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e : are trisomic for chromosome 2
period prior to conceptlon and on, oametonenesm in search of an explan
tion for the error of non- dlsJuncuon SR

golism (12—14), and the w1de1y accepted leul\emogemc effect of radlatlo '

(156-21), a significant link between ionizing radiation and Mongollsm' ]

_was considered a reasonable possibility.- ek

~The recent cytogenetic and epidemiologicobservations stlmulated ‘the

present study of the possible relationships between Mongohsm and ioniz-

' ing radiation prior 'to or, around the time of conception. As part of an -
epidemiologic investigation ‘utilizing interview technique. and med1cal . -

o record analysis, a group of mothers and fathers of children with Mon—‘.{,e 3

Y golism and control subjects were evaluated for exposure to various types . T
of radiation. o
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.
MATERIALS AND METHODS

A. Selection of Cases

The names of children with a diagnosis of Mongolism werc made
available by the Maryland State Training School, spectal 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 1) of Caucasian race, and 2) born in greater Balti-
more after January 1, 1946 and prior to October 1, 1962. These criteria
were imposed to limit the recall period to more recent events and to
facilitate the location of hospital records. Although no attempt was made
to ascertain every Mongol born during this period, 419 cases were col-
lected. Atter eliminating those who did not meet the study requircments,
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 werce not Caucasian;
and 17 were too old for the study.

. B. Selection of Controls

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

" ‘then selected by matching, in a systematic manner, each case with another

- birth certificate for 1) hospital of birth (or at home), 2) sex, 3) date of

‘ 7 "bbirth, and 4) maternal age at time ol birth of the child.

e

=

t
t
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t

“All 288 cases (100 per cent) were matched with controls of identical

’ ‘{s'éx, 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 discusscd below, a certain number of cases were

_.eliminated from the study, and thus fewer than the original 288 cases were

ulumate]y used in the final analysis.

Q. Gontact and Interview of Purents

[T . . . .
w" After each farmly was located, a form letter describing the study as an

mvesugauon " of parental and child health factors was mailed. The same
-letter was sent to both the Mongol and control families, and no mention
was made of Mongolism in this communication. The mother and father

‘were then interviewed, usually independently, in the home. The approach

to both the families of the Mongols and controls was uniform; the inter-

Jviewers were not informed which were cases and controls, and recognition
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TABLE 1
Summary of Matching betieeen Mongols and Controls
! Contrals Matched By:
Mi”f"‘"ill Agre ‘ No. of Samce Birth Dates® | Same Birth Date, | Same Mat. Age Dif. Mat. Age
GCironps j Maongols & Maternal Aget bif. Maternal Age | Dif. Bivth Date & Birth Date
' RO A - :
| No. ot No A No. LA
19 or less.... ... 9 9 100.0 - — — — | - '
20-24. ... 47 +3 91.5 1 5.0 3 6.4 —_
2529 L. . 40 36 90.0 2 3.3 2 5.0 —
30-34 . ... 60 55 91.7 2 2.4 3 5.0 o
35-39. ... 82 78 95.2 2 4.3 2 2.4 —
40-44 L. 46 23 5.0 19 41.3 2 4.3 2
45 or morc. .. .. 4 — 3 75.0 — — 1
Total ... .. X 288 244 84.7 29 10,1 12 4.2 3
i !

* Same casc birth date~within 6 months.
t Same maternal age—within | year.

of the Mongol’s family was not usually made until the actual interview
was conducted. o

Out 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 86.1 per cent and 85.4 per cent of the
matched 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. ‘

1

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 your life, had x-rays or radiation for gallbladder disease? If so give
the dates 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

N
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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 8) 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, 28) was established. These
“primary” criteria included brachycephaly, slanted palpebral fissues, epi-
canthic folds, palmar simian lines, malformed ears, broad &/or short
neck, malformed fingers &/or hands, nasal abnormality, hypertelorism,
abnormal palate, Brushfield spots, and broad & Jor 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 26 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 werc rejected on personal examination
#7 - because of negative or equwocal diagnosis. The total number of cases is
A in excess of the 216 Mongols (all verified) ultimately accepted since some
*3:"*‘%; . cases were later eliminated for other reasons.

G Composzlzon of Final Study Group

" Although 288 cases were originally available for study, 72 of these were
.“eliminated for the reasons listed below, leaving 216 Mongol families and
matched control families for the final analysis.

