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· With the discovery that the majority of individuals with Mbngolis)Ii_ •,: .. ;,;i.I"•t'C 

• - • ' J'l t.J ·:~·Y.J. 1•1'~'.t'fl".• 

are trisomic for chromosome 21, attention has been focused-on the. tiine',~,•',,";;t 

period prior to conception and on'. gametogenesis in searc~ ~£ an expla?/'. {;· 

tion for the error· of non-disjunction. . . ,: : ·; " . \; [':.:·:;,/~•;(!.t; 
. Because of the '·known rela'tionship bet\~een ionizing radiatio~., an1·. ~;J./!{:., 
chromosomal aberrations· including non-disjunction in Drosophila, l~b!'.>{.,,,:/:;;<:J~ff 

ratory animals and man (1-11), the association of leukemia and .. Mo~-'J:':'..; . .' '.:;:r 
golism (12-14), and the widely 'aq:epted leukemogenic effect of-tadiat~~n,<~t{,t! 

(15-21), a significant link between ionmng radiation and M'opgolis¥. :t'},"' 
was considered a reasonable possibility.. · · 1~)\.,'.~ f 

The recent cytogenetic and epiderniologic -obse1yations s,tirriulated 'the. :,>: · · ;' · 
present study of the.possible relationships between Mongolism and ioniz- - · 

ing :radiation prior to. or. around the time of conception. As · part.' of an 

epidemiologic in"..estigation 'utilizing interview technique and medical,: 

record analysis, a group of mothers and fathers of children with· Mon'- .~: , .. 

golism and control subjects were evaluated for 'exposure to varicms. types 

of radiation. 
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MATERIALS AND METHODS 

A. Selection of Cases 

The names of. children with a diagnosis of Mongolism were made 
available by the Maryland State Training School, special Baltimore private, 
county, parochial and public schools., Baltimore hospitals and private · 
physicians. For the parents of a child to be eligible for interview, the 
child must have been l) of Caucasian race, and 2) born in greater Bal ti­
more after January 1, 1946 and prior to October 1, 1%2. These criteria 
were imposed to limit the recall period to more recent cve11ts and to 
facilitate the location of hospital records. Although no attempt was made 
to ascertain every Mongol born during this period, 41 !J cases were col­
lected. After eliminating those who did not meet the study requirements, 
288 cases of Mongolism (not yet verified by physical examination) were 
initially available for study. Of the cases eliminated, 17 could not be 
located in the city directories; 51 were definitely not born in Baltimore; 
birth certificates could not be found for eight; :38 cases were not Caucasian; 
and 17 were too old for the study. 

B. Selection of Controls 

· · The birth certificates of the childre11 with Mongolism were first located 
and their place of birth and other vital information verified. Controls were 

· then selected by matching, in a systernatic manner, each case with another 
· birth certificate for 1) hospital of birth (or at home), 2) sex, 3) date of 

birth, and 4) maternal age at rime of birth of the child. 
· ,All 288 cases (100 per cent) were matched with controls of identical 

. ·1. ·.·sex, race, and hospital of birth (or home). The general results of the 
?. : matching of maternal age and date of birth are shown in Table I. Be­
.. ,: cause of reasons to be discussed below, a certain number of cases were 
; .. et'iminated from the study, and thus fewer than the original 288 cases were 

ultimately used in the final analysis. 

"C.' Con.tact and Inteniiew of Parents 

After each family was located, a form letter describing the study as an 
''.investigation''. of parental and child health factors was mailed. The same 

. ,.l~tter was ·sent to both the l\1ongol a11d control families, and no mention 
was made of Mongolism in this comrnunication. The mother and father 
were then interviewed, llS11ally i11dcpc11dently, in the home. The approach 
to both the families of the l\lo11guls and controls was uniform; the imcr-

·.viewers were not informccl which were cases and controls, and recognition 
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T1\BLE I 

Siw1111r11y •!f ,\f"td,i11g bc/1('1'(/1. 1\lu11gol.r and Contrnls 
! •-------------- ------ ------------------------

j _____________________ ---~«:~~~--11 __ ,,_,t_,_1i_"'_1 _n)_''------~-~ 
Xo. (.if I Same Bir1h Datt-< :--::1111t· Birth Dale, I Same Mat. Ag-c 

Mongols &- 1\1atl'1nal A_t.;d J1if. i\·1aternal Age _ i)if. Biith Date 
Dif. Mat. Age 
& Birth Date 

I 

No. I 
,., ., f\o. I (;,; Xo. I ',>;; No. , o/r, ~:_ . ·1 '

1 

-----1--·· ---- ~-·~-
19 or less. 
20-24 .. 
25-2~1. 
30--34. 
35--39. 
40-44. 

·--· 1' ·· 

. . . . 

. . . I 

45 or 1nore .. 

Total • , • • I 

I 

---·-·- -------• I 
! 

9 'J 
I 

!IHI.I) 

47 ·H '.Jl.:·J 

40 '.lli I 'JU.II I 

60 :):j I 'JI . 7 
B2 7B 

I 
95.2 

4G 2'' "11 J. O ., 
I 4 
i 

2BB 244 I B4.7 

* Same case birth date-within 6 months. 
t Same maternal age-within I year. 

·····•-i ----
I 
I ."),() '} ., 

2 3.:l 2 
2 2.4 I 3 

2 4.:l 2 
l'J 41.:l 2 
3 r,.o 

29 10.1 12 

fi.4 
5.0 
5.0 
2.4 
4.3 2 

4.2 3 

- .. 

4.4 . 
25.0 ,• 

.. 
'' 1.0, 

of the Mongol's family was not usually n1ade until the actual interview 
was conducted. 

Ont of the 288 cases and 288 controls initially selected for study, inter- .. 
views were obtained on 87 .5 per cent of the mothers and 85,8 per cent of 
the fathers of the Mongols and on 8ti. l per cent and 85.4 per cent of the 
match~d control mothers .and fathers respectively. In every case where a 
family refused to cooperate, the corresponding matched case or control 
was also eliminated from analysis. There were only minor differences in 
success of interviewing both groups. Only 5.5 per cent of mothers. of 
:Mongols and 7 .6 per cent of the control mothers refused to cooperate, 
while 5.9 per cent of the Mongol fathers and 7.6 per cent of the control 
fathers also refused. 

D. Method of Questioning 

Questions_ about radiation exposure were always phrased without refer­
ence to the birth of the index child. For instance, "Have you, anytime 
during rur life, had x-rays or radiation for gallbladder disease? If so give 
the elates and places where this occurred." Only later, during the analysis, 
were these radiation occurrences enumerated and placed in the time 
period either prior to or following the birth of the Mongol or control. 

E. Medical Records 

A simultaneous study of several characteristics of the parents was carried 
out by examining hospital records. A list• of every parental name in the 
study, both married and maiden, was submitted to every hospital in the 
city of Baltimore. This was performed independently and irrespective of 

---

. .. -,.\•i.·· .. 
• ,1 • 

·.·' ..... ; 
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the information obtained on interview. If a record 'of attendance at the 

hospital was available, the chart was reviewed in entirety for I) medical 

diagnosis during both in and out-patient visits, 2) surgical diagnoses and 

procedures and 3) x-ray or other radiation exposures. 

F. Verification of Diagnosis 

A set of physical criteria for Mongolism based on the most consistently 

· observed findings, as previously reported (22, 23) was established. These 

"primary" criteria included brachycephaly, slanted palpebral £issues, epi­

canthic folds, palmar simian lines, malformed cars, broad &/or short 

neck, malformed fingers &/or hands, nasal abnormality, hypertelorism, 

abnormal palate, Brushfield spots, and broad &/or short trunk. Each 

available case of Mongolism was examined by the senior author (A.T.S.). 

