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BACKGROUND: There is still considerable disagreement on several aspects of monitoring asthma
with symptom score and peak expiratory flow (PEF). OBJECTIVE: To investigate patient adher-
ence to a retrospective diary-card monitoring method in patients with poorly controlled persistent
asthma, in a clinical management setting; to develop improved methods for fast manual entry data
into a computer; and to generate real-time informative graphs of the data. METHODS: In 115
consecutive adult patients we applied a diary-card monitoring method in which the patient records
symptom score and PEF. We analyzed the diary cards of 84 patients. We used SigmaPlot software
to graph the data, and linear regression to analyze the relationship between days of expected
diary-card completion and days of actual correct diary-card completion (completed entries). RE-
SULTS: Linear regression gave an overall correlation coefficient (r2) of 0.65. Surprisingly, the r2

values in the patients with mild, moderate, and severe asthma were 0.24, 0.44, and 0.99, respectively,
revealing a striking correlation between adherence and severity. Moreover, when we arbitrarily set
75% as the minimum acceptable rate of days of completed diary-card entries, 68% of the patients
were in the over-75% category. Remarkably, 100% of the patients with severe asthma were above
the 75% cut-off. The graphing method we tested proved user-friendly, flexible, and quick, allowing
computerized processing of 30 days of data sets in 5 min, and generation of high-quality self-
explanatory graphs that facilitate rapid management decision making via visual pattern recogni-
tion. CONCLUSIONS: In a clinical setting, retrospective monitoring of patients with moderate and
severe persistent asthma by symptom score and PEF is feasible, and patient adherence appears to
be good, particularly in patients with severe asthma. We recommend a lower priority on retro-
spective monitoring in patients with mild persistent asthma. Monitoring should be carried out
according to a definite follow-up protocol. Improving the quality and standardization of the mon-
itoring graph is a priority. Key words: severe asthma; symptom score; PEF; monitoring; adherence;
diary. [Respir Care 2011;56(5):633–643. © 2011 Daedalus Enterprises]

Introduction

Asthma is a chronic inflammatory disorder of the air-
ways, characterized by bronchial hyper-responsiveness, air-
flow limitation, and respiratory symptoms. Persistent in-

flammation produces respiratory impairment through
repeated (albeit reversible) acute bronchoconstriction and
airway remodeling. These and other pathogenetic mecha-
nisms have important consequences on asthma prevention,
diagnosis, therapy, and management. Exacerbations occur
with variable frequency, and long-term treatment and man-
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agement are necessary to stabilize symptoms and improve
function,1-3 so asthma requires appropriate diagnosis and
treatment at initial presentation, and accurate long-term
follow-up with regular control visits.

Various prospective and retrospective asthma monitor-
ing methods, usually based on recording of symptom score
and peak expiratory flow (PEF) measurements, have been
proposed, and their implementation in the clinical practice
is strongly recommended, particularly in patients with
worse than mild asthma.1-4 Prospective monitoring, in as-
sociation with an asthma action plan, is one of the most
important self-management methods and improves out-
comes and quality of life of asthmatic patients.5-7

On the other hand, retrospective monitoring allows fine
diagnosis assessment and punctual therapy evaluation.8-11

However, its application to routine clinical practice poses
several still controversial questions: particularly, to whom
and exactly when should retrospective monitoring be ap-
plied? For how long? How should the information re-
turned by patients at follow-up visits be processed (eg,
graphing, statistical analysis)? And how can the processed
information be made immediately available to the medical

personnel in charge of management? Moreover, there is
little consensus on the standardization of graphs obtained
through recording of symptom score and PEF.11

We applied a retrospective asthma-monitoring method,
based on daily patient recording of symptom score and
PEF on a diary card, in all new patients with poorly con-
trolled persistent asthma, according to the Global Initiative
for Asthma (GINA)4 definition. These patients were con-
secutively seen during a 13-month period at our two asthma
clinics, at the University of Bari, Bari, Italy, and the Uni-
versity of Foggia, Foggia, Italy. We developed a modified
version of the diary card proposed in 1997 in the United
States National Institutes of Health Guidelines for the Di-
agnosis and Management of Asthma (Fig. 1).1 Patients
were asked to daily record symptom score and PEF for a
period of time according to their asthma severity. At fol-
low-up visits, we immediately processed the diary-card
data and generated one or more monthly graphs of the
patient’s status and performance for that diary-card period.
Here we present and discuss the method we developed and
analyze patient adherence to this method. We also sur-
veyed the patients on their opinions about the diary-card

Fig. 1. Asthma monitoring diary card used in our asthma clinics. (Adapted from Reference 1.)
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monitoring method and its impact on their quality of life,
via mail questionnaire, answered anonymously.