7+, Conditionally Accepted to Study: 288
‘Eliminated because of:

‘:,.":'j_‘Incorrect or equivocal diagnosis: : 18
-t - Mongol’s parénts rcfused to cooperate: 17
E " Unable to locate Mongol's family: 15

~ Mongol’s family unable to give adequate intervicw: 2
: .Control refused to cooperate: 20

x\(cepted for Final Analysis: ~ 216
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RESULTS
L. Residential History B
It was essential 1o study residential his‘mrv to 1) cvaluate possible differ-
ences in background radiation exposure, 2) rule out differences in medical -
exposurc bascd on geographical ]mmnmy to medical facilities, and 3) m- '
surc that the risk of being irradiated in a Baltimore hospital was not af
fected by differences in the duration of residence in Baltimore. .+
Sixty-one and one-tenth per cent” of the mothers of Mongols and 57.9
per cent of the control mothers were horn in Metropolitan Baltimore; .-
54.6 per cent of both the Mongol and control fathers were born in Balti- - ¢ :

more (x* = 1.54, not statistically significant). In addition, there were no. "~ *;
other significant differences in areas of birth-—either within or outside the, ;
United States. _ S

The length of time spent in Baltimorc prior to the birth of the index
child was very similar for both groups ol parents and is summarized in
Taklle 11. Mongol and control mothers numbering respectively, 56.5 per
cent and 57.0 per cent and 50.5 per cent and 53.7 per cent of the Mongol
and control fathers had spent their entire lives in Metropolitan Baltimore, )
either starting from birth or prior 10 age 15. There were no significant
differences, for residential history between the cases and controls. Further-
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-halt 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
i materials present in the parental dwellings during this period. Brick,
stone, wood or combination type dwellings were reported with similar
frequency.

I1. Hospitalization History -

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 of hospital attendance. Sixty-one and one-

*All percentage distributions are calculated on the basis of total known positive or
negative responses, after “Unknowns” have been subtracted.

s
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TABLE 11 -
Residential History in Baltimore Prior to Birth af‘InJ;x Child
Mothers Fathers
Type of Residence Mongols Controls Mongols Controls
No. % No. A No. Y No. %%

Lifetime residence since birth......| 106 | 49.1 98 | 45.4 | 101 | 46.8 | 105 | 48.6
" Lifetime residence since 15 yrs. or

YOUDGET . vvoneeneaeae e 16 7.4 25 {11.6 8 3.7 il 5.1

Not lifetime residence.............. 93 | 43.0 91 421 99 | 45.8 97 | 44.9

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

Unknown.........ooooieeieiieonens 1 5 2 9 8 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 larger number of hospitalizations out-
side the city were reported by the fathers, mainly due to illnesses which

" occurred during military service.
-~ 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
_ until completion of the study. Analysis then revealed no significant difter-
*ences between the Mongol and control parents with respect to either the
* over or under-reporting of hospitalizations (Table I1I). The medical hos-
- pitalizations were reported with most accuracy and as a relative measure,

“hospitalizations for tonsillectomy and/or adenoidectomy were reported
with Tleast 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 Mongol mothers as compared to 15 for

control mothers. Similarly, the Mongol fathers failed to report nine hos-
pitalizations and the controls seven.

I11. Radiation Exposure—Place of Occurrence
. Distribution of the parents according to the source of the radiation
exposures reported on interview are shown in Table IV, There was, again,

v
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TABLE 111 Co T
Summary of Bultimore Hospitalizations Reported on Interzicns and Per Cent Verified as Correct .on”
Husprital Wecods ’

! Number of Hoqgpitalizations

Mothers : Fathers
.\In\u'rn:t‘l ;n"‘:ll}:rll.tl U Interview o Verified on Hosp, Records Interview Veriiied on Hosp. Records
Ayt Inteyview - L e R K
! S : i i T
:.\lon;:.g (t':tl 3 Mongol ! Cortrol gMum:.: (;’r’(r:l_ Mongo! Control
| No. ' No. LNo D Ne o | No. | No. | No.| o
- PRI TSP SR SO B RN SO S (U S A
f . i
152 i S8 50000 8000l 1 1 — e
2509 Post] a3 2s, 742 w5, 80 30 2] 31000
B0-B4 an 86l w2loiny 70wl 2a) 9l 7292
8959000 co P B TR Y5 TBLY T 68 808 31 28 ) 14| 45.2
404 o lae b aslegs s ns o974 97! 971161 503
1 P . . - ¢ .
A4y 208 2oz o Laow de 75,7, 27 | o6 s | as
S0-5b. b e lony 73802 0 57 056,40 20 28 |12 60.0
S5 ormore. oL 391 20 23 [ 5900 16 . 76.2 I 200 21 11 55.0
Deceased ... mi 4 400" - — 2[ 4 31150.0
No interview. .. . == | — 20 - 0 - e j — | — -
i i
S : l ' ‘
Total...... ... 728 % 695 | 570 | 78.3 . 520 1 74.8 { 155 | 145|179 | 51.0
i
TABLE IV .
History of Lifetime Radiation Exposure—Place of Occurrence Taken from Interview
Mothers Fathers
Place of Total Exposure Mongols Controls Mongols Controls
No. %, No. A No. A No. %
All in Balto. hospitals.. ... ... .. 47 1239 45 | 22.2 23 112.8 26 1 13.3
Balto. hosps. plus Balto. private :
physicians .. ... ... o oL 28 1 14.2 36 0 17.7 31 | 17.3 32 116.3
Al from Balto. private physicians. .| 40 | 20.3 35 117.2 23 112.8 35 | 17.9
All in Balto. and outside hospitals. . 4 2.0 2 1.0 13 7.3 13 6.6
All in outside hospitals®*... ... ... .. 7 3.6 i 9 4.4 25 |14.0 28 | 14.3
Other combinations.. .............. 9 4.5 { 7 3.5 19 1 10.7 19 9.7
e L !
Total exposed. ... 135 I 134 134 153 ;
No exposure reported ..o L 62 | 31.5 69 | 34.0 45 1 25.1 43 121.9
Total known. ... ... . ... 197 203 179 | 196
Unknown................... ... 19 8.8 13 6.0 37 | 17.1 207} 9.3
i : : T
' Total...... ... ... L. 1 216 216 216 216