The diagnosis and inclusion of a child into the study was confirmed if 

(A) on personal inspection the child appeared mentally retarded and had 

at least six of the primary signs; or (B) the diagnostic criteria (at least 

seven in number) were actually listed by a qualified observer on a medical 

record. The statement on a chart that "this child is a Mongol" did not 

satisfy the criteria. 
On the basis of the study criteria, the diagnosis of Mongolism was veri­

fied in 236 or 92.8 per cent of the cases. Of these, 155 diagnoses were based 

on physical examination alone, 55 on both personal examination plus 

hospital records and 2G from hospital records alone. Nine cases, or 3.6 per 

cent, most of whom were deceased, were eliminated because their avail­

able medical records did not list: the required number of signs to confirm 

the diagnosis. Another 3.5 per cent were rejected on personal examination 

.: ·-, .because of 11egative or equivocal c.liagnosis. ·rhe total number of cases is 

inexcess,ofthe 216 Mongols (all verified) ultimately accepted since some 

•:' ...... , · cases were later eliminated for other reasons. 

1 c>· C omposi Lion of Firwl Study G rou Ji 

, <q/; Although 288 cases were originally available for study, 72 of these were 

':::~//. eliminated for the reasons listed below, leaving 216 Mongol families and 

.• r>, 

.,,,··' 

.. 

, IUatched control families for the final analysis. 

, Conditionally Accepted to Study: 

Elilninatecl because of: 

: , ·, :Incorrect or cquiYocal diagnosis: 

· :: Mongol's parents refused to cooperate: 

Unable to locate Mougol's larnily: 

Mongol's farnily unable to give adequate interview: 

.Control refused tu coopera1c: 
Accepted for Fiual Analysis: 

288 

18 
17 
IS 

9 

20 
216 
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RESULTS 

1. Re.1idc11fi(lf lfisto1y 

It was essential to study residenti;tl history to I) evaluate possible differ­
ences in backs;round radiation expo.\111-c, '.!) rule oul differences in medical ·'. 

. ~· 
" 

exposure based on geographical proxirnity to rnedictl facilities, and 3) in~ . .,. 
sure that. the risk of being irradiated in a Haltimorc hospital was not af- '· 
fected by difkrences in the duration of residence in Baltimore. 

Sixty-one and one-tenth per ccntc. of the mothers of Mongols and 57.9 
per cent of the control mothers \1TtT born in Metropolitan Baltimore; 
54.6 per cent of both the Mongol and control fathers were born in Balti- · r:, 
more (x~ = 1.51, not statistically significant). In addition, there were no ·, ··:} 
other significant differences in areas of bin Ii-cit her within or outside the.'; __ 
United States .. 

The length of time spent in Baltimore prior to the birth of the index 
child was very similar for both groups of parents and is summarized in 
Table IL :Mongol and control mothers numbering respectively, 56.5 per 
cent and 57 .0 per cent and 50.5 per cem a ncl 53.7 per cent of the Mongol 
and control fathers had spent their entire lives in Metropolitan Baltimore, 
either starting from birth or prior to age l 5. There were no significant 
differences, for residential history bcnreen the cases and controls. Furthe·r­
more, there were no significant differences in the total number of years 
spent in other major areas of the United States prior to the birth of the 
index child. 

Analysis of the type of parental residence during the five years prior to 
the index child's birth demonstrated that there was no concentration of 
parents either in the rural or urban areas during this period. Ninety-three 
and one-half per cent of the Mongol mothers and 92.1 per cent of the 
control mothers lived in cities during this time period, while 89.7 per cent 
of the Mongol fathers, and 89.0 per cent of the control fathers were in 
this same category. 

There were also no important differences in the kind of construction 
materials present in the parental dwellings during this period. Brick, 
stone, wood or combination type dwellings were reported with similar 
frequency. 

II. J-J ospitalization I-I istory 

Since a separate evaluation was made of radiation exposure occurring 
only in Baltimore hospitals, it was essential to determine whether differ­
ences existed in the frequency ofhospital attendance. Sixty-one and one-

• All percentage distributions are calculated 011 the basis of total known positive or 
Jilegative responses, after "Unknowns" have been subtracted. 
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TABLE II 
'- ·-

Residential History in Baltimore Prior to Birth of.Index Child 

Mothers Fathers 

Type of Residence Mongols Controls Mongols Controls 

~o. % No. Oj;J No. % No. % 
-----------------

Lifetime residence since birth. .... 106 49.1 98 45.4 101 46.8 10.5 4B.6 

Lifetime residence since 15 yrs. or 

younger. . .. . . . . . . . . .. . . . . . . . .... 16 7.4 25 11.6 8 'J. 7 II 5.1 

Not lifetime residence .......... .... 93 43.0 91 42.1 99 45.8 97 44.9 
------------------

Total reported ..................... 215 99.5 214 99.1 208 96.3 213 98.6 

Unknown .......................... I .5 2 .9 B 3.7 3 1.4 
-----------------

Total. ......................... 216 216 216 216 

half and 62.8 per cent of the Mongol and control mothers plus 30.3 per 

cent and 30.8 per cent of the Mongol and control fathers respectively, 

reported that all their hospitalizations had occurred in Baltimore. Thirty­

five and seven tenths per cent and 34.9 per cent of the Mongol and con­

trol mothers and 21.6 per cent and 22.9 per cent of the Mongol and control 

fathers respectively reported hospitalizations to have occurred either in 

Baltimore or outside of the city. A larg·er number of hospitalizations out­

side the. city were reported by the fathers, mainly due to illnesses which 

.. occurred during military service. 

· r : Because the hospital records were searched independently and irrespec­

tive of the data acquired on interview, the assessment of the accuracy of 

the reporting and the success of locating medical records was not available 

c: until completion of the study. Analysis then revealed no significant differ-

ences between the Mongol and control parents with respect to either the 

·over or under-reporting of hospitalizations (Table III). The medical hos­

. pitalizations were reported with most accuracy and as a relative measure, 

' hospitalizations for tonsillectomy and/or adenoidectomy were reported 

,j; ;· with least reliability. The accuracy of reporting, therefore, was much 

, greater among mothers than fathers, but case and control parents were 

:;,: practically identical. A total of 21 hospitalizations were found on medical 

··: .. records that were not reported by l\longol mothers as compared to 15 for 

·· control. mothers. Similarly, the Mongol fathers failed to report nine hos-

pitalizations and the controls seven. 

III. Radiation Ex.jJOs11re-Place of Occ11rrence 

Distribution of the parents according to the source of the radiation 

•1 exposures reported on interview are shown in Table 1y. There was, again, 

' I .. , 

i 
I 

I 
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Father~ 
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TABLE IV 

27 2G I'' ,) 

'.W 2H 12. 
'20 21 ll 

2 4 3 

14,, 79 

4B. l 
60.0 
5.'i.0 

1:i0.0 

51.0 

14 53.8 
14 50;0 
8 38. l 
5 12.5.0 

,· 
7a I 53.8 

' 

Hiilor)' o/ Li/flime Rarliatio11 Expo.rurr-···l'!ace of Occurrence Takrn from Interview 

l'!acc of Total Exposure 

All in Baltu. hospitals. 
Halto. hosps. pllls .Balto. private 

physicians 
All fro111 Bal to. private physicians .. 
All in Baltu. and outside hospitals .. 
All in outside hospitals* .......... . 
Other combinations. 

