
CONCLUSION

Birthweight standards evidently vary with ethnic
or cultural characteristics as well as with matemal
height, weight, and parity and the sex of the baby. All
such physiological factors need to be considered when
assessing an individual birth weight, and we have
therefore refrained from producing charts which can
include only some of these variables, such as sex and
parity. This can be done by calculating a customised
birthweight centile in reference to a normal range
which is adjusted by computer for each pregnancy to
allow for non-pathological variation.8 Alternatively,
birthweight can be expressed as an individualised
birthweight ratio-that is, the ratio of actual to
expected weight calculated for each baby.9 A general-
ised standard of weight for gestational age has limited
application in assessing individual birth weight. As a
descriptive population standard, it is meaningful only
if it includes details of the heterogeneity of the sample.
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Abstract
Objective-To determine whether more vigorous

efforts aimed at earlier diagnosis allied to radical
surgical resection lead to improved survival of
patients with gastric cancer.
Design-Prospective audit of all cases of gastric

cancer treated during 1970-89.
Setting-Department of surgery, general

hospital.
Subjects-493 consecutive patients with gastric

adenocarcinoma.
Main outcome measures-Operative mortality,

postoperative morbidity, and five year survival after
radical potentially curative resection.
Results-207 (42%) patients underwent potenti-

ally curative resection. The proportion of all patients
in whom this was possible increased significantly
(p < 0.01) from 31% in the first five year period to 53%
in the last five year period. The proportion of
patients who had early gastric cancer rose from 1%
to 15% (p < 0.01) and stage I disease rose from 4% to
26% (p < 0-001). After potentially curative resection,
mortality 30 days after operation was 6%. Operative
mortality decreased from 90/o in the 1970s to 5% in the
1980s. Likewise, the incidence of serious postopera-
tive complications decreased from 33% in the 1970s
to 17% in the 1980s (p < 0-01). Five year survival was
60% in patients who underwent curative resection,
98% in patients with early gastric cancer, and 93%,
69%, and 28% in stage I, II, and III disease respect-
ively. By the late 1980s five year survival after
operation was about 70%.
Conclusions-These findings suggest that an

increasing proportion ofpatients with gastric cancer

could be diagnosed at a relatively early pathological
stage when about two thirds are curable by means of
radical surgery.

Introduction
Gastric cancer is the fourth commonest cause of

death from cancer in the United Kingdom, after cancer
of the bronchus, colon and rectum, and breast, and still
accounts for about 10 000 deaths each year. ' In Britain,
as in much of the West, the results of treatment of
gastric cancer have always been poor2-5 and even in
recent years have shown little sign of improvement.6"
Thus, in a large population based study from the west
Midlands Allum et al found that five year survival for
all patients with gastric cancer was 5%, and even after
potentially curative resection it was only 20%.7 More-
over, these authors found that the stage of disease was
usually advanced at the time of diagnosis and had not
changed much throughout the 25 year period of
review. From 1957 to 1981 fewer than 1% of patients
presented with stage I disease, and curative resection
was possible in only 20-25% of patients. Operative
mortality was 16% after potentially curative resection
and 25% after palliative resection. Not surprisingly,
therefore, a diagnosis of gastric cancer in Britain has
come to be regarded by doctors and patients alike as
virtually a sentence of death.

In Japan, by contrast, the results of treatment of
gastric cancer are much better: more than half the
patients have stage I disease at presentation, operative
mortality is only 1-3%, and five year survival after
curative resection is over 60%.8 9 Furthermore,
Japanese results are improving; patients treated in the
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1980s faring considerably better than those treated in
the 1970s.'
During the 1980s, however, the management of

patients with gastric cancer in Britain has changed in
several ways. More widespread use of endoscopy has
led to earlier diagnosis, at least in some centres"'1;
more radical surgical techniques have been intro-
duced; and anaesthesia, perioperative care, and nutri-
tional support have all improved. Whether these
changes have resulted in any improvement in the
outcome for patients with gastric cancer in Britain is as
yet unknown. We analysed our experience of almost
500 cases of gastric cancer treated over the 20 years
from 1970 to 1989.

