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THE HEALTH of the American Indian is
a matter of increasing concern. Consider-

able evidence supports the impression that
health-related problems are contributing sig-
nificantly to the Indians' prolonged dependency
upon government services. Knowledge of de-
velopmental and disease patterns of American
Indian children is basic to the understanding of
their medical needs. Several studies based on a
review of the birth records of all American
Indian infants born in Public Health Service
facilities have documented various aspects of
the disease and development patterns of the
newborn (1-5).
This study was designed to follow up the re-

sults of examinations of newborns and obtain
information on genetic and environmental fac-
tors which may be important contributors to
the mortality and morbidity experienced by In-
dian children. In view of the approximately
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10,000 Indian births each year and the wide dis-
persion of the various hospitals, only a selected
group could be examined in the detail desired.
The Papago tribe was chosen for several rea-

sons. Their uniform socioeconomic conditions,
preservation of traditional culture patterns, and
a relative absence of the confounding infuence
of miscegenation were each important consider-
ations. Moreover, the availability of extensive
records of lineage made possible additional
genetic studies which would have been impos-
sible in any other group (6-8).
Three major concerns influenced the collec-

tion of data on the Papago: (a) the health
status of infants from birth to 1 year of age,
(b) the health status of school children, and (c)
the health consequences of their culture and
family structure.

The Papago
The main Papago reservation occupies

2,774,000 acres of semiarid desert in southwest-
ern Arizona along the Mexican border. This
region represents the ancestral homeland of the
Papago and attained official reservation status
in 1916. The reservation is divided into nine
political districts (fig. 1). The San Xavier Res-
ervation which occupies 29,700 acres (with one
major village) comprises district 10. Geologic
formations, which traditionally limited inter-
marriage to some extent, define these districts
(7). Thus, the members of each district are
bound by biological as well as cultural ties. Ap-
proximately 40 villages (10 of them with more
than 100 residents each) established along fai-
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ily lines are distributed throughout the main
reservation (9).
The infants and children examined in this

study are among the 5,000 to 7,000 Papago who
live on the two reservations (table 1). The total
population of the Papago tribe approaches
12,000. There is considerable mobility between
the reservations and between on-reservation and
off-reservation residences. The largest village is
Sells. It is the site of the Public Health Service
Indian Hospital, Bureau of Indian Affairs com-
pound, and the tribal administrative offices. It
has grown steadily in the last three decades (7).
Health facilities provided include a 50-bed

general hospital staffed by four physicians and
a dentist. A health center is located in district
3 (Gu Achi) at Santa Rosa, the second largest
village on the reservation. It is staffed by a

physician who also attends biweekly clinics at
Pisinimo in district 6. A clinic with a staff phy-
sician is also located at San Xavier. Four to
five public health nurses are assigned by area
to the entire reservation and make regular visits
to each village. Residents of the northern part
of the reservation also use the Public Health
Service Hospital at Sacaton on the Gila River
Reservation.

Birth to I Year of Age

One hundred and twenty-seven full-blooded
Papago infants living on the two reservations
were bom in the Sells hospital from July 1965
through December 1967 and seven were born
at the Sacaton hospital from May 1966 through
December 1967 (table 2). During visits to 134
families, 124 examinations of infants (57 boys,

Figure 1. Political districts on the Papago reservations and principal villages with schools and
medical facilities
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Table 1. Papago Reservation districts with
approximate population in December 1967
and number of births of full-blooded
Papago at Sells and Sacaton hospitals,
July 1965-December 1967

District and No. Population Families Births

1. BaboquivariL._. 627 136 17
2. Chukut Kuk.... 126 27 8
3. Gu Achi _ 538 128 15
4. GuVo 287 64 6
5. Hickiwan 355 77 9
6. Pisinimo 401 94 2
7. Schuk Toak -_ 293 64 12
8. Sells -1,349 266 46
9. Sif Oidak 598 116 15

10. San Xavier 560 115 4

Total- 5, 134 1, 087 134

SOURCE: Demographic and socio cultural character-
istics: Papago Indian Reservations, Arizona. Health
Program Systems Center, Division of Indian Health,
Public Health Service, September 1968.

67 girls) were completed. Not examined were
two stillborn infants (one boy and one girl),
four boys who died in the neonatal period, and
three boys and one girl who had been adopted
or whose families had moved. There was one
set of twins in the group of 134 children. The
girl was examined; her twin brother had died
12 hours after birth.
Examinations of the infants at about 1 year

of age were made during four field trips in
1967 and 1968. The examinations were done in
the infant's home and consisted of the "One-

Year Neurological Examination" used by the
collaborative research study of the Perinatal
Research Branch, National Institute of Neuro-
logical Disease and Blindness. This protocol
includes a full general physical examination.
Findings on the 1-year examination indicated
that most of the major congenital malforma-
tions as defined by Neel (10), with the excep-
tion of some heart defects, were detected at
birth and reported on the infants' records.
At the same home visit, a blood sample was

drawn from the mother 1 hour following inges-
tion of 75 grams of glucose. The height and
weight of the mother was also measured.
Records of all of the 128 living infants were

examined at the Sells hospital. Records of the
infants who had outpatient care at the Santa
Rosa clinic were also examined. Of the 128, four
who were living on the San Xavier Reserva-
tion and one whose adoptive residence was un-
known had no outpatient records available.
These charts were reviewed for data on well-
baby care, episodes of diarrhea, respiratory
disease, and other illness, and for measurements
of growth.

