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Objective: To determine whether peak flow monitoring has value
above and beyond symptom monitoring when used as part of an
asthma management plan.
Methods: From a large managed-care organization, 296 adults, aged
50–92 yr, were recruited and randomly assigned in equal numbers
to either use of symptoms or peak flow rate (twice daily or “as
needed”) for asthma monitoring, and monitored every 6 mo for
2 yr. Interventions were delivered in four 90-min small-group classes
and included a personalized action plan and coaching in proper
use of asthma inhalers.
Results: We found no significant differences between peak flow rate
and symptom monitoring, or between twice-daily and as-needed
peak flow monitoring in the primary or secondary study outcomes:
health care utilization (acute, nonacute, or total asthma visits),
Asthma Quality-of-Life Questionnaire (AQLQ) scores, and lung func-
tion. AQLQ scores and prebronchodilator FEV1 increased signifi-
cantly for both groups between baseline and 6 mo (AQLQ: mean,
0.4 units; 95% confidence interval, 0.3, 0.5; p � 0.0001; FEV1%
predicted: mean, 4%). Inhaler technique improved substantially in
both groups.
Conclusions: Peak flow monitoring has no advantage over symptom
monitoring as an asthma management strategy for older adults
with moderate–severe asthma when used in a comprehensive
asthma management program. Improved outcomes in both groups
suggest that understanding proper medication use, regular moni-
toring of asthma status, and understanding how to respond to
changes are of primary importance.

Keywords: health care utilization; lung function; quality of life;
self-management

Most asthma guidelines recommend patient education and
informed self-management as key components of successful
asthma management, and a sizable body of literature supports
this recommendation (1–9). There is strong evidence that educa-
tion focused on improving patient self-management improves
asthma outcomes for adults, whereas programs that merely im-
part information do not achieve behavior change and are not
as successful in improving outcomes (10).

The National Asthma Education and Prevention Program’s
(NAEPP) Expert Panel 2 Report (EPR-2), published in 1997
(1), emphasized the importance of providing patients with a
written asthma action plan based on signs and symptoms and/
or peak flow monitoring (PFM), and noted that this is especially
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Although peak flow monitoring is recommended in treat-
ment guidelines, there have been no studies to determine
whether peak flow monitoring has value above and beyond
symptom monitoring when used as part of an asthma man-
agement plan for older adults.

What This Study Adds to the Field

Peak flow monitoring had no advantage over symptom
monitoring as an asthma management strategy for older
adults with moderate-to-severe asthma.

important for patients with moderate-to-severe asthma or a his-
tory of exacerbations. The EPR-2 also recommended that all
patients with moderate–severe asthma should learn how to moni-
tor their peak flow and have a peak flow meter at home—
recommendations that were upheld in the 2002 EPR Update on
Selected Topics (11). Despite these clear recommendations, only
a small proportion of patients with asthma have a peak flow
meter (12), and an even smaller proportion use one regularly
(12–18). Physicians seem uncertain of the role of PFM and of
the importance of their patients’ adherence to this routine (19).

The primary argument in favor of PFM is that it provides an
objective assessment of lung function, as emphasized in the EPR
2002 update (11). Proponents argue that such monitoring en-
hances clinician–patient communication and thereby increases
patient and caregiver awareness of disease status and control.
By contrast, reliance on symptom monitoring (SM) could be
misleading, because many patients have difficulty subjectively
assessing their degree of airflow obstruction (20–22).

Despite the cogency of the arguments in favor of its use,
the literature supporting the utility of PFM is limited. Studies
showing a benefit from PFM have typically compared it with
usual care (4–7), so its effects cannot be separated from those
of other effects of the asthma education that usually accompany
instruction in PFM (10). Five studies have directly compared
SM and PFM (3, 8, 23–25). However, four of the five (3, 8, 23,
24) had limited power to detect treatment control differences,
and none specifically targeted older patients. The one with suffi-
cient power to detect treatment control differences was carried
out in children aged 7 to 14 yr (25), and found that knowledge
of peak flow measurements did not enhance self-management,
even during exacerbations.

The present randomized controlled study was designed to
test the hypothesis that PFM in addition to SM would be superior
to SM alone as a management tool in older adults with moderate–
severe asthma when used as part of a comprehensive asthma
management plan in terms of health care utilization (HCU),
health-related quality of life, and lung function. Older adults
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with moderate–severe asthma were of particular interest because
peak flow variability decreases with the fixed airflow obstruction
that tends to develop as a function of asthma-related airway
remodeling, as a result of cigarette smoking, and with treatment
with inhaled antiinflammatory drugs (26).

Some of the results of this study have been previously re-
ported in the form of abstracts (27–29).

METHODS

Additional detail on methods is provided in the online supplement.