Patients and methods
Between 1970 and 1989, 493 consecutive patients

with adenocarcinoma of the stomach were treated in
the university department of surgery at this hospital.
Potentially curative resection was possible in only 207
of them (42%), the definition of potentially curative
resection being that all visible tumour was removed
and that the proximal and distal margins of resection
were free of tumour on microscopic examination. Of
the 207 patients, 145 were men and 62 women. Their
median (range) age was 68 (23-88) years. Only two
patients were under 40 years of age and 14 were under
50.

SURGICALTREATMENT

Of the 207 potentially curative resections per-
formed, 135 were carried out by consultants, 66 by
lecturers or senior registrars, and six by registrars.
There were 95 total gastrectomies, 100 subtotal
gastrectomies, and 12 oesophagogastrectomies. Since
the late 1970s our policy has been to perform wide
gastric resection with radical (R2) lymphadenectomy,
in which the second tier of lymph nodes (N2) beyond
the perigastric nodes (N1) is removed.13 In a few cases,
this radical type of surgery was modified because of the
patient's advanced age or the presence of serious
associated disease. All total gastrectomies and 24 ofthe
subtotal gastrectomies were completed by Roux-en-Y
reconstruction whereas most (76) of the subtotal
gastrectomies were ofthe Polya variety.

PATHOLOGICAL STAGING

All tumours were staged in accordance with the 1987
Unified International tumour, node, metastases
(TNM) classification of gastric cancer (table I).'4 Early
gastric cancer was defined as tumour confined to the
mucosa or submucosa (Ti) irrespective of lymph node
involvement.'5 Of the 207 patients who underwent
potentially curative resection, 79 (38%) had stage I
disease, 41 (20%) stage II, and 87 (42%) stage III
disease.

FOLLOW UP

Patients were reviewed every three months for the
first year and every six months thereafter at a special

TABLE i-1 987 Unified International tumour, node, metastases
(TNM) staging ofgastric cancer'3 as used in current study

Stage of disease TNM

I TINOMO TINIMO T2NOMO
II TlN2MO T2NlMO T3NOMO
lUa T2N2MO T3NIMO T4NOMO
IIb T3N2MO T4NlMO

TI - confined to mucosa/submucosa.
T2 - invading muscularis propria to subserosa.
T3 - through serosa.
T4 - through serosa with involvement ofcontiguous structures.
NO - no nodal involvement.
NI - affected nodes <3 cm from tumour.
N2 - affected nodes > 3 cm from tumour.
MO - no distant metastases.

TABLE u-Numbers of patients diagnosed as having gastric cancer
who underwent potentialy curative resection or who had incurable
disease duringfourfiveyearperiodsffrom 1970 to 1989

1970-4 1975-9 1980-4 1985-9

Potentially curative resection 31 34 56 86*
incurable disease 66 76 70 74

97 110 126 160

*p < 0-01 for comparisons between 1985-9 and 1970-4.

TABLE m-Treatment of 493 patients with gastric cancer duringfour
fiveyear periodsfrom 1970 to 1989. Values are numbers (percentages)
ofpatients

1970-4 1975-9 1980-4 1985-9
Procedure (n- 97) (n- 110) (n- 126) (n- 160)

Resection:
"Curative" 31 (31) 34 (30) 56 (44) 86(53)
Palliative 25 (26) 28 (26) 39 (31) 49 (31)

Palliativebypass 9(9) 11(10) 13(10) 5(3)
Laparotomy only 25 (26) 23 (21) 11 (9) 7 (5)
No operation 7 (8) 14 (13) 7 (6) 13 (8)

gastric follow up clinic run by a physician (ATRA) and
a surgeon (DJ). Only one ofthe 207 patients was lost to
follow up and 152 patients were followed up for a
minimum of five years or until death. If recurrence was
suspected ultrasonography or computed tomography
and an endoscopic examination were arranged. If the
patient died the cause was sought from our own and
general practitioners' records and from the Yorkshire
regional cancer registry.

STATISTICALANALYSIS

Cumulative survival was calculated by the life table
method of Kaplan and Meier."6 Differences in survival
times between groups of patients were analysed by the
log rank method.'7 Cox's proportional hazards model'8
was used to assess the prognostic value of individual
variables. The X2 test was used to compare the
proportions of patients in whom curative resection was
possible for each five year and 10 year period.

