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Abstract: Based on the incidence survey of leukemia and aplastic anemia (AA)
from 1986 to 1988, Case control studies (1257 new leukemia cases and 339 new
AA cases) were carried out according to the type of leukemiaand AA in order
to better understand the epidemiologic characteristics of the diseases.
Controls were matched randomly (age, sex and ethnic group) from the same
population. The data were analyzed with the conditional Logistic
multi-regression model and calculated on an IBM-PC/XT. The risk factors of
M2a were found to be X-rays, antipyretics, benzene, pesticides and bimolane;
that of M3 was chloramphenicol; that of M5 was X-rays; and that of other
ANLLs was phenylbutazone. The risk factors of ALL were chloramphenicol,
phenylbutazone and family members with cancer: those of CML were X-rays and

hepatitis; those of CLL were chloramphenicol and benzene; those of AAA were
antipyretics and hepatitis; and that of CAA ws X-rays.
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Table 1 Type distribution of the cases studied

ANLL N
¥i%a - 25 V3 VB Others ALL CML CLL AAA CAA

>

No. of cases 193 12 171 178 208 309 152 34 7 3G7
No. of control 386 24 342 356 416 618 34 68 144 534

Resub*%

7% R

—. 2k Logistic HE & RS LR au%w&b%“”“°”“mm"4k‘
M2b BIPRAMASD, HRRASHELHEREE. X &, RBEM L. 256K
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5 ALL %, X 2. Wbz, FRUREBHIRS CMLAX, & (&) SEmE A
#5 CLL %, MBEMBRERIEFTA SR (AAA) H%, X SREEY 58
B (CAA) % (¥2).

®2 ALFSBERBEALGREAZSIFOORE (RARSK)

Table 2 ORs of the risk factors of Leukemia and aplastic anemia4

M2a 3 5 Sther ALL CML CLL AAA CAA
X-ray 1.24' 1.15 1.47** 1.09 1.10 1.71%* 1.23 0.93 1.82*
Chloramphenicol 0.96 1900 1.34 1.28 1.96* 1.52 283 213 1.37
Antipyretics 170** 125 110 1.07 118  1.40* 1.17  2.22% 114
o UQWLNFLAnﬁrCﬂmnﬁcs 0'84* 0.64 .07 1.64* 2.45* 143 10 = 1.18
w \X Bimolane 4.00 - - 273 2.2 - - - -
o Beazene ' 158 142 1.4 120 112 1.65* T3.01* 171 157

Fertilizer and insecticidss 2.23* -

-— — -— — — -

Viral hepatilis 155 135 155  1.45 150 2.58 300 4.00° L67
By, 16 0.6 08 115 L.78* — 067 147 102

4 : calculated with conditional logistic model for monovariable;
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Table 3 ORs of the risk factors of leukemias and aplastiC anemijag 4

MZa V3 AN%& Other ~ ALL  CML CLL /AAA CAA
X-tay 1.22¢ 1.46%* 1.73% 1360
Chloramphenical 1.99* 1.87**
Antipyretics 1.54* 2.42°°
Antireamatics 1.62*  2.89**
Benzene 1.54*
Fertilizer. insecticides 2.156*
Viral hepatitis 2.73* 6.87*
Family histony of malignancy 1.96**

A calculated with conditional logistic model for multiple variables
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Risk Factors Analysis of Leukemia and Aplastic
Anemia in China ,
=z
Chi Epidemiologic Study G f
//hmese Epidemiologic Study ')oup 0

I‘_gukemia and éplastic _‘/}nemiai’:
- -—

[}-B_ased on the incidence survey of leukemia and aplastic anemia (AA) from
1986 to 1988, Case control studies (1257 new leukemia cases and 339 new AA
cases) were carried out according to the type of leukemia and AA in order
to beffer understand the epidemiologic characteristics of the diseases. Controls

~mere matched randomly (age. sex and ethnic group) fromthe same population.