Methods

This study was approved by the ethics committee of the
University of Foggia. Though the data were collected within
our usual asthma monitoring protocol, in this study all
patients gave formal informed consent, in observance of
the Declaration of Helsinki.

This was an observational study in which we analyzed
some of the outcomes of a home asthma monitoring method
that is based on the patient’s daily filling in their symptom
score and morning and evening PEF on a diary card. We
studied 84 consecutive adult patients with poorly controlled
persistent asthma. The patients were seen at either the
Foggia or Bari asthma clinic, depending on their domicile.
We have routinely used this kind of asthma monitoring
method at both centers since their establishment (Bari 1986,
Foggia 2001). As part of our permanent collaboration,
between November 2004 and February 2005, the staff
teams:

• Developed an improved diary card

• Improved the method for immediate analysis and graph-
ing of diary-card data at follow-up visits

• Defined more precise application criteria for the moni-
toring method (eg, exclude patients with intermittent
asthma or purely seasonal asthma, and routinely apply
the method with all patients with persistent asthma)

• Defined the protocol’s asthma-monitoring duration, ac-
cording to the patient’s asthma severity

We implemented the revised method in both clinics in
March 2005, and after 13 months we assessed the revised
method, particularly patient adherence to the diary-card
method, patients’ perceptions about the method, and our
data gathering, analysis, and graphing methods.

Clinical Work

The clinical work was carried out by 4 physicians with
comprehensive experience in asthma treatment, and a stu-
dent nurse. The defining criterion for asthma diagnosis
was recurrent and clinically manifest bronchoconstriction
that was reversible spontaneously or with treatment. Asthma
was classified as intermittent, mild persistent, moderate
persistent, or severe persistent, based on clinical and func-
tional indexes of asthma severity over the preceding year,
according to the GINA 2002 guidelines.4 Seasonal asthma
was defined as asthma that occurred only intermittently,
often in association with allergic rhinitis, with the patient
being asymptomatic in other seasons.4

We included all new patients with poorly controlled
persistent asthma, at first visit, and gave them detailed
instructions on how to fill out the diary card, and adequate
training on the PEF meter (Mini-Wright, Clement Clarke
International, Harlow, United Kingdom). The monitoring
duration was set according to the patient’s asthma severity
(see below).

Participants

From March 2005 to March 2006 (inclusive) at our two
asthma clinics we saw 228 new adult patients with sus-
pected asthma, referred by general practitioners (Table 1).
Most of these patients lived in urban settings, 134 (59%)
had persistent asthma: 51 (38%) had mild persistent asthma,
72 (54%) had moderate persistent asthma, and 11 (8%)
had severe persistent asthma, according to the GINA 2002
guidelines.4 We applied our asthma-monitoring method
with 115 (86%) of the eligible 134 patient (Table 2). We
excluded 19 patients (14%) for various circumstantial rea-
sons, including: staff overloading during certain visits; one
patient lived permanently abroad; and one patient declined
because of PEF meter cost.

We collected and analyzed the diary cards and other
relevant information from 84 patients of the 115 patients
monitored (73%, 63% of the whole group with persistent
asthma). The other 31 patients (27% of the monitored
patients, 23% of all patients with persistent asthma) were
either lost to follow-up (see Table 2), for unknown reasons
(29 patients), or their diary cards were not accessible at the
time we analyzed the data (2 patients).

Table 1. New Patients With Suspected Asthma: March 2005 to
March 2006

Diagnosis
Bari

Clinic
no. (%)

Foggia
Clinic

no. (%)

Total
no. (%)

Persistent asthma 92 (60) 42 (57) 134 (59)
Intermittent asthma 30 (19) 6 (8) 36 (16)
Seasonal asthma 26 (17) 20 (27) 46 (20)
Asthma not confirmed 6 (4) 6 (8) 12 (5)
Total 154 (100) 74 (100) 228 (100)

Table 2. Asthma Monitoring in 134 Patients With Persistent Asthma

Bari
Clinic

Foggia
Clinic

Total

Monitoring data analyzed 65 19 84
Monitoring data not analyzed 16 15 31
Monitoring procedure not applied 11 8 19
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Diary Card

The daily diary card (see Fig. 1) was a revised version
of the example shown in the Guidelines for the Diagnosis
and Management of Asthma.1 Symptom score, PEF, and
medication use are recorded on this one-page, one-side,
A4-size (21 � 30 cm) card. The card covers 15 days. The
patient writes his or her name and the year of monitoring
at the top of the card, and the monitoring days (day/month)
are indicated in the 15 boxes (see Fig. 1).

