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‘Technical reports are the basic medium for reporting of original research
carried out at the Radiation Effects Research Foundation. Reports in this
series receive both internal and external peer review and may serve as
the basis for publication in the open scientific literature, in part or in toto.
Although they may be quoted and cited, these reports are considered to be
internal publications of the Foundation. Copies are available upon request
from: Editorial Office, RERF, 5-2 Hq:yama Park, Minami-ku, Hiroshima,
732 Japan.

Beginning in 1989, the RERF Technical Report Series is no longer being
published in the traditional Japanese-English bilingual format. However,
major reports continue to be available in both languages as separate
publications. Selected reports of a highly specialized nature, for which

~ there is presumably less general interest, are produced only in English

with an extended Japanese summary.

In this way, the Foundation will be able to more expeditiously report
recent findings on the late biological effects of exposure of man to ionizing
radiation resulting from the atomic bombings of Hiroshima and Nagasaki.
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Summary

The incidence of thoracic vertebral fractures (TVF) in a fixed Hiroshima and
Nagasaki population of 16,027 was determined by sex, age, and atomic bomb
ionizing radiation exposure. Diagnosis was based on lateral chest radiographs
made from 1 July 1958 to 28 February 1986.

Born between 1880 and 1940, the subjects were categorized by sex into 10-
year birth cohorts. When examined by birth cohort and age at onset, the age
dependency of TVF incidence showed a good fit to a log-linear regression model.

In females, TVF incidence tended to be lower in the younger birth cohorts
and tended to increase with age in all birth cohorts. With each 10-year increase
in age, the incidence among females increased by a factor of 1.7. In males,
the incidence was significantly lower in the younger birth cohorts, but did not
increase with age. The incidence decreased by a factor of 0.5 in males and 0.6
in females as the birth cohort age became younger.

TVT incidence was greater in males until the age of 50, was equal by sex in
the sixth decade, and was greater among females, who were 60 years of age or
older.

TVF incidence did not differ by city, and no correlation with A-bomb radiation
exposure was demonstrated.

fFun Japanese text will be available separately.

I Department of Epidemiology, National Cancer Center, Tokyo.
" Department of Information Science and Sysiems Engineering, School of Science, Oita University.
** Scientific adviser to the Department of Clinical Studies.
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Introduction

Vertebral fractures (VF) are frequently associated with osteoporosis which
develops during the aging process. Participants in RERF’s long-term Adult
Health Study (AHS), whose average age is now approximately 60 years, provide
an ideal opportunity to examine the incidence of this condition over time in a
fixed population. With access to 28 years of AHS data, we examined the AHS
population by sex, age, and birth cohort to ascertain possible effects of A-bomb
radiation exposure on the incidence of VF's.

An increased incidence of VFs among A-bomb survivers—perhaps indicating
an increased incidence of osteoporosis—may lend support to the hypothesis that
ionizing radiation exposure accelerates the aging process. Osteoporosis is known
to result from a combination of age-related factors, such as changes in hormonal
status, decreased absorption of caleium from the digestive tract, and decreased
function of bone cells.!

In an earlier ABCC study of 264 persons from Hiroshima and 88 from
Nagasaki, Blackard and Seigel® examined the relationship between A-bomb radi-
ation exposure and the prevalence of peripheral osteoporosis using radiographs of
the femur and the second metacarpal. They detected no A-bomb exposure effect.

No epidemiological studies of VF frequency in the general Japanese population
have been reported, nor are such general studies common elsewhere because di-
agnosis would require radiological screening of the general population. However,
Knowelden et al (UK, Oxford—Dundee),® Melton et al (US, Rochester, Minn),* and
Bengner et al (Sweden, Malms)® have conducted VF incidence studies of restricted
samples, such as only females or only hospitalized persons (see Discussion).

Materials and Methods
Selection of subjects

The AHS is a follow-up study of a fixed population sample, originally
numbering 20,000 subjects and consisting of A-bomb survivors in Hiroshima
and Nagasaki and control subjects matched by sex and age. Since 1 July
1958, these subjects have received a posteroanterior (PA) and lateral chest X-
ray examination every two years. Diagnoses of all radiological examinations have
been routinely coded and recorded according to the Index for Roentgen Diagnoses
of the American College of Radiology.® Chest radiography was performed for
17,596 members of this population from 1 July 1958 to 28 February 1986: 16,027
were selected for this study after excluding 1,569 who had been examined only
once during this time period, plus those whose VF had been identified at their
initial examination (Table 1).