.Mothers Fathers 

------- ------
Mon.l.!ol!- I Control~ Mongols Controls 

__ No. J __ %_ I.. 
·----------- ----------
.\io. '½., i\o. ((/ Ko . % //) 

--- ·-·-··-- --- ----- --- ---
I 

47 '23. 9 
I 

45 22.2 23 12.B 26 13.3 

28 14.2 36 17.7 31 17.3 3'2 16.3 
40 '20.:l '.1:> 17.2 23 12.8 35 17 .9 

4 2.0 2 1.0 13 7.3 13 6.6 
7 :J.G 9 4.4 25 14.U 28 14.3 
9 4.:> 7 3.5 19 10.7 19 9.7 

197 '.W3 179 196 Total known 
Unknown. . . .. . . . . . .. . . 19 8.B I 13 6.0 37 17.1 20 9.3 
----------------------··- ---- -----1 . --------------1---

Total.. . . . . . . . . . . . . . 216 I 216 216 216 
' I ---------------------------------

* Outside of Baltimore City. 
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great similarity between the Mongol and control parents with respect to 

the number of parents reporting that all radiation e'x:posures occurred in 

Baltimore hospitals. Because of the magnitude of the task, there was no 

independent study or verification of sources other than the Baltimore 

hospitals, and analysis in these cases was confined to the interview data. 

IV. Description of Radiation Exposure 

The history of irradiation as summarized from the interview and medi­

cal records is divided into the following categories: l) diagnostic radiation 

excluding Huoroscopy, 2) fluoroscopic exposure, 3) radiation for therapy 

and 4) occupational contact. 
The medical radiation data include the exposures from contact with 

physicians of medicine only and do not include irradiation from dentists, 

other types of physicians, or from use of shoe fitting apparatus. 

Since analysis of hospital records was limited to Baltimore hospitals, the 

total exposures reported on interview for each kind of radiation is con­

siderably more, for each group, tha11 was found in the medical records 

alone. (Most of the total radiation exposure occurred at places other than 

the Baltimore hospitals). 

A. Diagnostic Radiation 

A summary of the total x-ray exposure for diagnostic purposes prior to 

the index case birth (excluding lluoroscopy) is shown in Table V. The 

data, as shown, include the total number of individual sessions at which 

diagnostic x-rays were taken rather than the actual number of x-ray films 

exposed; i.he precise number ol exposures per session was impossible to 

estimate in a retrospective study, but: the total number of sessions re­

ported is assumed to represent at: least 011c x-ray film exposure. The 1H1m­

ber of occasions x-rays were taken prior to the birth of the index child was 

,, · totaled separately from both the interview and hospital records. There 

. was a slight excess of toral exposures for the Mongol mothers recorded at 

interview and also independently, frnrn hospital records. However, in 

neither case is the difference statistically significant (x~ = 1.54 and X~ = 
.88 respectively). In additio11, the total diagnostic exposure for the :\lungol 

and control fathers is practically ide11t ical and, again, there is close agi-ee­

ment between the interview a11d rncdical records. It should he 1111dersto(J(l, 

as already explained, thar only a port ion of the diagnostic radi;1tio11 expo­

sure occurred at Baltirnore huspitals. Therefore, the diagnostic radiation 

exposure is considerably less th;111 tl1at. reported 011 inttT,·ic"· and must be 

considered as a similar, hut separate 111('as11n: of exposure. 

The total diagnostic exposure (cxcl11di11g fluoroscopy) was further a11a-
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No. Tim&s 
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4. 
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Total positive. 
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TABLE V 
'Fatal N11111bn of X-r~)'s or Other Radiation .fnr JJiagw,sis Prior lo Hirth of tht Inds:,: Child 

(Excluding Fluoroscupy) 

I 
! 

. l Hospital RL,:orus 

------------~-~-------- i . 
Mothers Fathers I I\fothcrs F:tthcr~ 

Interview Data 

________ :___________ -.-! -·--------·--------· 

I I I · 
l\,longols Controh nlongol~ Controls Mongols ! Contrnls i ).f.mgol:-; Cor.tr,)15-

?\o - - % --;o~ - % ,-;o_ -1 '.¼, _Lxo. I. '7r ! ;\'o. i ':o ; :--:,, __ 1 · .. _ --/:·--;\'o _; _?~_C;_•~---~-. 
I I I i I I ' ; 4!l n.o 40 19.3
1 

:rn 1 20.1 I :,2 'I:i.7 1 n 1, ... 1 22 11J.2, 12 7 1+ ,_;_::; 
1 '.) 5 . 9 I.", 7 . 3 ! I h ( B . 5 ! I 7 8 . 3 12 :, .ii I I 5 . 0 <'J ·t _; tl l. 7 
10 4. 9 5 2 . 4 

1 

8 I 4 . 2 
1 

lO 4. 9 3 I.+ 2 . ') + I . '.J :l. 3 
5 2.5 .5 6 3.2 8 I l 9 2 .9 I 5 i 2.3 4 !.9 J 1.4 
~ 2.5 5 2.4 14 7.4 14 I 6 9 5 2.3 1 5 ' 2.4 .i I.+ ·l .9 

77 66 82 BI ii 1 53 I ! 45 [ 32 i :H I 
127 62.2 141 6B. l 107 .'16.6 123 61J.J [ IG2 : 75 4: 171 79.2 I 179 : tH fl: IHI , 81 ·2 

-------I--------------- - ---1----i---1-- -----,-,--- ---, --- ' --
Total known. . .. .. .. .. . 204 207 ' 189 204 I 215 i 216 j I 211 · ' '.215 ! 

I I i i 
Unknown. 12 5 6 9 4 2 27 12 C j ') 5 6 j I C ' C ? n j j -. . .J - . . .. ) - ! - I J __ ,:, 1 .J 

Total. 216 216 I 216 I 216 I 216 ! 216 I . I 216 216 j 
-- -·--·---------------------------~----------------~---~~---'---------

Fathers x 2 = 1.54, P > .20 I D.F. Mothers x 2 .88 P >".30 I :P.f. 
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lyzed according to the type of the x-ray procedure. The results of parental 
exposure from abdominal and/or pelvic x-rays are'""shown in Table VI. 
There was a greater amount of abdominal and/or pelvic exposures re­
ported on interview for both the mothers and the fathers of Mongols as 
compared with control parents. However, the differences cannot be con­
sidered as significant (P ,...__, .10). Because analysis of the total diagnostic 
exposures revealed little difference between the cases and controls with 
respect to multiple exposure episodes, statistical evaluation of the re­
maining types was based on the total of one or more exposure episodes. 
Table VII summarizes the results of enumeration of each type of expo­
sure with the x2 value based on the total of one or more episodes prior to 
the birth of the index child. ·where the difference was very small, no x2 

value was calculated. Because of both the scarcity of positive results and 
the failure to reach higher probability levels, the results in this category 
of exposure cannot be considered to be beyond the limits of chance. 

In all cases, the exposures were spread over a period of one to 20 years 
without any concentration in the years immediately preceding the birth. 
In addition, the number of exposures tended to increase with parental 

. age, but there were no major differences between the two groups. 
Diagnostic x-ray exposure following the birth of the index child was 

also studied, using only the interview data. There ,vas no difference in the 
total number of exposure-episodes for either mothers or fathers. There 
were also no significant differences found when the total exposure follow­
ing the index child's birth was broken down by individual kinds of x-rays. 

