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Asthmain Light of Patient Documents. A Factor Analytic Study
P A Hahtola,*wmo, pho, K H Hahtola,* * php Forestry

Abstract

Introduction: Theaims of the study wereto elucidate the disease spectrum of asthmain clinical practice, theinterplay of symptoms, tests
and background factors in the diagnosis of asthma and the applicability of exploratory factor analysisin analysing patient documents.
Materialsand Methods: The datain thisretrospective cross-sectional study included 195 suspect asthma patients from a systematic sample
of 2877 outpatientsexamined in the Pulmonary Clinic of the TampereUniversity Hospital from 1983 to 1993 and some statisticson the place
of residence and place of birth of the patients. The materials on 73 variables were reduced to 9 factors explaining 40% of the variancein
a rotated principal component analysis. Conclusions: The factorial description of the patient documents revealed four types of asthma:
“allergic”, “seasonal”, “nasal” and“ obstructive’ asthma. These phenotypesbecame moredominantin thisorder with increasing age. Skin
prick reactionsto pollen diminished, whereasreactionsto epitheliaand house dust miteincreased from allergicto obstructiveasthma. Some
dlight differencesin the patient characteristicswereal sofound with respect to place of residenceand placeof birth. Theuseof factor analysis

in clinical practice and organisation was demonstrated.
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Introduction

The lack of uniform criteria for asthma handicaps the
diagnosis, the systematic documentation of cases and the
consistent reporting of studies addressing asthma® It
restricts also the use of patient documents of asthmatics
especially in detailed causal analysis, although they could
giveimportantinformationfor researchand administration.

Theobjectivesof thisstudy wereto elucidate the disease
spectrum of asthma in clinical practice, the interplay of
symptoms, tests and background factors in the diagnosis
and the applicability of exploratory factor anaysis* in
analysing patient documents.

In order to simplify the terminology, only the term
“alergic” isused in thisreport to refer to states defined by
reactivity in skin prick tests (SPTs) or by immunoglobulin
E (IgE) findings.®

Materials and M ethods

Region of Sudy

Thestudy wascarried out inaninland areain themiddle
of the southern half of Finland. The size of the population

in the Pirkanmaa Hospital District was about 430,000,
spread over 35 municipalities. The core municipality,
Tampere, wasanindustrial and servicecentrewith 170,000
residents. Thepopul ation of theother municipalitiesranged
from 2000 to 30,000 inhabitants. Tampere has 11 health
centres, whereassomesmall municipalitieshaveacommon
health centre. The total number of health centres in
Pirkanmaa Hospital District is 31. The region aso has
numerous occupational health care units, private practices
and some regiona hospitals.®

Subjects

In Finland, the National Social Insurance Institution
provides compensation for most asthma medication,
whereas in cases of work-related asthma, insurance
companiescoveritall. A confirmed diagnosisis necessary
for al these forms of compensation. Thus, most local
patients suspected of having asthma, especially those with
suspected work-related asthma, are examined in the
Pulmonary Clinic of the Tampere University Hospital.

The subjects were patients of the adult outpatient clinic
of the Tampere University Hospital during an 11-year
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period from 1983 to 1993. The basic popul ation consisted
of the 2877 new patients who were examined because of
suspected asthma and had, at |east once, visited one of the
authors of this report (PH), who was solely in charge of
cases of work-related asthma. In 55% of the cases, this
physicianalsomadethediagnosis. Therefore, incomparison
with all new asthma patients of the clinic, the patients
suspected of having work-related asthma were somewhat
over-represented.

With the use of a simple systematic sampling system,
every 13" patient wasincludedinour study. Ten caseswere
excluded due to too many missing data. The final number
of subjectswas 195; 36% were maleand 64% werefemale,
with amean age of 40 years.

Clinical Examinations

The main clinica tests were the bronchodilator (Brd)
test, the measurement of forced expiratory volume in 1
second (FEV,) before and after the inhal ation of 200 pg of
salbutamol, the methacholine (Mch) test, serial peak flow
(PEF) recording, skin prick tests (SPTs) for standard
allergens and immunoglobulin E (IgE) determinations.
The concentration-based Mch test changed in 1989 to a
guantitative procedure.”® Forced vital capacity (FV C) with
FEV, was usualy used to determine the initial status of
the patient, but it was also used to help evaluate the effect
of treatment.

The SPTs were made with the same of extracts (alder,
birch, timothy, blue grass, mugwort, horse, dog, cat, cow,
Dermatophagoi des pteronyssinusand farinae, Aspergillus
fumigatus, Alternaria alternata and Cladosporium from
ALK Laboratories, Denmark) throughout the study. SPT
was regarded as positive if the longest weal diameter was
at least 3 mm larger than the negative control (solvent).
Histaminehydrochloride(10mg/mL) wasused asapositive
control. A test for IgE was done irregularly, primarily in
order to define the grade of atopy. The Brd and Mch tests
and PEF recordings were optional, and their use depended
on the clinical state of the patient.

