Hg category to 8.25% in the <15 ml/minute/mm Hg category.
In the routine testing group, the percentage of change ranged
from 7.06% in the <15 ml/minute/mm Hg category to 10.91% in
the >35 ml/minute/mm Hg category.

Cumulative Frequency Distribution Curves

Cumulative frequency distribution curves were plotted to assist in
developing criteria for intersession reproducibility. Across all
ranges of absolute intersession change and absolute percentage of
intersession change from baseline DL, the highly standardized
method had a tendency to exhibit less intersession variability than
did the routine method (P < 0.0001) (Figure 3). In this study of
individuals free of overt pulmonary disease, an intersession

absolute percentage of change from baseline of 10% or more
was observed in 15.5% of those in the highly standardized group
and 35.5% of participants in the routine testing group. Using
a more conservative 15% threshold, only 3.9% of individuals in
the highly standardized group and 19.7% of participants un-
dergoing routine testing would have been classified as having
a clinically meaningful change. A higher threshold of 20% re-
duced the percentage misclassified to 1% in the highly standard-
ized group and 10% in the routine testing group. The table in the
bottom panel of Figure 3 displays the percentages of individuals
exceeding different thresholds of percentage of change from
baseline DLcq.

DISCUSSION

The primary finding of this study was that there is substantial
intersession variability in DLco measurement in individuals free
of overt lung disease and the degree of variability is dependent on
the method of quality control. We found that in a large population
of diabetic patients with no substantial lung disease, the 90th
percentile for mean absolute intersession change could be as high
as 3.06 ml/minute/mm Hg using a highly standardized approach
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and 5.40 ml/minute/mm Hg in routine testing. The observed
absolute intersession change increased with increasing base-
line DLcp value. However, when we expressed the intersession
change as a function of percentage of baseline, the intersession
variability did not change as a function of baseline DLco. Because
of this observation, the intersession percentage of change, rather
than absolute intersession change from baseline DLco, proved to
be a more stable metric for the measure of variation in diffusion
capacity.

Our analysis involved more than 1,600 participants with dia-
betes, the majority of whom were free of any lung disease. Before
this analysis, the available data regarding the intersession vari-
ability in healthy individuals were limited to measurement of
small numbers of trained individuals at one or a few centers
(9, 10). The current guidelines for interpretation of clinically
important changes in DLco measurement over time are limited by
these small numbers of measurements. Well-characterized nor-
mative ranges of variability will become essential as new inhaled
pharmacotherapies requiring serial DLco monitoring in un-
trained patients without underlying lung disease are developed.
The data in this study will assist physicians in determining
whether an observed change in DL measurement is likely to

be within observed variability in a population of healthy individ-
uals not exposed to potential toxic agents.

Although it may be desirable for pulmonary function labora-
tories to develop more rigorous centralized quality control
procedures, such as those used in the highly standardized group,
this may not be realistic in clinical practice. More importantly, the
currently recommended 10% value for determining clinically
significant change may be too sensitive. Approximately 15% of
individuals who underwent highly standardized testing and 35%
of individuals who underwent routine testing would have been
characterized as having a clinically significant change according
to the current ATS/ERS guidelines, with no other indication of
a change in lung function. Therefore, it is reasonable to define
alessrestrictive threshold (e.g.,20% change from baseline DLc()
to determine a clinically meaningful change. Using a 20%
threshold would reduce the percentage of individuals misclassi-
fied as having a clinically significant change to 1% in the highly
standardized testing group and 10% among those undergoing
routine testing, providing a better estimate of clinically important
changes between two test sessions. However, expanded criteria
for normal variation will reduce sensitivity of the test to detect
clinically meaningful changes. Recognizing that practitioners
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may desire different thresholds in different clinical situations, our
study provides the percentage of individuals misclassified as
having a clinically significant change across a spectrum of thresh-
olds ranging from 10 to 25%.

It should be noted that, although the participants included in
this study were free of overt lung disease, all had underlying
diabetes mellitus. Some have speculated that diabetics may be
prone to microvascular injury of the lung, similar to that seen in
the kidney (31, 32). Such a process could potentially affect the
intersession variability in DLco measurements. Although it is
possible that this situation may impair the ability to generalize our
findings to a population free of any systemic illnesses, the mean
baseline DrLcp in our study population was within the normal
range, and each participant acted as his or her own control over
the study period. In addition, the mean change over the short
period of observation did not differ from zero, suggesting that the
populations did not experience a significant decline or improve-
ment in their lung function. These factors should minimize any
potential impact that diabetic microangiopathy of the lung might
have on our interpretation. One might also speculate that shifts in
pulmonary blood volume due to changes in glycemic control
might increase the variability of DL in patients with diabetes,
but such an effect has yet to be established. Although our study
included a follow-up observation period of only 3 to 6 months,
analysis of 2-year data from two protocols included in our study
(studies 1022 and 1029) demonstrated an annualized change in
Dirco of —0.222 * 0.073 ml/minute/mm Hg for patients with type
1 diabetes (study 1022) and —0.292 *= 0.071 ml/minute/mm Hg
in patients with type 2 diabetes (study 1029). These observed
annual changes are consistent with what has been reported in
nondiabetic patients (33), and counter the possibility of the
presence of a diabetic lung syndrome accounting for the variabil-
ity observed in the present study. Further studies are necessary to
determine whether these measures of intersession variability
would be similar in individuals with lung disease. When reanalyz-
ing our population after excluding the 5% of individuals with mild
stable asthma or COPD, we found no change in the observed
intersession variability in either testing method. We suspect that
in the more severely diseased lung, intersession variability would
be even higher, thereby necessitating more liberal demarcation of
a significant percentage of change in DLco.

Regardless of whether our results apply to other populations
of patients with chronic nonpulmonary diseases, these results can
clearly be applied to the interpretation of monitoring of inhaled
insulin in diabetic populations if this therapy becomes available.
Current U.S. prescribing information for Exubera recommends
measuring DLco but does not provide guidance as to the mag-
nitude of change that would require further action. On the basis of
our study, when using routine PFT methods, we suggest a 20 to
25% change in intersession DL as a more useful threshold for
determining a clinically meaningful change in intersession DLco,
because this cutoff would minimize the percentage misclassified
to5to 10%.

In summary, we have shown that the expected variability in
DLco measurements over time in stable individuals is substantial
and depends on the method of testing used. Using the percentage
of change from baseline, rather than absolute change, minimizes
the effect of baseline DL-p on the assessment of intersession
variability. Finally, by studying a large population of individuals
with diabetes, we have characterized the expected variability in
intersession change in DLco measurements using both highly
standardized and routine testing conditions. The current recom-
mendation of a clinically significant change, defined as 10% from
baseline, appears too stringent and may misclassify as many as
one out of three normal subjects as abnormal. On the basis of
these findings, we propose that a 20 to 25% change from baseline

DLco is a more reasonable threshold when using routine PFT
methods, thereby allowing the practicing physician to better esti-
mate the clinical significance of an observed change in interses-
sion single-breath diffusing capacity.
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