Bi,rth weight. The mean birth weight of the
133 infants whose families were visited (exclud-
ing the twins) was 116.94 ounces. After elimi-
nating the two stillbirths and six infants with
malformations, the mean birth weight for 125
infants was 118.03 ounces (65 females-117.52
ounces, 60 males-118.58 ounces). The birth

Table 2. Ascertainment of families selected for visits in 1967-68

All Fullblooded Papago infants
Place and period of birth births

in hos- Total When examined Number Still- Neonatal Not living
pital examined birth death with mother

Sels hospital

July 1965-March 1966 -_ 98 45 January-February 42 1 0 2
1967.

April-June 1966__- 41 13 May-June 1967 12 0 1 0
July-December 1966 - 88 45 November 1967__ 41 1 2 1
January-December 1967 -- 172 24 May 1968- - 23 0 1 0

Sacaton hospital

May 1966-December 1967._ 392 7 May 1968- -6 0 0 1

Total- 1 791 134 _--- - 124 2 5 4

1 Includes births of 263 non-Papago infants 197 non-fullblooded Papago infants, and 197 fullblooded Papago
infants whose parents lived off the reservation. None of these infants was examined.
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weight of Papago infants was examined for
heterogeneity among reservation districts and
none was found.
The mean birth weights for the Papago and

other southwestern tribes shown in table 3 are
for single, liveborn, nonmalformed infants
taken from all Public Health Service Indian
hospital birth records from July 1964 through
June 1968. These data include non-fullblooded
Papago living off the Papago and San Xavier
Indian Reservations so that they compare with
the information on the other tribes. The mean
birth weight of the Papago is similar to that
of the Pima but averages about 2 ounces lighter
for both sexes. These two tribes appear to have
heavier birth weights for both sexes than most
other southwestern Indians except the Mohave.
The birth weight of the liveborn Papago in-

fant is significantly affected by the status of the
mother in regard to diabetes (table 4). Among
mothers with plasma glucose below 150 mg.
per 100 ml. 1 hour following a 75-gram glucose
load, the average weight of the offspring was
117.6 ounces, while the offspring of mothers with
plasma glucose of 150 mg. per 100 ml. or more
had an average weight of 128.0 ounces.
Growth. The growth in weight of Papago in-

fants during their first year of life is presented
in figure 2. This study is longitudinal and, al-
though a weight is not available for each infant
every month, three-fifths of the infants were
weighed in any given month. No infant had less
than six recorded weights and most had be-
tween 8 and 10.
There is an indication that for the first 6 to

8 months these infants follow substantially the
same growth curve as white infants. Papago

Table 4. Distribution of birth weights of 94
Papago infants, by materal blood glucose
levels

Mothers with glucose
levels-

Birth weights of infant
(ounces) Less than 150 mg.

150 mg. per 100
per 100 ml. or

ml. higher

Less than 88 - -5 2
88-103 - - 10 1
104-119- -_-------- 35 3
120-135 - - 22 5
136-151 --_ 7 3
152-167-0_-- ___- 0 1

Total -79 15

Average glucose level mg.
per 100 ml - _____ 111 192

Average birth weight
(ounces) 1I - ____ 117. 6 2 128. 0

1 Excludes stillbirths and premature births.
2 Significantly different at 5 percent confidence

level.

boys are perhaps somewhat larger. However,
this advantage is lost before the end of the first
year and infant girls actually fall substantially
behind the white children. This dip in the
growth curve may represent the burden of
greater infectious disease among the Papago. To
study this possibility, children who had been
hospitalized were separated from those who had
escaped hospitalization prior to each monthly
interval. Following hospitalization the child was
not returned to the "healthy" group even though
he fully recovered. When these data were
plotted, no change in the pattern of growth was
observed, although the hospitalized children

Table 3. Birth weights of single, live, nonmalformed infants of eight southwestern Indian
tribes, July 1964-June 1968

Males Females Total

Tribe Mean weight Number Mean weight Number Mean weight Number
(ounces) (ounces) (ounces)

Apache - -113.04 906 111.26 845 112. 18 1, 751
Hopi - -113.26 277 110.66 280 111.97 557
Mohave -- 129. 40 50 119.43 45 124.59 95
Navajo-- 114. 80 5,416 111.82 5,316 113. 33 10,732
Papago - -120. 78 388 115. 15 404 117. 88 792
Pima - -122. 08 280 118. 23 264 120. 13 544
Pueblo - -115.27 252 110.67 273 112.90 525
Zuni - -114. 10 376 109. 83 325 112. 15 701
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Figure 2. Growth of Papago infats duing the

first year of life compared to o a white
infants
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were consistently lighter than their healthy
peers.