B. FluoroscojJic Exjwsun: 

The total maternal liuoroscopic exposures reported on interview are 
summarized in Table VIU and tabulated according to the number of ses-

. ·sions and maternal age at the time of hinh of the child; l 7.7 per cent of 
the Iv!ongol mothers had one or more fluoroscopic examinations prior to 
birth of the index case, as compared to only 8.1 per cent of the controls. 
This difference is significant at less than the I per cent level (x~ = 
8.25, P < .01). As expected, the 11u111ber of exposures increased "·ith ad­
vancing maternal age. However, even though the mothers were matched 
for maternal age, 58.3 per cent of the Mons;ol mothers reporting fluoros­
copy were over '.~5 years at the 1 ime or the case birth, as cunq>ared to -:13.8 
per cent of the control mothers. 

The body area exposed during ll11moscopy as related by the mothers is 
shown in ·rable IX. The larger ;u1101111t of Huoroscopy i11 tl1e Mongol 
mothers results from tl1e co111hi11ed increase of chest. ahdorninal and 
"other types" of exposme. The 111u11ber of 1\fongol mothers reporting ex-
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TABLE VI 

"f"olrz/ Dia.~110,lic Ahr/0111i11a! and/or Pelvic .\"-rars Prior to /Ji11/, of !ndrx Child 
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l\futhers I 
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' - Interview Hospital Records ' [ntcrvkw 
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None reported 
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TABLE VII 

Summary of Diagnostic X-r,~y Exposure Prior to Birth of Ind,:x Child 

(Fluoroseopy Excluded) 
---------------------------,---------- . ··-··-· ··- .... 

.Mothers Fat h..:-rs 

Type of Diagnostic X-ray 1 
lfospital Records lntcrdt•w I Jfo~pital Records 

---· -·------!------ ··- -------·--·--- ·--· ----·-- ------·-

x' }' x' p x' I' x' I' 
-~~---------,------·- --·------·-· 
Chest X-ray ............ . 
Gallbladder series. 
Kidney, including I.V.P .. 

· Abdominal, including G.I. 
series . 

Head. 
Spine ......... . 
Arm &/or leg. 
Other organs . 

N.D.* 
. 225 >.:iO 

N.D. 

N.D. 
N.D. 

-4.BI < .05 

.40 > .:,() 

N.D. 

.B2 >.30 
N.D . 
N.D. 

N.D. 
N.D. 
N.D. 

:l.BB < .ll:l 
N.D. 

N.D. 
N.D. 

. :,() > ,'.l() 

I. 1H >.'.!ii 
.w >.:111 

N.D. 
.B'.! >.:m 

N.D. 

N.D. 
:). I:! < .II:, 

N.D. 

N.U. 
N.1). 

I. "Hi > .211 
- I .~Ii > .211 

N.D. 

Note: (-) (Minus sign) = greater exposure for controls. 
* N.D. = No Difference. 

TABLE VJif 

Total Interview Data for !11aternal Fluoroscopic Exposuro Prior lo Birth of the lnr/,:x Child h)' Mat,:n",I 

Age at Birlh of IC and Nwnber of Flunroscoj,ic St:ssion.r 
------..... •··-···--···~ --··-·--· ... ------· ··----···· 
Number of Sessions 

.Mongols Controls 

Maternal Age at IC Birth l--~-"~--"'--1 
1 

1 e ,, 
1 

] I " 
o ·.S Q ::; O -~ •·• I ~ 
s ·:::'" "' C, I -;;; ;2 . -;; I s -/g II " ~ 1· -;; g ~ -c··~ c~~ ~j .!t .., ~ ...,c... ::::z ...,~ ~ S 

I
- ~ ~ ~ I} .~ ,e ~ 

19 or less'.... - N f-< I Y: Ii I '"'(; "·-- -',:- - " N .• ---1- -~--i--·:· -:- -(;· 
20-24 ... · .... ·......... :; - l :, 2a /

1 
:ll :5 34 2 1 j 3 / 2u 1 :i2 1 :n 

25-29. 3 - i :-; 2G 'l.'J 1 30 -- .: 1 , n I :H1 2 :'>2 

30-34 .... ,.......... 9 - 1 g :H ! 4:s 4 47 c, •;·· I ~ :rn j 1:; s ~g 
35-39 ............... I 1'3 I I 14 ,v; · :;'i 4 ,;:, 3 ">II ; ",:, 7 W 
40-44, . . . . .. . . .. . . . I 3 ·; j b 'l.7 I ·n I I 'H 'l. ! --- ; 2 :m 1 :12 :1 :v; 

45 or more .......... ____ -~ :--:------1--- ~-, ___ J_ ~- ---1~-~J __ -~·: __ J_=~-,--~:~ ... : 
total .......... ' 32 4 

1
1 % I J(i7 :'l.fi:l i:s !:rn; l'.i I :.1 : IG : IB'l. 'l!HI ! )fl !:Lib 

%ofknown ..... _···1!5.H :1-9 17.7 1B:L.:, ii,() G.G /1.5 ,fl.I ;91.!J I ilU i 
' ' ' -------~--------- ----~--·- -----

' . x2 ~ 8.25, P = < .OL 
.. , . 
· · posnre of the chest: or abdomen is almost. twice that. of the controls. (Chest 

· · x2 = 2.56, Abdomen x2 = 2.'.?5, Otl1n x~ = 2.6~1.) 
Because only a small arnounr of the rntal radia1io11 expos11rc occurred 

. i11 ~he.Balr.imorc hospitals (the majority from private physici;111s a11d other 
sources), the number of fluoroscopic q,is<,<lcs in these l1ospitals was \'t:ry 



.'386 SI(;IXR, LILIEN.Fl-:I.r\ COi !FN AND WESTLAKE•. 

T.-\BLL IX 
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2() I 

2 or 11101-e I I 
Ill 

1 

(j . '.~ 

.:, 

--··•-·-----·-··- ---------·----

... -------------------
Controls 

( )1 her 

---· ·--i----·- ---···---- --

1, 2.:i/ H, ·LO! 7 3.:i 2 
.:, , -1 : :2.0 I 

Total pnsitin·,. 21 1-4 7 12 i ! 7 
Nonr, reportr,d lB:1 H9.7 l'.ll; en_'.! l'.JH i 'J(i.li, IBH i 94.0 ! 193 %.:i 
--·-· -·-- -------- .. ,, .. ----,--......... - . ---\------·'1--·--1:-- --- -- . 
Total knuwrc 204 I 21Ju i '[ 200 200 .· 

: I 
unknnwn 12 i II 5. 11 :j_ J i JG I 7.+ I 16 7.4- 16 _ . 

--~:::!·~~~_;:·:_--_-~~----2-_·:·~=---·,-___ ---_-_--_____ , .. _ .. __ -_-_--__ --_-_•_---_---_-_-_--__ --_;_-:'.t~-L- __ i_ ~I~ i I 2l(j .. I 211> ·_ :> 
small, and ll(lt amenable to statistical analysis. However, the discovery of 
tlic small number of exposures after searching the hospital records _was 
verification for the small number of Baltimore hospital exposures reported 
by the mothers on interview. From medical records, there were reports of ' 
only one :\longol and three control mothers with a history of bona fide 
fluoroscopy prior to birth of the index case. Therefore, most of the excess 
of fluoroscopy in the Mongol mothers can be attributed to sources other 
than the Baltimore hospitals. In contrast, the control mothers reported 
more fl um·oscopic procedures fol lowing the birth of the index child than. 
the Mongol mothers. However the difference was not statistically signifi­
cant (x~ = 2.GI, P > .JO). 

