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Changing Sex Differentials in Leukemia 

JOSEPH F. FRAUMENI, Jr.,, M.D.,, and JOSEPH K. WAGONER, M.S. 

rpHE CONTINUOUS increases in U.S. leu- 
kemia mortality rates for both sexes during 

this century have been welt- documented (1-3). 
The study reported here was designed to de- 
seribe and evalus \Mmt have oc- 
eurred in the sex differential of these rates. 

Trends in U.S, Sex Ratio 

Average, annual, age-specific mortality rates 
of leukemia for each sex and race in the United 
States were computed divectly from published 
vital and censns statisties (j~7) for eight 5-year 
peviods and four 10-year periods from 1921 to 
1960, These rates were used to ealeulate sex 
mortality ratios (SR+ male-to-female death 
rates) for the various age groups in the white 
and nonwhite populations. A linear regression 
analysis determined \\thlwr the SRR changed 
in relation to time; is were made of 
(a) slopes of lines gonomfe«l by plotting each 
of the SR agvinst-enlendar periods, thus show- 
ing the (lin-clinn and magritude of each trend, 
and (5) tests for independence, which provided 
a measare of the statistical significance and 
consi-tency of the trends, 

The SR amwong whites, along with the age 
sexospevitic mortality rates of lewkemis, are 
shown in table 1 for the eight 5-year periods. 
Two changes over time in SR are noteworthy: 
(ll) HY .“'l'P'lIifil"lh' Jdecreaze fnl‘ (‘:l(!]l Of the Ch“d- 
hood age gronps (less than 1, 1-4, and 5-14 
years) ; and (4) an increase for each age group 
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over 24 vears, which is siguificant between 35 
and Tt years. These coincidental, contrasting 
trends are illustrated by plotting the avera annual SR for the four IW 
riods (fig. 1). Demonst ig a con- sistent bimadal curve for lm s 
occurred with the group 5-14 years of age in 
192110 and s%ifred to the 15-24 year group in 
1941-60; a second peak has become increasingly 
evident over time with the age groups above 
64 years. When the SR were arranged accord- 
ing to 10-year birth cohorts, there were no de- 
viations from the patterns observed in figure 1. 

Among nenwhites (table 2), the SI have not 
shown cots’stent or significant trends, with the 
exception of a decline in the group less than 
1 year of age. Irregularities in the nonwhite 
rates and ratios may be attributed to the rela- 
tively =mall number of deaths from lenkemia 
in that popnlazion. 

—Tam——— 

Tnndo in Sex Ratio in Englond and Wales 

To ‘lvn-nu.ne whether trends in the sex ratio 
similar to thoswe among U.S. whites have oe- 
cnrred elsewhere, statistics were examined for 
England and Wales, where a rising leukemia 
mortality has also been observed. Table 3 
shows the secular changes in SR which were 
calenlated from age-sex-specific mortality rates 
for England and Wales, as recorded from 1931 
through 1954 (3). Except for two age groups, 
15-2¢ and 63-71 years, the trends (slopes) in 
SIt are in the same direction, although not as 
consistent or significant (tests for independ 
ence) a3 thoset trends among U.S. whites, The 
oy ,\\'mw v minor shifts over time in SR for 

N £ ‘Fnetind and Wales are attributable, perhaps, 
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copyright law (Tlfle 17 M 

e 
T

 

Changing Sex Differentials in Leukemia (1964)
ACL Doc 25514 · Page 1 of 8

Published by AsbestosClaims.Law

asbestosclaims.law/library/25514/1

https://asbestosclaims.law/library/25514/1


“to the smaller Byitish population and the and false inferences nvoided, only when com- 
ghorter span of time covered by these data, or parisons are made of the increases ocenrving 
to the supe unknes; pacconnt for in the Jenkemia death yates for each sex. For 
other geographic differences in mortality ex- these comparisons-it. is. 

" - perience. "h the absolute increases (increments in actual 
. 

death rates from one filfiéw 

Sex-Specific Rates Among U.S. Whites as well as the relative increases (rates of m- 
crease hetween periods). 