Mortality. Mortality in this group of infants
was 5 percent. There were two stillborn chil-
dren. One was the child of a 38-year-old, dia-
betic, gravida 8 mother. The other infant was

born at term weighing 5 lbs., 4 oz. and had se-

vere phocomelia of all extremities. The five neo-
natal deaths included one premature boy (birth
weight 2 lbs., 10 oz.) who was normal except for
a supernumerary digit. Death was apparently
due to immaturity. A second child who died 1
hour after birth had multiple malformations in-
cluding congenital heart disease, low-set ears,
and clubfeet. The pregnancy was complicated by
polyhydramnios. The third neonatal death oc-

curred in a 2-week-old boy. Prior to delivery his
mother was febrile and there was evidence of
fetal distress. He was treated with antibiotics
but his illness followed a septic course. Autopsy
revealed no malformations. The fourth neonatal
death was due to pneumonia following pro-
longed rupture of membranes. He died during
transfer to the hospital in Phoenix, Ariz., at 11
hours of age. The final neonatal death was that
of a 3 lb., 4 oz. boy. He was the smaller of
twins and died at 12 hours of age with respira-
tory distress. No autopsy was performed.

Morbidity. More than half the infants were

hospitalized during their first year. There were

two frequent causes of hospitalization-gastro-
intestinal illness, mostly bacterial diarrhea, and

respiratory illness such as tracheobronchitis and
pneumonia. These account for most of the hos-
pitalizations and the bulk of hospital days
(table 5). The average duration of hospitaliza-
tion for each category of illness was about 16
days, but some children had hospitalizations for
several types of illness; the average total in-
patient time for this group of patients is 24.5
days. Included in the other category of diag-
noses were two children with failure to thrive as
a result of malnutrition and neglect who had
prolonged hospital stays. Cases of meningitis,
measles, suspected tuberculosis, dilation of post-
operative anal atresia, kerosene ingestion,
omphalitis, otitis media, and milk allergy were

also in the other category.
The pattern of outpatient visits was similar

(table 6). These infants averaged 3.2 outpatient
visits for upper respiratory infections, 1.4 visits
for diarrhea, and 1.1 visits for other complaints
including otitis media, conjunctivitis, dermati-
tis, and chickenpox. No child with pneumonia

was treated on an outpatient basis.
Any assessment of morbidity among this

population must be coupled with a considera-
tion of hospital use and population distribu-
tion. From table 6 it is clear that the distribu-
tion of infants using health facilities is far from
uniform over the reservation. More than half
the children live within the three districts (1,
7, 8) closest to the Sells hospital. These children
make more use of its facilities than those living
in more remote areas. The average rate of use

falls off proportionally and significantly as the
travel time from the hospital increases.
The correlations of average travel time to the

hospital and the rate of outpatient use are all
significantly negative (table 6). This finding
suggests that a major factor in use of hospital
services is difficulty in getting to the clinic. The

Table 5. Hospitalizations in the first year of
67 Papago infants

Total Number Average
Type of illness days of stay

children (days)

Gastrointestinal-669 40 16. 7
Respiratory-748 49 15. 3
Other -_ 222 14 15. 9

Total- 1, 639 67 24. 5
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same factor does not appear to apply to hos-
pital admissions for which there was no signif-
icant correlation between admission and
district.

School Children
School children were examined at all nine

schools on the reservation (fig. 1). There is a
public school in Sells with classes through the
ninth grade. The Federal Government main-
tains elementary day schools in three smaller
villages (Santa Rosa Ranch, Vaya Chin,
Kerwo) and a boarding school in Santa Rosa.
Franciscan Fathers administer mission grade
schools in four other villages (Topowa, San
Xavier, Covered Wells, Pisinimo). High school
education is not available on the reservation
but may be obtained in Government boarding
schools.
More than 900 children were weighed and

measured. Visual acuity and color vision ability
were tested using a vision screener equipped
with Landolt ring charts for acuity testing and
reproductions of Ishihara plates for color vision
testing. Glucose tolerance of 292 unselected
children who were 10 years of age or older was
tested. Blood was drawn 1 hour after a 75-
gram oral glucose load. Dr. Thomas L. Burch
made the glucose determinations at the field
laboratory of the National Institute of Arthri-
tis and Metabolic Diseases in Phoenix. One
hundred and ninety-three older children re-
ceived dental examinations, and a random