The scored symptoms/activities include wheezing,
cough, everyday activities, and sleep. The score range is 0
to 3 for each symptom/activity, so the total symptom score
range is 0 (no symptoms) to 12 (all symptoms maximally
severe). Instructions on how to complete the card’s symp-
tom score section are clearly listed in a vertical box on the
right side of the card, with brief examples (see Fig. 1).
Patients were also asked to perform 3 successive PEF
maneuvers every morning and evening, and to record the
best of each set of 3 PEF values on the card. The diary card
also includes a medication section and a comments sec-
tion, but we did not consider that data in this analysis. The
card was presented to the patient and discussed in detail at
his or her first visit, in an approximately 5–10 min practice
session, which usually included entering the symptom score
and PEF for the visit that day.

Monitoring Protocol

Monitoring started immediately after the first visit. Mon-
itoring duration was set according to the patient’s asthma
severity, and the follow-up visits were per our “136 pro-
tocol” follow-up visit schedule for new asthma patients:
first follow-up visit after one month; second visit after
3 months; third visit after 6 months. Patients with mild
persistent asthma were asked to fill out the diary cards for
one month; those with moderate persistent asthma for
1 � 3 months; and those with severe persistent asthma for
1 � 3 � 6 months (ie, 10 months, altogether). Patients
with uncontrolled asthma symptoms (regardless of sever-
ity grade) were asked to continue to fill out the diary cards
until control was achieved.

Patient Survey

A subset of 40 consecutive patients monitored at the
Bari asthma clinic, between March and November 2005,
were asked to anonymously answer a 3-page questionnaire
on various aspects of the monitoring method, including
adherence. Advance notice was given by a brief, struc-
tured telephone interview. Consent to participate in the
survey was obtained from all interviewed patients. The
questionnaires were mailed with a stamped addressed en-
velope, to return the completed questionnaire anonymously.

The questionnaire (not shown) was written in a simple
and understandable style to optimize the patient response
rate, and had 8 sections, on: demographics (eg, sex and age
group); understanding and the filling out the diary cards,
average daily time to fill out the card; the patient’s opinion
on the monitoring method outcomes; value for self-assess-
ment, and the purpose and usefulness of the monitoring;
the impact of the monitoring method on the patient’s qual-
ity of life; nursing aspects (eg, telephone interview, ap-
preciation of the nurse’s role in asthma management); and
a section for suggestions.

Graphing of Symptom Score and PEF Data

At the follow-up visits the patients returned the diary
cards. In order to rapidly achieve an overall vision of the
occurrence of these parameters during the period of time
between successive visits and, hence, to be able to use the
information gathered for clinical management and deci-
sion making, we devised and tested a method of rapidly
transforming the diary-card data into an informative, easy-
to-read modular graph. We used graphics software (Sig-
maPlot 1.01, Jandel Scientific, Erkrath, Germany). In Sig-
maPlot we manually entered the diary-card data into a
30-day template we developed.

Data Analysis

Multiple observations are presented as arithmetic means
with standard deviations. We used linear regression to
analyze the linear associations between number of days of
expected diary-card recording and number of days with
completed entries (adherence days). We also evaluated
adherence with respect to our arbitrarily selected mini-
mum acceptable rate of completed entries: 75%.

We evaluated the significance of differences in percent-
age (as in sex distribution) with the one-way chi-square
test. When we analyzed the available data (from May 2006
to September 2006), some of the patients had not yet com-
pleted their individual asthma monitoring.

Results

One hundred fifteen adult patients with poorly controlled
persistent asthma participated in the asthma monitoring
protocol, based on the patient’s asthma severity, as defined
by the GINA 2002 guidelines.4 We analyzed the diary-
card data from 84 patients (see Tables 2 and 3). Their
mean age was 38.2 � 15.5 y, and 32 (38%) were male.
None of them had participated in a diary-card-based mon-
itoring program before.

We analyzed 3 monitoring groups: mild persistent asthma
(one month of monitoring) moderate persistent asthma (fol-
low-up visits at one month and 3 months, so 120 days of
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monitoring); and severe persistent asthma (follow-up vis-
its at one month, 3 months, and 6 months, so 300 days of
monitoring). The actual number of monitoring days for
any patient was seldom exactly 30, 120, or 300 days,
depending on the actual date of the follow-up visit.

Patient Adherence

The individual monitoring period range was 13–362 days
(mean � SD 97.2 � 73.6 d). The mean � SD number of
days with completed diary-card entries (symptom score and
morning and evening PEF) was 76.8 � 70.6 days. Symptom
score only was correctly recorded on 80.4 � 73.5 days. PEF
only was correctly recorded on 72.6 � 71.3 days. Days
with only morning or evening diary-card completion were
regarded as non-adherence days.