The fluoroscopic history of case and control fathers, both prior to and 
after the birth of the index child, was strikingly similar. On interview,· 
7.!! per cent and 8.8 per cent of the Mongol fathers reported chest and 
abdominal llttoroscopic procedures respectively, while 7.8 per cent and 7.9 
per cent of the control fathers reported chest and abdominal exposures 
before the birth of the index case. The number of exposures for fathers. 
found Oil medical records for the same time period was also very sman and· 
not significant. 

C. Tlu:raf1eutic Radiation 

The data on maternal and paternal therapeutic radiation exposure are 
presented in Table X. Of the mothers of Mongols, 14.5 per cent reported 

. '." 



TABLE X 

Thnapmtic Radiation Exposure Prior to Birth of Index Child Interview Data 

Number of Parents Having One or l\1ore Exposures 
·-- ·-- ·--·- --· ------------------------------------------- --------- --

Condition or :\rt>a l\fothcrs 

Mongols ] 
_______ ------1---~~l--
~kin. 
\\'arts &ior birth n1arks 
·ruu1ors .. 
~inns & /or adt.-noids 
Bursitis 
.\rthritis. 

!\knstni:d or rcproducti,·c dis-
ord,-rs 

Thyroid .. 
Poh-cythc,nia. 
Ot!tn .. 

19 
4 

I 

') 

Prior to Index Child 

Controls 1Iongols 

9 
I 
2 

I - -

2 

Fa then; 

Controls 

7 

2 

2 

3 

·:11ongols 

2 
2 
3 

3 
I 

2 

Mothers 

Post Index Chi!,] 

Controls 

2 

2 
2 

2 

.!\fongnh 

3 

3 

Fathers 

Control:;; 

2 

3 

2 

-------------- - --------------- ----------
!\ I others Prior 

x' = IIJ.",-1-, I' = < .ill 
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one or mo1-c ther~1Kutic expos111Ts as compared to only 5.1 per cent of the. 
control mothers-a three-fold increase. No differences were noted for the 
fathers. The increased J\Iongul 111atcrnal expns11n.: constitutes a highly 
significant difference (x2 = 10.5,J, /' < .01). The major portion of this 
difference is contrilmted by the large nu1nhcr of exposures to the skin 
reported by the tvlongol mothns; tl.8 per cent of the Mong·ol mothers re-· 
ceiwd skin irradiation and only '.!.,\ per cellt of the controls-a difference. 
that is also significant (x~ = 8.G-1, I' < Jll). OE the 19 Mongol niothers 
who recei\-ed skin therapy, six wnl' irradiated for acne, two for eczema, 
five for various other skin co11di1 ions. and six for unspecified diseases. 
Neither acne nor eczema \\'ere reported as a reason for skin irradiation by 
the control mothers. There \\'ere also six control mothers who did not ::,. ,;., 
specify the kind of disease for \rhicl1 they were irradiated. •!' , 

~o important differences \HTC lowHI in the time relationship ·of the- .,,;' 
exposure to the birth of the index child; most of the skin irradiation to·'·'.·' 
the J\I ongol mothers occurred more than eight years before the birth of 
the child. 

The number of therapeutic exposures listed in the medic;al records 
were extremely few and were not: useful for analysis. 

The Mongol mothers were also fo1111d to have a slight, but not signifi­
cant excess of therapeutic exposures following the birth of the child. The 
fathers again failed to reveal significant differences for therapeutic expo­
sure. 

D. Occupalional ExjJoswe 

The occupational histories of the parents were scrutinized for indica­
tions of possible exposure to radiation or other energy sources. Seven and 
nine-tenths per cent of the Mongol mothers and 3.3 per cent of the control 
mothers worked in a professional or technical capacity in medical fields. 
This d,ifference is significant at the!'> per cent level. Mongol mothers num­
bering· 82.'l per cent were employed for more than one year in medical 
fields. Eight 1Vlongol mothers and three control mothers gave actual his­
tories of x-ray and/ or fluoroscopic exposures in all types of occupations 
prior to the index child. 

The experience of the fathers prior to the index case in various occupa­
tions was very similar, except for an excess of military service for the 
fathers of children with Mongolism. There were only four fathers from 
each group who had been involved in professional or technical work in 
the medical fields prior to the child. 

Because of extensive history of paternal involvement in the armed 
· services, an analysis of military experience was carried out. This. revealed 
that 63.1 per cent of.!he Mongol fathers as compared to 56.6 per cent of the 
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control fathers had service experience prior to the birth of the index 
child; the difference is not statistically significant':' Eleven and one-half 
per cent of the Mongol fathers and 7 .9 per cent of the control fathers were 
in military service within two years prior to the conception of the index 
child. Only two Mongol and two control fathers had military duty follow­
ing the conception of the index child. One hundred and four Mongol 
fathers and 100 control fathers had their military experience more than 

. two years prior to the conception of tbe index child. There was an in­
creased but not statistically significant number of Mongol fathers in the 
Army during this military service. 

There were no important differences in the professional or industrial 
radiation exposures for the fathers prior to the birth of the index child. 

As an additional source of radiation energy, though non-ionizing in 
nature, a history of radar exposure was elicited from the fathers. A signifi­
cantly increased amount of radar exposure was obtained from the Mongol 
fathers. Eighteen, or 8.7 per cent, of the fathers of children with Mongolism 
and seven, or :).3 per cent, of the fathers of controls reported intimate 
contact with radar both in and outside of the armed forces (x2 = 5.37, P 
"' .02). The military radar contact occnrred when the father was either a 
radar technician or radar operator. The increase in military radar expo­
sure in the Mongol fathers is supported by their histories of increased 
military service. 

E. Summary of Exj10sure 

A summary tabulation and analysis of the parental diagnostic, thera­
peutic and fluoroscopic cxposmc is presented in Table XI. Of those 
parents with definite ·'yes" or ·'no" answers for radiation exposure, 50 per 
cent of the Mongol mothers repor1cd "no radiation"' as compared to :i!J.9 
per cent of the control mothers. This difference is significant (x~ = 4.1:5, 
P < .05). Hospital record analysis re\'ealccl that 7'2.7 per cent of the :\Ion­
gol mothers had no radiaLion whatsoever, as compared to 78.2 per cent of 
the control mothers (x" = 1.80, /' > .10). As sholl'n in pre\'ious tables, the 
increased exposure of the Mongol 11101.hcrs, as repurted on interview, is 
mainly a result of fluoroscopic and tlicrapcutic radiaLion. Thirteen Mon­
gol mothers and only two con1rol 111C>1licrs reported a combination of one 
or more each of diag11ostic, ll11ornscopic and thcrapeuLic e:--:pns1ires-a 
difference which is signilica111 (x:: = 8.'.Hl, l' < .01). The s111umary 
of hospital radiation experience ag:1i11 demonstrates the sparse arnoum of 
fluoroscopic or therapeutic radiations reconkd. However, an increased 
amount: of diagnostic exposure for Ilic !\fongol rnotlicrs is e\'idcnt, though 
not statistically signilica111 (x" = 'l..Kli, / 1

"' • I 0). 
The Mu11goJ fathers also dc111011s11a1cd a sliglil lot al increase of radia-
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TABLE xr 
S1111111lW)' of Parm/a/ Dia.gnostic, Fluoro.rcr,j)ic, c' Therapwtic Hadi,1/1011 ,_11,,, ur .\lnr,· 

Expn.rnres) Jnteruic11· and Afedical Records Prior to Hirth of tl,c lnJ,·x C:hild 

Type of Exposure :.\·1ongols 

'.\o. 

No Radiation. l04 
I 

Radiation 

--------------

50.0 

)!others 

i 
! 