Diagnosis of vertebral fractures
The diagnosis of VF was based on X-ray readings made by the same
radiologists throughout the 28-year study period. By comparing earlier lateral
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Table 1. Composition of study population

Males Females
Age ATB  Birth year  Hiroshima  Nagasaki Hiroshima  Nagasaki
04 194045 454 235 525 206
5-14 183039 571 495 850 670
15-24 1920-29 815 547 1887 1207
25-34 1910-19 632 401 1289 456
3544 1900-09 793 385 1329 337
45-54 1890-99 553 194 705 155
55-64 1880-89 131 22 155 25
Total 3949 2279 6740 3059
Grand total 16027

Age ATE: age at the time of the bambing

chest radiographs with more recent ones, VFs were diagnosed in the 4th to 12th
thoracic vertebrae as wedge, biconcave, and compound-type deformities.

To convert the diagnoses to numerical data, the images on 100 radiographs
first diagnosed as TVFs and those of 500 radiographs diagnosed as not having
TVFs were randomly selected from chest radiographs stored since 1958. The
vertebral bodies were measured using a digitizer (Figure 1). Ratios of the height
along one margin of the compressed vertebra to other measurements (a/e, b/e,
c/c’) were obtained. In Figure 2, the ratios calculated for thoracic vertebrae with
and without TVF were classified into four categories, i.e., >0.8, 0.75-0.79, 0.7—
0.74, and <0.7, and the proportions of the gross diagnosis in each category to the
whole are shown. Eighty-two percent of the vertebrae with gross diagnoses of
fractures was in the a/c or b/c ratio category, i.e., less than 0.7. This data shows
that radiologists in RERF have made diagnosis of VF when the a/c or b/c ratio
was less than the range 0.7-0.74.

Lateral radiographs
"'--....*____
Wedge: a/c a b ¢

a
Biconcave: b/c
a’ b" ¢
D
_,.\

Posterior: c/a

Compound: a'‘/a’, b"'/b’, ¢""/c' i htt g

Figure 1. Digitizer measurement of vertebral fractures
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Digitizer Gross diagnosis
measurement

N VF no VF
e @5« n=100 n = 500

1) >=0.80

2)0.75 - 0.79

3) 0.70 — 0.74

4) <0.70

Figure 2. Ventebral fracture (VF) frequency—gross diagnosis vs digitizer measurement

Method of analysis
Study participants were stratified as follows and analyzed by the person-year
method:

Sex (s): Male, female

City (c): Hiroshima, Nagasaki

Year of birth (b): 1880-89, 1890-99, 1900-09, 1910-19, 1920-29, 1930~
39

Age at onset (a): 30-39, 4049, 50-59, 60-69, 70-79, 80—89

Exposure category: DS86 total dose in gray: 0-0.004, 0.005-0.09, 0.10—
0.99, 1.0-1.99, >2.00, T65D unknown, DS86 unknown,
or not-in-the-city (NIC)

Person-years (Py) and the number of cases (n) were calculated per group and
examined for correlation between the incidence of TVF and radiation exposure
using the following statistical models:
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Model 1: Number of incidence cases = Pysepatascpa*(l + #+DS86)
Model 2: Number of incidence cases = Pysexp(sex, age, ...)

PYTAB-AMFIT programs were used to calculate Py and to estimate the model.

Results

Figure 3 and Table 2 shows the incidence of TVF by sex, birth cohort, and age
for all study participants. The incidence was lower in younger birth cohorts in
both sexes. Longitudinal analysis by birth cohort showed a tendency for incidence
to increase markedly with age in females, but no such significant increase with
age was observed in males in most birth cohorts.

Relationship to dose

Results obtained based on Model 1 are shown in Table 3. These results suggest
that the contribution of dose per gray to incidence of TVF is not statistically
significant.

Relationship to dose (parametric to background)
All regression models were examined separately by sex. Cohort effects,
observed in both sexes, were always included in the models.