* Outside of Baltimore City.

ey
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great similarity between the Mongol and control parents with respect to
the number of parents reporting that all radiation exposures 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: 1) diagnostic radiation
excluding fluoroscopy, 2) fluoroscopic exposure, 8) 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, than 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 fluoroscopy) 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; the 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 one x-ray film exposure. The num-
ber of occasions x-rays were taken prior to the birth of the index child was
totaled separately from both the interview and hospital vecords. There
_was a slight excess of total exposures lor the Mongol mothers recorded at
interview and also independently, from hospital records. However, in
neither case is the difference statistically significant (x* = 154 and y* =
.88 respectively). In addition, the total diagnostic exposurc for the Moengol
and control fathers is practically identical and, again, there is close agree-
ment between the interview and medical records. Te should he understood,
as already explained, that only a portion of the diagnostic radiation expo-
sure occurred at Baltimore hospitals. "Therefore, the diagnostic radiation
exposure is considerably less than that veported on interview and must be
considered as a similar, but separate measure of exposure.

The total diagnostic exposure (excluding fluoroscopy) wis further ana-
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TABLE V
Total Number of X-rays or Other Radiation for Diagnosis Prior to Birth of the Index Child

(Excluding Fluoroscopy)

Interview Data - . } : Hospital Records ES

o

S &

: e —— T e e e r

Mothers - fathers AMothers ; Futhers =

. Timeés e - e ﬁ.-§ — - — —

Mongols Controls - Mongols % Controls Mongols i Contirols : :

: i U JURNEN — =

Noo | % | No. ! % | Noo | @ | No.o | % [ Ne | % ; No Z

= B , - r F o l . E

............................ 45 122,01 40 | 19.3 1 38 [ 20,10 32 D157 0 a1 4 @ ¥ : 5 5

............................ 2] 3.9y 151 730 46 85 17 0 831 12! 565 1 5.0! 3.7 o

............................ 0] 49 51 2.4 8. 42 101! 409 30 L4 20 90 4+, 1w 7. 33 z

............................ 51 2.5 1 5 61 3.2 8. 3.9 200 A 230 4 19 314 =

Sormore... ... ... 51 2.5 5 24f 141 741 14 69 5923, 53124 5 14 27 .9 z

| . | >

Total positive.................. 77 66 82 81 53 145 P32 54 g

None reported. .. .............. 127 [ 62.2 | 141 | 68.1 1 107 | 56.6 | 125 [ 60.3 | 162 | 75.4 | 171 | 79.2 | 179 | 84.8 181 - 84.2 -

o R

Total known................... 204 207 ‘ 189 204 215 S 216 24t P25 2
| i = ~

, : I >

Unknown.........oooooiion.... 12 | 5.6 9| 4.2 27 11251 12 56 1 R e J; 2.3 15 z

T | (S

. - - g 1 ] S

2 Total ... 216 216 216 S 216 216 | 216 | .| 216 | 216 |

Fathers x2 = 1.54, P = >.20 1 D.F. S Mothers x* = 88 P >30 I D.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 aré”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 x* 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 y?

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 difterences between the two groups.

- Diagnostic x-ray exposure following the birth of the index child was
also studied, using only the interview data. There was no difterence 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. Fluoroscopic Exposure

The total maternal Huoroscopic exposures reported on interview are
' summarized in Table VIIT and tabulated according to the number of ses-
. sions and maternal age at the time of hirth of the child; 17.7 per cent of
the Mongol mothers had onc or miore 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 1 per cent level (y* =
8.25, P < .01). As expected, the number of exposures incrcased with ad-
vancing maternal age. However, cven though the mothers were matched
for maternal age, 58.3 per cent of the Mongol mothers reporting fluoros-
copy were over 35 years at the time of the case birth, as compaved to 43.8
per cent of the control mothers.