Owing to the lack of standard diagnostic criteria, the
termsfixed by the National Social Insurancelnstitutionfor
the compensation of medical treatment for asthma served
asessential landmarks. The termsincluded the increase of
PEF or FEV, at least 15% (50 L/min or 0.15L) in the Brd
test, the decrease of PEF or FEV, at least 15% (50 L/minor
0.15L) inan exercise stresstest or the diurnal PEF change
at least 20% (50 L/min). An exercise stresstest wasseldom
done.

Data

The patient characteristics collected included records on
referrals and visits, demographic data, family history,
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living conditions, diseases and symptoms, diagnostic tests
and diagnoses. In cases where the patients had visited any
of the clinics of the Tampere University Hospital up to
1998 after theinitial examinationsfor asthma, theavailable
information onthelater statusof asthmawasal soincluded.

In an attempt to provide information on possible
environmental effects, some municipal statistics on the
place of residenceand the placeof birth of the patientswere
asoincluded. They included dataon agestructure, income,
urbani sation grade, and employment of themunicipality of
residence and thelocation and degree of urbani sation of the
birthplace.

Some variables available in the patient documents were
excluded because of agreat number of missing dataand a
skewed distribution. In addition, we eliminated some
variables with similar factor structure in the preliminary
analyses. The final factor description thus consisted of 64
variablesfrom the patient documents and 9 variablesfrom
the municipal statistics.

The numbers and some statistics of 13 ratio and interval
variablesareshownin Tablel and the numbersand coding
of 60 ordinal and dichotomousvariablesin Tablell. Forty-
three percent of the 191 tested patients had at | east one SPT
reaction. This is comparable to other studies.®* The
proportion of patients diagnosed as definitely asthmatic
was 51%, for 22% the diagnosis was uncertain, and 27%
were not asthmatics.

Factor Analysis
The complex field of asthma is reflected in patient

TABLEI:RATIOAND INTERVAL VARIABLES

No Variable Mean SD Mv
Patient documents
1 Year of first visit 1987 3.9 0
2 Year of diagnosis 1986 6.4 0
11 Age(y) 40 14 0
13 Height (cm) 169 9 2
14 Weight (kg) 74 16 6
52  FEV, (I/spercent of expected) 88 16 28
53 FVC (I best value of the period) 3.9 10 30
60 Visit (no. before the confirmed 31 14 8
diagnosis)
Municipal statistics
65  Number of cars per thousand persons 382 25 0
66 % of population in urbanised areas 80 19 0
67 % of population of 0 to 14 years 18 2.2 0
68 % of population of 65 years or more 16 35 0
69  Mean yearly income of households 161 16 0
[Fmk x 1000 (Euro about)] 27 3
70  Employment (self-sufficiency % of 98 18 0

workplaces in the residential region)

FEV: forced expiratory volume in 1 second; FVC: forced vital capacity,
Mv: missing values
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TABLEI1: ORDINAL AND DICHOTOMOUSVARIABLES

No Variable Content and Class Codes % of classes 0-4 Mv
0 1 2 3 4

Patient documents
3-6 Admission months

XI-11: 1, H1-1V: 2, V-V 3, 1X-X: 4 37 14 34 15 0
7-10 Referred from health centre: 1, private practice: 2, hospital: 3, occupational health: 4 46 22 13 19 0
12 Sex, mde: 0, femae: 1 36 64 0
15 Married, no: 1, yes: 2 35 65 10
16 Bornin summer/winter months, X-1V: 1, V-IX: 2 43 57 0
17 Asthmain father, mother and/or other relatives: 0-3 61 35 4 1 4
18 Smoking pack-years, no: 0, <10: 1, >10: 2 66 20 15 2
19 Recently non-smoking, <1 month: O, 1 month-10 years: 1, >10 years: 2 18 0 72 0
20 Urban type dwelling, farmhouse: 1, detached: 2, semi-detached: 3, block of flats: 4 9 4 10 40 11
21 Petathome, O, 1 70 30 4
22-25 Occupational class, home*: 1, service: 2, industry: 3, farming: 4 18 3B 42 11 0
Diseasesin last 2 years
26, 28 Digestive organs: 1, skin: 2 11 26 1
27 Heart, vessels and/or muscles, skeleton: 0-2 71 24 5 1
29 Sum of diseases 26-28, and nervous or mental, genitourinary and hormonal: 0-6 41 36 16 5 2 1
30 Nasal polyp and/or cavity infection ever: 0-2 80 18 3 4
31 Nasa hypersensitivity ever: 0, 1 19 81 4
32 Seasona nasal symptoms,
no: 0, unclear: 1, yes: 2 63 9 28 33
33 Recently nasal symptoms, no: 0, <3 months: 1, 3-12 months: 2, 1-3 years: 3, >3 years: 4 18 3 12 18 48 9
34 Common coldsyearly, <1: 0, 1-2: 1, >2: 2 8l 9 10 1
35 Pulmonary symptoms, Breathlessness: 1 91 3
36 Wheezing: 1 58 6
37 Cough: 1 77 7
38 Phlegm: 1 52 1
39 Sum of symptom classes, 35-38: 0-4 10 34 30 26 2
40 Seasonal pulmonary symptoms, no: O, unclear: 1, yes: 2 80 12 8 2
41 Recently pulmonary symptoms, <3 months: 1, 3-12 months: 2, 1-3 years: 3, >3 years. 4 8 26 31 35 0
42  Symptoms to pollen, house dust, animal dust, work air: 0-4 11 44 26 16 3 1
43 Symptoms to food, drink and/or drug: 0-3 81 15 3 1 1
44 Pulmonary symptoms to exertion: 0, 1 51 49 17
45-48 SPT positive, pollen: 1, epithelia: 2, house dust mite: 3, mould: 4 29 27 15 8 4
49 Positive SPT classes, 45-48: 0-4 56 19 15 7 2 3
50 IgE U/L, <30: 1, 30-100: 2, >100: 3 40 24 37 72
51 B-eos10%%, <0.2:1,0.2-0.4: 2,>0.4: 3 54 30 16 26
54 Positive bronchodilator test: 1 22 92
55 Methacholine test: 1 56 38
56 Peak flow home recording: 1 59 98
57 Wheezing in auscultation: 1 21 1
58 Positive asthma test classes, 54-57: 0-4 33 32 25 9 2 0
59 Performed SPT (0, 1) and asthma tests 54-56: 0-4 0 9 27 41 24 0
60 Visit number before the confirmed diagnosis** 0 4 31 11 8
61 No asthma: 0, uncertain asthma: 1, certain: 2 27 22 51 0
62 Diagnosis made by PH: 1, by other physicians: 0 45 55 8
63 Guidance concerning home, work, medication: 0-3 14 49 32 5 0
64 Asthmalater, better: 0, stable: 1, worse: 2 53 28 19 48
Municipa statistics
71 Born outside the residential province: 0, inside: 1 44 55 0
72 Birthplace, urban: 1, densely populated: 2, rural: 3 47 15 39 0
73 Birthplace, coastal: 0, inland: 1 13 87 0