Males. The models (Appendix Table 1a) were tested and the results are shown
in Appendix Table 1b. No significant age, city, and radiation dose difference were
demonstrated (Appendix Table 1¢). As shown in Figure 3, the incidence of VF
was generally higher in older birth cohorts.

To evaluate the goodness-of-fit of the models, Appendix Table 2 shows by
exposure category, the actual number of cases and the number of expected cases
by models ml and mb5, and the normalized residual of actual and expected cases.
According to this appendix, the data fit the models except for the greater-than-
expected number of actual cases as compared to expected cases among males in
the “DS86 not assigned” group in Hiroshima and in the NIC group in Nagasaki.
Since the difference between the expected and observed numbers is not significant
when the cities are combined, statistically no problem exists, as long as the results
are not characteristic of these groups. Furthermore, since the “DS86 unknown”
groups in Hiroshima and Nagasaki compensate for each other, the results relative
to dose are not expected to change even if doses were to become available in the
future.

The regression equation for estimating the incidence of TVF is assumed to be
model ml, i.e.,

log (incidence) = 130.5 — 0.07129 * year of birth.
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Table 2. Incidence rate (per 1,000 person-years) of thoracic vertebral fractures

Age at onset

Birth year 30-39 4049 50-59 60-69 70-79 80-89
Males
1830-39 0.93 1.18
(8/B566.6)*  (9/7608.7)
1920-29 0.60 1,25 0.63
(3/5032.7)  (11/8820.7) (4/6363.0)
1910-19 2.54 246 2.08
(9/3547.3) (20/B135.5) (12/5772.4)
1900-09 353 534 412 4.42
(14/3968.6)  (43/8055.1) (17/4128.9) (1/226.5)
1890-99 9.69 10.0 10.43
(26/2684.5)  (33/3296.0) (8/767.4)
1880-89 13.93 18.78
(7/502.3) (4/213.0)
Females
193039 0.23 0.34 0.35
(3/12822.0)  (4/11899.8) (1/2858.7)
1920-29 0.38 0.77 1.05 3.24
(4/10620.1) (18/23378.2) (19/18084.0) (6/1854.4)
191019 1.59 3.28 473 14,97
(9/5669.8)  (44/13394.7) (46/9734.8) (17/1135.9)
1800-09 3.15 867 14,52 186.47
(17/5402.0) (100/11539.3) (82/5647.6) (6/364.3)
1890-99 14.97 22.26 24.04
(45/3006.2)  (B0/3593.5) (17/707.1)
18680-89 34 53 489
(20/579.2) (12/245.3)

* (cases/ person-years)

Table 3. Proportion of increase in incidence per gray

(per 1,000 person-years)

Entire sample  Males  Females
Estimated value 0.02632 -0.0113 -0.03
Standard error 0.06174 0.1019 ~-0.06
p-value 0.67 0.91 0.67
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This is the regression line which was fit to the data in Figure 3. This
equation indicated that the incidence in the younger age-group tended to decline
remarkably in recent years with a decrease of a factor of 0.5 with each 10-year
decrease in the year of birth.

Females. The models (Appendix Table 1a) were tested and the results are shown
in Appendix Table 3a.

The tendency for an increase in incidence with age was more significant in
females than in males. However, a lower incidence in younger birth cohorts was
also observed in females.

No city and radiation dose differences were statistically significant in females
(Appendix Table 3b).

The goodness-of-fit for the models is shown in Appendix Table 4. According to
this, the difference between the number of observed and expected cases is within
the range of random fluctuation.

The regression equation to predict the incidence of TVF was assumed to be
model 2, i.e.,

log(incidence) = 101.5 — 0.05772 = year of birth + 0.05459 x attained age.

This is the regression line that was fit to the model in Figure 3. According to
this equation, the incidence in younger birth cohorts declines at a rate of 0.6 with
each 10-year decrease in the year of birth, but the aging effect causes the rate to
rise at a rate of 1.7 with each 10-year increase in attained age.

In comparing the incidence in both sexes, it is obvious from the regression
lines and actual observed rates that the incidence is overwhelmingly greater in
females than in males in the advanced age category; but in the younger age-group,
the rate is higher in males. The age of crossover between males and females is
speculated to be in the latter half of the sixth decade.