The body area exposed during lluoroscopy as related by the mothers is
shown in Table IX. The larger amount of fluoroscopy in the Mongol
mothers results from the combined increase of chest, abdominal and
“other types” of exposuve. The number of Mongol mothers reporting ex-




TABLE VI
Total Diagnostic Abdominal and/or Pelvic XN-rays Prior to Bivth of Index Child

Mothers Fathers
) _— S e e e [
4 Interview Hospital Records Interview i Hospital Records
No. of Instances B e e e
Mongols Controls Mongols Controls Mongols | Controls i Mongols : Controls
[N - e e Y S
1 ' ! \ -
No. A No. A No. (A No. & No. ! % | Neo |7 } No. i - No ,
|
- T N T T e e e
Lo 98 113.20 20| 94| 23 (1060 16| 740 9l 44! s!lo2s! 4 19 3 a3
e 4 1.9 2 .9 1 .5 3 L4 + 2.0 L ) | ] 2 G
3Oormore . ... .. ... 3 1.4 1 ) 1 5 2 L9 P 5, — { — — — | 3
’ ! ! :
Total positive ... .............. 35 23 25 Pool N 7 3 .8
None reported . ......... ... ... 177 7 83.5 7 190 [ 89.2 1 191 ! 88.4 ] 195 | 90.3 | 150 1031 206 [ 96,7 206 | 97.6, 208 | 6.3
| i S S
Total known................... 212 213 216 216 Faog Lo | Fon 24
i { ‘ j :
Unknown...................... 4 1.9 3 1.4 — — — — 12 5.5 l 3 I 1.4 ! 50 2.3 I — -
' | ! ; | i
! I T i
Total....... ... .. ... ..... 216 216 216 216 216 } 216 } 216 } 1216 g
i ! i : !
x2 = 291 P > 05 x> = 38P > .50 x> =276 P > .05 i XX = L3P > 30
(Interview) (Hospital Records) (Interview) ) ( (Hospital Records)
S .

AVINTUVI

NOLLVIav

NSTTOONOIN (INV
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- TABLE VII
Summary of Diagnostic X-ray Exposure Prior to Birth of Index Child
(Fluoroscopy Lxcluded)

Mothers S Fathers
Type of Diagnostic X-ray Interview ’Hospim] Records Interview Hospital Records
Xt P X2 P X P e P
Chest X-ray................ N.D.* 82 >.30 N.D. N.D.
Gallbladder series........... 225 > .00 N.D. N.D. S22 <loh
Kidney, including I.V.P..... N.D. N.D. 500 >.30 N.D.
- Abdominal, including G.I.

SEFICS . .. vt i N.D. N.D. g >.20 N.D.
Head................. ..... N.D. N.D. 69 > .30 N..
Spine........... ... ... —4.81 <.05 N.D. N.D. L3600 > .20
Arm &/or leg............... 400 > .50 | 3.88 <.05 B2 >80, =14 > .00
Other organs. ......... ..... N.D. N.D. N.D. N.D.

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

TABLE VIII

Total Interview Data for Maternal I'luoroscopic Ioxposure Prior to Birth of the Index Clild by Maternal
Age at Birth of IC and Number of Iluoroscopic Sessions

Numter of Sessions
: Mongols Controls
Maternal Age at IC Birth R : 5] R
A B el oz Tl oL
=z ‘ g 5} g1 =2 g &
=% | 2| =8 | = IR I S|
AR 5Bl x| 22 4| 2
S I T = =T OO S [ & lv &S| A
| B o S O ol S
—~ % ! % IO PN A O S P S
3 28 I silostsal 2l 3] 22 1|53
30260290 1130l V] —4 10 200300 252
9! 34043 4|47 3,--‘ 50 38 43| 5las
14 I 450590 41631 302 59 50,55 7|02
6ozt n 3 20—t 20 B0 qs2| 385
N e e e —
; RS OV SO R w_,_!_._,_ _},_ .......... R
. T T |
36 ] 167 20313 !216 130 3 16 ¢ 182 198 | 18 216
17.7 8230 o0, 6.6 (1580 909, 6
H i : i i 1}

‘ i 'l poSu_re of the chest or abdomen is alinost twice that of the controls, (Chest

- Xt = 2.56, Abdomen y* = 2.25, Other y* = 2.69.)