Study Population and Randomization

The study population consisted of 296 adults, aged 50 to 92 yr, recruited
from a large managed-care organization. All reported physician-
diagnosed asthma and had medication use suggestive of moderate-to-
severe asthma (1). None was using a peak flow meter. Screening criteria
included bronchodilator reversibility (� 8% of baseline FEV1 [30]) and
demonstrated ability to keep a daily symptom diary.

After baseline data collection, patients were randomized in equal
numbers to either SM or PFM interventions, and within the latter
group, equally to twice-daily PFM or “as needed” monitoring. Because
the study was not designed to determine whether asthma education
and PFM were superior to usual care, there was no need for a noninter-
vention control group. The fact that the control group received educa-
tion about asthma that was comparable to what was provided to the
peak flow rate group and the fact that the control subjects were taught
how to monitor changes in their symptoms were essential to obtain a
clear answer to the question of primary interest in this study, which
was the effectiveness of the specific strategy of monitoring using a peak
flow monitor, specifically for older adults. Treatment assignments were

Figure 1. Outline of the peak flow educational
program, indicating differences between the
symptom monitoring (SM) and symptom plus
peak flow monitoring (PFM) program. All three
versions covered these topics in four weekly 2-h
sessions. BID � twice daily; MDI � metered dose
inhaler; PRN � as needed.

randomly generated and distributed by computer in blocks of various
sizes to ensure balance across treatment groups over time. Assignments
were also stratified by age. Clinic staff who collected outcome data were
blinded to treatment arm, and separate staff applied the randomization
procedure and conducted the interventions. Study staff were monitored
by clinic supervisors to ensure that blinding was maintained; however,
there was no formal evaluation of the success of participant and staff
blinding.

The study was designed to have 85% power to detect a mean differ-
ence of 0.5 acute care visits between the PFM and SM groups during
the 2-yr follow-up period, with a total of n � 268 (134/group). The
power to detect a 0.5-unit mean difference in the Juniper quality-of-
life scale between the PFM and SM groups with n � 268 exceeded
98%.

Intervention

The interventions consisted of four 90-min small-group classes (Figure
1) and included development of a personalized action plan and review
of the subjects’ asthma diaries, which they were encouraged to share
with their physicians. All patients were instructed in proper use of
metered dose inhalers (MDIs) and were individually coached using a
skill checklist (Figure 2). Coaching continued until the patient correctly
demonstrated at least seven of the eight steps on the checklist, including
all five steps critical to maximal deposition of active medication in
the airways (Items 1, 2, 5, 6, and 7) (31, 32). In subsequent sessions,
participants again demonstrated their technique and were given addi-
tional coaching as needed.

Interventionists also met with participants semiannually to review
MDI and peak flow technique, review daily diaries, and discuss partici-
pants’ action plans. In between these meetings, they phoned participants
quarterly to review diaries and answer questions. A sample diary sheet
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Figure 2. MDI technique performance checklist.

for a 1-d period is shown in Figure E2 of the online supplement. A
complete diary is available from the corresponding author.

Intervention Compliance Measures

We determined the proportion of participants who returned diaries in
each month of follow-up, as well as the proportion of days on which
peak flow rates were recorded in those diaries.

Outcome Measures

Primary outcomes were HCU and asthma-specific quality of life; the
secondary outcome was lung function. Follow-up clinic visits occurred
every 6 mo through the 2 yr of follow-up. At these visits, we adminis-
tered the Juniper Asthma Quality-of-Life Questionnaire, standardized
version (AQLQ/S) (33), and the generic Short Form-36 (SF-36) health
status instrument (34). At each visit, we also performed spirometry,
before and after two puffs of a bronchodilator, using standardized
methods (30).

We abstracted HCU data from clinical databases for the year before
and 2 yr after randomization. Visits were classified as hospital or emer-
gency department care, other acute care (including urgent and after-
hours care), or nonacute care.

Statistical Analyses

We used SAS software, version 6.12, for all analyses (SAS Institute,
Inc., Cary, NC). Spirometric data (FEV1) are expressed as % predicted
(35) for tabular presentation, but our analyses modeled absolute FEV1

and included age, height, age squared, and an age–height interaction
term as covariates. We used generalized estimating equations (36) to
fit linear models that predicted baseline and postrandomization out-

comes as a function of treatment group (SM vs. PFM) and time. Interac-
tions between treatment group and time were used to test the primary
hypothesis of no intervention effect. A logistic model was used for
proportions, whereas analyses of other outcomes assumed normality.
Per design, participants in the twice-daily and as-needed arms (the PFM
subgroups) were combined for the primary analyses. We used repeated-
measures analysis of variance to determine the effects of time (instruc-
tion), sex, age, and their interactions on pressurized MDI use scores.