B-eos: first value of blood eosinophil count; IgE: immunoglobulin E; Mv: missing values
*home work, student or retired; **visit number, 5: 9%, 6: 6%
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documents, which as data source means a great number of
variables with varying degrees of quantification and
conceptual validity, the result being low correlation.

According to Thurstone* no field of research is so
chaotic as it seems at first sight, but rather somehow
structured. As a correlational method, the factor analysis
rests on the assumption that a substantial part of the
common varianceincluded in the correl ation matrix can be
explained by areduced number of linear transformations,
called factors, which represent this underlying structure.
The factoria structures thus revealed have proved to be
relatively invariant with respect to changesin subjects and
the set of variables.

In the case of this study material, we considered that the
underlying factor structure might reveal types of asthmaor
asthmati cs, that would enhance aparsimonious description
of thefield. Thesecond author of thestudy, alike, hadinhis
earlier work delineated by factor analysis a typology of
farming in different socio-economic environments, to
explain the forest owner’s predispositions, rationale, and
attitudes in forest management.

Factor analysis proceeds in three stages: factorisation,
rotation and interpretation. '

Factorisationiswherethenumber of dimensions(factors)
are decided and the factors extracted. From the two main
methods available: 1) principal axes factorising based on
common variance and 2) principal component factorising
using the total variance of variables, we used principal
components. For exploratory, i.e. moreintheory-generating
than in theory-testing purposes, these methods do not have
any substantial difference.

Using screen-test, arranging eigenvalues, i.e. percent of
total variance of the principal components successively
extracted, in a simple plot (5.38, 4.30, 3.81, 3.46, 3.07/
2.69, 2.59/ 2.31, 2.27/ 2.05, 2.05, 1.91), we found the
number of components 5, 7 and 9 being proper cutting
points, where the decrease of eigenvalues seems to level
off. Thus, the proposed underlying structure would be 5, 7
or 9 dimensional. On proceeding by both 7 and 9 principal
components, wefoundthe9-dimensional factor-description
most compelling. The clear cutting point in screen-test
givesahint of possibleunderlying“simplestructure”’ inthe
correlation matrix, which would enhance the clear
interpretation of factors or principal components.

Rotation, by which, inorder to maketheinterpretation as
easy aspossible, onetriestolocatethefactor axesaccording
tothe“simplestructure” of factor space. Then, each factor
will tend to have either large or small loadings of particular
variables. Orthogonal V arimax rotationisthemost common
rotation method.

Interpretation is the crucial stage in the analysis,
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because it confers empirical meaning to the mathematical
formalism, whichisconstructedinfactorisationandrotation.
Owing to the inevitable subjectivity of interpretation this
stage presupposes experience and acquaintance of the
field of study.>%

Thefactor analysisinour study (Tablelll), usingprincipal
component solution with Varimax rotation (SPSS 8.0 for
Windows), was carried out in two phases. First, the 9
rotated components, factors FI-FIX, were interpreted. In
the interpretation, the variables with variance clearly
concentrating ononefactor, the" pureindicators’ of factors,
received the most attention. However, the total behaviour
of thevariableswasemphasi sed rather thansinglel oadings.**
Then, thefactor structuresof the variableswerescrutinised
in detail. In the detailed analysis, in order to provide
additional insight into patient characteristicsand therole of
clinical tests and symptoms in diagnostics, factor scores
(Fig. 1) calculated separately for patients with certain,
uncertain and no asthma, were also used.