- Because only a small amount of the total radiation exposure occurred

N in t‘he-‘Bahin‘nore hospitals (the majority from private physicians and other
*sources), the number of fluoroscopic episodes in these hospitals was very
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TABLE IX

In/rn feu I)m‘// Jar //l/!)rf/irﬂﬁlb 1 n/)oxmr’ Priov tn /f/z/// of Index Child by Type and Number of Yfrmmr Lo

Mothers
Mongols \ Controls
Numbcer of Seszsions e e s e e
Chest i Abdomen Other : Chiest, ' Abdomen Other
A . J U S -t :
INe ! % Noo 0 INeo o owm Nebo@ b
N S S S U ST, SR i
! j |
! 363 oo 29] 8. 40l 7] 35| 2
' - ! M - ! - .
2ormore....... Lo a1 ) [ yuoooh 2.0 — — —
s i ' i 1 !
Total positive, .. 2} § R 7" ! 12§ 7 -2
None reported .. 183 | 89.7 1 191 ! 198 1 96.6 18y [ 94.0 1 193 1 96.5 | 198 |99.0
e e et o . i X :
' : . i I R
Total knowr:.., .} 204 205 ; L2050 E 200 i 200 200 °
N P L N
Unknown. ... 120 56! 10y 50 00 500 161 7.4 16 :7.4: 16
| s
: i i !
Total.......: 216 216 p216 ! b2th | 216 216
: ! i N . i .

small, and not amenable to statistical analysis. However, the dlbLOVCTY of

the small nummber of exposures alter searching the hospital records was =
verification for the small number of Baltimore hospital exposures reported - "

F

by the mothers on mterview. From medical records, there were reports of

only one Mongol 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 Huoroscopic procedures following the birth of the index child than.
the Mongol mothers. However the difference was not statistically signifi-

cant (x* = 2.61, P > .10).

The fluoroscopic history of case and control fathers, both prior to and
after the birth of the index child, was strikingly similar. On interview,:

7.9 per cent and 8.8 per cent of the Mongol fathers reported chest and
abdominal {luoroscopic 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 on medical records for the same time period was also very small and

not significant.
C. Therapeutic 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

i N




TABLE X
'I'heraprulfc Radiation Exposure Prior to Birth of Index Child Interview Data

Nuwmber of Parents Having One or More Exposures

- Prior to Index Child Post Index Child
Condition or Area Mothers Fathers Mothers Fathers
Mongols : Controls Mongols Controls Mongols Controls Mongols Controls
SKInLC 1o | Pos ! 9 7 2 2 3 2
Warts & /or birth marks. . ... ... 4 ! 2 ' 1 i 2 1 — 1
Tumors.........o.o 1 o= 2 2 3 2 — 3
Sinus & /or adenoids ... L. 1 ! 1 ; 1 1 — i 2 1 —
Bursitis ... .o booo i S O 2 3 -— 3 5
Arthritis. ..o S Co ] [— — 1 2 - —
Menstrual or reproductive dis- [ : :
orders Lo L= i I - ot 2 — — 1
Thyroid. ... ..o oo C— | — -— — I 1 — —
Polveythemia. ..o 000000000 - — — — — — — —
Other. oo 3 I 2 3 1 - 1 2
1
Total positive & percent. .. ... 3L 451 1 5.1 16 7.8 16 7.5 15 7.0 10 4.7 8 3.8 14 6.5
Nonc reported & percent... .. .. 183 i 8551 203 1 94.9 1 190 [92.2 | 198 [92.5] 199 [ 93.0 ] 205 ! 95.3 1 200 | 96.2 | 200 953..5
T ! ' | ¢
y Total known.. ..o 0L PAE I 214 206 214 214 215 i 208 214
; | » ‘
Uinknown........ ... ..., : 2 . .9 2 9 10 4.6 2 .9 2 9 i 1 i 5 l 8 3.7 2 9
i i ! H |
- TTT ottt T T : H ! B [ R T
Total oo oo [ 216 I ! 216 , 216 216 Lagg i Lo216 : 1216 b216
{ : i { i i i i i

Mothers Prior
x* = 5 P = <01
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one or morc therapeutic exposures 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 Mongal maternal exposure constitutes a highly .

significant difference (x* = 10.54, 1> < .01). The major portion of this
difference is contributed by the large number of exposures to the skin

reported by the Mongol mothers: 8.8 per cent of the Mongol mothers re-' ...
cetved skin irradiation and only 2.3 per cent ol the controls—a difference

that is also significant (y* = 8.64, P < .01). Of the 19 Mongol niothers
who received skin therapy, six were irradiated for acne, two for eczema,
five for various other skin conditions, and six for unspecified diseases.
Neither acne nor eczema were reported as a reason for skin irradiation by

the control mothers. There were also six control mothers who did not :

specity the kind of disease tor which they were irradiated.

No important differences were lound in the time relationship: of the-
exposure to the birth of the index child; most of the skin 1rradiation tof"‘

the Mongol mothers occurred more than eight years before the bll‘th of
the child.

The number of therapeutic exposures listed in the mcdlcal records
were extremely few and were not uselul for analysis.