Figure 3. Growth in weight of Papago shool
children compared to norma whit. childr
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sample of 140 had impressions made for the
fabrication of dental casts.
Growth. The values of the mean heights and

weights observed for Papago school children by
age are presented in table 7 and plotted with
the comparable data for white children in fig-
ures 3 and 4. Their stature is typical of similar
age white children and they are somewhat
taller than Navajo or Japanese children (11-
13). Weight, however, shows a rather dramatic
increase beginning at about 8 years among the
girls and approximately a year later among the

Table 6. Use of outpatient clinic in the first year of 123 Papago infants, by district

Average Average outpatient visits per chid for Average
travel Number Avhospital

District time of Well Gastro- Upper Other admis-
(minutes) children baby intestinal respiratory com- Total sions per

care illness illness plaints child

1-____ 27 17 4. 0 2. 0 4. 0 1. 2 11.2 1.2
2-____ 37 8 2. 9 1. 6 3. 4 1. 2 7. 9 . 6
3-____ 36 14 2. 7 1. 6 2. 6 . 7 4. 5 2. 0
4-____ 107 6 . 2 .5 1.3 . 0 2. 0 1. 7
5-______ 77 9 . 1 .2 1. 0 . 3 1.7 1.1
6-____ 61 2 4.5 1. 0 5.5 1. 5 12. 5 2. 0
7-____ 33 10 2. 3 2. 0 2. 2 .8 7.3 1. 4
8-_____ 21 43 3.6 1.6 4.4 1.5 11.1 1.3
9-____ 75 14 1. 7 . 8 1.3 . 6 4 4 . 4

Total -123 2.8 1.4 3.2 1.1 8.5 ____-_

Correlation of usage
rate and travel time --. 73 -.89 -.58 -.75 -.67 +.03

5 . Pu.,P B idHalth p

Il

1052



Table 7. Anthropometric measurements of 929 Papago school children

Stature (cm.) Weight (kg.)
Age (years) Number Mean Standard Number Mean Standard

deviation deviation

Males

5--------------------------------------- 18 100.33 4.82 18 19.20 2.11
6- 40 115.13 11.55 40 22.53 3.64
7- 58 122. 93 6.14 57 26.19 7.15
8- 73 130.05 5.93 73 29.58 7.24
9------------- 50 134.05 6.26 49 32.67 7.61

10 -55 138.49 6.09 55 37.04 9.87
11 -57 147.12 7. 79 57 42. 61 12. 98
12 -47 153.32 7.19 47 48.44 12.09
13 -41 159.38 6.29 41 58.42 14.68
14 -21 164.77 7.68 21 60.66 17.70
15 -9 165.10 6.62 9 64.30 15.02

Females

5- 17 109.56 4.14 17 18.85 2.08
6- 50 117.15 5.01 52 22.09 3.03
7- 70 121.26 5.71 71 24.75 4.31
8- 47 126.23 5.35 47 27.12 5.94
9- 58 136.05 8.17 58 34. 89 9.12

10 -50 141.45 8.43 50 39.16 9.12
11 -44 146.96 5.56 43 46.04 12.11
12 -38 153.56 3.74 37 53.54 21.33
13 -52 152.77 7.41 52 56.02 13.69
14 -24 155.12 4.19 24 52.94 10.94
15 -10 158.10 4.39 10 71.42 10. 24

boys. Some measure of ponderosity was there-
fore necessary to document this growth pattern.
The mean ponderal index

(PI=3Vw.(kg)
of the Papago children and comparative data
on white children sre presented in figure 5.
The mean PI of Papago boys remained stable
between 41 and 43 from age 6 to 15 years. Pa-
pago girls show a decreasing PI after age 9,
falling from 42.1 to 38.1 by age 15. These PI
patterns are very different from those of white
children who show a steady increase in PI of a
similar type for both sexes from age 5 to 12.
White children of both sexes have higher pon-
deral indexes than do Papago at all ages, and
the difference between the two populations in-
creases with age up to 14 years. These differ-
ences in PI are almost entirely a reflection of
increased weight among the Papago rather than
lack of growth in stature, since until age 14 the
Papago children match the stature of white chil-
dren of the same age. The ponderal index con-
tinues to drop in the Papago children to adult
values of 38.9 for men and 37.1 for women. The

adult Papago values are from a sample of 33
men from ages 24 to 77 and 107 women from
ages 18 to 68.
Health. Table 8 shows the results of the glu-

cose tolerance tests for 137 boys and 155 girls.
There was no appreciable difference in glucose
tolerance between boys and girls and no trend
with age. There were two boys with blood sug-
ars above 210 mg. per 100 ml., a 13-year-old
with a blood sugar of 406 mg. per 100 ml. and
a 15-year-old with a blood sugar of 214 mg. per
100 ml. This number is a frequency of 0.68 per-
cent (approximately 1 in 150). The overall fre-
quency of blood sugar levels of 150 mg. or more
was 2.4 percent.
Table 9 summarizes the data on visual acuity