Each sex ratio observed in this study sum- Absolute increases. 'The absolute incre- 
mavizes, for a particular calendar period and iments over time in sex-specific lenkemia mortal- 
age group, a relative sex difference that hasoe- gy among U.S. whites are shown in table 4. 
curred within the general framework of rising These were obtained in every age group by sub- 
leukemin mortality. The significance of sceu- tracting the death rate recorded for 1921-25 
lar trends in these ratios can be appreciated, from the rates of each subsequent 5-year calen- 

Toble 1. Average annual U.S. levkemia death rates among white males and females and ratios of 
rafes according to age group and 5-year colendar periods, 1921-60 

Calendar ’ i _ AAmig_rroup — TS - periods | o .*. . | ! i t <1 ' 1-"”" 5-14 15-24 l 25-34 i 3514 45-54 | 5564 65-74 275 
] fifi\.\\vr.- ge annual death rates per million o 

Males: | { | | 
192125 . 21. 57 | 3. L 79 | . " | s 44. 58 
1926-30 .. .. % | 61, 24 
1941 35 | 85, 39 
193610 ! 142, 96 1011 15 { | | 198 08 
1946250 | | 325 80 
195155 472 51 
105660 586. 53 

Females: 
192125 . 30,48 
102630 35. 61 
193135 53. 81 
193630 8401 
104) 45 120. 72 
FO46-50 140, 63 
195156 _| 285, 1 
1956 -60 - M7 

AMale female: . w ¥ | { 192125 . ! | <) 54 164 L63 0 130 o7 107 ‘ 1 41 143 1. 46 
NOM--...*‘ — ). 27 1 66 140 117 107 114 122 - r" 198135 .} P T 3 1 54 L6 L3¢ 123 1. 08 131 1.37 o 
193640 ol 117 1,25 L52 L4 L7 116 1.20 1.36 1. 48 1.70 1941 45 . 110 12 L4 L84 137 1 115 1.24 141 15t |~ 
194650 4 115 120 L28 L6O | 135! 1. 18 1.25 115 159 17 
1951 <55 3 . NS 14 1.2 1.66 | 1.32 | 1.22 135 I 47 I 166 
056 60 Lo7 | 118 127 L34 136 j .32 1. 36 | 156 173 169 

Trvnds ! | OONI3 | 0SB 01262 25T | 00860 | 00557 | . 00864 | . 00826 | . oouse | . 00390 
! ! : 

Tosts? ... .0 -272{% 3.06(¢ 585 .58 | 1.931 1345 -7.&'-».:.2]-0.04 ’ 1. 60 
| i | | 

Y Rlapes of lines generated by plotting each of the SR against ealendar periods to show the direction and 
nitude of cachi trend, 
“ts for independenee to provide s measure of the statistieal significance and consisteney of trends, 

! Sipnificant at the 5 pereent fevel, 
¢ Spnificant ot the T poreent fevel, 
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dar period (data fmm.h’n childhood, 
the ab-olite inereases in death rates have been 
approzimately the same for males and ferales 
in the grronps bess than 1 and 1-F years, while 
inereaces have bien only slightly greater for 
males than females in the age group 5-14 years. 
In each of the older age groups, increases in 
the male rates have clearly exceeded those for 
fermale vates, 

Relative increases. A somewhat different 
pattern emerges when the relative increases in 
sex-specifie death rates are used for comparing 
males and females (table 4). Obtained by di- 
viding the absolute increase in rate for each 

calendar period by v 
tive increase expresses the percenfa® 
(or rate of charse) inage sex-speeific leukemia 
mortality, In general, the-e inervases have 
been () greater among females than males in 
each of the three childhood age groups, (b) 
similar for each sex between 15 and 31 years, 
and (¢) greater among males than females in 
each of the oller age groups. When the sex- 
specific death rates from table 1 are plotted on 
a semilogarithic seale (which automatically 
shows the rate of change), the relative increases 
over time for each sex again demonstrate tend- 
encies toward vonvergence in childhood, slight 

Table 2. Averoge"cfifiasc:ro.s. leukemia deoth rotes emong nonwhite males and hmoln fl‘ 
i according to age group and 5-year calendar periods, 

Age group 

Calfl_mll:nr s - e = ) B = 

PrIOd= p' <1 i i 5 % 1524 | 25-34 ‘ 11| 1554 ‘ 5564 } 6571 ‘ >75 
| 

Average annual death rates por million 
il —— — 

2.95 5.34 &ls‘ 1076 1335 1880 7.68‘ 9.85 
‘ 5. 30 8 61 830 1132 12 1| 1Led BT L8 

] S50 9.08| 1Loz| 65 IN6| 2071 2L09 ) 2830 
61| 001 1042] 1457 25 30e | 4232 35751 3.7 

26,76 | 1250 14200 19411 35 S8 4X25 1 A0 3357 3643 
17,88 i 2351 [ 1407 [ 167 1930 3071 403! STTL) s813 ) 6272 
3550 o070 am2y ! 2208l 22| B S [ 116,88 | 176,12 | 156, 16 
5001 | 2960 | 19.23 | 20.66 2941 ‘ 33 39 2 71 ' 131. 55 t 236,20 | 209, 44 

3.50 104 427 6.56 1200 818 | 1402 9.05 
: 3. 86 388 %] o sy mse| serl|..... 