The Mongol mothers were also found 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. Occupational Exposure

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 difference is significant at the 5 per cent level. Mongol mothers num-
bering 82.4 per cent were employed for more than one year in medical
fields. Eight Mongol 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 Qf\ghe Mongol fathers as compared to 56.6 per cent of the
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control fathers had service experience prior to t,l\w 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 the 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 5.3 per cent, of the fathers of controls reported intimate
contact with radar both in and outside of the armed forces (x* =5.37, P
=~ .02). The military radar contact occurred 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 Exposure

A summary tabulation and analysis of the parental diagnostic, thera-
peutic and fluoroscopic exposure is presented in Table XI. Of those
parents with defmite “yes” or “no” answers for radiation exposure, 50 per
cent of the Mongol mothers reported “no radiation™ as compared to 59.9
per cent of the control mothers. This difference is significant (x* = 4.13, .~
P < .05). Hospital record analysis revealed that 72.7 per cent of the Mon-
gol mothers had no radiation whatsoever, as compared to 78.2 per cent of
the control mothers (x* = 1.80, P > .10). As shown in previous tables, the
increased exposure of the Mongol mothers, as reported on interview, is
mainly a result of fluoroscopic and therapeuatic radiation. Thirteen Mon-
gol mothers and only two control mothers reported a combination of one
or more cach of diagnostic, fluoroscopic and therapeutic exposures—a
difference which is significant (y* = 8.30, P < 01y The summary
of hospital radiation experience again demonstraces the sparse amount of
fluoroscopic or therapeutic radiations recorded. However, an increased
amount of diagnostic exposure for the Mongol miothers is evident, though
not statistically significant (y* = 2.86, P o~ .10).

The Mongol fathers also demonstrated a slight total increase of radia-
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TABLL XT

Sunvnary of Parental Diagnostic, Fluoroscopic, &

& Therapeutic Radiation (One or Maore

res) Interciew and Medical Records Frior to Birth of the Index Child

Mothers E Fathers
Type of Exposure Mongols ; Controls Mongols onirols
Na. o ! No. “ No. ‘ No ‘
Interview
—— e - - - — = ; e e s e mm e s -
. ¢ ¢ | . ! - i
No I}adiation ......................... 104 50.0 124 | 59.9 | 86 i 43.7 ‘ 142 30.0
Radiation i : ! !
Diagnosticonly.................. ... 30 240 36 : 27.1 ! 62 : 313 52 25.5
Fluoroscopic only............. ... ... 7 | 3.4 1 ! 5.6 it Nt
Therapeuticonly . .................. 3 : 1.4 | 4 2.0 1 + 1.9
Diagnostic & fluoroscopic........... 8 H 3.9 ; 17 8.0 21 A
Diagnostic & therapeutic............. 6 2.9 ' I 3.8 10 1.9
Fluoro. & therapeutic......... ... ... i i ! ! D 2 1.0 2 1.
Diag., fluoro., & therapcutic ...... .. | 2 Y 4 2.0 o 1o
Total known.......... .. ... . ... | 207 ‘ 197 24
Unknown .. ..o ‘ 8 3.7 ] 9 1 42 9y 8.8 12 3
e —— — e — —— e f ——— ‘ e e e —_—
Total. ..ot 216 i 216 216 L2
i t
Hospital Records
RO — S - — i e
No radiation............. .. ... ... .. 157 72.7 169 78.2 184 ; 85.6 182 8+.2
_ Radiation
Diagnosticonty ... ... 39 27.3 44 20.4 31 14.4 31 I4+.4
Other types... ..o — - 3 1:4 — — 3 1.4
Total known... ... ... ... . . 216 216 215 216
Unknown. . ... i — — — — 1 R) — —
Total. ... o o 216 216 216 - 216
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tion exposure. Of those with a definitive interview response, 43.7 per cent
of thc Mongol fathers reported “no radiation” as compared to 50.0 per
cent of the control fathers. This difference, however, is not significant
(x* = 162, 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, veported a striking
relationship between radiation and Mongolism—that 28 per cent of a
group of 81 mothers of Mongols were exposed 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 significant difference between 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
experience, or has not separated out diagnostic and other types of radiation.
Furthermore, cach 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 vetrospective study as well as to
evaluate various types of maternal and paternal exposure; and there ap-
pears to be a definite association hetween maternal exposure to onizing
ladlatlon and Mongolism. A sample derived from almost all of the cases
of Mongolism born in Baltimore between 1946 and 1962 was obtained,
~and the diagnosis in each case included was verified either by physical
examination or on the hasis of standardized criteria from reliable medical
records. To the Mongols determined cligible for inclusion in the stuy,
controls were matched with regird 10 sex, race, date of birth, hospital of
birth and maternal age at time of birth of the child. On interview an ob-
]ech,ve questioning procedure was used with equal emphasis on each sib-
ling and pregnancy in cach family.