Discussion

Since the diagnosis of VF is made by radiography of the spine, there has been
no study of the incidence in the general population in Japan. Reports from other
countries include: a study in Oxford-Dundee® of female residents; a study in
Rochester, Minn, of an age-stratified sample of adults,” and a report from Sweden
based only on hospital examinations.® The incidence of VF in Oxford-Dundee was
based on a review of hospital records, and therefore did not include asymptomatic
persons or those who were symptomatic but did not visit the hospital. In that
study, the incidence of VI was lower than that of femoral neck fractures, and
to us the incidence seemed to be much lower than the actual frequency. The
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Swedish report® involved a review of radiographs of thoracic and lumbar VFs,
based on specific criteria to ascertain the incidence of such fractures according
to the number of residents in a specific area. We consider these results biased
because the data involved only patients examined at hospitals. Melton et al?
reported the prevalence of fractures based on radiographs of an age-stratified
random sample of adult Rochester, Minn, residents, and they estimated incidence.
Thus, after reviewing the literature, we could not find any report of actual VF
incidence based on radiographic examinations of members of a general population
similar to our study.

Our diagnoses were based on interpretations of radiographs, with emphasis
on relatively marked changes, and efforts were made to maintain consistency and
uniformity of radiologists’ diagnoses since 1958. Gershon-Cohen et al,” Bick and
Copel,® Kivilaukso,” and Saville'® reported the proportion of thoracic VF among
all VF to be 57.9%, 48.3%, 31.4%, and 58.8%, respectively. Assuming that 50% of
all VF are thoracie, the incidence of VF as a whole might be estimated twice as
the present values. We compared these with the results by Melton et al. Their
prevalence study was conducted around 1980. Incidence of women in their 50s,
60s, 708, and 80s in 1980 (from Table 2) is superimposed on that of Melton et al
in Figure 4. Our rate seems to be slightly higher than that of Melton et al.

__ B0 .
v 7 Predicted incidence
® /| lthoracic + lumbar)
e ; from incidence of thoracic VF
5 40 b K (RERF)
g 4
2 /
o 12 o 4
— % VF incidence
- (Melton et al)
i L7
@ 5
E 20 e ,/ /
@ P i
£ % I RN
i RERF
3 10 | =0 o (RERE)
= Pt _/
f—\w’/.l--"""—"i
0 | r"‘-—. L 1 1 ]
50 60 70 80 90
Age (y)

Figure 4. Incidence rate of thoracic vertebral fractures in females
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The incidence of VF reportedly reflects bone mineral content.!! Comparing
Japanese and Japanese-Americans, Ross et al'? showed bone mineral content to
be less in the former, underscoring the difference in VF incidence reported by the
two nations.

Bengnér et al® in Sweden reported the difference in the incidence of VF
between in 1950-52 and 1980-83. Their analysis did not include birth cohort
concepts, and in contrast to our results, an increase in the incidence of VF was
observed in more recent years. Their study was based on symptomatic patients
observed in hospitals. If improvements in medical care programs have indeed
facilitated people’s access to medical care, more patients with even mild fracture
symptoms may have visited the hospitals.

The decrease in incidence of VF observed among younger age-groups in the
present study may reflect improvements in dietary patterns and in the physical
stature of the Japanese people. According to the National Nutrition Survey
conducted by the Ministry of Health and Welfare,'®!* the daily calcium intake
per person increased from 270 mg in 1950 to 580 mg in 1983. Furthermore,
Japanese physical stature has also improved as dietary intake has improved. In
persons in their 20s and 30s, after the maximum bone mass has developed, the
average height and weight, which had been 160 ¢cm and 55 kg for males and 149
cem and 49 kg for females in 1948, were 168 cm and 63 kg for males and 156
¢m and 52 kg for females in 1983.1314 Small stature is reportedly a risk factor
for osteoporosis,'®!® thus improved physical stature may also be a factor in the
decrease in the incidence of VI among the Japanese.

