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SUMMARY This report deals with the question of whether or not the established association of
HLA-DR4 with rheumatoid arthritis (RA) can also be detected in cases of RA as diagnosed in a
population survey. For this purpose 6584 persons older than 19 years living in a single community
in The Netherlands were investigated for the presence of rheumatoid arthritis and related
abnormalities. After five years 83 patients with RA, 30 with only erosive abnormalities on
radiological examination (Rad), and 48 with only rheumatoid factor (RF) were reinvestigated
and typed for HLA and allotypes of immunoglobulin G heavy chain (GM). On the classification
of the initial survey no significant association of HLA-DR4 or GM could be detected in any of
the three categories. When the information of the follow-up investigation was taken into account,
a reappraisal of the classification resulted in 53 cases with RA, 18 with Rad only, and 35 with RF
only. The frequencies of HLA-DR4 and GM in the three categories were also about the same as
those in normal controls. However, an increase in the frequency of HLA-DR4 was observed in
cases of RA positive for Rad, RF, or both. We found no evidence for an interaction between
HLA-DR4 and GM. Our results suggest that rheumatoid arthritis is a heterogeneous disorder,
only a fraction of which is associated with HLA-DR4. At present no single determinant of RA
such as Rad or RF can characterise the HLA-DR4-associated, and most probably more severe,
type of RA.

It is now well established that rheumatoid arthritis
(RA) is associated with an increase in frequency of
the antigen HLA-DR4 of the human major histo-
compatibility complex (MHC). 1-3 However, the
mechanism of that association is not known. One of
the problems in studying the genetic factors in RA is
that RA represents a clinical diagnosis of a disorder
with different environmental and genetic
components.4 To determine the relationship of
HLA-DR4 and disease susceptibility for RA several
investigators have tried to restrict their studies to
subgroups of RA. The frequency of HLA-DR4 is
higher among severe and progressive RA than
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among the milder and stable forms of RA.s How-
ever, two studies could not detect an association
between HLA-DR4 and severity of RA.3 6 The
presence of rheumatoid factor (RF) in RA ('sero-
positive RA') is associated with an increase of
HLA-DR4 in some studies1 7 but not in others.8 9
The observation of an association between HLA-
DR4 and RF in RA has been the basis for the
hypothesis that HLA-DR4 is primarily associated
with the synthesis of anti-immunoglobulin
antibodies.10 However, HLA-DR4 was not associ-
ated with the presence of rheumatoid factor in
healthy women. Other genetic factors have been
studied in RA, and one study reported an associa-
tion between RF in RA and GM, a set of allotypic
markers of the immunoglobulin G heavy chains.12
The difficulty of relating HLA-DR4 to subgroups
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of RA in relation to the clinical course of the disease
or the presence of RF, is that seropositive RA is in
itself associated with the more severe form of the
disease.'3 14 In addition, most of these studies refer
to cases of RA collected from hospital records. This
introduces a selection of cases with RA, since many
of the less severe cases will not come to the attention
of the hospital physician. The result of this selection
is difficult to estimate, because little is known about
the immunogenetic factors involved in RA and its
determinants in the population. We therefore,
investigated the frequency of HLA-DR4 and GM
allotypes of immunoglobulins in relation to RA as
detected in an open Dutch population of 6584
individuals. In addition we typed non-RA cases that
were either positive for rheumatoid factor or had
erosive abnormalities on radiological examination.

Materials and methods

Population. The present study was part of the
EPOZ study of the Department of Epidemiology of
the Erasmus University in Rotterdam. EPOZ is a
Dutch acronym for Epidemiological Preventive
Investigation (Onderzoek) Zoetermeer, a preva-
lence survey of chronic diseases and their determi-
nants in 10 532 inhabitants of a single community in
the western part of The Netherlands. From April
1975 to May 1978 a survey was performed of
different rheumatic diseases and their determinants.
Of 8700 persons older than 19 years 76% responded
to this survey. As a result 6584 persons (3493
females and 3091 males) were investigated.