Linear regression analysis of the relationship between
days of expected diary-card completion and completed

diary-card days gave a correlation coefficient (r2) of 0.65
for symptom score plus morning and evening PEF, 0.72
for symptom score only, and 0.74 for PEF only (Fig. 2),
but in the asthma-severity subgroups the correlation coef-
ficients were 0.24 for patients with mild persistent asthma,
0.44 for patients with moderate persistent asthma, and 0.99
for patients with severe persistent asthma (Fig. 3). For
symptom score only, the r2 values in the 3 groups were
0.60, 0.54, and.99, respectively. For PEF only, the r2 val-
ues were 0.20, 0.59, and 0.99, respectively.

Thirty-three patients (39%) (Table 3 and Fig. 4) had 100%
correct diary-card completion for both symptom score and
PEF. Among the remaining 51 patients (61%), 19 had
100% completion of symptom score but not PEF, and 3
had 100% completion of PEF but not symptom score.

Fifty-seven patients (68%) had a diary-card-completion
rate of � 75% (our arbitrarily selected rate of acceptable
completion) (see Table 3 and Fig. 4). For symptom score

Fig. 2. Linear regression analysis of expected versus actual days of correct diary-card completion (completed entries) for (A) both symptom
score and peak expiratory flow (PEF), (B) symptom score only, and (C) PEF only.

Table 3. Asthma Monitoring Diary-Card Adherence in 84 Patients With Persistent Asthma*

Diary-Card Daily
Completion Rate

Diary-Card Items
Completed

All Patients
(n � 84)

Asthma Severity Sex

Mild
(n � 20)

(24%)

Moderate
(n � 53)

(63%)

Severe
(n � 11)

(13%)

Male
(n � 32)

(38%)

Female
(n � 52)

(62%)

100% PEF and symptom score 33 (39) 7 (35) 20 (38) 6 (55) 14 (44) 19 (37)
Symptom score only 53 (62) 11 (55) 33 (62) 8 (72) 22 (69) 30 (58)
PEF only 36 (43) 9 (45) 21 (40) 6 (55) 15 (47) 21 (40)

� 75% PEF and symptom score 57 (68) 9 (45) 37 (70) 11 (100) 21 (66) 36 (69)
Symptom score only 69 (82) 14 (70) 44 (83) 11 (100) 26 (81) 43 (83)
PEF only 61 (73) 11 (55) 39 (74) 11 (100) 23 (72) 38 (73)

� 75% PEF and symptom score 27 (32) 11 (55) 16 (30) 0 (0) 11 (34) 16 (31)
Symptom score only 15 (18) 6 (30) 9 (17) 0 (0) 6 (19) 9 (17)
PEF only 23 (27) 9 (45) 14 (26) 0 (0) 9 (28) 14 (27)

* All values are no. (%).
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only, 69 patients (82%) had a diary-card-completion rate
of � 75%. For PEF only, 61 patients (73%) had a diary-
card-completion rate of � 75%. In the asthma severity
groups, 9 patients (45%) of the 20 with mild persistent
asthma, 37 of the 53 (70%) with moderate persistent asthma
and all of the 11 patients (100%), with severe persistent
asthma had a diary-card-completion rate of � 75%. No-
tably, 6 (55%) of the patients with severe asthma had
100% diary-card completion rates, while the worst per-
former among the other 5 patients achieved 89%. Twenty-
seven patients (32%) had diary-card-completion � 75%
for symptom score or PEF or both. Of them, 23 reached
the 75% threshold for symptom score but not PEF, whereas
15 reached 75% for PEF but not symptom score. Of these

27 patients, 11 had mild persistent asthma (55% of their
severity group), while 16 had moderate persistent asthma
(38% of their severity group). None of those with severe
persistent asthma had diary-card-completion � 75% (see
Table 3).

Interestingly, of the 29 patients who did not attend the
first follow-up visit (total non-adherence), 15 had mild
asthma, 14 had moderate asthma, and none had severe
asthma. Only 4 patients (5%) had no diary-card comple-
tion at all. Two patients returned diary cards with no symp-
tom scores, and 4 patients entered no PEF values at all.

Forty-four percent of the men, and 37% of the women,
had 100% diary-card completion (P � .67 via chi-square).
Accordingly, no statistical difference was found by the
same test when the differences between the sex percent-
ages of either those who had a 100% rate with symptom
score values (but not PEF) or those who had 100% rate
with PEF (but not symptom score values) were analyzed
(P � .43 and .72, respectively (see Table 3).