RESULTS

Figure 3 summarizes the participant flow during study recruit-
ment, intervention, and retention. Of those identified from ad-
ministrative records as being in the right age range and having
been seen for asthma, and who were contactable (n � 2,524),
1,254 (49.7%) agreed to be screened for eligibility. Of these, 834
(33.0%) proved ineligible at phone screening and 124 (29.5%) of
420 tested did not meet lung function criteria, including sufficient
reversibility. The remaining 296 were eligible and were enrolled
and randomized.

Baseline Characteristics

Table 1 presents the baseline characteristics of participants in
the SM and PFM groups. Participants in the two treatment arms
were generally similar, although a higher proportion of the SM
group had smoked in the past or were current smokers, and they
reported a greater number of pack-years of smoking. Overall,
63% were ever-smokers; only 5% were current smokers at the
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Figure 3. Progress of cases in peak flow study.

time of the study. Participants ranged in age from 50 to 92 yr,
with a mean age of 66 yr. Just over half of participants were
women, and 94% were white, not of Hispanic origin. More than
93% reported atopic symptoms. Reported inhaled corticosteroid
use was high (90%), and 62% of participants reported using at

least two breathing medications daily. Mean prebronchodilator
FEV1 was 59% of predicted, and the mean change in FEV1 in
response to albuterol was 17.1%. Comorbidities were common
in this population: 62% of patients had at least one comorbidity.
Mean levels of baseline quality-of-life/health status were similar
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TABLE 1. BASELINE CHARACTERISTICS OF STUDY PARTICIPANTS

Symptom Monitoring Peak Flow Monitoring Total
(n � 147) (n � 149) (n �296)

Female sex, % 52 52 52
White/non-Hispanic race, % 94 95 94
Age, mean, yr (SD) 66 (9.2) 66 (9.6) 66 (9.4)
Asthma duration, median, yr (IQR) 20 (11–42) 19 (10–48) 20 (10–44)
Smoking status, %

Never-smoker 33 41 37
Current smoker 7 3 5
Ex-smoker 59 56 57

Pack-years of smoking, median (IQR)* 19 (0–41) 4 (0–35) 9 (0–38)
Prevalence of atopic symptoms,† % 93 94 93
Daily inhaled corticosteroid use, % 90 89 90
No. daily breathing meds, median (IQR) 2 (0–6) 2 (0–6) 2 (0–6)
No. comorbidities,‡ median (IQR) 1 (0–4) 1 (0–5) 1 (0–5)
Prealbuterol FEV1, mean, % predicted (SD) 58.5 (22.0) 59.4 (21.7) 58.9 (21.8)
% Change in FEV1 in response to albuterol 16.3 (12.6) 17.1 (20.4) 17.1 (17.0)

Definition of abbreviation: IQR � interquartile range (25th to 75th percentiles).
* Limited to ever-smokers.
† Atopic symptoms defined as a positive response to questions about hay fever, or coughing, wheezing, chest tightness, or

shortness of breath when near animals, feathers, dust, trees, grasses, or pollens.
‡ Comorbidities include physician-diagnosed chronic obstructive pulmonary disease, cardiovascular or nervous system diseases,

insulin-dependent diabetes, and mental illness requiring medication.

for the two groups. Information was not obtained on patient’s
ethnicity, level of education, or income. However, various Kaiser
internal studies have shown that its patient population is gener-
ally representative of the communities in which it is located,
with the exception that persons in the highest and lowest socio-
economic levels are underrepresented.

Follow-up Visits

Attendance at the 6-, 12-, 18-, and 24-mo follow-up visits was
89, 82, 82, and 89%, respectively. Follow-up rates were similar
in the two groups.

Intervention Compliance

Approximately 93% of participants attended three or more ses-
sions (93.9% in SM and 91.9% in PFM groups). Participants in
both treatment groups were asked to maintain monthly diaries,
which they turned in to clinical research center staff at the end
of each month. Return of these diaries gradually declined over
time, from 89% in the twice-daily group and 71% in the as-
needed and SM groups in the first month postintervention to
about 61% in all three groups after 14 mo. For participants in
the twice-daily arm of the PFM group, all of whom were asked
to use their peak flow meters on a daily basis throughout the
study, peak flow rates were recorded in returned diaries, on
average, 85% of days in the first month and 55% of days in
Month 14. The as-needed participants recorded peak flow rates,
on average, 52% of days in the first month and 41% of days in
Month 14. Assuming no diary use among those who did not
return diaries, we conservatively estimate that 76% of twice-
daily and 37% of as-needed participants were recording peak
flow information during the first month and 34 and 25%, respec-
tively, were doing so at 14 mo.