Results
Factor Interpretation

Theloadings of the central variables depicting the nasal
and pulmonary symptoms (30-44), the results of the
sensitivity and asthma tests (45-58), the certainty of the
asthma diagnosis (61), the treatment (63) and the later
asthma status (64) were concentrated into factors FI, FllI,
FVIII, and FIX. (The numbers of variables referred to in
factor analysis are given in brackets throughout the text.)
These4 factors can beinterpreted as phenotypes of asthma
or asthmatics and, with respect to the tests of obstruction,
they could beputinthefollowingorder: FI, FVIII, FIX and
FIll. FactorsFV and FV | seemed to represent some patient

Factor scores

-0.6 O No asthma
O Unclear

0.8 m Asthma

-1.0
-1.2

Time
FViI

Factors

AA SA NA OA | Mde
Fl Fvill | FIX | FII Fv

ADD | UC SR
FVI Fll FIV

Fig. 1. Factor (FI-FIX) scoresrelated to the certainty of asthma. AA: allergic asthma;
ADD: age dependent diseases; Male: male sex; NA: nasal asthma; OA: obstructive
asthma; SA: seasonal asthma; SR: surrounding region, Time: changes during the study
period; UC: urban centre
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TABLEII: FACTORANALY SIS.ROTATED COMPONENTS (FI-FIX)

F FVIII FIX Fill RV FVI = FIvV FVII

Variables No AA SA NA OA MALE ADD uc SR TIME C
Patient documents

Year of first visit 1 0.18 061 041

Year of diagnosis 2 -0.13 -0.13 -0.16 0.63 047
Admission

November-February 3 0.11 -0.51 -0.12 -0.12 0.31

March-April 4 0.13 0.11 0.19 0.10 -0.16 0.12

May-August 5 0.48 -0.24 0.16 024 0.38

September-October 6 0.34 -0.11 -0.16 -0.16 -011 021
Referred by

Health centre 7 -0.18 0.14 -0.13 -0.58 021 0.46

Private practice 8 -0.13 0.31 -049 0.36

Hospital 9 0.17 0.35 0.18 -0.14 0.23

Occupationa health 10 -0.12 -0.12 -0.18 0.18 0.37 032 033
Age 11 -0.40 -0.24 0.17 -0.18 0.48 -0.18 0.55
Sex 12 -0.81 0.70
Height 13 0.83 -0.11 -0.13  0.73
Weight 14 -0.16 -0.13 0.53 0.24 -0.11 0.41
Marital status 15 -0.14 -0.32 -0.11 0.28 -0.32 0.33
Born in summer/winter 16 0.12 -0.15 -0.19 0.21 -0.15 012 0.16
Asthmain family 17 -0.13 0.18 0.07
Smoking pack-years 18 -0.25 0.13 0.22 -0.20 0.11 0.21 027 0.30
Non-smoking time 19 0.16 -0.20 0.25 -0.11 -0.18 -0.34  0.29
Urban type dwelling 20 -0.13 -0.10 0.72 0.56
Pet at home 21 -0.30 -0.13 -0.27 0.12 021 025
Home work 22 0.26 0.29 0.19 -0.13 0.23
Service 23 0.16 -0.58 -0.30 0.18 -0.11  0.50
Industrial work 24 -0.13 -0.31 0.49 0.35 0.22 025 0.59
Farm work 25 -0.69 -0.14 052
Digestive diseases 26 0.14 0.38 0.14 0.21
Functional diseases 27 -0.18 0.14 0.69 -0.10 0.56
Skin diseases 28 0.43 -0.21 0.20 0.19 0.17 0.33
Non-respiratory disease classes 29 -0.14 0.19 0.14 0.75 0.66
Nasal history
Polyps 30 0.13 0.15 0.18 -0.18  0.11
Hypersensitivity 31 0.12 0.13 0.58 0.18 -0.22 020 0.49
Seasonal 32 0.33 0.37 -0.29 0.35
Duration 33 0.21 0.22 0.60 0.15 -0.23 0.55
Frequency of flu 34 0.11 0.14 0.13 0.07
Pulmonary symptoms
Breathlessness 35 0.39 -0.16  0.21
Wheezing 36 0.38 0.33 0.11 0.28
Cough 37 -0.35 -0.17 0.12 -0.21 0.34 0.33
Phlegm 38 -0.29 0.45 -0.10 -0.15 031 043
Sum of classes 39 -0.34 -0.17 0.59 0.16 0.10 027 0.62
Seasonal symptoms 40 0.28 0.36 -0.12 0.25
Duration 41 0.39 0.10 -0.11 -0.24 025
Pulmonary symptoms to
Inhaled allergens 42 0.31 0.32 0.14 0.12 -0.15 034 037
Oral allergens 43 0.13 0.26 0.10
Exertion a4 0.11 0.20 0.38 0.10 0.22

Cont’d on next page
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TABLEIII. Cont'd
F FVIII FIX Fil RV FVI Fi FIvV FVII