Patient Survey Questionnaire

Thirty-seven patients received the questionnaire; we were
unable to reach the other 3 patients. Thirty questionnaires
were returned (81% response rate). Eleven respondents
were male, 18 were female, and one did not indicate his or
her sex. Three respondents (10%) were � 20 years old, 12
(40%) were between 20 and 40 years old, 13 (43%) were
between 41 and 60 years old, and 2 (7%) were � 60 years
old. Table 4 shows the responses we analyzed in this study.
In particular, we assessed that the daily time required to
fill out the diary card was as low as 3 min 30 s � 2 min
30 s on average. Three patients provided a non-numerical
answer to this question (eg, very little), and one patient
gave no answer.

Fig. 3. Linear regression analysis of expected versus actual days of correct diary-card completion for symptom score and peak expiratory
flow (PEF) in (A) patients with mild persistent asthma, (B) moderate persistent asthma, and (C) severe persistent asthma. The correlation
coefficients (r2) increase with asthma severity.

Fig. 4. Percentage of patients (n � 84) who achieved 25%, 50%,
75%, and 100% diary-card completion (completed entries for both
symptom score and peak expiratory flow).
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Data Graphing

At the follow-up visits the patients returned their filled
out diary cards, and we entered the symptom score and
PEF data and processed and graphed them immediately.
Figure 5 depicts a graph from 2 diary cards, covering one
month of monitoring.

In SigmaPlot we developed a 30-day template, which
could be rapidly modified and the diary-card data entered
in less than 5 minutes, for a one-month graph. The time
required was slightly longer for several months of data.

The training time to achieve rapid graphing skill was ap-
proximately 2 hours for an average computer user.

In Figure 5, the X axis shows 30 sequential days of
monitoring; we decided not to use the actual monitoring
dates, to simplify data entry and improve graph readabil-
ity. The monitoring start and end dates, and the patient’s
name, are shown in a heading above the graph (not shown
in Figure 5). The left Y axis shows the PEF scale. Since
PEF ranges widely according to sex, height, age, and clin-
ical conditions,12 the left Y-axis range (200–700 L/min) is
adjusted in relation to the individual patient data being

Table 4. Patient Survey Results*

Yes
no. (%)

No
no. (%)

No
Answer
no. (%)

1. The monitoring cards
- Do you think they are understandable? 29 (97) 1 (3) 0
- Do you think they are complete? 25 (83) 4 (13) 1 (3)
- Do you think they are useful? 30 (100) 0 0
- Do you think they give you enough information on how to fill them out well? 24 (80) 4 (13) 2 (7)
- Do you think they are difficult to fill out? 3 (10) 26 (87) 1 (3)

2. How many minutes, per day, does it take to fill out the cards? �mean � SD 3
min 30 s � 2 min 30 s�

3. The results from the cards
- Do you think it is important to know the symptom score and PEF values
during therapy?

30 (100) 0 0

- The values on the monitoring cards are transformed into graphs. Do you think
it may be useful to you to get these graphs?

23 (77) 7 (23) 0

- Do you think they are useless to you and useful only to the medical staff? 12 (40) 18 (60) 0
4. The cards serve for:

- Educating asthma self-management? 19 (63) 8 (27) 3 (10)
- Doing research and statistical studies? 28 (93) 1 (3) 1 (3)
- Allowing the medical personnel to take better care of you? 29 (97) 0 1 (3)
- Monitoring your conditions between control visits? 29 (97) 1 (3) 0
- Predicting exacerbations? 22 (73) 6 (20) 2 (7)
- Improving the patient/doctor relationship? 21 (60) 7 (23) 2 (7)
- They are of little use. 3 (10) 24 (80) 3 (10)
- They are of no use. 0 26 (87) 4 (13)

5. Since you have been using the cards:
- Do you find it easier to remember taking all your medications during the day? 22 (73) 8 (27) 0
- Do you feel more at ease knowing that in this way you can monitor yourself? 23 (73) 4 (13) 3 (10)
- Do you feel more comfortable and relaxed? 18 (60) 8 (27) 4 (13)
- Do you think it is worth doing it (considering the time needed, etc)? 24 (80) 1 (3) 5 (17)

6. Other issues
a. According to you, were the explanations received by phone clear enough? 11 (37) 18 (60) 1 (3)
b. Do you think that this questionnaire could have been filled out also by phone? 11 (37) 19 (63) 0
c. According to you, why have you been asked to fill out this questionnaire?†

- To get an overall judgment about our work. 24 (80) 0 0
- To involve you and improve compliance and cooperation. 16 (53) 0 0
- To carry out statistical studies. 19 (63) 0 0
- I do not know. 1 (3) 0 0
- Other 3 (10) 0 0