Results
INCREASE IN INCIDENCE OF "CURABLE" CASES

Over the 20 year period the proportion of patients in
whom potentially curative resection was possible
increased significantly (p < 001) from 31% of all
patients with gastric cancer in 1970-4 to 53% in 1985-9
(table II). The proportion of patients who underwent
resection either for "cure" or for palliation increased
from 56% of all patients in the early 1970s to 84% of all
cases by the late 1980s (table I). Similar favourable
changes were seen in the proportions of patients who
had early gastric cancer from 1% of all cases of gastric
cancer in the first five year period to 15% of all cases in
the last five year period (p < 0 01) and of patients with
stage I disease (from 4% to 26% of all cases; p < 0-00I;
table IV). This trend towards earlier diagnosis of
gastric cancer coincided with a fourfold increase in the
number of upper gastrointestinal endoscopies per-
formed between 1976 and 1990 (table V).

OPERATIVEMORTALITY AND MORBIDITY
Operative mortality one month after operation was

6%. Operative mortality was considerably lower in the
second decade (5%) than in the first decade (9%), but
the decrease was not significant. A further 46 patients
(22%) sustained serious postoperative complications
such as chest infection (16 cases), wound infection
(seven cases), anastomotic leakage (10 cases), deep
venous thrombosis (three cases), and various other
complications (10 cases). Postoperative complications
were significantly less common (p < 0 01) in the second
decade (affecting 24 of 141 patients (17%)) than in the
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TABLE rv-Numbers (percentages) of patients with stage I disease
duringfourfiveyearperiodsfrom 1970 to 1989

1970-4 1975-9 1980-4 1985-9
(n=97) (n- 110) (n- 126) (n-160)

Stage I disease 4 (4) 14 (13) 19 (15) 42 (26)*

*p < 0-01 for comparisons between 1985-9 and 1970-4.

TABLE v-Numbers ofupper
gastrointestinal endoscopies
performed eachyearfrom 1976 to
1990

No of
Year gastroscopies

1976 1025
1977 1508
1978 1804
1979 2046
1980 2183
1981 2315
1982 2422
1983 2865
1984 2711
1985 2714
1986 2625
1987* 3540
1988 3819
1989 4100
1990 4200

*Open access endoscopy
introduced.

first decade (affecting 22 of 66 patients (33%)). Thus
operative mortality and postoperative morbidity
diminished despite the use of more radical (R2)
methods of resection in the second decade than in the
first decade.

SURVIVAL

Cumulative survival (95% confidence interval)
calculated by life table analysis for the 207 patients who
underwent potentially curative resection was 60%
(52% to 68%) at five years and 55% (46% to 64%)
10 years after operation. None of the patients in whom
potentially curative resection was not possible survived
for five years. Five year survival was 98% (92% to
100%) in the 43 patients with early gastric cancer, 93%
(87% to 100%) in patients with stage I disease, 69%
(50% to 87%) in those with stage II disease, and 28%
(17% to 39%) in those with stage Ill disease (figure). If
operative mortality was included five year survival was
54% (46% to 63%) for the 207 patients who underwent
potentially curative resection, 91% (82% to 99%) for
patients with early gastric cancer, 87% (79% to 95%)
for patients with stage I disease, 65% (47% to 83%) for
those with stage II disease, and 24% (14% to 34%) for
those with stage III disease. Among the 152 patients
who were followed up for a (potential) minimum
period of five years the absolute, crude five year
survival (including all deaths after operation and
on subsequent follow up) was 45% (68 out of 152
patients). Metastasis to lymph nodes (N) (risk ratio
6 5; p < 0 000001) and depth oftumour penetration (T)
(risk ratio 3-3; p < 0-0001) were found to be the most
important predictors of outcome as determined by
Cox's proportional hazards model. The corrected five
year survival of patients without lymph node meta-
stases was 88% and with lymph node metastases only
35% (p < 0-001).