Controls 

--,---------· 

:'\o. 

Interview 

124 

":\t1. 

H6 

Diagnostic only. . 5G '.!.7. I G'.!. 50 24·.0 

Fluoroscopic only.. 7 3.4 II 10 4.8 

Therapeutic only. 3 1.4 4 8 3.3 

Diagnostic & fluoroscopic 8 3 9 I 7 14 6.7 

Diagnostic & therapeutic. . ! 
2 

6 2 9 11 

Fluoro. & therapeutic. _; 1.U i :J •1 

7 3.4 

\1011;:ol~ 

43.7 

3 I. 5 
",.G 
2.tl 

<l.(i 
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:!.I.I 

F:~tilt'r.~ 

f·,•,11ind-.. 
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I I l -l . ~l 
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tion exposure. Of those with a definitive interview response, 43.7 per cent 
of the Mongol fathers reported "no radiation" as 'compared to 50.0 per 
cent of the control fathers. This difference, however, is not significant 
(l = 1.62, P > .20). The paternal hospital records, in contrast, are 
strikingly similar for radiation exposure. An almost identical number of 
both Mongol and control fathers -were found to have no radiation expo­
sure whatsoever. 

DISCUSSION 

The findings of several studies designed to determine the relationship 
of parental radiation exposure and the occurrence of Mongolism are some­
what contradictory. Uchida and Curtis (24) in 1961, reported a striking 
relationship between radiation and :\f ongolism-that 28 per cent of a 
group of 81 mothers of Mongols were ·~xposed to four or more abdominal 
x-rays or fluoroscopies prior to the Mongol's birth, as compared to 4 per 
cent of mothers of cleft lip children and 14 per cent of neighbors. In con­
trast, Lunn (25) reported no signihcant difference betwee11 the x-ray ex­
posure of the mothers of Mongols and controls; similarly, Carter et al. 
(26) found no differences in the maternal abdominal radiation prior to 
conception in a study based on interview data, and Schull and Neel (27) 
reported no association in the data based on offspring of survivors of 
atomic bomb explosions in Hiroshima and Nagasaki. However, except 
for the .Japanese data which represent a unique type of radiation expo­
sure, each of these studies is concerned primarily with diagnostic radiation 
experienc;e, or has not separated out diagnosqc and other types of radiation. 
Furthermore, each study has limitations of a methodological nature. 

In the present study, attempts were made to eliminate or control those 
factors which might involve bias in a retrospective study as well as to 
evaluate various types of' maternal and paternal exposure; and there ap­
pears to be a definite association between maternal exposure to ionizing 
radiation and Mongolism. A sarnplc derived from almost all of tlic cases 
of Mongolism horn in Baltimore between 1!)46 and 19G~ was obtained, 
and, the diagnosis in each case incl11dcd was verified either by physical 
examination or on the basis of st,111cLndizcd criteria from reliable medical 
records. To the Mongols cleten11incd eligible for inclusion i11 the st11dy, 
controls were matched with regard tu sex, race, date of birth, hospital nf 
birth and maternal age at time ol birth of the child. On intcrvie1r a11 ob-

1 jective questioning procedure was used \\'ith equal emphasis on each sib­
ling and pregnancy in each family. 

The very close matching· of 111c1tcrnal age (the mean age of mothers of 
Mongols was 32.(i as compared to ?i'.!_:> for the control mothers; eliminated 
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tl1e pussil,ilily tltat any greater radi;1ti!J11 c;,.;p()s111T in the mothers of Mon­

gols llligltt l1c a f1111ctio11 of a greater 1111rnbcr of years at risk for these' 
rnutlicrs as C()lllj)arnl to th(' rnotl1ns of tlie controls. 'The absence of any 
sig11ificant paternal ;1gc ctlen in ;\l()ngolislll, as sh()\\'ll previously, made it 
urn1c-cess;1r\' to correct for paten1;il ;1gc in evaluating the data on the 

father ('.!~). 
t\ strikin.~- similarity het\\TC'll t lie p;ncnts cil' ,\fongols ;rnd of controls 

dcmo11st rated fro111 t lie study ol scn:ral other ,·ariablcs lends further em­
pltasis tu tilt' obser\'cd radiation dilkre11ces. Since hotli groups of parents 

spent very si111ilar amounts of ti111e i11 1'.altirnore, and otl1er geographical 
areas_. prior to tlte birth of the"i11dex cliild, differences in proximity to 
institutions ,rliere radiation 11·as easily ;1ccessihle, could not account for 

the observations. I 11 addition, the 1111 i form i t.y of residential history tended . 
to eliminate other local c11viro11111en1al factors, including background 

radiation, from having an imporL11H role in the etiology of this condition. 

~forcover, the close agreement liet\\'een the parents of both groups re­
garding tltc number ol Baltimore hospitalizations reported, tended to ex­
clude the biased recollection o[ s<.:rious illnesses as an explanation for dif­

ferences in radiation exposure iu this study. 
By far the best measure of the accuracy of the interview data and the 

absence of any significant retrospecti,,e bias from the Mongol parents 

clearly came from the actual verification of the hospitalization history. 

There were no significant differences between the Mongol and control 
parents with respect to either the o\·er or under-r<."porting of hospitaliza­

tions. In fact, the Mongol parents forgot to report more hospitalizations 

that had actually occurred than did the controls. Even in the older age 

groups, there was no memory advantage demonstrated for the parents of 

i\longols, further eliminating: any differences in recall, as is sometimes sug­
gested as a source of bias in interview studies. 

Finally. there was 110 evidence of an increased willingness of the parents 

of the Mongols to cooperate in the study since the refusal rates were very 
similar in both groups. '\Vhen a refusal did occur, the matched case or con­

trol "·as always eliminated. 
From this preliminary examination to ascertain the validity of the col­

lected data and evaluate any possible bias, it therefore seems reasonable 
to assume that whatever relationships are observed in this case-control· 

study would not result from any artifact introduced through the sources, 

selection, completeness or mode of: collection of: the data. 
The tabulated results already described in detail, clearly indicate that 

the mothers of Mongoloid children received significantly more radiation 

(in particular, fluoroscopy and therapeutic radiation) than the mothers of 

): .. :J! 
::.•·,_ IL:., 
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the control children. In fact, in the case of combined irradiation from one 
or more diagnostic, fluoroscopic and therapeutic sources, mothers of Mon­
gols had seven times as many radiographic procedures as the control 
mothers. This highly significaut difference represents an accumulated 
exposure prior to the index child from various radiation sources. More­
over, significantly fewer mothers of Mongols than mothers of controls 
failed to receive any radiation prior to tlie index child. 

Because the actnal elate of conception was impossible to determine, the 
parents were questioned and medical records searched for the eniire 
period "prior to the b£rlh of the index child." However, there was very 
little radiation exposure reported armmcl the time of conceptiou and 
practically no exposure during intrauterine Jile. 

The observation that: the major maternal radiation expost1rc occurred 
over many years prior to the index child's birth is co11siste111 with the views 
concerning cumulative radiation damage to genetic material. Since, unlike 
in the male, the fnll complement of germ cells is present in ht1n1an females 
from the time of birth, they are st1sceptible to repetitive d;1111age either 
from the same or different environmental sources. The association of ~Jon­
golism 11·ith advanced maternal age adds credence 10 this ct11nula1ive r;1dia­
tion effect. 