3.95 LA w02 1m0 7.52 | 16,87 6.95 | 1127 
5.28 S71) 1027 1927 21| 2504 1 17.47 | 1163 
8. 50 900| 11L09| 2164 3L31| 3618 267 2250 
.91 1230] 1453 2312 3567 4592 4306} 2980 
1250 | 1L79| 1671 3005 37.34| 69.07.| 0461 7622 
1551|1460 17.65 | 332 379! 98.55| 12346 | 96.61 

! Sex mortality ratios b 
M/ ! | iy ) - 

femnle: | | ' 10225 306 o | Lo, Lst 115 2 30 .55 1.09 
1926 30 aa! Ll Les | LS 107 81 £58 (... ) 
1931 35 AT{ LI 2 LO5 | LS Los | L6l 3,03 2,51 
194610 B L1s] L 1. 42 L2 131 169 205 273 
1941 45. | o)L L L2 135 1. 52 .81 1. 61 
104650 182 130 L 133! 133, us| re| 2000 210 
1951 55 25 L3 L 139 L85} 104 1. 69 222 2.05 
14956 60 7l L3l o 167 L0 Lu | 13 Lol o209 

Trends ! 06167 | 01067 | 000 00764 |~ 01012 . 00164 |- 00417 |- 01336 |~ 05581 
Tests ? ' ‘.-m‘ 175 —.n‘ 167 -».asi —a2! -, -8 

nitude of vach trend. 
* Tests for independrioe o m::'de a measure of the statistical <iz 
* Significant at the 5 pereen’ 

Vol. 79, Now AduoBagmuulien=196 4 
T48-180— 64— 3 

1 Slopes of Nines generated by plotting each of the SR againet el Aar periods to show the dirvetion and mag- 

Seance and consisteney of trends, 

. 
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* Yoble 3. Ratio of mo'e 1o female averoge annval leukemio death rates occording to 09¢ grovp 
and 3-yeor colendor periods, England ond Wales, 1931-54 

Age grovp 

Calendnr - - 
poriods i \ \ 

S . _M‘u | 2534 | ¥ 4 | 4554 | 855G 6574 >75 
¢ » \ 

‘ - ——l Sex mortality ratios R 
\ i " — T - 

103133 |14 {136 \\ 15 g0 |1.08 | 114 1.19 
1034 36 | 1.32 1.3 | 1.89 1.27 1. 00 | 1.00 1.10 
yusT a | A8 1Las (M 115 1.25 1.07 1. 44 : 
1010 42 lyae 0T {131 1.45 111 | 115 1.21 3 1 
1013 15 1.45 i PR & 5T - 2 lhes (M 1,32 1. 50 1 
1016 48 135 v2s | 136 Yoo |11 1) 52 | 115 1t |1 
yutn 51 107 104 L | 129 i (v |} 3 | v |1} 59 
a2 54 | 1.31 | 130 R TR |ra 10 ap | 153 
Trends! 00045 | L 00600 | 0312 | 00036 | 00210 | . 00579 \| L 00698 | o8 | o0 
Tocls o T "k = ey \ .- | 2 \ - 
Tests ? 00| 95| A \ .01 \ Ky \l.m\ \2. 6| aon | .88 

1 Qpopes of lines generate d by plotting ¢ sch of the SR against ealendar P riods to show the direction and magni- 
tude of eas h trend, 3 Tosts for it dependence to provi 1o 4 measure of the st atistieal significance and consiste ney of the tronds. 

Qignificant wl the reent lovel 
Quunee: B ference 8. 