The very close matching of materal age (the mean age of mothers of

)

Mongols was 32.6 as compared 1o 32.5 {or the control mothiers) eliminated

o~
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the possibility that any greater radiation exposure in the mothers of Mon-
aols might be a function of @ greater number of years atc visk for these
mothers as compared to the mothers of the controls. The absence of any

sicnificant paternal age effect in Mongolism, as shown previously, made it

unnecessary to correct for paternal age in evaluating the data on the
father (28). '

A striking siimilarity between the parents of Mongols and of controls
o y I o

demonstrated from the study ol several other variables lends further em-

phasis to the observed radiation differences. Since both groups of parents
spent very similar amounts of time in Baltimore, and other geographical
arcas, prior to the birth of the”index child, differences in proximity to
istitutions where radiation was casily accessible, could not account for

the observations. In addition, the uniformity of residential history tended .

o eliminate other local environmental factors, including background
radiation, from having an important role in the etiology of this condition.

Moreover, the close agreement between the parents ot both groups re-
garding the number of Baltimore hospitalizations reported, tended to ex-
clude the biased recollection of serious illnesses as an explanation for dif-
ferences in rachation exposure in this study.

By lar the best measure of the accuracy of the interview data and the

absence of any significant retrospective bias from the Mongol parents
“clearly came [rom the actual verification of the hospitalization history.
There were no significant differences between the Mongol and control
parents with respect to either the over or under-reporting 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
Mongols, further eliminating any differences in recall, as is sometimes sug-
gested as a source of bias in interview studies.

Finally, there was no evidence of an increased willingness of the parents
ol the Mongols to cooperate in the study since the refusal rates were very
similar in both groups. When a refusal did occur, the matched case or con-
trol was always eliminated.

IFrom 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

R
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the control children. In fact, in the case of combined irradiation from one
or more diagnostic, Huoroscopic and therapeutic sources, mothers of Mon-
gols had seven times as many radiographic procedures as the control
mothers. This highly significant 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 the index child.

Jecause the actual date of conception was impossible to determine, the
parents were questioned and medical records searched for the eniire
period “prior to the birth of the index child.” However, there was very
little radiation exposure reported around the time of conception and
practically no exposure during intrauterine life.

‘The observation that the major maternal radiation exposure occurred
OvVer many years prior to the index child’s birth is consistent with the views
concerning cumulative radiation damage o genetic material. Since, unlike
in the male, the full complement of germ cells is present in human females
from the time of birth, they are susceptible to repetitive damage either
from the same or different environmental sources. The association of Mon-
golism with advanced maternal age adds credence 1o this cumulative radia-
tion effect.

Most noteworthy is the fact that the substantially greater exposure o
the mothers of Mongols was contributed 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 valuable and useful for relative
dosages within wide ranges. While there was a greater total diagnostic
exposure demonstrated for the mothers of the Mongols, the ditterence
was not statistically significant. "I'he major difference came from fuoro-
scopic and therapeutic sources. A significantly greater number of fluoro-
scopic sessions was reported by the Maongol mothers, with fluoroscopies of
the abdomen and chest contributing the major excess. The duration of
each exposure was impossible to determine, and the number of hona fide
fluoroscopic procedures found on the medical records was o small to be
useful for comparison.
~ Therapeutic vadiation for a variety ol conditions was partly responsible
for the greater exposure in the mothers of Mongols, with therapy many
years prior to the index child's birth [or acne, eczema and other dermato-
logic conditions contributing heavily 1o the significant differences between
mothers of Mongols and mothers of controls. Again, although no dosim-
etry was available, it is recognized thar therapeutic irradiation—espe-
cially from sources used in past years—produces high exposure with scatter
over much of the body area.
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OF additional interest was the observation that significantly more
mothers of Mongols were cmploved i prolessional or technical occupa-
tions in the medical fiield priov to the hivth ol the index child. Alrhough
Ho @ enter vadianon exposime wis vepovied by these mothers. the possi-
Aility of inappavent ar accidemal exposure is Jikely. :

The vadiation history of the fathers of the Mongols provides a marked
contrast to that of the mothers, There was striking similarity and in some
cnses almost identical medieal radiation exposure reported by the fathers
ol Moneols and of the controls, Onty minor differences were veported for
diagnostic fluoroseopic and therapeatic exposures. Except for more radar
exposure tothe fathers of Monzole along with more mititary service where
this exposure occurred, there was no evidence for any association between
paternal irradiation and Mongolism. Morcover there was no indication of
anv inereased exposure of the fathers of Mongols in the period around the
tinie of conception of the almornt ehild. This similarity of the radiation
exposure of fathers of Mongols and of controls is also consistent with the
failure to demonstrate a correlation between Mongolisim and paternal age
and provides additional evidenee against the presence ot any bias in re-
porting of verrospeetive datacin this study (28).

ver since the discovery and confivination of the existence of a chromo-
somal abnormality in Mongolisin (29-33) i has been clear that whatever
cnvirammental agents may Jead 1o that chromosomal defect must act on
parental germ cells prior (o coneepion or, in yare ¢ases, on zygotes not
Eavter than several days afrer fertibization,

i well estahlished on the hasis of evidence in experimental organisms
that radiation can cause non=disjunction (1=h, 34-39) as well as chromo-
somal breaks leading 1o various tvpes of aberrations (38=142). In every
plant and aninmal species adeguately investigated, ionizing radiation has
proven to be mutagenic with no knewn threshold dose in studies that have
cavricd the toral dosage down to b (384,