Variables No AA SA NA OA MALE ADD uc SR TIME C
Positive SPT to
Pollen 45 0.75 0.14 0.18 0.63
Epithelia 46 0.71 0.13 0.12 0.11 -0.10 0.56
House dust mite 47 0.54 -0.19 0.25 -0.21 0.45
Mould 48 0.54 -0.12 0.16 0.34
Sum of classes 49 0.92 0.10 0.87
IgE 50 0.53 0.19 0.34
B-eos 51 0.16 0.36 0.18 0.11 0.22
FEV, 52 -0.23 -0.34 0.10 -0.34 0.16 -0.16 0.35
FvC 53 0.17 -0.17 0.71 -0.37 -011  0.73
Positive asthma tests
Bronchodilator 54 0.14 0.15 0.27 0.17 -0.17 018
Methacholine 55 0.13 0.66 -0.11 0.48
Peak flow recording 56 0.14 0.61 -0.10 042
Auscultation 57 -0.25 0.45 0.11 0.15 -0.20 035
Sum of classes 58 -0.11 0.90 0.83
Sum of performed SPT and 55-57 59 -0.17 -0.23 0.44 028 0.38
Number of visits 60 -0.12 0.12 -0.18 0.30 0.16 026 025
Certainty of asthma 61 0.21 0.25 0.18 0.72 -0.12 068
Physician 62 -0.12 0.15 033 0.16
Treatment quantity 63 0.22 0.56 -0.12 -0.10 0.39
Later asthma status 64 0.30 0.21 -012 017
Municipal statistics
Number of cars 65 0.17 -0.51 0.66 0.73
Rate of urbanisation 66 0.10 -0.17 0.13 0.86 0.80
Children <14 years % 67 0.13 0.90 0.84
Persons >64 years % 68 -0.15 0.15 -0.14 -0.12 -0.67 -0.53 0.82
Annual income 69 0.20 0.11 0.42 0.75 0.80
Employment, self-sufficiency 70 -0.14 0.28 -0.77 0.71
Born in present living region 71 0.23 -0.15 0.14 -0.12 -0.23 0.17
Born in rural region 72 -0.18 -0.17 0.17 0.15 -0.39 -0.18  0.30
Born ininland 73 -0.25 018 011
Eigenvalue 4.33 2.64 3.7 3.07 2.69 3.95 3.27 2.64 299

Factors: AA: allergic asthma; ADD: age dependent diseases; MALE: male sex; NA: nasal asthma; OA: obstructive asthma; SA: seasonal asthma;
SPT: skin prick test; SR: surrounding region; TIME: changes during the study period; UC: urban centre

Loadings under [10] are not signed, over [19] are in boldface

B-eos: blood eosinophil count; C: communality; FEV . forced expiratory volume in 1 second; FVC: forced vital capacity; IgE: immunoglobulin E

characteristics not directly related to asthma. Two factors,
FIl and FIV, were associated with regional conditions.
Factor FVI1 depicted changes during the study period.

Types of Asthma

The number of positive asthmatests (58) proved to be a
rather pure measurer of factor FllI. Loadings of al the
singletestsfor obstructivetendency (54-58) and thecertainty
of asthma diagnosis (61) were also concentrated into this
factor. Factor FlI1 could thusbeinterpreted as“ obstructive
asthma’ (OA). Many tests (59) and visits before the
diagnosis (60) and multipletreatment forms (63) werealso
associated withthistypeof asthma. Wheezing, aworsening
later course and the SPT reaction to house dust mite were
other characteristics of this phenotype (36, 64, 47).%°

May 2003, Vol. 32 No. 3

Factor FIX included prominent pulmonary symptoms,
breathlessness, wheezing and phlegm (35, 36, 38). Because
of the accentuation of several nasal symptoms (31, 33),
factor FIX was named “nasal asthma” (NA).

Seasonal (32, 40) and repeated (33, 41) nasal and
pulmonary symptoms were characteristic of factor FVIII.
Being based on the seasonal symptoms and on the
concentration of the clinic admissions to summer (3, 5),
factor FVIII was interpreted as “seasona asthma’ (SA).
Skin problems (28) and the later worsening of asthma (64)
were notable.® The clear negative loading of auscultation
(57) and anegativeassoci ation between perennial allergens
and the seasonal-type asthma agrees also with the total
picture of this factor (SA, 21).
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Because of its rather pure measurer, the number of
positive SPT reactions (49), factor FI was interpreted as
“alergic asthma’ (AA). The reactions to single SPT
alergens and the results of the IgE test (45-49) were aso
concentrated into this factor. These allergic features with
seasonal nasal (32, 33) and pulmonary (40) symptoms
proved to be characteristic, especialy for young patients
(11). Some of the youngest patients, because of their
increasing age, had probably comefrom apaediatric clinic
to an adult clinic for instruction (63). In addition to the
dlergic type of asthma, the dimension FI seemed to
differentiate allergic symptoms from the typical smoking-
related (19, 20) symptoms (37, 38) of older people.

Patient Characteristics not Related to Asthma

A pure measurer of factor FV was male sex (12). In
addition thevariablesdepicting height and weight (13, 14),
good lung function (53) and industrial occupation (23, 24)
were the most highly loaded on thisfactor. Factor FV thus
represented male sex and the relative size of the patients,
and it was named “male sex” (Male).