R RERp—— 
Table 4. Increases in the cvevégé_ennuul U.S. leukemia death rates since 1921-25 among white 

males and females, according 1o 09¢ group and 5-year calendar periods, 1926605 he— 

Age group \ 
<A 14 | 5-14 \ 15-24 \ 2534 

| 
| 

Male | Fen ale Male Female | Male \ Female Male \ Female \ Male | Female 
‘ \ ! | : 

Ahsolnte jncrease 

Jue A0 1.31 | 200 
1AL 35 44| 437 
puan A0 6.77 5. 57 
o Ah 12. 41 8 58 
1046 50 13.47 9. 63 

51 55 1 14.14 10. 64 
y 60 2| 1441} 10 23 

126G 30 7 1.5 23.8 
13 35 . 2 30.1 19.8 
e 10 . 9 \ 59. 3 63 4 
puty 1h .6 108. 8 ui. 
1o s 5 s | o 7 
RO AR 6 17,9 121.2 
1 S 126.3 1165 
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v he—— ' ) 
Figure 1. Trends m’) of average annval age-specific levkemid 

{ white population; United States, 1921-60 
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Tahle 4. Increases in the average annual U.S. levkemic ath rates since 1921-25 among white ‘ 
males and females, according to age group and 5-year ca ndar periods, 1926-60—Continved 

Age group 
clll‘llllilf ) W ST T o periods 35 41 45 54 55 61 I 6574 I > 7 

o . —p—— T— - — ‘ 

{ Male | Female | Male | Female [ Male | Female | Male | Female 
—~ -~ s . 

Absolute increase 

1926.30......... 3,495 378 7.8% 503 74 l 81 2007 
1931 35 10 1 6 52 1412 180 | 25 87 l 002 48 2 
1906 10 1313 10. 32 25 60 1876 418 2962 7. 55 
1941145 s 15 %0 12. 81 3447 2372 | 67.05 44080 132 10 
1916 50 . 18. 74 57 | 4090 20,60 | 95 10 | 62 31 | 102 08 
105155 22 .38 1674 A7. 45 3059 | 108 61 70.01 ! 26808 
1056 60 23. 95 15. 70 46 41 2024 | 116 03 | 69. 01 l 315 85 

Percentage inerease 

192630 28.3 28 6 308 225 4.5 79 483 
1931 35 726 0.9 551 529 65 6 56. 2 .Z 1 
1936 10 g9e 1 9.0 107. 4 841 8.8 816 l..:. 0 
1941 15 nin st 1405 1063 Lo 1267 252 ) 
1046 51 134 2 1L s 1718 126 | 2003 I7e v 3081 
1951-55 160 3 | 1s 2 1991 1471 3 4 W5 5102 
19566 60 i 1716 120.2 1949 | 1o |22 men | LA ) 
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Aivergence It relative parallelism between 15 mortality has occurred in recent years (9); for 
and 31 years, angd Whe older age elderly persons, there has been no tendency for 
groups (fig. 2). the rate of ri 
Discusslon *'-'-% (3). Thusthe mr_l; in«P~xuas and gradual sta- 

3 : bilization in Jeukemia " 
“ The changes observed in the sex distribution in the younger age groups have coincide 
p. of leukemin should be evaluated in context with throughout with diminishing sex ratios, while 
RN hasie trends of leukemia mortality reported for the continuously rising mortality among older 
| the United States. In a study covering the age groups has been accompanied by increasing 
|5 period 1921-55, Gilliam and Walter (3) dem- sex differentials. 

; onstrated continuous increases in the age ad- It is plausible that the contrasting sex trends 
justed leukemia rates for all ages, in each race observed in this study, like the multimodal age 

h and sex. Since 1910, however, a decline in the distribution of leukemia, are related to separate 
Tt ate of increase has been observed among causal factors which place specific age groups 

whites, but not among nonwhites (3). This at an increased risk of leukemia. Analysis of 
tendency has been most dramatic in the younger the age-sex-specific death rates reveals that the 
ago groups and progressively less evident with direction of changing sex differentials correlates 
increasing age. Indeed, among children under with the excess of either females (in children) 
3 years of age, an actual diminution in leukemia or males (in adults) contributing to the rate of 

e 

Figure 2. I’Wuul age-specific levkemia death rates amo;g white mc'u and 
emales, United Staftes, 1921-60 - --N s 
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increaze in lenkemia Malil). However, an 
appraial of faors that might be responsible 
for thee sox trends wonld appear to rely more 
on a comparison by sex of the absolute increases 
inage specific rates, Secular changes in the re- 
corded mortality for childhood leukemia, 1921 
60, show that the rates of increase over time 
have been greater among females than among 
males. More importantly, however, the ab- 
solute inereases in the age groups under 15 years 
have been quite similar for both sexes. Indeed, 
the reduction of relative sex differences since 
1921-25, as manifested by the decline in sex 
ratios, can be ascribed a priori to the equal num- 
ber of males and females contributing to the 
overall inerense in*mortality. To speculate, the 
mortality 5 for childhood leukemia may be 
attributed to of lenkemogenic 
factors which were newly introduced into the 
environment and affected both sexes equally, or 
(8) the result of improvements in the ascertain- 
ment of leukemia which would be expected to 
acerue equally to the sex-specific increases in 
mortality. 