Discussion
As far as we are aware, these results are the best that

have been reported in the surgical treatment of gastric
carcinoma in Britain. The principal findings were that
between 1970 and 1989 the absolute numbers of
patients referred for surgical treatment of gastric
cancer increased by 50% while the proportion of all
patients referred in whom potentially curative resec-
tion was possible increased from 30% in 1970 to 55% in
1989. Hence, twice as many patients underwent
potentially curative resection in the late 1980s as in the
early 1970s. At the same time a favourable and
significant "shift to the left" in pathologicalTNM stage
took place, whereby patients with early gastric cancer
increased from 1% of all cases referred in 1970 to 15%
in 1989; patients with stage I disease increased from 4%
to 26% of all cases; and the proportion of all patients
with gastric cancer who had stage I and II disease
increased significantly from 14% in 1970 to 31% in
1989. It was thus inevitable that the results of surgery
should improve; indeed overall five year survival for all
patients referred more than doubled from 15% of all
cases in 1970 (51% after potentially curative resection)
to 37% of all cases in 1989 (71% after potentially
curative resection).
We do not think that the increase in the number of

patients with gastric cancer referred to this unit was

because of an increase in the incidence of gastric cancer
in Leeds. The increase in the number of patients
referred probably reflects better diagnosis because of
open access endoscopy and hence the possibility of
surgical resection rather than any true increase in the
incidence of gastric cancer in Leeds.

INTERNATIONAL COMPARISONS

The corrected five year survival of 60% among the
207 patients who underwent potentially curative resec-
tion in this series is two to three times the average five
year survival reported from several major British
centres in the past 20 years"7"I and twice the average
five year survival after potentially curative resection
reported from Europe, Scandinavia, and the United
States in the 1970s and '80s.'9 1 535 Although such
comparisons are of limited value because of the
existence of unknown and uncontrolled variables such
as methods of case selection, patients' characteristics,
and the surgical methods used, it is at least encouraging
that in our own centre more than half the patients
referred can now undergo potentially curative re-
section. By the late 1980s the corrected five year
survival after potentially curative resection had
reached 71%, a figure that is rare outside of Japan.
Msika et al recently reported 44% survival at five years
after potentially curative resection in France,"9 and
Shiu et al 47% survival at five years after the same
operation in the United States,20 results which are not
greatly dissimilar to our own. These corrected figures
for five year survival exclude patients who died because
of the operation (6% in this series) and also patients
who died during follow up of causes unrelated to
gastric cancer (12% of all potentially curative re-
sections). Hence, the corrected figures quoted here and
in most other publications for five year survival tend to
put the results in a somewhat flattering light, whereas
the figures for absolute survival after five years of
follow up look less impressive, as we make clear in the
results section.
This paper provides the first clear evidence that

survival after surgical treatment of stages I and II
gastric cancer in Britain (93% and 69% five year
survival, respectively, in this series) can be as good in
Britain as in Japan." Among patients with stage III
disease, however, we achieved only 28% survival at five
years, whereas the best Japanese centres report about
40% in such patients.89 The reason for the disparity
between their results and ours in stage Ill disease is a
matter for speculation. Japanese stage III disease
might be biologically less aggressive, but that seems
implausible. Japanese surgeons may have performed
more radical resections, especially with regard to
lymph node clearance, than we were able to achieve. In

-7l_-- -- - Stage I
S _ ~ ~ ---- ------I-
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Duration of follow up (years)
Corrected five year survival curves in relation to stage of disease.
Operative deaths were excluded
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the 1980s, however, we performed standard R2 resec-
tions in most cases, just as the Japanese do, and the
Japanese themselves have shown that even more
radical lymphadenectomies (R3) do not yield better
results than R2 resections do.21 Thus, the explanation
that we find most persuasive is that whereas we used
radical surgical resection alone without any form of
adjuvant therapy the Japanese have usually used
chemotherapy in addition to radical resection in
patients with stage III disease. They have reported that
surgery plus chemotherapy yields considerably better
results than surgery alone.2224 The study by Estape et al
lends further strong support to the idea that adjuvant
chemotherapy confers considerable survival advantage
on patients with stage Ill disease.25 Just as adjuvant
chemotherapy with immunomodulation is advocated
today for patients with Dukes' C colon cancer,26 in the
treatment of patients with gastric cancer patients with
stage III disease should probably receive similar
adjuvant therapy.23