The deta were analyzed with the conditional Logistic multiregression model and(‘:
calculated on an IBM-PC/XT. The risk factors of p»2a were found to be
X-rays, autipyretics, benzene. pesticides and bimolane; that of M3 was “chlor-(=—
amphenicol; that of M5 was X-rays: and that of other ANLLs was pheoylbu-.
tazone. The risk factors of ALL were -choloramphenicol, phenylbutazone andé—"’
family members with cancer: those of CML were X-rays and hepatitis; those
of CLL were chloramphenicol and benzene;those of AAA were antipyretics and
hepatitis; and that of CAA was X—rays(,_\

Key words leukemia anemia, aplastic factor analysis, statisti—|I
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Countrywide Analysis of Risk Factors for Leukemia and
Aplastic Anemia

National Investigative Group for the Survey of Leukernia and Aplastic Anemia

Synopsis The foundation of our study of leukemia and apiastic anemiais a
comparative survey using a 1:2 case ratio drawn from the entire population,
surveying the risk factors in 1,257 cases of leukemia and 339 cases of aplastic
anemia. Analyzing risk factors for leukemia and aplastic anemia types using
conditional logistic. model analysis, after accounting for extraneous factors, wc
discovered risk factors associated with M2a include X-rays, antipyretic drugs,
benzene type substances, arid insecticides arid chemical fertilizers. Bimolane type
drugs is a high risk factor, Factors associated with M3 include chloramphenicol.
Factors associated with M5 include X-rays. Factors associated with othcr forms
of acute non-lymphatic leukemia (ANLL) include antireumatic type drugs. Factors
associatcd with acute lymphatic leukemia (ALL) include chloramphenicol
substances, antireumatics, and a family history of malignancy. Factors associated
with chronic myelocytic leukemia (CML) include X-rays and viral hepatitis.
Factors associated with acute aplastic anemia (AAA) include antipyretics and viral
hepatitis. Factors associated with chronic aplastic ancmia (CAA) include X-rays.
Single factor analysis shows that significant factors associated with chronic lymphatic
leukemia (CLL.) include chloramphenicol and benzenc.

- Key terms leukemia  aplastic anemia  siatistical analysis of risk factors

Leukemia is a malignancy of the blood production system; aplastic anemia
is a degradation of the blood production system. Both illnesses are an equally
grave threat to human health, Possible causes of these ilinesses include four
areas: physical, chemical, organic, and heredity. From 1986 to 1989, the National
Investigative Group for the Study of Leukemia and Aplastic Anemia conducted
rescarch on tho pathology and risk factors of leukemia and aplastic anemia. The
analysis of risk factors IS presented below.

Materials and Methods

1. Object of survey 1,257 cases of leukemia and 339 cases of aplastic
anemia. All were new cases from each survey site during the period 1986 o
1988. Except for Beijing, Yanji in Jilin, and Shihezi in Xinjiang, due to conditions
restricting comparative analysis, survey of risk factors was undertaken at all
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survey sites. Each case was placed in a sample group according to age, sex, arid
nationality, and then compared with “healthy individuals" who had never experenced
blood disease or malignancy and had been selected at random.

2. Survey Method and Content All cases and comparisons used the
same survcy questionnaire. Each investigative sitc took responsibility for the
survey according to a single survey method. The content of the survey included:
general condition, environment, medical history, history of contact with physical
and chernicy] factors, medication history, family history, etc..

3. Statistical Method All data was recorded on an IBM PC-XT using
dBase-IIl.  First we made an initial selection of risk factors by undertaking a
process ofisolation and grouping of successive variables according to an analytical
processing of conditions and hazards." We then used a conditional logistic
model to analyze single factors. Last, we undertook multiple factor logistic
analysis using a progressive selection method." Variables were selected by the
test of comparative likeness SO as to obtain the best non-saturated model (P<0.05;
P<(.01).