* n � 30 patients. This table reflects the language used in the questionnaire, which was deliberately simple. The questionnaire also included a nursing section and other information, omitted here.
† Multiple answers possible.
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processed, to improve graph readability and facilitate rapid
visual pattern recognition.11 The mean actual left Y-axis
lower and upper limits were 208.9 � 38.5 L/min and
640 � 83.7 L/min, respectively (as calculated from the
data from 63 of the 84 patients). The graph also shows the
predicted PEF value (according to Nunn and Gregg13) and
the patient’s personal best PEF, with both horizontal lines
(the personal-best line is dashed, and the predicted PEF is
solid) and text. The right Y axis shows the symptom score
scale (range 0–12) (see Fig. 5). To graph monitoring pe-
riods longer than 30 days we use multiple 30-day graphs.

Discussion

Home asthma monitoring with daily diary-card record-
ing of symptom score and/or pulmonary-function variables
(generally PEF) has been in use for 30 years14 and has
been incorporated into some of the most influential
guidelines on asthma management.1-4 However, there is
still considerable disagreement on several aspects of
asthma monitoring, from overall usefulness to standard-
ization of graphic data rendering.7,11,15-17 Asthma home
monitoring has been applied in 4 settings: self-manage-
ment, in association with an asthma action plan5-7; man-
agement of asthma patients by clinicians, including diag-
nosis refining, and retrospective therapy assessment8-11;
clinical trials and clinical research, where it is one of the
most widely used investigation tools and a valuable source
of information18-22; and occupational asthma.23-24

Our study dealt with retrospective monitoring of pa-
tients with poorly controlled persistent asthma and no pre-
vious experience of home monitoring, in a clinical man-
agement setting. We use the word “retrospective” to mean
the analysis of recorded recent events, to evaluate the out-
comes of management measures, to affect future disease-
management recommendations. In particular, we analyzed
the patients’ adherence to the method adopted (also by
means of a questionnaire, answered anonymously). More-
over, we developed a user-friendly computer-based tech-
nique to quickly graph clinically relevant data from the
diary cards and facilitate rapid visual pattern recognition.

As for the number of patients whose recording cards
were analyzed (84), some restrictions may indeed arise
from this relatively limited sample size. However, we be-
lieve that this problem is of minor importance and does not
undermine the internal validity of the study, since the dif-
ferences between groups (particularly between the asthma-
severity groups) appear both too large and too consistent
to be attributed to chance.

Moreover, the external validity of our study may be
partly limited by possible selection biases, particularly
asthma severity, which may increase adherence, as our
findings suggest (see below). In fact, it is reasonable to
assume that our local general practitioners refer their most
problematic patients to our university clinics, since 83
(62%) of the 134 patients eligible for our asthma-moni-
toring method had moderate or severe asthma. Other pos-
sible biases include the patients’ perception of their asthma
and their socioeconomic status, which probably influence
adherence, but these issues did not fall within the purposes
or the potential of our study and would require further
investigation and a different study design. However, again,
we think that these are relatively minor limitations and do
not invalidate our results.

Adherence

Several studies have addressed patient adherence, but
have produced an overall inconclusive and sometimes con-
flicting picture. Thus, while, on one hand, symptom score
and PEF monitoring are regarded as essential not only in
clinical trials but also in ordinary asthma management
programs,7,17 on the other hand, the method itself is often
thought to be inherently faulty due to poor adherence, if
not falsification. This has sometimes caused a kind of
“nihilistic” attitude toward home monitoring, based on the
perception that satisfactory adherence cannot be achieved.25

One study, in which (as in several others) patients were
unaware they were using devices that recorded the mea-
surements, concluded that the quality of data completion is
often poor,26 although there was only a 2% discrepancy
between the patients’ handwritten reports and the elec-
tronic record in the PEF morning measurements, and 9%