The best indicator of factor VI was the number of non-
respiratory (29) diseases, such as those of the digestive
system (26), heart, vessels, muscles, skeleton (27) and also
skin (28). Ontheother hand, thefactor was associated with
decreased pulmonary function (52, 53). Furthermore,
because of thehighloadingsonageand weight (11, 14) and
the perennia nature of the symptoms (32), factor VI was
interpreted as “age-dependent diseases’ (ADD). The
accentuation of industrial occupation (24) refers also to
work-related diseases.

Other Factors

The loadings of the variables depicting the place of
residence of the patientswere concentrated into factors Fl|
and FIV. According toitsbest measurers, especially ahigh
rate of urbanisation in the municipality of residence (66)
and urban dwelling and occupations (20, 25), factor Fll
depicted the centres with the most urban way of life and
couldbeinterpreted asthe* urban centre” (UC). Inaddition,
factor FlI represented the dimension farming versus non-
farming occupation (25).

The best regional indicators of factor FIV werethe high
proportion of children (67) and the parallel low proportion
of elderly persons in the population (68). Other regional
characteristics of the factor were the high income of
households (69), high number of cars (65) and low
self-sufficiency of employment in the municipality of
residence (70). Thus, this factor points to regions where
commuting to workplaces outside one's own place of
residenceistypical andit canbeinterpreted as” surrounding
region” (SR).

Factor VIl was named “TIME” sinceits best measurers
were the times of the first visit and diagnosis (1, 2). It
illuminates the changes that occurred in patient
characteristics during the study period.

Detailed Analysis
Patient referral and seasonal variation

Nasal asthmatics tended to be admitted in the autumn
(NA, 6), while the proportion of seasonal asthmatics was
clearly accentuated in the summer (SA, 3, 5). A tendency
towards admissions in the spring or summer months was
also discernible for patients with age-dependent diseases
(ADD, 4, 5) and those from the urban centres (UC) or their
surroundings (SR). The weighting of the admissions in
summer seemedtoincreaseduringthestudy period (TIME,
5).

Patientsreferred by ahospital (9) had been diagnosed as
asthmatics, especially seasonal, obstructive or alergic
asthmatics (SA, OA, AA), more often than those referred
by others. Nasal asthmatics tended to come from health
centres (NA, 7). The patients coming from occupational
health units had seldom an alergic, seasonal or nasal
phenotype of asthma (AA, SA, NA, 10).

As for regional differences, private practices and
occupational health units were accentuated as referral
sources in urban regions, and health centres were the
commonest referral sourcesinrural regions(UC, 8, 10, 9).

Demographics of the patients

Thepatient characteristicsweremostly related toageand
occupation (11, 22-25). Thefeaturesof thefour phenotypes
of asthma, allergic, seasonal, nasal and obstructive asthma
(AA,SA,NA, OA, 11), emergedinthisorder with age. The
higher proportion of unmarried (15) among theallergicand
seasonal asthmatics (AA, SA) than among the nasal or
obstructive asthmatics (NA, OA) may also have depended
on age.

Working at home (22) was more common among the
alergic, seasonal and nasal asthmatics (AA, SA, NA), but
working outside home was more common among
obstructive asthmatics (OA, 22-25). Industrial work was
common for both young male (MALE, 11, 24) and elderly
patients with age-related disorders (ADD), but it was
seldom found among allergic or seasonal asthmatics (AA,
SA, 24).

The only sign of smoking as an aggravating factor for
asthmat® inthismaterial wasindicated by theslight loading
of smoking for obstructive asthmatics (OA, 18). Smoking
seemed to bemorecommon among mal eindustrial workers
(MALE, 18-19) and among patientsliving in urban centres
(UC, 18-19) and in the surrounding regions (SR).
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Patients with age-dependent diseases tended to have
been born in summer (ADD, 16), whereas the obstructive
asthmatics were primarily born in winter (OA,16).Y The
low communality and scattered loadings of this
variable discourage, however, further hypothesising. Any
consistent association of asthmawith sex (12),%81° asthma
inrelatives (17), pets (21), or type of residence (20) could
not be found either by the group of variables and subjects
used in our study.

Symptoms and sensitivity tests

Boththereactionstotheskinprick testsandthesymptoms
related to inhaled allergens (42, 45-49) indicated that
allergy playsaroleinall four typesof asthma.?>? Especialy,
the SPT reaction to epithelia (46) seemed to be associated
with all the asthma phenotypes.?

The concentration of SPT reactions and the increased
IgE values in factor FI (AA, 49, 50) confirmed that,
especially this type of asthma represents allergic
sensitisation. The reaction to mould, especially, seemsto
indicateallergicasthma(AA, 48). Therespiratory symptoms
of seasonal asthmatics had lasted longer than the seasonal
symptoms of alergic asthmatics (SA, AA, 32, 40, 41).
Signs of skin problems and sensitivity to pollen (45) are
other characteristics of the seasona asthmatics (SA, 28,
45).24,25

Nasal asthmatics are characterised by long-lasting nasal
and pulmonary symptoms (NA, 27, 35-40), and they suffer
from breathlessness and phlegm (35, 38) even more than
obstructive asthmatics do. Possible differences in respect
to how the patients symptoms are presented should,
however, be taken into consideration.® Also, the possible
effects of perennial allergens may remain unobserved.?’
Especially, wheezing and sensitivity to house dust miteare
featurespointingtotheasthmatypewith heaviest pulmonary
obstruction (OA, 36, 39, 47).