4. Type Distribution Both leukemia and aplastic anemia were analyzed
according to respective types. (ANLL sccondary types M2a, M2b, M3, and M6
were analyzed individually. Other ANLL secondary types, M1, M4, M6, and M7
had few cases and were combined for analysis.).

Table 1 Type Distribution 0fCases Studied

. ANLL
‘ - ALL CML. CLL AAA CAA
M2y M2b M3 MS  Others
No. of cascs 193 12 171 178 208 309 152 34 72 267
NO. of control 386 24 342 35 416 618 304 68 144 534
Results

1. Conditional Logistic Model for Monovariables

Since there were too few cases of M2b, it's associated risk factors wcre not
discovered. X-ray, antipyretics, bimolane, benzene, chemical fertilizer arid
insecticides were related to M2a illness. Chloramphenicol is related to M3.
X-ray and antircumatics arc associated with M5. Chloramphenicol IS associated
with other ANLL types. Chloramphenicol, antireumatics, and 3 family history of
malignancy is associated with ALL, X-rays, antipyretics, benzene, and viral
hepatitis is associated with CML. Chloramphenicol and benzene is associated with
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CLL. Antipyretics and viral hepatitis are associated with acute aplastic anemia
(AAA). X-rays and benzene are associated with chronic aplastic anemia (CAA).

Table 2 ORs of the Risk Factors of Leukemia and Aplastic Anemia®

ANLL
ALL CML CLL AAA Caa
M2a M3 M5  Others
Xeray 124% 115 147%% 109 110 LT71%* 123 B 1.82
Chloramphenjcol 96 190 134 128 196+ 152 283 213 137
Anlipyretics 170 125 110 107 - 118 140* 117 2.22* 1.14
Antircumatics 084 064 037% 164*% 245« 143 100 - 118
Bimolane 4.00% - - 2783 222 - - - -
Bmzene 1.5%% 142 144 120 112 1.68% 3.07* 171 157
Fertilizer & Insectiades 223 -~ - - - .- - - ~
Viral Hepatitis 1.55 135 1.55 145 159 2.53% 300 4.00% 167
Family Flistory of Maliguancy 163 061 0.8 115 L7847 - 007 147 102

A calenfated widh conditicnal logistic oce] for monovanable
--» cancelled after sereching

2. Conditional Logistic Model for Multiple Variables

Each type of leukemia and aplastic anemia, according to a process of
progressive selection, were analyzed for each risk factor using a conditional
logistic mode} for multiple analysis, so as to find, the best non-saturated model for
each. After accounting for extraneous variables, we discovered risk factors
associated with M2a include X-rays, antipyretic drugs, benzene type substances,
and pesticides and chemical fertilizers, Factors associated with M3 include
chloramphenicol. Factors associated with M5 include X-rays. Factors associated
with other seconday types of ANLL include antireumatics. Factors associated
with ALL include chloramphenicol, antiteumatics, and a family history of
malignancy. Factors associated with CML include X-rays and viral. hepatitis.
Factors associated AAA include antipyretics and viral hepatitis. Factors associated
with CAA include X-rays (Table 3). Cases of CIL.I. were relatively few and
multiple analysis for each factor yielded no statistically significant results.

Table3 ORs of the Risk Factors of Leukemias and Aplastic Anemias?

: ANLL
ALL CML CLL AAA CaA
M2a M3 MS  Othas
X-ray ' 1.22% 146+ 1.73%+
Chlosamphenicol 1.00% 1.87+*



Anlipyretics 1 54* 2424

Antireumatics 16”7 289

Benzene 1.59°

Fertilizer & Insecucides 2.15%

Viral Hepatitis 2.73 6.87*
Family History of Malignancy [.9G*

A caleulated with conditional logisuc model for multiple variables

Discussion

Previous surveys of risk factors were limited by the number of cases, arid
for the most part did not analyze major causes of different types of leukemia and
aplastic anemia. This survey was carried out On a countrywide scale, with a
relatively large number Of cases, and analyzed the risk factors associated with the
major types Of leukemia and aplastic anemia.