MDI Technique

At baseline, participants exhibited poor MDI technique (Figure
4). The mean score for the total sample was 4.0 on a scale from
0 to 8 (SD � 2.0). Before instruction, only 13% of participants
could correctly demonstrate seven or all eight elements of proper
technique. Scores showed a symmetric distribution across all
possible values, from 0 (no steps done correctly, 3% of partici-
pants) to 8 (all steps done correctly, 3%).

The most common errors were as follows: not waiting a suffi-
cient time between successive puffs (78%), using inappropriate
mouth position when using (or not using) a spacer (67%), and
not shaking the inhaler sufficiently (63%; Figure 4, table). Postin-
struction MDI performance data were available on 83, 80, 76,
and 81% of the participants at the successive follow-up assess-
ments. At 6 mo, performance was dramatically better than it
had been at baseline (median � 7, interquartile range � 6–8).
This improved performance was maintained at each subsequent
assessment. The increase from baseline to 24 mo was highly
significant (p � 0.0001). At all four postinstruction assessments
(6, 12, 18, and 24 mo), 95% of participants scored 5 or greater,
and 64, 79, 81, and 83%, respectively, scored 7 or 8. This can
be compared with preinstruction rates of 40% scoring 5 or more
and 13% scoring 7 or more. The residual errors at 12 mo were
primarily in chin position, down slightly from 41 to 37%, and
not waiting a sufficient time between puffs (down dramatically
from 78 to 25%). Too rapid an inhalation was still a problem
for 11% of participants, but 5% or less made other errors.

Men and women exhibited similar MDI technique at baseline
and showed similar improvements over time (Table 2). Signifi-
cant MDI improvements were also seen in both younger (ages
50–64 yr) and older participants, with the older participants
showing significantly greater improvement over time (presum-
ably because of their initially poorer technique). These results
were confirmed by repeated-measures analysis of variance.

No significant differences in MDI skill were associated with
the two monitoring conditions—symptoms alone (SM) or symp-
toms plus peak flow either as needed or twice daily—either
initially or in terms of the degree of improvement postinstruc-
tion. This was as expected, because MDI instruction was identical
for patients assigned to both the SM and PFM self-monitoring
conditions.

Health Outcomes

HCU. Table 3 shows the rate of various categories of asthma
HCU for the year before randomization and for the 2 yr postran-
domization. Although the components of total acute care are
presented for information purposes, formal statistical testing was
limited to total acute care, total nonacute care, and total care.
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Figure 4. Percentage of participants achieving MDI perfor-
mance checklist total scores (0–8 ) at baseline and succes-
sive follow-up assessments, with percentage of errors by
specific checklist item.

We found no significant differences between the two treatment
arms in any of these categories of HCU for either follow-up
year (1 or 2), or for the 2 yr combined. The differences in the
rates of nonacute (p � 0.077) and total (p � 0.087) asthma
HCU approached statistical significance in Year 1, with the PFM
patients tending to have more nonacute visits. Overall, total
acute asthma HCU decreased slightly, but not significantly, in
Year 1 compared with baseline and increased to a near-baseline
level in Year 2. The rate of nonacute asthma visits increased,

TABLE 2. METERED DOSE INHALER PERFORMANCE
CHECKLIST TOTAL SCORES

Baseline 6 mo 12 mo 18 mo 24 mo

Sex
Female 3.9 (2.0) 6.7 (1.2) 7.0 (0.9) 7.3 (0.9) 7.2 (0.8)

152 136 130 123 133
Male 4.1 (2.0) 6.9 (1.2) 7.2 (0.9) 7.1 (0.8) 7.4 (0.8)

142 109 107 103 108
Age, yr

50–64 4.4 (2.1) 7.0 (1.0) 7.2 (0.9) 7.3 (0.8) 7.5 (0.7)
138 120 114 107 120

65� 3.6 (1.8) 6.6 (1.3) 7.0 (0.9) 7.1 (0.9) 7.1 (0.8)
156 125 123 119 121

Total 4.0 (2.0) 6.8 (1.2) 7.1 (0.9) 7.2 (0.8) 7.3 (0.8)
(295) (245) (237) (226) (241)

Data shown as mean (SD), sample size.

relative to baseline, by 0.4 visits per person-year in the first
year postrandomization (95% confidence interval [CI], 0.13, 0.67
visits/yr; p � 0.004). However, the nonacute visit rate returned
nearer to baseline levels in Year 2, with an average increase of
only 0.1 visits per year relative to baseline (p � 0.56). The total
number of asthma visits mirrored this pattern, increasing by 0.35
visits per person-year over baseline in the first year postrandom-
ization (p � 0.019), but only by 0.1 visits per person-year over
baseline in Year 2 postrandomization (p � 0.61).