Clinical investigation. Each respondent, to whom
a questionnaire was sent, was seen by one of four
medical doctors trained in rheumatology. The
medical history was followed by a systematic ex-
amination of the joints, and the results were coded
on standard mark sensing sheets, suitable for
computer analysis. The clinical diagnoses were
coded at the end of the examination without prior
knowledge of the results of the radiological and
serological investigations.

Radiological investigation. Radiological examina-
tion of the hands, feet, and cervical spine was
performed on every person. Radiographs were
taken of pelvis, lumbar spine, and knees of persons
older than 44 years. The radiographs were graded
for erosive abnormalities independently by two
observers according to the Atlas of Standard
Radiographs. 15 In the event of discrepant readings a
final decision was reached in a combined session.

Rheumatoid factor. Serum was investigated for
IgM rheumatoid factor by a human erythrocyte
agglutination test16 and a latex fixation test.17 The

result was expressed as the number of double
titration tubes with a positive reaction.

Data processing and classification. The data were
converted in a system file to a form suitable for
analysis with the programs of the Statistical Package
for the Social Studies (SPSS).'8 The disease classi-
fication was standardised according to the American
Rheumatism Association (ARA) criteria,19 New
York Criteria (NY),20 and Manchester Grading
(MG).2'

Follow-up investigation. In 1981 a follow-up
investigation was performed, the main follow-up
interval averaging five years. Three categories of
cases were reinvestigated: (1) cases with clinical
RA; (2) non-RA cases with only erosive abnormali-
ties on radiological examination; (3) non-RA cases,
positive only for RF.
The criteria for assignment to the three categories

were as follows. Category 1: Clinical RA-ARA
score of 3 or more (probable and definite, including
classical RA), or New York score of 3 or 4, or
Manchester grading of 2 or more. Category 2: Cases
with only erosive abnormalities in 2 or more joints
on radiological examination; maximal ARA score of
2 of which one criterion was pain. Category 3: cases
with positive rheumatoid factor in a human erythro-
cyte agglutination test and/or latex-fixation test and
maximal ARA score of 2, of which one criterion was
pain.
The clinical and laboratory investigations were

the same as in 1975-8, with the addition of typing for
HLA and GM. The two doctors performing the
clinical investigations also participated in the first
investigation. In both studies the clinical classifica-
tion was primarily according to the Manchester
grading, without knowledge of the status of the
respondent and without information on serology
and radiology.
HLA and GM typing. HLA-A, -B, -C antigens

were determined with the standard microcytoxicity
assay22 on lymphocytes isolated from heparinised
blood samples. Typing for HLA-DR anti'ens was
done with the two-colour fluorescence test using a
set of 120 allo-antisera. The Gm allotypic markers of
immunoglobulin heavy chains were determined with
the haemagglutination-inhibition assay.24

Statistical analysis. The statistical analysis of the
HLA and GM antigen frequencies in the cases and
controls was performed by the method of Woolf as
modified by Haldane.25 A randomly selected panel
of 201 and 792 normal Dutch Caucasians was used as
a control for the HLA and GM antigens
respectively.26 HLA data of hospital patients with
classical or definite RA in The Netherlands were
derived from two published studies. One study
consisted of 82 Dutch Caucasian patients investi-
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gated in Amsterdam27 and a second study consisted
of 68 patients studied in Nijmegen.28 The HLA
typings of these two Dutch laboratories and the
Leiden Laboratories are checked in regular tissue
typing quality control studies for Eurotransplant and
show a high degree of concordance.