In addition, life span has increased more rapidly in Japan than in other
nations. In 1930, when members of the 1890-99 birth cohort were in their 40s,
the average life expectancy was 26 years for males and 30 years for females;
whereas, in 1980, when members of the 194049 birth cohort were in their 40s,
it was 35 years for males and 40 years for females'"—a difference of about 10
years for each sex. Relative to the hormonal environment, we have found in
the same population that those with VF and those in the older birth cohorts
experienced earlier menopause.'® A different age for the onset of menopause may
also have been a factor resulting in a cohort effect in females.

In females, the incidence of VF increased with age, but no marked increase
was observed in males. This is consistent with the sex difference in the trend of
decreasing bone mass with age. Riggs et al,'®* using dual photon absorptiometry,
observed that the bone mineral content (BMC) of lumbar vertebrae in females
begins to decrease in adulthood and declines rapidly thereafter, whereas the
decrease in BMC with age is not great in males. Orimo and Shiraki* observed
similar results concerning BMC in the distal end of the radius. In addition,
causes of fractures were not considered in this analysis; posttraumatic VF due to
traffic accidents and severe falls were included. It is possible that such traumatic
cases might be included in males less than 50 years of age with VF. Had serious

10
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posttraumatic VF been excluded, an effect of age might have been observed in
males.

Furthermore, 30% of RERF study participants of both sexes 80 or more years
of age were unable to visit the Foundation for examinations and were therefore
examined in their homes. Unable to undergo chest radiographs, they were
excluded from the study cohort. Thus, the present study may be biased in favor
of relatively healthy subjects, resulting in underestimates of the incidence of VF
in older groups.

In the present study the ratio of thoracic VF in males to females was about
1:2 for those 60 years of age and over. The ratio was 1:5 in a study by Bernstein
et al*? based on outpatients in North Dakota. Pogurund et al?® in Israel reported
the ratio to be 1:7 for those 45-84 years old, based on a morbidity study of
VF. Goldsmith et al?* reported the ratio of lumbar VF detected by abdominal
radiography to be 1:2. Whether differences in ratios in other countries were due
to different diagnostic criteria for VF or were due to racial differences should be
assessed.

There was no correlation between the incidence of VF' and A-bomb radiation
exposure in the present study. VFs develop in association with relatively
advanced osteoporosis, and the preclinical effect of radiation on bone mineral
is not yet known. Continued follow-up studies are necessary for the younger
A-bomb survivors who are said to be more radiosensitive but who have not yet
reached the age when there is a predilection for osteoporosis.

11
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Appendix Table 1a. Regression models for thoracic vertebral fracture

incidence for males and females

Parameters b0-b10 in the model equations:

b0 for constant
b1 for yob:

b2 for att;

b3 for city:

DS86 dose group 1:

b4  for group 2:
b5 for group 3:
b6 for group 4:
b7 for group 5:
b8 for group 6:
b9 lor group T:
b10 for group 8:

n:
Py:

Model specifications
Model m1 or 11:
m2 or f2:
m3 or 13:
m4:
m5 or 14:

year of birth
attained age
1 Hiroshima 2 Nagasaki

0-0.004 Gy

0.005--0.09
0.1-0.99
1.0-1.99

=2

TE5D unknown
DS8E not assigned
NIC

expected number of cases
person-years

n=Py+exp(b0 + b1+yob)

n=Py+axp(b0 + bl+yob + b2+«att)

n=Py+exp(b0 + blxyob + b2#att + b3xcity)

n=Py+exp(b0 + blxyob + b3xcity)

n=Py+axp(b0 + bixyob + bd(dose group2) + .. .)

Appendix Table 1b. Estimated parameters for models m1, m2, m3, m4, and m5

mi m2 m3 m4 m5
b0 1305 161.1 162.3 1325 1315
(10.60) (23.84) (23.79) {10.74) (10.68)
b1 -0.07129 -0.0B678 -0.08758 -0.07253 -0.07184
(0.00556) (0.01214) (0.01212) {0.005646) (0.005559)
b2 -0.01755 =-0.01711
{0.01219) (0.01215)
b3 0.1958 0.2003
(0.1387) (0.1386)
bd ~0.05118
(0.3580)
b5 -0.04686
(0.2034)
L& -0.3070
(0.3419)
b7 0.2570
(0.3578)
b8 002708
(0.3420)
ba 0.1383
(D 2083)
b10 0321
(0.1883)
Deviance 280.42 278.32 276.36 278.37 277.38
df 322 321 320 321 a1s
Standard error (SE) Is shown In parentheses, di: degree ol Ireedom