Quality of life. Overall, the AQLQ/S scores increased an aver-
age of 0.4 units (95% CI, 0.3, 0.5; p � 0.0001) from baseline to
the first (6-mo) follow-up and remained at that level subse-
quently (not shown). These increases did not differ significantly
between the two treatment groups, however. The proportion of
patients who achieved an increase of greater than 0.5 in their
AQLQ score between baseline and the 6-mo follow-up was
39.1% overall (38.7% in the PFM and 39.4% in the SM group).
The proportion with a decrease of greater than 0.5 in that interval
was 10.2% (12.3 and 8.25% in the two groups, respectively). The
number of participants whose scores increased by more than 0.5
was significantly different from the number whose scores de-
creased by more than 0.5, whereas equal numbers would have
been expected by chance (�2 � 36.26, df � 2, p � 0.0001). This
pattern remained generally the same for comparisons between
baseline and each of the successive assessment points, indicating
that the improvements at 6 mo were maintained subsequently.
These results are consistent with the findings reported from the
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TABLE 3. MEAN RATES* OF ACUTE AND NONACUTE
ASTHMA-RELATED HEALTH CARE UTILIZATION IN THE
BASELINE AND 2 FOLLOW-UP YEARS

Symptom Peak Flow
Monitoring Monitoring

Time Period (n � 147) (n � 149) p Value

ED/hospital care
Baseline† 0.10 (0.52) 0.13 (0.46) 0.65
Year 1‡ 0.03 (0.22) 0.10 (0.46) 0.15
Year 2‡ 0.14 (0.58) 0.10 (0.41) 0.52
Years 1 and 2, baseline �0.02 �0.04 0.68

Other acute care
Baseline† 0.05 (0.24) 0.05 (0.24) 0.98
Year 1‡ 0.06 (0.23) 0.04 (0.23) 0.59
Year 2‡ 0.01 (0.12) 0.05 (0.22) 0.09
Years 1 and 2, baseline �0.01 �0.00 0.73

Total acute care
Baseline† 0.15 (0.60) 0.17 (0.54) 0.71
Year 1‡ 0.09 (0.33) 0.14 (0.52) 0.36
Year 2‡ 0.15 (0.64) 0.15 (0.47) 0.97
Years 1 and 2, baseline �0.03 �0.04 0.85

Total nonacute care
Baseline† 1.31 (2.34) 1.12 (2.20) 0.47
Year 1‡ 1.47 (1.93) 1.76 (2.24) 0.23
Year 2‡ 1.35 (1.97) 1.24 (1.82) 0.61
Years 1 and 2, baseline 0.18 0.38 0.42

Total asthma care
Baseline† 1.46 (2.53) 1.30 (2.39) 0.56
Year 1‡ 1.56 (2.00) 1.90 (2.44) 0.19
Year 2‡ 1.50 (2.23) 1.39 (1.98) 0.64
Years 1 and 2, baseline 0.16 0.34 0.48

Values shown are mean (SD).
* Rates expressed as number of events per person-year of follow-up.
† One year before the date of randomization.
‡ Follow-up year from the date of randomization.

tests of group mean differences. Similar patterns (statistically
significant overall increases that did not differ significantly be-
tween the two treatment groups) also were seen on each of
the AQLQ/S subscales. The increases were 0.5 (symptom and
emotional scales), 0.4 (environmental scale), and 0.3 (activity
scale). No significant differences were observed between the
twice-daily and as-needed subgroups within the PFM group.

The physical and mental health composite scales of the SF-
36 also did not differ significantly over time between the two
treatment groups or between the twice-daily and as-needed PFM
subgroups. On this generic health-related quality-of-life mea-

Figure 5. Lung function (% predicted FEV1) at each as-
sessment point, pre- and postbronchodilator, by group
(SM vs. PFM). BD � bronchodilator.

sure, however, we observed no significant overall change pre-
to postintervention, with mean changes of –0.1 and –0.2 for the
mental and physical health composite scales, respectively.

Lung function. Figure 5 shows prebronchodilator FEV1 val-
ues, expressed as a percentage of the individual’s predicted value,
from baseline to 24 mo. Overall, prebronchodilator lung function
showed a small (approximately 4 percentage points) but statisti-
cally significant increase over time for both men and women.
However, there were no significant differences in these increases
between the two treatment groups or between the twice-daily
and as-needed subgroups.

Twelve participants died during the study; however, no ad-
verse events were reported that were attributable to the interven-
tion or follow-up procedures.

DISCUSSION

Method of Asthma Monitoring

The study hypothesis, that PFM would be superior to SM in
terms of HCU, quality of life, and lung function, received no
support from the present results. We found no difference be-
tween PFM and SM as management tools in patients 50 yr and
older with moderate–severe asthma when both were used in
conjunction with a written asthma action plan and in the setting
of a carefully designed, age-appropriate asthma education pro-
gram. We did not perform ad hoc analyses looking for interven-
tion effects in subgroups of patients. Such comparisons were not
preplanned and the study was not appropriately powered for
this purpose. We note that, given the failure to show an overall
effect, any significant positive effect within any substantial-sized
subgroup would have had to be offset by a detrimental effect
among the remaining patients.