Other tests and the certainty of diagnosis

Theoveral pictureof theresultsof thefunctional asthma
tests (52-58) gave an impression of increasing obstruction
from alergic to obstructive asthma (AA-SA-NA-OA)
although the B-eostest had its highest |oading for the nasal
phenotype (NA, 51).

The negative results of auscultation and functional
asthma tests (57, 58) for seasonal asthmatics (SA), as
well as the few asthma tests (59) made for this group of
patients in relation to the number of visits (60), deviated
from the overall picture. It reflects the difficulty to
observe seasonal asthma in auscultation or to arrange for
Brd tests and PEF recordings (54, 56) to be made in the
proper season. The same problem of seasonality concerns
the B-eostest (SA, 51).222 The examinations had probably
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taken place after the season and the treatment of the
symptoms.*®

The results of Brd test and wheezing on auscultation
revealed atendency to obstruction also with respect to the
age-dependent diseases (ADD, 54, 57), in addition to the
reduced lung function (52, 53) these patients had. The
difficulty of differentiating asthmatic obstruction from
age-dependent diseaseshasprobably increased the number
of tests and visits needed for the diagnosis (OA, 59, 60).
One example of possible respiratory problems, which
becomes worse with age but is not related to asthma, is
gastroesophageal reflux connected to overweight (ADD,
14) 332 Skinand digestivesymptomsof theseol der patients
(11, 26, 28) and respiratory symptoms associated with oral
orinhaledallergens(42,43) handicapa sothedifferentiation
between asthmaand age-dependent di seases. Of theasthma
tests used in this study, the Mch test seemed to be the best
for differentiating obstructive asthmafrom age-dependent
diseases (OA, ADD, 55).

Accordingtofactor scores(Fig. 1) the obstructivetypeof
asthma (OA) differentiated best the certain asthmatics
from the non-asthmatics or uncertain asthmatics and that
the diagnosiswas primarily based on asthmatests. Patients
with uncertain asthmatended to have features of seasonal
asthma (SA) or age-dependent diseases (ADD). The
proportion of certain asthma patients decreased during the
study period and those with an uncertain or no asthma
diagnosis increased.

Regional variation of the patients

Both allergic and nasal asthma tended to be urban
phenomena(AA, NA, 66, 31, 33), the seasonal asthmatics
living in more rural areas (SA, 66, 65). However, the
reactionsto pollen diminished and those to house dust mite
increased from the urban to therural regions (UC, 45, 47).
Sincethe urban patientswere younger (11) than others, the
differences may partially be age-related. >

Theallergic asthmatics seemed to havelived their entire
life in the same region (AA, 71)*2* whereas many of the
patientswith nasal asthmawere bornin coastal cities (NA,
71-73). The obstructive asthmatics (OA, 72), like the
patients with age-dependent diseases (ADD, 72), had
primarily been born in rural municipalities. The
aforementionedregional variationin patient characteristics
with respect to place of residence and birth can also be
explained by differences in the age structures of patients
and the municipalitiesin question.

Livinginthesurroundingsof centres(SR) slightly tended
to increase pulmonary symptoms (36, 39) and obstruction
(52, 57), aswell assome non-respiratory diseases (26, 28).
In Finnish conditions these pulmonary symptoms could
reflect mould problems of new housing built in the
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surroundings of developing centres (SR, 48, 50).%% The
other living conditions of this type of region possibly
related to pulmonary symptoms include smoking (18, 19),
exposure to traffic pollution and possible work-related
alergens (62). The factor scores (Fig. 1) also revealed
some tendency for certain asthmatics to live in regions
characterised as “surrounding regions” (SR), whereas the
non-asthmatics resided in urban centres (UC).

Change in patient characteristics

According to the loading of the date of thefirst visit (1)
on factor ADD, the age-dependent diseases increased
during the study period. The paralel increase in skin
symptoms (TIME, 28) and the low level of forced vital
capacity (TIME, 53) supports this assumption. Smoking
and nasal hypersensitivity (18, 19, 31) aso increased.
Smoking was accompanied by an increase in cough and
phlegm production (37, 38). All these changes made the
diagnosing of asthma more difficult, asis reflected in the
decrease of the certainty of the asthma diagnoses (61).

Negative loadings on breathlessness, wheezing on
auscultation and on the Brd test reactions confirmed that
asthmahad actually decreased among patients (TIME, 35,
57,54, 61). Theduration of pulmonary symptoms had aso
decreased and the later asthma status of patients had
improved (41, 64). However, the number of pulmonary
symptoms, visitsand clinical testsbeforediagnosis(39, 59,
60) increased. These changes can be considered theresults
of improved health care. Thedropinthe number of patients
with nasal polypsand nasal cavity infections (30) suggests
that a greater number of these patients have been directed
to rhinologists.