Results

In the initial population survey 6584 persons (3493
females and 3091 males) older than 19 years were
investigated for rheumatic diseases and their deter-
minants. Cases were assigned to one of three
categories. Category one consisted of 124 cases (33
males and 91 females) with clinical rheumatoid
arthritis as defined by the various sets of criteria.
Category two consisted of 44 cases (18 males and 26
females) with only erosive abnormalities on radiolo-
gical examination (Rad). Category three consisted of
83 cases (41 males and 42 females) positive only for
RF.
The individuals belonging to the three categories

(in total 251 cases) were invited to participate in a
follow-up investigation in 1981. The mean follow-up
interval was five years. Eventually 200 cases were
available, and in 161 cases a clinical investigation
and HLA and GM typing could be performed. The
details of the 90 cases lost in the follow-up investiga-
tion are shown in Table 1. Mortality - as expected in
this age category - was somewhat higher for men
than for women, but no significant differences
occurred among the three categories. Slightly more
women with RA moved out of the area, mostly into
homes for the aged. In all categories approximately
80% were available for the five-year follow-up
investigation, and of that group between 71 and
88% responded to the second study. No evidence
was found for a selective loss of severe cases of RA
in category one.
The final 161 cases consisted of 83 cases (20 males

and 63 females) with clinical RA, 30 cases (12 males
and 18 females) with only erosive abnormalities, and
48 cases (24 males and 24 females) with only RF. Of
83 cases with RA (category one), 19 (23%) were
classified as having definite RA and 64 (77%) as
having probable RA; 17 cases (21%) of RA had
erosive arthritis and 23 cases (28%) of RA were
seropositive. The female to male ratio was 3:1
among the cases with RA. Although the median age
for men was slightly lower than for females with
RA, no significant differences in median age were
observed for sex in the three categories. A report of
the detailed diagnostic findings in the population
survey and the follow-up investigation is in prepara-
tion.

The first analysis was done with classification of

the cases based on the findings of the initial
population survey in 1975-8. The frequency of
HLA-DR4 in the three categories was not signifi-
cantly different from that in normal controls. Only a
slight increase in frequency of HLA-DR4 was
observed in the cases with clinical RA (HLA-DR4
total 28%; male 30%, female 27%). This result was
in contrast with a significant increase in frequency of
HLA-DR4 as reported in cases of RA in two clinical
studies in The Netherlands. The relative risk of
HLA-DR4 and RA in the population was signifi-
cantly different from that in the hospital series of
Nijmegen and Amsterdam; x2 (1 DF) was 10X9 and
9-6 respectively (for method of calculation see
Svejgaard et al. 25), whereas no significant differ-
ences were observed in the HLA-DR frequencies of
the normal control populations used in the respec-
tive studies. In the cases positive only for RF we
observed a slight decrease in frequency of HLA-
DR4 as compared with the normal controls (HLA-
DR4 total 19%; male 30%, female 8%). The
difference in the frequency of HLA-DR4 between
male and females was not significant (X2=2299). No
other HLA-A, -B, -C and -DR antigens were
significantly different in frequency as compared with
normal controls. In the cases with only erosive
abnormalities on radiological examination a slight
increase in frequency of HLA-DR4 was observed
(HLA-DR4 total 33%; male 33%, female 33%).
The frequencies of GM were analysed per allo-

type, and no significant differences in frequencies in
the three categories were observed as compared
with normal controls, and no significant differences
in the two sexes were detected (data not shown).
GM results for the hospital cases of RA were not
available for comparison.

In summary, the results of the first analysis
showed that HLA-DR4 was not or was only weakly
associated with RA as detected in an open Dutch
population. This result was in marked contrast with
the association of HLA-DR4 and RA as observed in
two Dutch hospital series. In addition the GM
phenotype frequencies among the three categories
did not differ significantly from those in normal
controls.

Since the definition of RA is based on criteria that
fluctuate considerably in time, we restricted the
second analysis to those cases that were positive for
the criteria of one of the three categories in both the
initial population survey and in the follow-up
investigation. After the follow-up study was con-
cluded a reappraisal of the material was performed
by one of us (H.A.V.). The reappraisal was neces-
sary because some patients had changed their
clinical status in the five years. In addition a
considerable number of cases selected on the basis
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of the New York criteria 1 and 2 turned out to have

localised or generalised osteoarthrosis and not RA.