The lack of a significant difference between the PFM and
SM groups is consistent with a growing body of literature that
addresses this topic; our study contributes a similar finding spe-
cifically in older adults.

If we had elected to evaluate the differences between PFM
and SM strategies and between monitoring (in general) and a
nonintervention control group, a three-arm study would have
been required. The total sample size would have had to be at
least 450 (150/group) and potentially as large as 600 (300 in
the monitoring conditions combined and an equal-sized control
group). Justification of the expenditure of the substantial re-
sources that would be required for such a study would depend
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on the importance attached to answering both questions in a
single study. We judged the determination of the value of asthma
education in adults to have been of secondary interest, because
considerable evidence already exists of the value of carefully
designed asthma education in adults, and specifically, of the
value of the educational program from which the present inter-
vention was adapted.

Concern about the practicality of recommending regular PFM
for most patients with moderate–severe asthma prompted the
NAEPP to choose PFM as one of four topics for a systematic
review when the EPR-2 was updated in 2002 (11). Although five
studies that compared SM and PFM have been published since
the EPR-2, all have significant limitations: for example, one only
included children. The most important limitation was lack of
sufficient power to detect differences between the groups. In
contrast, our study was adequately powered to detect moderate-
sized differences in the primary outcomes, and our sample size
was more than double that in the recent studies (see sample size
calculations in Methods).

The primary rationale for PFM comes from its relative objec-
tivity in the assessment of lung function. Reliance on the patient’s
or provider’s subjective assessment of symptoms can mislead
diagnosis of the degree of airflow obstruction (1). Difficulty in
perceiving compromised lung function has been shown to be
common in patients with asthma (21, 22, 37) and has been pro-
posed as an important risk factor for asthma deaths. PFM also
has been touted (38) as a means to enhance communication
between patient and provider, thereby increasing the likelihood
that the patient receives timely and appropriate care.

The fact that we, and others, have not found a difference
between the two monitoring methods, when both groups have
been provided with comparable education about asthma, sug-
gests that it is the education itself, and the focus on paying
attention to either symptoms or lung function as indicators of
lapses in control and the need to take action, and not the method
of self-monitoring that is most important (39). As proposed in
the EPR 2002 update, education can help the patient “tune in”
to the disease. Our finding also suggests that adults older than
65 are as capable of self-monitoring or “tuning in” as those
between 50 and 65. We were unable to isolate the behavioral
change responsible for the observed improvement in quality of
life and lung function in both conditions, but suggest that these
improvements may be due to increased knowledge of asthma,
improved adherence to medication, improved MDI technique
(which we observed), or some combination of these factors. The
fact that we did not find that regular PFM improved asthma
outcomes does not suggest that it is not a worthwhile strategy
for patients to monitor their asthma status. A compelling argu-
ment in favor of PFM is that it helps provider–patient communi-
cation, including during exacerbations, in that it provides an
objective measure of function.

One of the frequent criticisms of PFM is that patients will not
continue to regularly monitor their peak flow over any extended
period of time, especially when they feel well. We found, how-
ever, that a reasonably large proportion of participants who
were instructed to make twice-daily measurements (twice-daily
group) continued to measure their peak flow regularly, if not
daily. Fourteen months after the intervention, 61% still returned
a monthly diary, and, on average, peak flow measurements were
recorded on more than half of the days (55%). Among those
instructed to measure peak flow only when they experienced
symptoms or otherwise felt a need to do so (as-needed group),
the rate of diary returns was the same (61%), but the frequency
of measurement somewhat lower—after 14 mo, measurements
were being recorded on 41% of the days. Arguably, even this
rate of self-monitoring may be beneficial to patients. Despite

the decreased compliance with PFM and diary keeping over
time, patients may continue to pay attention to their symptoms.
Even if they do not continue to monitor their peak flow as
frequently, or keep a diary, patients may continue to monitor
their symptoms. This may be a logical development because (1)
both groups were taught to monitor symptoms as well as peak
flow and (2) for older patients, many of whom have some degree
of fixed obstruction, peak flow may not change appreciably from
day to day. Hence, they may have low motivation for frequent
monitoring. The need to maintain a diary on a regular basis for an
indefinite period may also be questioned once patients become
familiar with the signs of worsening asthma. However, the fact
that the patients have learned their personal best and typical
peak flow rates may give them a good basis for measuring and
evaluating their peak flow should they begin to experience
symptoms.