obtained using a Landolt ring test for far vision
in a sample of 323 Papago children and adults.
The distribution of visual acuity differed be-
tween the old and the young and between the
sexes at younger ages. Among those more than
45 years old the sex difference was not
present. More than half of the older group had
visual acuity of 20/40 or less, and only three of
42 had acuity of 20/17 or better. In the age
range 30 to 44 years more than half had acuity
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of 20/22 or better. Among those undi
difference between the sexes was appal
had better acuity than females Fe
much more prone to have acuity of 20
while males were more likely to hav(
20/17 or better. Sixty-three percen
under 15 had acuity of 20/22 or be
only 45 percent of girls were in the so
More than 37 percent of girls age 10
acuity of 20/40 or less while only 12
the boys are in this range.
The significance of these results

tests is not clear. Several factors an
in the interpretation of the reoordc
does occur and was observed in 12 o
sons scoring 20/40 or less. Endemic tI
a major medical problem of the Pa
accounts for much of the reduced vis
among the adults. Active programs c

tion and therapy may account for mi
difference between younger and olde
The primary concern of the dent

was the evaluation of tooth alignment
morphological variations of dentitio
most constant finding in the dentiti
193 children examined was the pr
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al studies shovel-shaped incisors, a trait characteristic of
and othier Mongoloid populations. These teeth have
andAothr thickened marginal ridges on their lingual sur-
on. An al- face, giving the incisor crowns a definite shovel-
,on of the like appearance. It was observed in a moderate
esence of to marked degree in 94 percent of the group.

This trait is of little clinical significance ex-
go school cept that in some persons it appears to contrib-
children ute to malalignment of the upper incisors.

A relatively common variation in upper
lateral incisor morphology found among many

4/, Indian groups, a barrel-shaped incisor, was
'00 encountered in 7 percent of the children. This

- - variation may represent an extreme form of the
shovel-shape trait and is of significance in that
a deep lingual pit particularly susceptible to
the initiation of dental caries is often present.
Caries forming in such a pit may extend to the
pulp of the tooth and result in a periapical
abscess with practically no evidence of a lesion
on the surface of the tooth.
Malocclusion was assessed using Angle's

classification of anterior-posterior jaw rela-
tionship (14). Frequencies of the four major
categories were as follows: no significant mal-
occlusion, 33 percent; class I malocclusion, 48
percent; class II malocclusion, 14 percent; and

14 16 class III malocculsion, 5 percent. Comparable
figures in an earlier study of Japanese children
using similar criteria were normal occlusion,
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41 percent; class I, 44 percent; class II, 12 per-
cent; and class III, 3 percent (15). For white
school children residing in Utah the frequencies
were normal occlusion, 36 percent; class I, 30
percent; class II, 24 percent; and clam III, 10
percent (Niswander, unpublished data).
In general, the dental status of the Papago

children is characterized by low caries rates,
moderate to severe fluorosis, moderate abrasion,
and relatively poor oral hygiene with an ac-
companying high prevalence of gingivitis. One
12-year-old girl with multiple papules of the

Table 8. Blood sugar levels of 292 Papago
school children following a 1-hour glucose
tolerance test

Mean Standard
Age (years) Number level (mg. deviation

per 100 ml.)

Boys -137-
10 -13 103. 7 15. 61
11- 36 102. 4 17. 10
12 -_ 30 93. 4 21. 64
13 -35 99. 4 16. 67
14 - 17 95. 6 12. 21
15 -_ 6 93. 0 22. 61

Girls -155-
10 -12 108. 6 18. 40
11 - 29 96.1 29. 95
12 -41 99.1 20. 07
13 - 46 101.7 20. 03
14 - - 20 96. 9 15. 15
15 -7 112. 5 20. 41

Table 9. Visual acuity of 323 Papagos, by
age and sex

Visual acuity 10-15 16-29 30-44 45 years Total
and sex years years years or older

20/40 or less:
Male- 8 7 9 12 36
Female.---- 30 13 11 13 67

20/35 to
20/25:

Male- 17 5 4 4 30
Female ---- 14 10 5 4 33

20/22 to
20/18:

Male- 24 5 4 2 35
Female 23 9 7 4 43

20/17 or
better:

Male- 19 13 10 2 44
Female --.- 13 10 11 1 35

All males ---- 68 30 27 20 145
AR females--- 80 42 34 22 178

oral mucosa was observed. The lesions were
similar in appearance to those of focal epithe-
lial hyperplasia previously described (16, 17).
Focal epithelial hyperplasia of the oral mucosa
is unusual because it is apparently restricted to
Indians. More than 40 cases have been observed
in young Indians of North, Central, and South
America, but none have been reported in whites
or Negroes. The clinical and histological char-
acteristics of the lesions suggest a viral etiology.
The papules and nodules can be extensive
throughout the buccal and lingual mucosa and
may present a rather dramatic picture if
traumatized or seen with superimposed herpetic
ulcerations.