Fig. 5. Our format for graphing asthma monitoring data (peak ex-
piratory flow [PEF] and symptom score). This graph is of data from
a patient with moderate persistent asthma. There are asthma ex-
acerbations (PEF dropped and symptom score rose) around days
1–7 and 19–28. Note that, as sometimes happens, evening PEF
appears to be consistently lower than morning PEF. (Morning PEF
should be consistently lower than evening PEF, but sometimes it
is the other way around. This and other anomalies can be easily
detected by this monitoring method.) The horizontal dotted indi-
cates the patient’s personal best PEF. The horizontal solid indi-
cates the patient’s predicted PEF.
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in the evening measurements.26 Another investigation, in
which patients were asked to measure PEF, forced vital
capacity, and FEV1 with hand-held spirometer (again, with
data storage unknown to them), and to record the values on
conventional diary cards, had 70% completed entries, of
which 4% were fabricated. Those seem to us acceptable
rates, given the complexity of the measurements performed,
whereas Chowienczyk et al concluded that conventional
asthma diary cards contain a high number of fabricated or
retrospective entries.27 A third study, in 20 patients with
steady-state asthma, found that only 54% of the expected
PEF values were recorded by the patient, and adherence
declined over the 3-month study period. Moreover, a sub-
stantial 22% of the entered values were fabricated.28 How-
ever, the fact that the patients were clinically stable might
have reduced their motivation to adhere to a method that,
as in our setting, may have been perceived by patients with
poorly controlled asthma as instrumental in gaining clin-
ical improvement.

In contrast, another study, with a user-friendly elec-
tronic PEF monitor and twice daily PEF measurements, by
patients aware that the data were stored, reported an over-
all 89% adherence over 72 weeks.29 However, the 61 pa-
tients in that study had poorly controlled asthma, and their
expectations about monitoring were probably high. Reddel
et al concluded that the context in which monitoring is
undertaken may influence adherence and that the patients’
perception of usefulness (and hence better adherence) may
have been enhanced by visual presentation and discussion
of graphed data at control visits every 8 weeks.29

We believe that, in our strictly clinically oriented set-
ting, we had an acceptable adherence rate: our overall
correlation coefficient between expected and actual days
of diary-card completion (completed entries) was 0.65.
Moreover, 33 (39%) of the 84 patients had 100% symptom
score and PEF diary-card completion, and 68% had � 75%
completion, which might be regarded as poor in research
but is reasonably good in a clinical management setting.
Furthermore, adherence was strikingly correlated with
asthma severity, being rather poor in those with mild
asthma, higher in those with moderate asthma, and im-
pressively good in those with severe asthma. All 11 pa-
tients with severe asthma had � 75% completion, and 6 of
them had 100% complete entries. This is particularly note-
worthy because, in our follow-up and monitoring “136
protocol” patients with severe asthma perform a much
longer monitoring (300 d vs 120 days in patients with
moderate asthma, and only 30 days in patients with mild
asthma). Therefore, our results are in agreement with stud-
ies in which poorly controlled but highly motivated pa-
tients carried out home symptom and PEF monitoring for
prolonged periods with good adherence, which declined
only marginally over time.25,29 However, our results are in
striking disagreement with other studies of stable chronic

asthma patients or with expert trialists, which indicated
that adherence was generally poor and worsened during
prolonged monitoring, and that falsification was ram-
pant.28,30 Also, we found that adherence was consistently
higher for symptom score than for PEF (see Table 3): 82%
of the patients had � 75% adherence with symptom score,
but only 73% with PEF.

Patient Survey

Our 30 survey responses offered an interesting insight
into our patients’ point of view on our asthma monitoring
method. They found the diary card useful, comprehensi-
ble, and exhaustive. However, about 10% of them found it
either difficult to fill out or that the information provided
was inadequate for correct data entering, which indicates
an opportunity for further improvement of this important
asthma management tool. The daily required time to fill
out the diary card was remarkably short: less than 4 min on
average (see Table 4), which suggests that a larger invest-
ment of time may not be a major cause of poor adherence
in home monitoring, in motivated patients.

Moreover, the vast majority of the respondents thought
that it was important to have access to the graphs gener-
ated at the follow-up visits, which are in fact regularly
shown to and discussed with the patients; this confirms
that the patients’ perceived usefulness of monitoring is
enhanced by presentation and discussion of graphed data
at each follow-up visit.25 Receiving a hard copy of the
graph appeared to be less important (see Table 4). Regard-
ing the reasons the monitoring method was considered
useful, the great majority of the patients believed that it
enabled the clinicians to give them better treatment, by
precisely documenting their conditions between consecu-
tive visits. But, whereas 92% of them thought that the
method could improve the quality of the patient/doctor
relationship, only 60–70% knew that monitoring could
also help asthma self-management and exacerbation pre-
vention, perhaps consistently reflecting our approach in
using the card diary-card method essentially for retrospec-
tive assessment. That also highlights the possibility that
self-management is an aspect of asthma management that
might need improvement at our clinics.