EARLIER DIAGNOSIS

Admittedly, the 207 patients who underwent
potentially curative resection represent a very selected
population. The tragedy of the 286 remaining patients
referred in whom potentially curative resection was
impossible is that their disease was too advanced at the
time of diagnosis. The crucial factor then is earlier
diagnosis if the results of treatment of gastric cancer in
Britain and the rest of the West are to improve. In
Japan mass screening has proved to be very effective in
the diagnosis of gastric cancer at an early stage.27 The
lower incidence of gastric cancer in Britain and the
West, however, would make such a screening pro-
gramme of asymptomatic patients impractical. One
possible alternative that has been suggested is the early
investigation of patients with dyspepsia by means of
open access endoscopy. As the peak incidence of
gastric cancer occurs in the 6th and 7th decades and
since gastric cancer is very uncommon in people under
40 years of age the investigation of patients over 40
years with dyspepsia is one practical way of diagnosing
gastric cancer at an early stage.
We found that over the 20 year period of study and

especially since the introduction of open access endo-
scopy the proportion of patients with early gastric
cancer rose from 1% to 15% and of patients with stage
I disease from 4% to 26%. Studies of open access
endoscopy from other centres in Britain"-'2 have also
shown that such a vigorous approach to diagnosis
yielded worthwhile returns and resulted not only in
earlier diagnosis of gastric cancer but also in the
diagnosis of the disease at an earlier pathological stage,
when cure by means of radical surgery was more likely.
While end results of such surgery have not yet been
reported from these centres results such as we report
will probably be produced from many centres with a
special interest in gastric cancer during the next
decade.

BIAS

In an observational study such as this there are two
potential sources of bias which, if present, could alter
the interpretation of our results. The first is known as
lead time bias, in which the starting date of the patient
with cancer is brought forward if the cancer is detected
sooner. The apparent survival time when measured
from the date of diagnosis would therefore be longer.46
A second source of bias is length bias, in which some of
the cancers detected at an early stage may be less
aggressive than those detected at a later stage, such that
conceivably they might have regressed or failed to
progress to overt, invasive cancer.47 Lead time bias and
length bias traditionally apply to studies of cancer
screening, which is defined as the detection of disease

at such an early stage that symptoms or signs are absent
or at least have not led the patient to seek medical
attention. All the patients in this study, however, had
symptoms and had sought medical attention through
their general practitioners before being referred to us
for investigation. Nevertheless, the patients in this
study were probably investigated at an earlier stage in
their clinical presentation than is possible in most
centres, and similar criticisms may therefore be
applied to this study.

Ultimately, the only way in which this can be proved
not to be the case would be to show that mortality from
gastric cancer is reduced in the community, but such a
study would be difficult to set up in Britain. In Japan,
where screening for gastric cancer has been used,
studies have shown that mortality from gastric cancer
within the community can be reduced by early
diagnosis.4"
Even if the starting date of our patients had been

brought forward through prompt investigation by
open access endoscopy service, survival would have
been merely prolonged. The fact that survival among
the 207 patients who underwent potentially curative
resection was 60% at five years and only slightly less
(55%) at 10 years suggests that patients were not
merely living a few months longer but were in fact
"cured" of their disease. These findings are supported
by data from larger Japanese studies,928 which have
reported only 3% to 8% of deaths from recurrent
cancer between five and 10 years of follow up. Most
patients who die of recurrent cancer after potentially
curative resection for gastric cancer die within three or
four years of operation. Furthermore, all the cancers
detected in this study were shown to be invasive
adenocarcinomas, 52% of which were shown on histo-
logical grading to be poorly differentiated or ana-
plastic, a finding similar to that reported in another
study from Glasgow of 128 patients who underwent
curative resection and in whom there was no cancer
screening or any attempt at early diagnosis by means of
open access endoscopy.6 Thus, we feel that the gastric
cancers detected and treated in our study were likely to
have been, as far as can be judged, as aggressive as
tumours detected at a later stage in other British
studies, though it is impossible to state categorically
that this is the case.