12
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Appendix Table 1c. Comparisons of changes in deviances

Deviance change  df

Models m1:m4 (city effect) 2.05 1 NS
Models m1:m5 (dose effect) 3.03 7 NS
NS: not significant df: degree of freedom

Appendix Table 2. Observed number of thoracic vertebral fracture cases and
expected number of cases for males

City DsBs Person- No. of No. expected Normalized
years cases in models residuals
mi m5 Actual  Expected

Hiroshima 0 13652.3 a5 43.0 41.0 —1.22 -0.94
0.005-0.09 2639.0 9 9.1 8.7 -0.03 0.10
0.1-0.99 12299.3 34 40.3 384 -0.89 -0.74
1.00-1.99 3669.6 8 11.8 11.3 1.1 -0.98
>2.00 2438.9 8 6.5 6.2 0.59 0.72
Ta50 unknown 1713.0 3 53 5.0 —1.00 -0.89
DS86 not assigned 4276.3 20 12.8 12.3 1.98 2.20
NiC 10507.9 29 34.7 33.1 -0.97 -0.71
Nagasaki 0 B527.6 24 21.0 20.0 0.65 0.89
0.005-0.08 544.1 0 1.2 1.1 -1.10 -1.05
0.1-0.99 2804.8 7 6.3 6.0 0.28 0.41
1.00-1.98 1088.0 2 29 2.8 -0.53 -0.48
>2.00 805.7 1 1.1 1.0 -0.10 0.00
T65D unknown 2270.7 7 53 5.0 0.74 0.89
DS86 not assigned 9307.2 18 23.0 219 -1.04 -0.83
NIC 6159.5 25 16.6 15.81 2.06 2.31

Model m1: n=Py:+exp(130.5-0.07129+yob)
Model m5: n=Py+exp(131.5-0.07184*yob)

13
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Appendix Table 3a. Estimated parameters for models: 1, {2, 3, and 4

f1 f2 f3 f4
b0 191.8 101.5 102.2 102.3
(7.236) (14.47) (14.45) (14.59)
b1 —0.1032 —-0.05772 -0.058186 -0.05810
(0.00380) (0.007369) (0.00738) (0.007425)
b2 —0.05459 0.05496 0.05356
(0.007628) (0.007625) (0.007677)
b3 0.1201
(0.1011)
b4 -0.2282
(0.1931)
b5 0.008934
(0.1088)
b6 -0.06514
(0.1889)
b7 0.03879
(0.2274)
b8 —0.8646
(0.5027)
b9 —0.06060
(0.1791)
b10 —0.1475
(0.1344)
Deviance 34747 297.22 295.84 290.64
df 319 318 317 3an
Standard error (SE) is shown in parentheses, df: degree of freedom

Appendix Table 3b. Comparisons of changes in deviances

Deviance change df

Model f2: 3 (city effect) 1.38 1 NS
Model f2: {4 (dose effect) 6.58 7 NS
NS: naot significant df: degree of freedom
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Appendix Table 4. Observed number of thoracic vertebral fracture cases and
expected number of cases for females

City Ds86 Person- No. of  No. expected Normalized
years cases in models residuals
f2 f4 Actual Expected
Hiroshima © 26519.5 130 1157 1164 1.33 1.26
0.005-0.09 6475.5 24 297 298 -1.05 -1.06
0.1-0.99 28138.2 143 1349 1358 0.70 0.62
1.00-1.99 5855.1 23 254 2586 —0.48 —0.51
>2.00 41224 21 16.1 16.2 1.22 1.19
T65D unknown 2735.0 1 5.0 5.1 -1.79 -1.82
D586 not assigned 6262.2 15 18.9 18.0 -0.90 -0.82
NIC 17887.0 61 70.7 71.2 =1.15 -1.21
Nagasaki 0 12588.2 30 N7 320 -0.30 -0.35
0.005-0.08 12404 6 5.0 5.1 0.45 0.410
0.1-088 7164.6 31 238 240 1.48 1.43
1.00-1.99 3128.7 11 8.2 8.2 0.98 0.98
>2.00 1351.6 1 3.4 3.4 -1.30 -1.30
165D unknown 2139.8 3 3.7 3.7 -0.36 -038
DS86 not assigned 109489 24 19.2 19.4 1.10 1.04
NIC 94159 26 221 223 0.83 0.78