Changes between Baseline and Follow-up in
Both Experimental Groups

For purposes of determining whether PFM had benefits beyond
those due to self-management education, which includes SM, the
SM condition was the appropriate control group. Some previous
studies have been informative because they compared self-
management education including PFM with an untouched (no
education) control. However, the fact that we did not include
an untouched (no education) control as a third arm in the present
study means that some caution is required in interpreting the
changes that were observed between baseline and 6 mo (and
sustained thereafter) in both PFM and SM groups. To include
this additional control condition would have required at least
an additional 150 participants. The additional investment of re-
sources was not judged to be warranted. It is possible that intrin-
sic factors, other than the education, self-monitoring, action plan,
and so forth that were common to the PFM and SM protocols,
produced the observed changes. That some external change was
responsible (e.g., a change in asthma management practices in
this health care system) appears unlikely in that the changes
were manifested within the first 6 mo postrandomization for
patients randomized successively over a period of 11 mo. Fur-
thermore, these changes are consistent with the benefits reported
for other comprehensive asthma self-management education pro-
grams. Devine (39) conducted a meta-analysis of 15 studies evalu-
ating asthma self-management programs for adults, the majority
of which were randomized controlled trials. Examining the pooled,
unbiased, mean effect sizes (i.e., the differences between education
and control group scores in SD units), they concluded that educa-
tion can significantly improve self-management, psychologic well-
being, and functional status, and can reduce attack frequency
and HCU, but that improvements in pulmonary function and
peak flow have been smaller and less consistently observed.

Inhaler Technique

Both the PFM and SM control in the present study showed
significant improvements in MDI technique for older, even el-
derly, adults. This was achieved with a modest investment of
professional time by (1) providing a spacer and (2) engaging
in a planned process of explanation, demonstration, detailed
assessment, and coaching. The improvement was well main-
tained over a 2-yr period, at least when participants were periodi-
cally reassessed during the interim and given corrective feed-
back, which is the NAEPP expert panel’s recommendation. A
significant age-related difference in initial performance was ob-
served, but no significant sex-related difference; after instruction,
no significant age- or sex-related differences were found. These
findings also demonstrate that proper use of MDIs can be taught
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successfully, including to older adults, and suggest the generaliza-
tion that achieving proper use of newer devices with less poten-
tial for inadequate dosing in older adults should be possible and
perhaps even more readily achieved than for MDIs. Arguably,
correct MDI technique is becoming less important for improve-
ment of asthma control because other delivery devices for
asthma controller medications, such as inhalation-triggered, dry
powder devices, are available. However, MDIs are still used
for short-acting bronchodilators and are the most available and
heavily used inhaled medications in many parts of the world.
Consequently, the “trainability” of patients in the correct use
of MDIs is still relevant and important. Furthermore, the newer
devices pose their own difficulties and confusions for patients
(40, 41). Our demonstration that older adults of both sexes can
successfully master MDI technique should encourage efforts to
ensure correct use of all devices for delivery of asthma medica-
tions in this age group.

We conclude that men and women older than 50 exhibit
clinically important and readily observable deficiencies in self-
administration of MDI medications in the absence of careful
instruction, a deficiency that is even more pronounced in those
older than 65. We also found that these individuals can acquire
and retain appropriate technique, as judged by observed perfor-
mance, including all of the elements most critical for adequate
deposition in the lower respiratory tract. Some patients clearly
required, and were given, more coaching than others. However,
even those who did not achieve optimal technique during the
initial instructional sessions eventually did so with periodic as-
sessment and feedback.

Quality of Life

Asthma-specific quality of life improved equally in both groups,
and this improvement was sustained over the 2-yr follow-up.
Lung function also improved in both groups over this time pe-
riod. General health status, as assessed by the SF-36, and asthma-
related HCU did not change significantly in either group, with
the exception of a significant transitory increase in nonacute
asthma HCU in the first follow-up year. This increase may reflect
the fact that both educational programs encouraged patients to
see their physician to confirm or adjust their regular preventive
care, especially when it appeared the regimen might warrant re-
evaluation, and not to see the physician only for crisis manage-
ment. Given the very low rate of medical visits for nonacute
care in this population in the baseline period (49% had not seen
their physician for any nonacute care in the previous year), it
is very likely that these additional visits were appropriate.

Lung Function

Lung function was chosen as a secondary outcome in this study,
largely because we believed that HCU and asthma-specific qual-
ity of life were more meaningful outcomes, especially in older
adults who may have some degree of remodeling and less revers-
ibility. However, we found that lung function showed a small
but statistically significant increase from baseline, with, again,
no significant difference in improvement between experimental
groups. The small improvement may have been attributable to
closer monitoring and appropriate response to symptoms or
changes in peak flow rate, to better inhaler use technique, to
closer attention to regular use of controller medications, or to
other changes made in response to the education that was pro-
vided. Others have also reported that lung function was not
improved as a result of a self-management education program
(6, 7); improvement was seen in two studies (5, 8). The rate of
lung function decline in those with asthma is, on average, slightly
faster than in those without asthma, and is accelerated even
more in those who have asthma and are current or past smokers

(42). Furthermore, the age-related rate of lung function decline
tends to accelerate with age, and would be expected to be faster
in the present age group than in younger adults. If this is the
case, our results showing a small improvement in lung function
may not reveal the full clinical benefit—namely, a slowing of
the rate of the normally expected decline in lung function that
would otherwise have been observed. Without an untouched
control group, however, we cannot be sure that this is the case.