Surveys of medical radiation technicians, radiation workers, and Japancsc
atomic bomb survivors prove that leukemia and aplastic anemiais a side-effect of
ionized radiation.*** This survey further shows that ionized radiation is a
major cause of M2a, M5 arid CML myelocytic leukemias and chronic aplastic
anemia. WCc have not yet discovered a clear relation between ionized radiation
and lymphatic leukemia.

Bimolane type drugs are new drugs which in recent years have been used
to treat psoriasis. However, SINCe it was introduced, the Chinese Journal o
Hematology has received over 80 reports of this drug causing acute myelocytic
leukemia (mostly M2a and M3)." Laboratory observalions show that bimolanc is
a strong chromosome abnormality inducer.® This survey also discovered thal
bimolane is associated with M2a, but since the ratio of those who have used
bimolane is relatively low, multiple variable analysis is unable to confirm the
relationship between this drug and M2a. The aurhors belicve that the many
reports of illness, however, confirm a relationship between bimolane and myelocytic
leukemuia, arid we have already recommended to the Ministry of Health that the
use of this drug be discontinued. The destructive effects of chloramphenicol on
bone marrow is absolutely clear. Many studies have all showed that chloramphenicol
has strong leukemia arid aplastic anemia effects?*" Since Japan restricted the use
of chloramphenicol in 1975, the death rate from aplastic anemia has noticeably
declined.” This study discovered that chloramphenicol is a risk factor for M3
arid ALL. It also has some relationship with CLL. The effect on other types of
leukemia and aplastic anemia is unclear. Related studies in China have discovered
that there is a definite relationship between antipyretics arid aplastic anemia.®
The results of this study also indicate that antipyretics are associatcd with M2a
and AAA. It is generally considered that antireumatics (most importantly
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phenylbutazene) can cause acute leukemia.® Its role as a cause of aplastic anemia
is not as apparent.* This study also did not discover a relationship between
antircumatics and aplastic anemia, but this kind of drug has sonic relationship
with ANLL and ALL.

The destructive effect of benzene on the blood production system was carly
established, Aksoy et al discovered that the incidence rare of leukemia in Turkish
benzene 'workers was clearly higher than for the general population.’ Our
research indicates that benzene has a strong cooperative relationship with M2a,
arid some relationship with CML, CLL, and CAA. Surveys indicate that the
incidence of leukemia at oil ficlds is relatively high, showing that an environment
contaminated With benzene and other chemnical pollutants can cause leukemia. A
relationship between insecticides and chemical fertilizers, and leukemia and aplastic
anemia has occasionally been reported. This study indicates there is @ possible
relationship with M2a.

We already know that viruses can cause leukemia in several animals such as
chickens, clogs, and mice.'® Adult T-cell leukemia is caused by viral infection.
There is a relationship between Burkitt's lymphosarcoma and the EB virus, other
viruses can also cause acute degradation of blood production capability, and viral
hepatitis can lead to acute aplastic anemia. The results of this study indicate that
there i a relationship between viral hepatitis and both CML. and AAA, showing
that there is some cooperative relationship between viral hepatitis and leukemia
and aplastic anemia.

Previously, studies of familics and twins indicaied that a portion of leukemia
cases are influenced by heredity.”" Our study proves that there IS a close
relationship between ALL and a family history of malignancy, showing that ALL
has a relatively stong hereditary background.

From the results of this study we can see that myelocytic leukemia, especially
M?2a. is more clearly affected by environmental influcnces than lymphatic leukemia,
and hereditary factors have a close refationship with ALL. Due to the limitations
of retrospective. studies anti the fact that the incubation periods for leukemia and
aplastic anemia arc siill unclear, the results of this study still cannot indicate the
cause and effect relationship between risk factor; and leukcmia and aplastic
anemia, and can only provide icads for futurc research on leukemia and aplastic
anemia pathology.
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