EFFECT OF SURGERY

The large decrease in operative mortality (9% to 5%)
and the significant decrease in postoperative complica-
tions from 33% to 17% were gratifying and were
attributable not only to improved surgical techniques
but also to improvements in anaesthesia, metabolic
care, and intravenous nutrition. It is doubtful whether
we will ever match the operative mortality of 1-3%
reported by Japanese surgeons in such cases because
our patients are 11 years older on average than their
Japanese counterparts (68 v 57 years),28 are more
obese, and have more atheroma, diabetes, and
ischaemic heart disease.8 Nevertheless, an operative
mortality of5% at one month is still too high and could
perhaps be halved by the end of the century by
standardisation of operative techniques, obtaining
better access to the oesophagus, and improvement in
perioperative nutritional support and general care. It
will also require greater concentration of cases and
specialisation than is currently provided in this
country, but that is the trend in all aspects of surgery,
and surgery for gastric cancer should be no exception.
The influence of radical surgical resection and

extensive lymphadenectomy on the survival of patients
with gastric cancer remains controversial. Metastasis
to lymph nodes is certainly an important determinant
of outcome," 30 as our results clearly show. The
standard operative procedure in Japan is an R2
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resection, in which an extra "tier" oflymph nodes (N2)
is removed in addition to the nodes situated close to the
stomach (Ni nodes), which are normally removed as
part of a wide gastric resection (known as Ri resec-
tion). Data from Japan' 30 have consistently supported
the view that the R number of resection should exceed
the N number if recurrence is to be minimised and an
"absolute" curative resection achieved. For example,
Nakajima and Nishi reported that in patients with Ni
nodal metastases, five year survival was 4% after RO
resection (incomplete dissection of Ni nodes), 46%
after Ri resection, and 56% after R2 resection.9
Kodama and colleagues also found that in patients with
nodal metastases who underwent potentially curative
resection, five year survival was 18% after simple
gastric resection only but 39% after gastric resection
combined with extensive lymphadenectomy.Y0
Unfortunately, these studies were all retrospective,
were conducted over widely differing periods of time,
and are further weakened by the use of adjuvant
chemotherapy in some, but not all, patients, making it
difficult to deduce what differences in survival were
due to differences in operative technique.30 A recent
prospective multicentre study in Germany of 2394
patients, however, has clearly shown a significant
survival advantage of radical (R2) lymphadenectomy
over the less radical (R1) resection in patients with
stage II (55% v 27%; p < 0-001) and stage IIIA disease
(38% v 25%; p < 0-05).31 Furthermore, operative
mortality (5%) and morbidity (30%) among patients
who underwent R2 resection was no greater than in
patients who underwent Ri resection (5% and 29%,
respectively). A similar Medical Research Council
study of Ri v R2 resection is currently in progress in
Britain,32 and the results are eagerly awaited.

Since the late 1970s it has been our practice to
perform radical (R2) resection unless for reasons of a
patient's advanced age or the presence of serious
associated disease such an approach seemed too
dangerous. Operative mortality and morbidity in this
series were found to have decreased greatly in the 1980s
compared with the 1970s, despite the fact that surgical
resections were more radical (R2) in the 1980s than in
the 1970s. Thus, we have at least shown that such
radical (R2) resections are safe, as Japanese and
German surgeons have reported. Over the 20 year
period of this study, five year survival increased from
51% in the early 1970s, when Ri resections were
commonly performed, to 71% in the late 1980s, when
R2 resections were the rule. This improvement in
outcome, however, cannot be ascribed solely to the use
of more radical types of gastric resection because
during this period large increases took place in the
proportions of patients with early gastric cancer (1% to
15%) and stage I disease (4% to 26%). We were unable
to compare the results of RI and R2 resection, stage for

Clinical implications

* 10 000 people die each year from gastric
cancer in Britain
* Gastric cancer is regarded as almost incur-
able, five year survival being 5%
* This study shows that gastric cancer can be
diagnosed at an earlier stage through more
widespread use of endoscopy
* The outlook for patients with stages I and II
disease in Britain is as good as that in Japan
* Further improvements in outcome will follow
from greater efforts towards earlier diagnosis of
gastric cancer

pathological stage, because of the relatively small
numbers of patients in each pathological subgroup.
Despite the aggressive surgical approach to gastric
cancer the quality of life of patients after radical (R2)
resection is usually remarkably good as we have
previously reported.49 50