Most noteworthy is the fact that Ilic st1bsrantially greater exposure to 
the motliers of Mongols was contrilmtecl by those radiation sources ex­
pected to provide large doses. Although dosimetry is lacking in this study, 
a description of the type of exposure is ,·al11able and usel11l for relative 
dosages within wide ranges. \Vhilc tl1cre was a greater total diagnostic 
exposure demonstrated for the 1not:hers of the Mongols, the difference 
was not statistically significant. The rnajor difference came from Jluoro­
scopic and therapeutic sources."\ significantly greater nuniber of fluoro­
scopic sessions was reported by the i\longol mothers, ,\·irh fluoroscopies of 
the abdomen ancl chest comrilJt1ti11g· the major excess. Tl1c duration of 
each exposure was impossible to dc1ern1ine, and tl1e number of bona fide 
fluoroscopic procedures lcJt111d Oil I lie medical records was too small 10 be 
useful for comparison. 

Therapeutic radiation for a \'ariety of conditions \\·as panly responsible 
for the greater exposure i11 the 1nothcrs of \fongols, ,,·ith therapy many 
years prior to the index child's hirtli for acne., eczema and other clermat0-
logic conditions contrih11ting heavily 10 the significant differences ben\'cen 
mothers of Mongols and 1notl1ns of cc,nnols. Again, although nu dosim­
etry was available, it is recognized that therapeutic irradiation-espe­
cially from sources used in past years-produces high exposure "·ith .~cattcr 
over much of the body :1rea. 
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( )i ;1dd1ti,i:1:1l i111cn·,1 11·:1s 1lw 1.J>,('t\;11i<J11 1ha1. ,ignific:111tly mure 

,,1,i1ii1·1, ,,1 .\!1,11: .. /,I, 11<T(' <·111ploy1·d 111 prril1·,,i<J11al nr I.C'chnical nccupa-

1 i1>11, in tlll' 11wr!icil fl('lrl 11rir,r 11, 111(' i>irrl, ,,J 111<: index child. ,.\lthuu~h 

11<> g1c:1tr·1 1,irli;11i1>11 r·x,,,11,111<· 11';1, 1c·p,111('(! i>y 1!1c,c rr1(1thers. the possi-

,1,iliry,,1 i,n:1i'l'·'1Tlll r,1 :lf'ricl 1 ·111;il ('XJ><ISIII(' i, likely. 

Th<' 1:1cli;11i"11 l1is1,ny ril tltc L,tll('r, rd Iii<' \1()11:..:;uh provides a marked 

c,11111;1-;t '" i/1,11 "' 111(' 111otl1ns. Tll('n: \\':1., .,triking si111ilarity and i11 some 
,a,<', ;1l111,,s1 i1lc111ical 111ccli,·:il r;1r.li:11i(l11 u:pos11rc rcport<'d by rite fathers ,. 

,,f ,\(,.,11;'.' ,I, ,,,,cl ,.J I Ii(' 1 ,.1,111,k ( J11ly 111i11or diflcrcnccs were reported for 

d1.1~1111<,1 i,. ll1111rr,•,c1,l'i, :11HI li1n:1iw111 i, (·xposurcs .. Except. for more radar 

1•,1,c1s11r<· 1,, 1!1v f:ttl1cr, ol \1(111_,_,,,.1,, :1!1,11:..; 11·i11t 11101'<:: rnilitary sc1Ticc where 

11,i" 1·xp<>s11re "<T111rC'cl. 111('1(' 11·:i, 111, c·1·i<l<-11n: for any association between 

1,:1l<'!l1al inacli:11i1,11 :tlld ,\(011:..;(lli,1,111. ,\l(lrcr,l'<:r tlic:rc 1,·as no indic:uion of 

;111y i11n1:;1,l'CI cxpos11r<: rd tiH· l;11l1ns !1f \l1,11gols i11 the periocl around the 

1 i111(' 1,I < 1,11< ('J'' i,,11 (II tlw :iln1orn1;,,J cl,ild. Tit is si111il:irity of the ra<liation 

(';,;p<1s111T ()I l:i1l11Ts (II ,\Jo111~11ls :111d ,ii< 1111trols is also consistc11t with the 

f;1il111T 111 ci1'11H111,fr;lft· ;1 corrcl:11i(l11 lw111T1·11 ,\l()11golis111 and paternal age 

;111CI j•H•1i<i<·, :1ddi1i,,11:d c1·irlc11cc :1:..;:1i11s1 1l1c pr<'scncc of any bias in re­

po11i11g1il 1t·11<1spu:1ivc da1;1 i11 this .,l11(ly (~8). 
,.-.1T1 si11cc rite disr111Try ;111d r1111lirn1:1ti1111 ()I tltc c;,;istcncc of a chromo­

s,>111;tl :il111"1111;1li1y in i\ln11golis111 (~'I-Tl) ir l1;1s hccn clear that whatever 

t·111·iro11111L·1tt:il ;1_!_,;<'Jlls 111ay k:1<1 t,> 1lt:11 cl1rn1110.~ornal defect: must act on 

p:11t·111:1I g1T111 <'l'ils prior 10 c,,11n·p1irn1 (Ir, i11 rare cases, on zygotes not 

l:itn 1lt;111 .,,·1-cral d:1ys ;iltn fcrtiliz:;·fio11. 

11 i., 11·f'II 01;1!,lislH'd 011 tit(' l,:,sis 11f t'vidcncc in cxpcri111c11tal organisms 

1!1;11 r:1di:1ti,n1 1·:111 c:1us1: 111111-disj1111c1io11 (!--:,, :H-<lll) as 11·ell as chromo­

·'"111:11 hr<.':1k~ k:1di11g f() 1·:ni1111s tvpcs of :tl>nr;11io11s (:l8-1l'.2). In every 

1•l:i111 ;111d ;111i111;tl species :11kq11;11vly imTstig;11cd. io11izing radiation has 

1n,,1·1.·11 1,, ll(' 111111;1gc11ic 1l'itli Ill> k11n11"11 tltrl'sliold dose in studies that: have 

c.11·1 icd 1lw 1,11.il dps;1g<' doll'II tor, r (:18--·1 11). 

\\·l,ilc ilw1,· ,111· 110 dirccl cxpni111c111:il da1:1 relating cithl'r specifically 

lfl ilw r:1di,l,1·11,i1i1·ity ,,f 1111111;111 l'nn:1k g1-r111 cells in tltc dinyntene stage 

,,r .,,,,., il1, :di, 1,-._ 11,111-dis_j11ncti<J11:il <·1·1·11ts in li11111a11 females. there now 

c,i,1, 11,11 "1iil' .,ffhs1:1nti:tl s11pport J'nn11 ;1 ll'idc r:111gc nf other organisms, 

l,111 .1l"' .1 c!1,,11i11g liodv ol d.11.1 l1n111 111.1111rnals co11cc1ni11g the Ya1io11s 

1, I•<', 111 ,l.1111,1gc tfl gcnn cells (:Ii.:·,:; .. Ii'.!). R:tpidly arc1111111L1ti11g data have 

:1 \.,, 1 , lc111, 111s1 r:1 tcd .-h n 1111oso111:1 I :11wn:11in11s i 11 the so111;11 ic eel Is of Ii 11mans 

1'1ill,mi11,g <'~pornrc tn io11i1i11g· r:1di;1tirn1. Tough d "'· ((i) reporrecl a 20 

per ,·cnt increase in the number 1)1' circ11h1ing k11kocv1cs 1,ith ·17 cliromo­

.,0111cs :!-1 lirn1rs :-1ftcr x-ray nca1rnc111 of :1 p:nicni with :mkylosing spondv­

lit is. ~irnihrl), n.tcnsi,·c nbscrDt inrn hy B11ckton !'I "'· (7) on blood 
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c:ultures from 58 patients with ankylosing spondylitis treated with one 
course of x~ray therapy to the spine sl1owed chromosomal damage with 
persistence of some abnormalities up to 20 years after irradiation. Further­
more the frequency of the chromosomal abnormalities increased signifi­
cantly in subjects irradiated at age 35 or over. Bender and Gooch (8) re­
ported chromosomal abnormalities present in a small group of men alter 
they were irradiated with gamma and fission neutron irradiation. 