Consequences of Cultural Patterns

Congenital defects. Congenital malforma-
tions among American Indians have been re-
ported from a review of records of newborns
(4). American Indians as a whole have a total
frequency of major congenital defects similar to
other major racial groups, although they differ
in the frequency of specific defects. From our
study it became evident that the distribution of
specific major malformations in subsets of the
population is not uniform. Certain malforma-
tions did not occur at all in the Papago in the
period studied, whereas myelodysplasia and
microphthalmia occurred with extremely high
frequency.
The diagnosis of myelodysplasia, including

both spina bifida and anencephaly, is easily and
accurately made. Review of the records of the
Sells Indian Hospital and the Phoenix Area
Indian Hospital, which is the center for medical
care for the entire area, led to the ascertainment
of seven cases of myelodysplasia in Papagos.
Extended pedigrees were drawn for each case
and juxtaposed with sections of a map of the
reservation to reveal the mating patterns of
families which produced affected persons. Two
main clusters and one sporadic case were
identified (fig. 6).
One cluster had its origin in the village of

Choulic in Chukut Kuk District (district 2).
This family group had three affected children,
all descended from three brothers who married
women from nearby villages. Two of the af-
fected siblings were the product of a consan-
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Figure 6. Areas of residence and ped_grees of Papagos with myelodysplasia
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Figure 7. Pedigree of Papagos diagnosed or reported to have microphthalmia

guineous mating between first cousins once re-
moved (F=1/32).
The second cluster originated in the village of

Sikal Hamatk in Gu Achi District (district 3)
and resulted in two propositi and a third affected
person from the same district who can be tenta-
tively linked with this cluster. The isolated case
occurred in Nestor's in the Pisinimo District
(district 6), and all blood relatives except the
father were from this district. There is no evi-
dence for the last five generations that the
Choulic and Sikal Hamatk groups have shared
genetic material, and they probably have been
isolated for much longer.
A rare malformation, microphthalmia, oc-

curred in a cluster in Sif Oidak District
(district 9). Four cases were diagnosed by oph-
thalmologists at the Phoenix Indian hospital.
Anecdotal reports of two affected antecedents

are available. An extensive pedigree of this
group was constructed (fig. 7), and the four
affected persons (V, 7; VI, 1-3) almost cer-
tainly all descended from brothers (II, 2, 3)
both of whom lived in the village of Cockleburr.
All relatives of the four persons with micro-
phthalmia come from Cockleburr or the neigh-
boring village of Chui Chu. No other cases of
microphthalmia are known among the Papago.

Discussion

Evaluation of the health of American Indians
(in this paper, Papago children) necessarily
leads to comparison with populations which
differ genetically (racially) and culturally and
which live in vastly different environments.
Each of these factors affects health parameters.
There are well-recognized differences between
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races for the anthropometric measurements used
to evaluate growth. Diet and disease also affect
normal growth, and both are intimately related
to culture and environment. This complex inter-
play is part of the process recognized as
adaptation.
The Papago and Pima newborns are generally

heavier than other southwestern Indians. The
differences in birth weight may reflect differ-
ences in body structure and metabolism. The
Pima and Papago have relatively high fre-
quencies of diabetes, which is associated with
increased birth weight. However, the relation to
diabetes is probably not a major factor in these
tribal differences because the Hopi and Zuni
also have high frequencies of diabetes but low
mean birth weights (18).
The growth pattern of Papago children dur-

ing the first year of life was consistent with
many other reports of children living under
substandard nutritional and health conditions.
This pattern characteristically shows children
of all races and conditions paralleling each
other for the first 6 months. Thereafter the dis-
advantaged infant shows a marked falling off
of his growth rate. Salber (19) has reported
this phenomenon for South African infants, as
have Parsons (20) for Australian aborigines
and Su and Liang (21) for Chinese. MIeredith's
(23) review of the first postnatal year of North
American Negro infants compared with white
babies revealed that although the Negro baby
was somewhat lighter throughout the period, he
did not show the decreased rate of gain during
the second half of the first year if he was well
cared for. Comparable data are not available for
American Indian infants. However, it is possible
that the growth pattern we observed in the first
year reflects malnutrition to a greater degree
than genetic differences.