Tn adult leukemia, 1921-60, both the absolute 
and relative rises in mortality have been greater 
for males than females. Contrary to childhood 
levkemia, the decline in the rates of increase 
since 1910 has been particularly evident among 
females. Male preponderance in these rates of 
increase is apparent with the age groups 35-44 
years and older; however, for the absolute in- 
crenses & I be observed as young 
as the group 15-24 years of age. While it is 
un®ear what eircumstances have accounted for 
the recorded increazes in leukemia over time, 
the coincident widening of sex differentials 
among adults would not appear attributable to 
changes in disease aserctainment, as eansed by 
improvements in diagnostic accuracy, disease 
certification, survival from infections in the pre- 
leukemic state, or survival following the devel- 
opment of lenkemin. Instead, the mortality 
trends for adult lenkemia suggest that since 
1921 25 the males have been selectively affected 
by increasing leukemogenic factors in the 
enviromment, 

Summary 

The continuous increases in US. leukemia 
mortality since 1921 were found in thisstudy to 

Vol. m 1961 

bo associated with sex. rtio (T N0 
death rates) which have declined among chil- 
dren and inervased among adults, The shifts 
in sex ratio oveurted only in the white popula- 
tion and were demonsteated in leukemia statis- 
tics for England and Wales. To evaluate these 
changes, a comparison was made of U.S. white 
males and females according to the “relative” 
and “absoluteTM increases which have occurred 
in age-specific leukemia death rates. In each 
age gronp the direction of the changing sex ra- 
tios reflected the excess contributed by either 
females (in children) or males (in adults) to 
the relative or percentage increases in mortal- 
ity. Of greater significance wero trends pro- 
duced by the absolW con- 
tained an approximately equal number of males 
and females in the eth*gs and 
an increasing preponderance of males In-each 
adult category. These trends suggest that (a) 
the rise in mortality from childhood leukemia 
has been caused either by leukemogenic factors 
introduced into the environment since 1921 and 
affecting both sexes equally, or by improvements 
in ascertainment of the disease; and (b) the rise 
in leukemia among adults has been real and not 
primarily related to improved ascertainment, 
with males selectively affected by increasing leu- 
kemogens in the environment. 
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Report on Oral Poliomyelitis Vaccine 
The Surgeon General's Special Advisory Committee on Oral Polio- 

myelitis Vaceine is wiging renewed drives by local communities dur- 
ing the fall and winter to vaccinate the younger age groups against 
poliomyelitis. 

The committee’s report states that the age groups to be immunized 
and the vaccine chosen for use should be determined locally. The 
committee says, however, that in its view the oral vaccination of per- 
cons over. 18 should generally be recommended only in situations in 
which unusual exposure to poliomyelitis might be anticipated, SChy~ s~ 
as e into military service, and travel to other countries. { 
It further recommends alteration in the sequence of administering T—— 
monovalent vaceine with type 1T the first to be given. The newly 
recommended orderis types 1T, T,and TIT. 

The committee strongly recommends immunization during the first 
year of life and the routine immunization of all children on entering 
school. 

The reconmendations were based on an exhaustive analysis of 87 
yeported eases of polio-like illness associated with the administration 
of oral vaccines which have occurred in nonepidemic aveas since 
December 1961, The committee concluded that it is not possible to 
prove that any individual case was caused by the vaccine and that 
no laboratory tests available can provide a definitive answer. Never- 
theless, the committee <.d, considering the epidemiclogic evidence 
developed with respect to the total group of compatible cases, it is 4 
helieved that at Jeast some of these cases were caused by the vaceine. 

2 eonsidered 57 of the 87 cases compatible; that is, pos- 
sibly induced by the vaceine. These cases occurred largely among: 
adults and were scattered throughout the country. Onset of illness 
fell Letween 4 and 28 days after vaccine administ ration. 

Dr. Albert Sabin, developer of the oral vaccine and a member of the 
committee, filed a dissenting veport ealling for the continued immuni- 
zation of all age groups. 
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