Our finding that asthma-specific quality of life and lung func-
tion improved significantly in both groups at the first (6-mo)
follow-up, but not at baseline, and was sustained throughout the
follow-up is potentially important. An increase was seen in all
of the domains of asthma-related quality of life—activity, emo-
tional, environmental, and symptoms. The overall health status
of our study population at baseline, at least as measured by the
AQLQ and SF-36, was relatively good, considering the severity
of their asthma, their age, their smoking history, and the number
of comorbidities they reported. The mean overall score for the
AQLQ at baseline was 5.05, which is slightly above the midpoint
on the asthma-specific AQLQ/S scales, each of which ranges
from a low of 1 to a high of 7. The mean scores increased
0.4 units at the first follow-up visit, and this improvement was
maintained over the 2-yr follow-up.

HCU

Our rates of HCU were relatively low prior to the intervention,
making it difficult to infer much about the effects of our interven-
tion on utilization. Nevertheless, our finding that there were
decreases in acute HCU for asthma, albeit small and nonsignifi-
cant, is in agreement with other educational intervention studies.
In contrast, total nonacute asthma care increased slightly. Both
changes, although not statistically significant, were in the appro-
priate directions. The EPR-2 recommends at least annual outpa-
tient visits for all patients with asthma, with more frequent visits
for those with more control problems (1). Only 51% of our study
population had had any nonacute asthma care for the year before
enrolling in the study. This increased to 61% during the first
year after the education program, then fell to 55% in the second
year. Although these proportions do not include those who may
have received care for their asthma in the course of a medical
visit for another purpose, if their provider did not list asthma
in the diagnoses for the visit, we concluded that, even when
encouraged to consult their provider for regular asthma care,
many patients with moderate–severe asthma do not do so.

Pattern of PFM

Asthma guidelines, such as the EPR-2, recommend regular PFM,
rather than monitoring on an as-needed basis. We therefore
designed the study to compare the two approaches by randomiz-
ing, within the PFM group, to twice-daily or as-needed monitor-
ing. The twice-daily group, on average, measured their peak flow
more often than the as-needed group, and this difference was
maintained over the 2-yr follow-up. There was a greater drop-
off in the as-needed group than in the twice-daily group, but
both maintained reasonable frequencies of PFM for 2 yr. Despite
the twice-daily versus as-needed differences in frequency of
PFM, we found no difference in other outcomes between the
two groups. We conclude from this that the frequency of PFM
is less important than instruction in how to manage and monitor
asthma, but that having been taught how to use a peak flow
meter as part of the monitoring, a substantial proportion of
patients will continue to check their peak flow, at least when
they experience problems. For how many, and for which, patients
this has a clinical benefit remains to be determined.
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Limitations

Our study population may have been more adherent to man-
agement recommendations than is usual among patients with
asthma. The proportion who reported using inhaled corticoste-
roids at baseline was greater than 90%. This high rate of reported
“use” reflects current asthma pharmacotherapy in this health
care system but does not necessarily indicate that patients’ use
was consistent with the prescribed level or schedule of adminis-
tration. We did not obtain objective evidence with regard to
medication adherence. Attendance at the classes was very high,
as were the rates of PFM. Care must be taken, therefore, in
extrapolating our results to the broader asthma patient popula-
tion, many of whom may be less likely to follow a management
plan that includes expectations of frequent monitoring.

We recognize that self-reported self-monitoring also may
overestimate actual behavior. We did not have the resources to
use electronic monitoring of either peak flow measurement, and
no objective means exists to confirm SM. We were unable to
determine from patients’ medical records whether they commu-
nicated with their physician regarding peak flow results, and we
did not gather this information by patient report. The value of
the study lies primarily in its clear findings with regard to the
lack of difference in the effects of these two methods of self-
monitoring on various health outcomes.

Conclusions

The evidence from this study supports the conclusion that the
method of self-management, whether SM alone or the additional
use of a peak flow meter, does not differentially affect outcomes,
and suggests that what is most important is that the individual
regularly monitors (i.e., pays attention to or tunes in to) his or
her status and understands what to do when changes occur.
Both monitoring approaches are equally effective management
strategies for adults older than 50 yr with moderate–severe
asthma, when introduced as part of a comprehensive education
program, in terms of improved lung function and quality of life.
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