Chromosomal aberrations have been reported following lower dosage 
diagnostic radiation. Stewart and Sanderson (9) and Cone11 el u I. ( 10) de­
scribed the appearance of chromosomal defects in subjects exposed to as 
little as 0.8 rads. Bioorn and Tjio (11) studied the pre and post-abdominal 
fluoroscopy, or f!uoroscopy with cardiac catheterization and reported aber­
rations in ~ach of five patients exposed to between 12 and :\:i r following ab­
dominal fluoroscopy. 

It is therefore not only likely but probable that chro1nusornal abnor­
malities occur in human germinal tissue exposed to therapeutic and 
diagnostic levels of radiation. On the basis of known patterns of hu111an 
gametogenesis, the racliosensitivity of human tissues, all(_] rlie g·enetic ef­
fects of radiation in experirnental animals there appears to l>c remarkable 
consistency between the findings of this study and what 111ight be ex­
pected biologically. 

Increased racliosensitivity may also contribute to the maternal age ef­
fect. Evidence from experimental organisrns indicates that with increasing 
age there is increased susceptibility to clirnrnosomal damage from radia­
tion and other agents ('.Hi, '.:18, G:1). Even J11ore important lia,·e been Rus­
sell's recent observations of age associated increased radiose11sirivicy of 
oocytes in female mamrnals (61 ). 

Finally, the only truly puzzli11g asscicia1ion is the suggested rclat.iu11ship 
between Mongolis111 and paternal r;1dar exposure. Rccem studies lia,-e 
revealed that radar, a for111 of micr()\1:t\'C cne1gy, crn cause tiss11e clam:1ge 
in humans and laboratory anirn:ils (fi,I, (iii). 111 addition. rnicr()\r,1,-c radia­
tion has been reported tu Ila vc a dl' lei crirn,s effect on rat. test is (b ,) . 

The increased radar exposure ,i1· la1lters of :\lung-cils as compared "·ith 
controls raises tile question as Ill wl1c1l1er io11i1ing radi:1rim1, in addition 
to the known heating clfcc1, 111:1y he im·cil,Td in radar lljlCLHions. Since, 
howe\·er, 110 great.er cxp,is11n: le> rncdical radiation ,,·;i.s olise1Tcd ::11nong 
fathers of i\Iongnls as co111p;11-cd 1.0 Li1lwrs ()f cc,ntrols, radar. under special 
circumsta11ces. 11111st involve s<n11c 1111iquc ,111<1 pntc111. effect that o,·er­
comes the male advant:1ge of co111 i11111>11s spc;·111atogc11csis. One can only 
speculate conccr11in~ p<is.-;ilJlc 111ccl1;111is111s, but tl1c associa1in11 bet\,·een 
]\fnngolisn1 and r;1dar expos lire dcsci ,·cs f11rt her in,·c.,1 i,~:1t.i(>n. 



•l . ." I .~ ,to ,_..,~ • ·\.:•~:t~(!~' 
• ,r1">,;, ,~ "'-~~-~ 1,;i;'.; t 

. :.: _··:;i ~{ )fr 
. ~

1\~·~i~1 
" '., ~~'.::,H ~••· 

396 SIGLER, LILIENFELD, COHEN AND WESTLAKE_ .· - .. ~itr:j,;'.]~, .. 
-. ·-i,~...;.-. i-P·, ~ 

•~ .i, • ,r •~\~ '·. i~ t'>;J_\i_"/· AF '-'1 

The acknowledged association of \fong·olism and leukemi;·( l 2~ f4) :~~4f;,tf'.~.~jJ 
radiation and leukemia (15.,_2 l) is additional evidence consistent w~tli,:i~e•ci(:··'?t:;,ef 

hypothesis that radiation is of etiological importance in Mongolism:¾~i 'z·•:t11. 
1
~ 

~h~ conclusio~ derive~ from the presen~ s_tudy is that . .M~ng.oli~~:J.i .f/_~tf~ 
stat1st1c~ll~ assooat~d. w1t~1 maternal racl1~uon .. T~1e hk~hhood·\~~!t}fi~lf~' 
the rad1at10n assooat10n 1s a causal relat10nsh1p 1s cons1derablY;,J,~ijJ½-~f:·,, 1 

hanced by the evidence-experimental and other kinds--,y~ich. ·!i'as'."':..i? 
already been reviewed. In addition comparisons of several othe1\··~hai:·~t-:.l 

acteristics, including medical and surgical histories,_ of the. mpthersi:-9£ 

Mongols and controls did not reveal any differences, excep~ for_ a ~igtj~i';f~.,; 

frequency of divorc':! among Mongol mothers. These additiona! r~sµlts,::i~' 
will be reported i.n cL~t,A.clater. It should therefore be e~phasized th~t,'~(~f 

though a c,jt.1s?l interpret:uion does not mean that radiation mu~t be(itn;.:':.-'· r,; 
plicate_1.I"·~,. e1,"-.-1~- r:_•~-, the results do suggest that certain physical erie;tgy;'.~ _ij 

source~_/f1c_t,1 .,~r.•t:1-:',,:~ng radiation, are involved in the pathog~n~s'i~.:~o~\t~ )~" 
som1 .. t..:.~.l~ • vl .V.1 \ l.;ID. · .. ~ ¥t'i'"" "'"' 1,. ti1-

( ,, ~f\,!
1
~'.tf~ ... $"~,l 

r? ...... ,,. ' l- ;:'\', ~. \- -t .. •'tf~ 
'.f I t ;, • "", J1. ;,,..>'II fl;:"\,1 

. · SUMMARY • ·, , , • :/ '-f •\'1$1 
'" ' . " .. !l~,. ~ l '"" . . ;.:• 

As part Lt an epidemiologic study in Baltimore Maryland, a popula\iori . · \ :l~J 
of parents of both Mongoloid and control children was evaluated··£~'/;·::->· it·t"1'~ 
exposure to various types of ionizing radiation. Utilizing interview t~ch- i :{_ 'i:.d 
nique and medical record analysis, the study demonstrated a statistical ~ · ~ :,h'i. J 
association between_ maternal radiation ex osure and Mongolism. Th:e 1;: ,: ~-~ ;l 
mothers of_ the Mongoloid children were foun to ave a significantly · · -~, -~ 

increased exposure to both fluoroscopic and therapeutic irradiatiOil.IJr~or · ·,;1- ,_;, ~~ 

to the birth of the index child. '.,· - ' ' .. J 
In contrast, there were no significant differences in ionizing radiation· •~·- l 

exposure found in the fathers of the Mongol and control children. How-' .. ;J 
ever, a surprising increase in radar exposure was discovered in a significant' -~ ,>; ~ 
number of fatil.@ of the Mongol cases. . ~ ... 'f. ~ 

These results suggest that maternal ionizing radiation exposure may be ·::' 1:·l 
one etiological factor responsible for some cases of Mongolism. It is em- -· , 

phasized, however, that ionizing radiation may be only one of several · ,,. ( 

important factors in the pathogenesis of the condition. f i 
,1'. 1 
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