As a result, 53 cases were classified in category 1

with RA. Category 2 consisted of 18 cases with only
erosive abnormalities on radiological examination,

and category 3 consisted of 35 cases positive only for

RF. Table 2 shows the frequency of HLA-DR4 in

the various categories. An increase in the frequency
of HLA-DR4 was observed among the cases with

RA, and especially in those that were positive for

Rad, RF or both. However, those increases were

not significant, given the low number of cases in

each category. In the non-RA cases positive only for

Rad or RF no significant differences in the fre-

quency of HLA-DR4 were observed as compared
with normal controls. Of the 53 cases with clinical

RA 17 were HLA-DR4 positive. To determine

whether or not HLA-DR4 was a marker for a

subgroup of RA we compared the 17 HLA-DR4

positive cases in category 1 with the 36 HLA-DR4

negative cases in the same category. According to

the ARA criteria 41 versus 50% had probable RA,

35 versus 40% definite, and 24 versus 8% had

classical RA. These differences were not significantly
different. The same was true for differences in

other parameters such as age, sex, frequency of Rad

and RF, mean RA score, and Manchester grading,

as will be described in detail in another paper (in

preparation).
Table 3 presents the data of four GM phenotypes

among the cases in the various categories after

reappraisal of the diagnosis. In addition we divided

the cases with RA in those that were HLA-DR4

positive and that were HLA-DR4 negative. No

significant differences in the frequencies of the

separate allotypes were observed among the various

categories, nor were the differences significant when
GM and HLA-DR4 were considered jointly.

Discussion

Although it is well established that rheumatoid

arthritis is associated with an increase in frequency
of HLA-DR4, the mechanism of this association is

unknown. Various investigators have tried to subdi-

vide groups of RA that would in particular be

associated with HLA-DR4. The results of these

subdivisions, however, have been conflicting. Com-

mon to most of these studies is that cases of RA

were ascertained from hospital records. The hospital
cases of RA are likely to be a selection of the more

severe cases of RA that occur in the population, and

little is known of the relation of RA and its

determinants in the population with genetic markers

Table 2 Frequency ofHLA-DR4 among categories ofrheumatic diagnoses

Cases Controls p

n DR4 pos % n DR4 pos %

RA total 53 17 32j NS
RA +Rad and/or RF 16 6 38( NS

Rdbut no RA 18 5 28$ 201 49 24.4 N
RF but no RA 35 6 17NS

Ref. 28 clinical RA 66 36 55 277 54 19-6 0.01
Ref. 27 clinical RA 82 57 69 84 26 31 0*001

RA=rheumatoid arthritis. Rad=radiological abnormalities. RF=rheumatoid factor. NS=not significant.

Table 3 Comparison of GM phenotypes in categories of rheumatic diagnoses and normal controls

jb fnb zag zaxg

nl p05 % pos % pos % p0s %

Normal controls 792 161 20.3 542 68.4 228 28-8 151 19-1
RA total 53 7 13 38 72-19 36 9 17
RA +Rad and/or RF 16 2 13 13 81 6 38 3 19
RA, DR4 pos. 17 1 6 13 76 5 29 2 12
RA, DR4 neg. 36 6 17 25 69 14 39 7 19
Rad. but no RA 18 4 22 11 61 5 28 3 17
RF, but no RA 35 8 23 24 69 4 11 8 23

RA=rheumatoid arthritis. Rad=radiological abnormalities. RF=rheumatoid factor.
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such as HLA-DR and GM. The present study
investigated these genetic markers in cases positive
for RA or its determinants as detected in a
prevalence survey of 6584 Dutch persons older than
19 years and living in a single community in the
western part of The Netherlands.