The number of patients with an industrial occupation
increased (TIME, 24), as did referrals from occupational
health units (7-10). In addition, an increasing proportion
of patients seemed to have been examined on the basis of
the suspicion of work-related respiratory symptoms (62).
The increase in respiratory symptoms, associated with
inhaled alergens(42), may a soreflect thegrowing interest
in these issues.

Theincreaseinthe number of pets(TIME, 21, 72) andin
urban birthplacecan beinterpreted asasign of thecontinuing
urbanisation of Finnish society. Records of asthmain the
family alsoincreased (17, 21). Despiteareal increaseinthe
number of asthmatic relatives, there may also beagrowing
awareness of heredity as arisk factor for asthma.®

Discussion

The data source consisting of patient documents is
reflected by the great number of variables with varying
levels of quantification and conceptual validity, the result
being low correlation. Exploratory factor analysis has

some advantages when such a complex research field is
approached. Indatareduction by factor analysis, theunique
and error variance of correlation matrix can be reduced,
and the conceptual validity of thevariablescan bepartially
controlled.* The requirements for measurement are not so
strict asthoseaimed at detail ed causal analyses.* Especidly,
the construction of “phenotypes’ of asthma by factor
analysismay giveauseful conceptual schemefor diagnosis,
clinical practice and management and produce fruitful
hypotheses for more detailed studies.

Factor analysis of the patient documents of suspect
asthma patients used in the study reveal ed four phenotypes
of asthma: “alergic”,“seasona”, “nasal” and" obstructive’
asthma. These types become more dominant in this order
withincreasing age. SPT reactionsare concentrated among
younger alergic asthmatics and then decrease with age
while the signs of obstruction increase.?? The phenotypes
formaseriesof worsening distressfrom seasonal, nasal and
respiratory symptomsinto perennial distressandincreasing
airway obstruction.

Allergy, especially the SPT reaction to epithelia, seemed
to play arolein al asthmatypes.?® Parallel with the series
fromallergicasthmato obstructiveasthma, theaccentuation
of the SPT reaction to pollentended to shift to epitheliaand
house dust mite. In this study the reaction to moulds
indicated all ergi c asthmabest, reaction to pollen pointed to
seasonal asthmaand the sensitivity to house dust mite was
the best predictor of obstructive asthma.

Concerning other tests, results of the functional asthma
tests implied an increasing obstruction from alergic to
obstructive asthma (AA-SA-NA-OA). Probably, owing to
thedifficulty inarranging auscultation or PEF-recording to
be done in the proper season, the seasonal asthmatics
deviated from this overall picture.®*® The marker of
inflammatory aspect of asthma, B-eostest seemed to bethe
best marker for nasal asthma.

Whether thesefour typesshoul d beconsidered asseparate
diseases or as a series of the same strengthening process
remains open. Asthma typology may, however, facilitate
the weighting of medication and the control of possible
allergens. Awarenessof different typesof asthmamay also
encouragethedetailed research of underlying mechanisms
and the possible markers of different types.*

Factor analysis also revealed a group of patient
characteristics not related to asthma, especially age-
dependent distressesand smoking. Inthe case of theelderly
patients, the suspicions of asthma seemed to have been
based on respiratory symptoms in association with some
allergens, wheezing onauscultation and al so skinsymptoms.
For male patients, atendency towards flu, possibly owing
to smoking might have awakened suspicions of asthma.
Gastroesophageal reflux, which is often connected to
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overweight, handicaps aso the differentiation between
asthma obstruction and age-dependent diseases. In this
study, the M ch test seemed to bethe best for differentiating
obstructiveasthmafrom age-dependent di seases.®*2 Despite
the seasonality of asthma, the characteristics of age-
dependent diseases seemed to increase the uncertainty of
diagnosis.

Theallergicandnasal asthmaseemedtobemorecommon
in urban environments, while seasonal asthmatics often
lived in more rural regions. Nasal asthmatics tended to be
born in coastal towns, while obstructive asthmatics often
originated from more rural regions. The overlapping of
theregional variation of patient characteristicswiththeage
structure of municipalities, overall urbanisation of society
and thereferral policy of health care units handicapped the
regional analysis, which would have required a more
extensiveregional scopeand agreater subject material and
set of variables.

Theage-dependent di seasesand smokingincreased during
thestudy period. Both of thesechangesmadethediagnosing
more difficult and are reflected in the decrease of the
certainty of theasthmadiagnosis. A proper asthma, instead,
decreased, but the number of visitsand clinical tests made
before the diagnosis increased. These changes can be
considered results of improvements in health
care, the greater division of labour between clinics and
efforts to make thorough examinations of asthmatics as
early as possible.’®

For other admini strati veaspects, anincreasi ng proportion
of patients seems to have been examined on the basis of
work-related respiratory symptoms, indicating a growing
concernabout work conditions. Growinginterestininhaled
allergenspointsto thesamedirection. Theweighting of the
admissionsin summer seemsto have increased during the
study period, probably dueto the administrative strategy to
refer the growing group of patients with age-dependent
diseases to examinations in the summer vacation period.

Conclusion

Continuous systematic analysisof patient characteristics
by factor analysis would offer an efficient device for
monitoring clinical practice and management. In addition,
a better formulation and standardisation of patient
documents and their utilisation in research and
administration would be facilitated.
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