While there are vo diveet experiniental data relating either specifically
to the vadiosensitivity of human female germe cells in the dictyotene stage
or "l““‘ ihcath o non-disjunctional events in human females. theve now
exists not only sfibsaitial support from awide range of other organisms,
hut albso a crowing hody ol data from mammals concerning the various’
tpes ol daniage to germ cells (37, 53-62). Rapidly accumulating dara have
also demonstrated chromosomal aberrations in the somatic cells of humans
folowing exposure to tonizing vadiation. Tough ¢t al. (6) reported a 20
per cent increase in the number ol crrculating leukocytes with 417 chromo-
somes 20 hoars after x-ray treatment of a patient with ankylosing spondy-
Jitis. Similarly, extensive observations by Buckton et al. (7) on blood
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cultures from 58 patients with ankylosing spondylitis treated with one
course of x:ray therapy to the spine showed 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 al_>normalmes 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 Conen ef al. (10) de-
scribed the appearance of chromosomal defects in subjects exposed to as
little as 0.8 rads. Bloom and Tjio (1) studied the pre and post-abdominal
ﬂu(noscopy, or fluoroscopy with cardiac catheterization and reported aber-
rations in each of five patients exposed to between 12 and 35 r following ab-
dominal fluoroscopy.

It is therefore not only likely but probable that chromosomal abnor-
malities occur in human germinal tissue exposed to therapeutic and
diagnostic levels of radiation. On the basis of known patterns of human
gametogenesis, the radiosensitivity of human tissues, and the genetic ef-
fects of radiation in experimental animals there appears to be remarkable
consistency between the findings of this study and what might be ex-
pected biologically.

Increased radiosensitivity may also contribute to the maternal age ef-
fect. Evidence from experimental organisms indicates that with mcreasing
age there is increased susceptibility to chromosomal damage from radia-
tion and other agents (36, 38, 63). Even more important have been Rus-
sell’s recent observations of age associated increased racdiosensitivity of
oocytes in female mammals (61). ‘

Finally, the only truly puzzling association is the suggested relationship
between Mongolism and paternal rvadar exposure. Recent studies have
revealed that radar, a form of microwave eneigy, can cause tissuc damage
in humans and laboratory animals (64, 66). In addition, microwave radia-
tion has been reported to have a deleterious cffect on vat testis (67).

The increased radar exposurc of fathers of Monaols as compared with
controls raises the question as 1o whether ionizing radiation, in addition
to the known heating effect, may he involved in vadar operations. Since,
however, no greater exposure 10 medical radiarion was observed among
tathers of Mongols as comparcd o fathers of controls, radar, under special
circumstances, must involve somic unique and potent cffect that over-
comes the male advantage of continuous spermatogencsis. One can only
speculate concerning possible mechanisms, but the associarion between
Mongolism and radar exposure deserves further investigation.
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statnstlcally assocrated with materml mdlauon The llkellhood *’that,"i
the radiation association is a causal relationship is consrderably,fgénﬁﬁ o
hanced by the evidence—experimental and other kinds—which’ has
already been reviewed. In addition comparisons of several othel cha
acteristics, including medical and surgical histories, of the, mothers of.
Mongols and controls did not reveal any differences, except for a hlgh "'

will be reported in d“turl later It should therefore be emphasued that al,
though a c« szl ints srpretation does not mean that radiation must be 1m-‘~
plicated / £ evETy :::.a-e, the results do sug gest that certam physical energy 3
source” A u
SOM: Tt s OfF A

SUMMARY

As part  fan epldemrologlc study in Baltimore Maryland, a populatlon
of parents of both Mongoloid and control children was evaluated “for 3
exposure to various types of ionizing radiation. Utilizing mterview. tech-
nique and medical record analysis, the study demonstrated a statistical .-
association betwéen_maternal radiation exposure and Mongolism. The ‘.\“
mothers of the Mongoloid children were found to have a significantly ,
increased exposure to both fluoroscopic and therapeutic irradiation prror g_-‘,-" M
to the birth of the index child. . e ;

In contrast, there were no significant dlfferences in ionizing radlatlon
exposure found in the fathers of the Mongol and control children. How- g
ever, a surprising increase in radar exposure was discovered in a srgmﬁcant .
number of fathexs of the Mongol cases. R

These results suggest that maternal ionizing radiation exposure may be . s,
one etiological factor responsible for some cases of Mongolism. It is em-
phasized, however, that ionizing radiation may be only one of several 7 i

v o e % ke f A g

important factors in the pathogenesis of the condition. :2’ ,,
Y
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