Most of the respondents also thought that the monitor-
ing method was aimed at research or statistical purposes,
which is a misperception, probably reflecting the fact that
prolonged home monitoring is not very common, at least
in Italy. Moreover, most patients found the monitoring
method emotionally reassuring, because they could better
“control themselves,” hence confirming a basically posi-
tive disposition toward self-management, which needs to
be exploited. Also, ease in coping with their often complex
medication schedule was another advantage perceived by
most patients.
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Graphing and Visual Pattern Recognition

Effective and synthetic graphing is essential for the com-
plete understanding and utilization of the copious infor-
mation that asthma monitoring can disclose. In their thor-
ough review of the subject, Reddel et al rightly pointed out
that the important “bottleneck” in the graphing is how to
combine clarity and plasticity, usually achieved via com-
puterized treatment of the data, with ease and rapidity in
generating the graphs, which they instead associate with
manual entry.11 We used a robust yet flexible scientific
graphics platform (SigmaPlot) that allowed rapid data en-
try (� 5 min for 30 days of monitoring data) in a com-
puterized form at follow-up visits, and high quality, im-
mediate graphing of morning and evening PEF and
symptoms on one graph that effectively shows the pa-
tient’s status over one month (see Fig. 5). This method,
which we have used for many years, appears to be reliable
and simple enough to be clinically useful. Moreover, the
data can be statistically analyzed within SigmaPlot ver-
sions with improved statistical power (up to version 11) or
in other kinds of software, allowing further analysis for
research.

Lack of standardization in graph dimensions and other
features important for development of visual pattern rec-
ognition skills has been another major problem. Particu-
larly, horizontal compression of the graph impressively
enhances detection of exacerbations.11 We adopted a 30-
days format with the classic 1/1.5 height/width ratio, which
is lower than that of the Woolcock Institute of Medical
Research format (1/0.82)11 and the occupational asthma
format (1/0.39).11,24 Our graphing system, however, offers
the possibility of selecting a PEF scale range on the left
Y axis appropriate for the patient, easily attainable in
SigmaPlot, compensating for the lower compression de-
gree, and providing unequivocal detection of exacerba-
tions (see Fig. 5). Moreover, simultaneous display of both
morning and evening PEF and symptom score maximizes
the amount of displayed asthma-monitoring information
and facilitates visual appreciation of diurnal PEF variabil-
ity and identification of anomalies, as in Figure 5. And the
inclusion of both predicted PEF and personal best PEF
allows immediate interpretation of the PEF curves.

Human visual pattern recognition processes are highly
sophisticated and reliable, so PEF and symptom score graph
standardization and optimization of the readability, clarity,
and type and amount of information in the graph stimulate
the development of visual pattern recognition skills in cli-
nicians. This is likely to increase clinicians’ interest in the
monitoring data and their ability to use the data in decision
making, with probable improvement in the care provided.
That, in turn, is likely to be positively perceived by pa-
tients and to reinforce their adherence to the monitoring

method and other aspects of management,11 as our data
suggest (see Table 4).

Conclusions

Asthma monitoring of symptom score and PEF, even
when carried out with an inexpensive diary-card device, is
useful and feasible in clinical practice, and patient adher-
ence is acceptably high. Thus, our results seem to contra-
dict the conclusions of at least some previous studies,
which asserted that diary-card completion of symptom score
and PEF, although desirable as an asthma management
tool, is virtually impossible, due to poor patient adherence,
particularly over a prolonged period.

In particular, our study focused on retrospective moni-
toring and immediate data analysis with relevance to
decision making at follow-up visits. Indeed, our results
suggest that, in this context, symptom score and PEF mon-
itoring is a valuable management tool in patients with
poorly controlled persistent asthma, in patients with mod-
erate asthma and particularly severe asthma, in whom we
found very high adherence over prolonged periods. We
would place a lower priority on retrospective monitoring
in patients with mild persistent asthma, because our results
suggest poor adherence in those patients and an arguably
unfavorable cost/benefit ratio. Moreover, monitoring
should be carried out within a definite follow-up protocol
in order to contribute to asthma management. We propose
approximately 4 months for patients with moderate per-
sistent asthma and 10–12 months for patients with severe
asthma.

However, monitoring may be of great usefulness in all
asthma patients, including patients with mild persistent
asthma, patients with intermittent asthma, and patients with
seasonal asthma, as a prospective self-management tool
aimed at preventing exacerbations, possibly in association
with an asthma action plan. We also believe that substan-
tial efforts are warranted to increase the awareness of the
importance of symptom score and PEF monitoring in
asthma management at the primary care level, as opposed
to the view that monitoring occurs only at specialized
clinics or in clinical trials.

Improving the graphing of asthma monitoring data ap-
pears to be very important in exploiting the clinical po-
tential of this information. Finally, standardization of symp-
tom score and PEF graphs should be considered a priority,
if monitoring is to be used more effectively in the man-
agement of moderate and severe persistent asthma, and to
develop clinicians’ pattern recognition skills.
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