Infectious diseases, especially diarrhea and
pneumonia, present the greatest health problem
of Papago children during the neonatal period
and through the first year. It is unlikely that
these children have a peculiar susceptibility to
these disorders (23).
However, the impact of infectious disease is

certainly affected by cultural and environ-
mental factors. During the hot summer months,
diarrhea becomes a serious problem as the op-
portunity for transmission of infective agents

increases. Because the Papago frequently do
not have refrigerators it is impossible to keep
artificial formulas sterile. Water is hauled con-
siderable distances in unsanitary containers and
is stored in open vats and pots.
The infant is the one most seriously affected

by diarrhea and, too often, the parents do not
get him to the hospital until the infection is
considerably advanced. Although treatment
with intravenous fluids is usually successful, it
has been suggested that such febrile illnesses
associated with extreme dehydration may cause
irreversible changes in perceptual and mental
abilities. Hospitalization for diarrhea is usually
prolonged (an average of 16.7 days), since staff
physicians have learned that recurrences are
frequent if the child is returned to the home
environment before he has completely recovered
and shown a significant weight gain.

Breast feeding and closer medical supervision
would greatly reduce the morbidity from diar-
rhea. Unfortunately, breast feeding frequently
is not possible with Papago mothers. Children
are often placed in the care of babysitters or
grandparents while the mother is working or
otherwise occupied. The long distances which
separate most villages make intensified medical
supervision difficult. The possibility remains
that an intensive program especially aimed at
reducing mortality and morbidity resulting
from diarrhea might well be an entering wedge
toward controlling the health problems of the
Papago.
Pneumonia in the Papago children is also

seasonal and is apparently due to secondary
bacterial invasion in infants predisposed by
viral infections of the upper respiratory tract.
These infections are extremely common during
the colder months when the family is confined
to close quarters and viral infections are com-
mon. Physical or X-ray evidence of pneumonia
uniformly warrants hospitalization since treat-
ment and diet can be more closely supervised.
Hospital use varies due to transportation

problems. Families from outlying districts in
particular find it difficult to travel to the Sells
hospital. For example, two children have died
from neonatal tetanus since this study was com-
pleted. Neither was born in the hospital, al-
though the mothers had tried to obtain trans-
portation. These deaths have led to a policy of
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immunizing mothers during the prenatal pe-
riod. However, the basic difficulty of delivery of
health services on the reservation remains
unsolved.
The differences in correlation of the various

types of outpatient visits to distance of resi-
dence from the hospital show that cultural fac-
tors as well as simple distance are involved.
Well-baby nsits, which are prearranged, and
visits for respiratory illness, which is recog-
nized as serious by the mother, have lower cor-
relations to distance than do visits for diarrhea,
which is considered an Indian disease. This
lower correlation may reflect the mothers rec-
ognition of the seriousness of different types of
illness or her acceptance of hospital services for
certain types of illness.
The lack of correlation between inpatient ad-

missions and distance of residence from the hos-
pital may reflect several factors. There is
actually a positive correlation of inpatient ad-
mission to distance of residence from the hos-
pital once the child appears at the outpatient
department. This situation reflects the reluc-
tance of physicians to send a potentially ill child
home if home is a long distance from the hos-
pital, as well as the increased severity of ill-
nesses of children who have been brought by
their parents over longer distances. Both fac-
tors reflect the major effect transportation has
on the medical care of Papago infants. Also,
acceptance of medical care may be low among
those living in the areas of the reservation most
remote from the hospital, contributing to delay
in seeking transportation to the hospital.
The growth of school-age Papago children

is remarkable in the early onset of obesity. This
phenomenon has been repeatedly observed by
the medical personnel working on the reserva-
tion and is recognized by the Indians themselves
as the typical growth pattern. Doubtless the
Papago's high carbohydrate diet contributes to
this obesity. Unfortunately, dietary manipula-
tion is difficult for both cultural and financial
reasons. The frequency of diabetes mellitus in
the adult Papago is high. Among the children
we tested, at least two had blood sugars, 1 hour
after a glucose load, which were unequivocally
in the diabetic range. Neither child experienced
polyphagia nor considered himself ill. Both
were obese.

Niswander has recently commented on the
apparently greater prevalence of malocclusion
among modern industrialized populations com-
pared with ancient man and modern primitive
groups (24). The reasons for this prevalence are
not clear, although there is a suggestion that
environmental factors play an important role,
perhaps through the disruption of highly
adapted oral-facial growth pattern relation-
ships. It would be of considerable interest to
know if the high prevalence of maloclusion
among the present Papago children is of recent
origin or characteristic of Papagos living prior
to disruption of aborginal culture patterns by
the white man.
To obtain information on this point we at-

tempted to locate skeletal remains of ancestors
of the present-day Papago Indians. Although
a moderate amount of such skeletal material
exists, most of it is not well enough preserved
to allow reliable assessment of dental alignment.
Dr. Charles Di Peso made available skeletal ma-
terial at the Amerind Foundation, Dragoon,
Ariz., and Dr. Walter Birkby assisted us in ex-
amining the skulls in the collection of the Uni-
versity of Arizona, Tucson.
To date only 10 skulls sufficiently intact for

comparative purposes have been found. These
date roughly from the period between 1300 and
1700 A.D. All showed nearly perfect occlusion.
Although the sample is extremely small and
there can be no absolute certainty that these per-
sons are, in fact, direct antecedents of the
present-day Papago, it suggests a striking in-
crease in the prevalence of malocclusion among
the Papago occurring sometime in the last 600
years. Such a wide timespan allows for either
genetic or environmental factors to be respon-
sible for this temporal change.