Model f2: n=Py*exp(101.5-0.05772:+yob + 0.05459%atl)
Maodel f4: n=Py+exp(102.3-0.05810+yob + 0.05356 +att)
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b LR,

TiL, RETOREERO ) 580U EORB L OB I L TRLTES, AL TLE 4L
R, HERHEXBERBELZULILATELL-20T, HEIS—brsBRIhE.
LT, 2HOREIHBNBBEEAZ2PLLELEF-ZLDIEoTVALLE IS,
MR TOREFEEIEERELANEEA TV E2LE L,

SEOFETIE, WEHEETHOB L0 ETH 12 Th- 4 H, North Dakota @
SRk F & HEITL 72 Bernstein 52 OFE CIE 1:5 Th- 7. Israel @ Pogurund 52 Ok
TR OHHEBREIILNE, BLES~84ETL 7 EHELTYS, £4, Goldsmith 52
1, MESXHEME CRREALESETHIOB L2112 BEL TS, WEIIHT S
PUEDEZIHEEHOZWRIEDOZICLZ60,, i3, AFHOBVIZEZLOLIZDNT
T I AN G

SRIDEFRETIE, MEBHORER L FEBEHMEER L OHMMFRED AL Do 2.
Mtk #4713, HHBIRES 2L VEASLRECRIZLOTH Y, BEHOFE kA0 FEL
DREAOHBIERLLTTHTH S, HHEBRBZMEI BV L bR TV IHERBER
FEAHBEOHAFER IEIRL TV AVOT, HEEREII DV TENEE 2 #4+ 2
ZENBLBETHAE.
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ik 1a. JHHEHEAEITRER OB LNER €7 v

EFLRIIEITE245 4 —F b0 ~blo:

b0  constant 3
b1 yob: g
b2 att i i
b3  city: 1 IER 2 fKw
DS86 & it group I:  0-0.004 Gy
b4 group 2: 0.005-0.09
b5 group 3: 0.1-0.99
b6 group 4: 1.0-1.99
b7 group 5: >2
h8 group B: T&5D A+#H
b9 group 7: Ds86 3k 5
bi0  group 8  HAFESR
n: LHERS
Py: NI
EFNDRA
5 m1orfi: n=Py*exp(b0 + b1+yob)
m2 or f2: n=Py+exp(b0 + bi+yob + b2+att)
m3 or {3: n=Pyxexp(b0 + biyob + b2+att + b3+city)
m4: n=Py*exp(b0 + bi+yob + b3xcity)
m5 or f4: n=Pyxexp(b0 + b1+yob + bd(dose group2) + .. .)
1% 1b. EFVml, m2, m3, m4 HU¥mb5 AOHFE T 45—
m1 m2 m3 md m5
b0 1305 161.1 162.3 1325 1315
(10.80) (23.84) (23.79) (10.74) (10.68)
bi -0.07129 —0.08678 —-0.08758 —0.07253 -0.07184
(0.00556) (0.01214) (0.01212) (0.0056486) (0.005599)
b2 —0.01755 -0.01711
{0.01219) (0.01215)
b3 0.1958 0.2003
(0.1387) (0.1386)
b4 -0.05118
(0.3580)
b5 —0.04686
{0.2034)
bs -0.3070
(0.3419)
b7 0.2570
(0.3578)
b8 0.02708
(0.3420)
bo 0.1383
(0.2083)
b10 0.321
(0.1883)
Devianca  280.42 278.32 276.36 278.37 277.39
df 3z2 321 320 321 315

BIHEISE (SE) #4EAMIZR L 2.