The results of this investigation revealed that no
significant association could be detected between
HLA-DR4 or GM and cases of RA in the popula-
tion nor with cases positive only for Rad or RF.
What are the possible explanations for the discre-
pancy in the association of HLA-DR4 in the
hospital versus the population cases of RA? In
the interpretation of these results we will consider
the following aspects.

First, 41 cases of RA were not available for
the follow-up study and could not be typed for the
genetic markers. If these 41 cases were not a random
sample of the original 124 cases of RA, then a
selection bias could have been introduced in the
final sample available for analysis. However, no
evidence was found for a selective loss of cases with
RA as related to age, sex, or disease. Secondly, the
ethnic background of the community could have
been different from the areas where the clinical
cases of RA had been described. However, the
Dutch population is fairly homogeneous in this
respect, and within the Netherlands the various
studied normal control groups are homogeneous
with respect to their HLA antigen frequencies. In
addition a group of 50 normal controls from the
EPOZ community studied for HLA confirmed this
observation (data not shown). Thirdly, the age and
sex composition of the cases with RA might be a
confounding factor, but our results are in agreement
with those of other epidemiological investigations in
Caucasian patients with RA.

Finally, an important consideration relates to the
criteria for RA as used in the disease classification.
At present the diagnosis of RA is based on the
accepted standard criteria that are known as the
ARA, New York, and Manchester criteria. 1921
Common to these criteria is a probability factor,
illustrated by categories as 'possible', 'probable',
and 'definite'. Shifts of cases among these categories
is a well-known observation among rheumatologists.
The probability factor a fortiori applies to
epidemiological studies, as illustrated by the Sud-
bury study,?9 because cases with a lower probability
for RA are also detected.

In the present study we were able to carry out a
five-year follow-up. After reappraisal of the total
material we observed no significant association
between HLA-DR4 and RA in 53 cases twice
classified as having RA. A subdivision of these cases
in those that were twice positive for Rad, RF, or

both revealed that the frequency of HLA-DR4 was
increased, though not significantly. A reverse
approach compared HLA-DR4 positive with HLA-
DR4 negative cases of RA. But the preliminary
results of this analysis, which will be further re-
ported, revealed no statistically significant differ-
ences according to various disease parameters.
A different aspect that we studied was the

investigation of cases in the population positive only
for determinants of RA, such as the presence of RF
or erosive abnormalities on radiological examina-
tion. In particular we considered presence of RF in
otherwise normal individuals, since it was suggested
that HLA-DR4 was associated particularly with RA
cases positive for RF. However, we found no
increase in frequency of HLA-DR4 in normal cases
with IgM RF. Thus we were able to confirm in a
larger series the observation of Engleman et al.'1

Finally, the analysis of the GM phenotypes in the
various categories revealed no significant associa-
tions nor provided evidence for an interaction or
association between HLA-DR4 and GM.
Our overall results suggest the following conclu-

sions. The absence of a significance association
between HLA-DR4 and RA detected in the popula-
tion, as compared with the association observed in
clinical cases, suggests that RA is a heterogeneous
disease. Moreover, the presence of Rad or RF as
determinants for RA is not in itself responsible for
the association with HLA-DR4. Consequently
other and as yet unknown disease factors may be
implicated in RA as seen in hospitals. In this regard
the presence of HLA-DR4 might be associated with
a disease-modifying factor rather than with a
disease-susceptibility factor. In agreement with this
hypothesis is a recent observation that HLA-DR4
was associated with a more severe disease in
seronegative RA, which in itself was not associated
with HLA-DR4 (30). Finally our results suggest
that future studies of RA will benefit from an
approach that compares, in detail, the HLA-DR4
positive with HLA-DR4 negative cases of RA for
various clinical and laboratory parameters. In this
regard the severe form of RA, known as the Felty's
syndrome, with a strong association of HLA-DR427
might provide a lead to the pathogenetic process
involved in HLA-DR4-positive RA.
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