Pedigree analysis suggests that, in this popu-
lation, the frequency of several congenital de-
fects is principally consequent to the cultural
factors dictating the mating pattern. Thus,
nearly all cases of microphthalmia and myelo-
dysplasia are accounted for by several small
endogamous mating groups. A conservative es-
timate of the frequency of myelodyplasia among
the Papago can be obtained for the last 5 yeaw
for which we have reasonably complete records
of the number of births. During these years,
births averaged approximately 200 per year,
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occurring almost exclusively in the Sells (64
percent) and Sacaton (33 percent) hospitals.
During this period, there were five cases of
myelodysplasia, a frequency of 1 in 200 births.
This exceedingly high frequency, attributable
*to small clusters of cases, may well account for
the high frequency of this malformation in
much larger Indian populations (3).
Microphthalmia is a heterogenous entity, and

various modes of inheritance have been ob-
served in clinically undistinguishable cases. The
cluster of cases occurring in the Sif Oidak Dis-
trict most likely represents simple autosomal
recessive inheritance. If so, the large number
of cases reflects a high level of endogamy
present in this group of adjacent villages.
The etiology of myelodysplasia is not as sim-

ple. It would appear that an interaction be-
tween a specific polygenic predisposition and
environmental factors is important. The high
frequency of diabetes mellitus (18) present in
adult members of the tribe may be significant.
It has been suggested that this disease is related
to "anti-insulin" activity in *the synalbumin
fraction of human plasma. Elevated levels of
anti-insulin have also been reported in the moth-
ers of myelodysplastic children (25).

Summary

The Papago Indians refleot their genetic po-
tential in birth weight, growth and develop-
ment, and metabolic patterns. These have all
been shaped by their prolonged residence in the
arid southwest which has become more desert-
like during the past 1,000 years. These traits
seem to be shared with their linguistic and his-
toric relatives, the Pima. The high frequency of
certain malformations can be attributed to cul-
tural patterns which were also adaptive in this
environment.
The pattern of disease seen in Papago in-

fants and children is associated with a harsh
environment. Lack of water and sanitation are
major components in the etiology of diaxrhea,
and the cold desert winter, which results in
crowding into largely unheated houses, con-
tributes to the burden of pneumonia and res-
piratory disease. A major limitation on the use
of hospital services appears to be isolation by
distance. These conditions are preventable.
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Head Start Progress Report
Thousands of disadvantaged preschool chil-

dren are receiving medical and dental services,
as well as iunizations, for the first time
through Project Head Start. In fiscal year
1969, some 447,000 children were enrolled in
Head Start summer programs and 217,000 in
full-year programs, according to the Office of
Child Development.
The following table shows Project Head

Start's 1969 medical and dental information,
in percentages, according to the children's
parents:
Status Full-year Summer
Condition found:
Yes - 41. 9 39. 7
No -_ 49. 9 49. 8
Not examined- 3. 2 4. 1
Unknown - _ 4. 9 6. 4

Treatment received:
Yes -_ 88.1 80. 0
No -_ 9.7 16.8
Unknown - _ 2.1 2. 5

Estimated figures show that before being en-
rolled in Head Start during 1969, 37,975 chil-
dren participating in the full-year programs
and 84,483 in the summer programs had re-
ceived complete immunization for DTP, polio-
myelitis, smallpox, and measles. During 1969,
Head Start obtained immunizations for ap-
proximately 43,183 additional children in the

full-year programs and 34,419 in the summer
programs.
The urgent health needs of Head Start

youngsters are indicated by the following data
from 1968 reports:

* 1.9 percent of the children in full-year
programs and 2.2 percent in summer programs
had positive reactions to tuberculin testing.

* Of the children tested for anemia, 15 per-
cent of those in full-year programs and 11 per-
cent in the summer programs were found to
be anemic.

* Of the children given screening tests for
hearing abnormalities, 4.9 percent of those in
full-year programs and 6.1 percent in summer
programs had abnormal test results.

* Of the children given vision screening
tests, 8.4 percent of those in full-year programs
and 9.2 percent in summer programs were
found to have abnormal vision.

Project Head Start was designed as a com-
prehensive program for disadvantaged chil-
dren and their families. An important, basic
aim of the program has been to make sure
that Head Start children receive the health
services they need. The program remains the
only nationwide comprehensive health care
program for preschool children.
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