df: B

11
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{1 1c. Deviance )41l )tk

Deviance @& fk  df

70 mi:md (F O RHE) 2.05 1 NS
7L miimS (FRAt D W) 3.03 7 NS
NS HRTZW df: [HEE

12 2. BtEHEpRE i OB MR IR, Bk

DS86 T 7V B R %Ki %=
i Wit A 1 #4

mi m5 5 ¥ 10 7 2

=" 0 13652.3 35 43.0 41.0 -1.22 —-0.94
0.005-0.09  2639.0 9 9.1 8.7 -0.03 0.10

0.1-0.85 122989.3 34 40.3 38.4 -0.99 -0.74

1.00-1.689 3669.6 a8 118 1183 -1.11 -0.98

22.00 2439.9 8 B.5 6.2 0.59 072

Te5D B 1713.0 3 53 5.0 100 —089
DS86 JHE{T 4 4276.3 20 129 12.3 1.98 2.20
TS 105079 29 34.7 33.1 -0.97 =0.71
ity 0 85276 24 210 200 0.65 0.89
0.005-0.09 544 1 0 12 1.1 ~110 —1.05

0.1-0.99 2804.8 7 6.3 6.0 0.28 0.41

1.00-1.99 1088.0 2 29 2.8 -0.53 -0.48

>2.00 805.7 1 1.1 1.0 -0.10 0.00

TE5D A-RH 2270.7 7 53 50 0.74 0.89
DS86 IEfT 5 9307.2 18 23.0 219 —-1.04 -0.83
HNAE S 6159.5 25 16.6 15.81 2.06 2.31

£ 7 L mi; n=Py%exp(130.5-0.07129+yob)
T 7 m5: n=Py+exp(131.5-0.07184+yob)
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ff#%3a. EFNI1, 2, f3RVIARIORE 52 57—

f1 f2 f3 4
b0 191.8 101.5 102.2 102.3
(7.236) (14.47) (14.45) (14.59)
b1 -0.1032 —-0.05772 -0.05816 —-0.05810
(0.00380) (0.007369) (0.00736) (0.007425)
b2 —0.05458 0.05496 0.05356
(0.007628)  (0.007625)  (0.007677)
b3 0.1201
(0.1011)
b4 -0.2282
(0.1991)
b5 0.000934
(0.1098)
b6 -0.06914
(0.1889)
b7 0.03879
(0.2274)
b8 —0.8646
(0.5027)
b9 —-0.06060
(0.1791)
b10 -0.1475
(0.1344)
Deviance 347.47 297.22 29584 290.64
df 319 318 317 311
B4 (SE) 2IFIA IR L 4.
di: g ihE
13 3b. Deviance M4 {k @ ik
Deviance @ %4t  df
F 7L 12:13 (i O %) 1.38 1 NS
70 12:44 (GO EE) 6.58 7 NS

NS: BT %W df: B &

13
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3% 4. NoHEHER: 547 O WIS E R 73, LMk

DS86 S RN R 2 IRk 2%
ifi it N fi) %

f2 f4 EH WHREE

15 I 0 26519.5 130 1157 1164 1.33 1.26

0.005-0.09 64755 24 20.7 298 -1.05 -1.06

0.1-0.99 28138.2 143 1349 1358 0.70 0.62

1.00-1.99 5855.1 23 254 256 -048 -0.51

>2.00 41224 21 16.1 16.2 1.22 1.19

T65D 1 H] 27350 1 5.0 5.1 -1.79 -1.82

Ds86 IR it 5 6262.2 15 18.9 19.0 -0.90 -0.92

AT E & 17897.0 61 70.7 71.2 =115  —-1.21

iy 0 12588.2 30 31.7 32.0 -0.30 -0.35
0.005-0.09 1240.4 6 50 5.1 0.45 0.410

0.1-0.99 7164.6 a1 23.8 24.0 1.48 1.43

1.00-1.99 3128.7 11 8.2 8.2 0.98 0.98

>2.00 13518 1 3.4 3.4 -130 -1.30

T65D A+HH 2139.8 3 3.7 3.7 -036 -036

Ds86 FE( 5 10949.9 24 19.2 18.4 1.10 1.04

AT A 94159 26 221 22.3 0.83 0.78

‘£ 7 0L 12: n=Py+exp(101.5-0.05772+yob + 0,05450att)
£ 77 4 n=Py*exp(102.3-0.05810*yob + 0,05356+att)
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