CONCLUSIONS

In conclusion, the traditional British or Western
view of gastric cancer-that it is usually a fatal
disease-is out of date. Over a 20 year period from
1970 to 1989 we found that, thanks mainly to a fourfold
increase in the use of endoscopy, a significantly greater
proportion of patients was diagnosed at a relatively
early and curable stage. The outcome of surgical
resections improved greatly; operative mortality and
morbidity about halved and five year survival after
potentially curative resection increased from 51% to
71%, while overall five year survival increased from
15% to 37% of all cases referred. Stage for pathological
stage the results of surgery were found to approach
those reported from Japan. Further improvements in
outcome will follow greater efforts at educating doctors
and the public that the onset of pain, dyspepsia,
heartburn, or anaemia in patients over 40 years of age
should be investigated by means of endoscopy and
biopsy; by the concentration of cases in specialised
centres that treat large numbers of cases; and, prob-
ably, by the use of adjuvant therapy in patients with
more advanced, stage III disease.
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Abstract
Objectives-To examine whether road traffic in a

big city has a direct effect on pulmonary function and
respiratory symptoms in children.
Design-Cross sectional study.
Setting-Of all 7445 fourth grade children (aged 9-

11 years) in Munich, 6537 were examined. Of the
children with German nationality and the same
residence during the past five years and known
exposure data, 4678 questionnaires and 4320
pulmonary function tests could be analysed.
Main outcome measures-Variables ofpulmonary

function by forced expiration and respiratory symp-
toms reported in a questionnaire; census data on car
traffic collected in the school district.
Results-Density of car traffic ranged from 7000

to 125 000 cars per 24 hours. Multiple regression
analysis ofpeak expiratory flow showed a significant
decrease of0x71% (95% confidence interval 1x08% to
0.33°/o) per increase of 25 000 cars daily passing
through the school district on the main road. Maxi-
mum expiratory flow when 25% vital capacity had
been expired was decreased by 0.68% (1.11% to
0.25%). In contrast, response to cold air challenge
was not increased. The adjusted odds ratio for the
cumulative prevalence of recurrent wheezing with
the same exposure was 1-08 (1.01 to 1-16). Cumula-
tive prevalence ofrecurrent dyspnoea was increased,
with an odds ratio of 1 10 (1.00 to 1.20). Lifetime
prevalence of asthma (odds ratio 1-04; 0-89 to 1.21)
and recurrent bronchitis (1.05; 0-98 to 1.12) were not
significantly increased.
Conclusions-High rates of road traffic diminish

forced expiratory flow and increase respiratory
symptoms in children.

Introduction
The effects ofboth indoor and outdoor pollutants on

health are of great public interest. Several studies
have confirmed an association between both outdoor
air pollutants1' and indoor pollutants" and respiratory
health. With increasing motorisation throughout the
world the emission of potentially hazardous substances

is increasing. One main source of outdoor air pollution
is road traffic, which produces a mixture of volatile
hydrocarbons, airbome particles, nitrogen oxides, and
carbon monoxide. 101' As there are only a few reports of
the effects on respiratory health of car exhaust fumes
we examined census data on cars in relation to respira-
tory symptoms and pulmonary function in children. In
Munich air pollution is caused primarily by car exhaust
fumes and only to a small degree by industry.

Subjects and methods
STUDY SITE

Munich is 530 metres above sea level in the south of
Germany and is the capital of Bavaria. It has a
population of 1-27 million (July 1990) in an area
of 3104400 min." In 1990 there were 649000 cars
registered in Munich. Movements oftraffic in the inner
city increased by about 40% between 1970 and 1990
with traffic at the city limits going up by more than
125%. Nearly a million cars pass the city border every
day."3
Permanent multicomponent air monitoring stations

have been installed at a height of 3 metres in the
city. During the study the average mean values at
the Karlsplatz-Stachus site, where 70000 cars pass
by every 24 hours, were 04148 mg/im3 for nitrogen
monoxides, 0-076 mg/m3 for nitrogen dioxides,
4609 mg/m3 for carbon monoxide, and 0-016 mg/m3
for sulphur dioxide. These figures did not exceed
standards for air quality.'4 To validate further the
assessment of exposure, data from more than 250
measurements of nitrogen dioxide distributed over the
city measured in 1984-7"5 and of benzene, toluene,
hydrocarbons, and ozone measured in 198816 were
correlated to rates of car traffic. If there was more than
one measurement in a single school district the arith-
metic mean was taken.

STUDY DESIGN

This report shows the results of a cross sectional
study carried out from 1989 to 1990 on all children in
the fourth grade at school (age 9-11 years) in the city of
Munich. The main objective ofthe Munich asthma and
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