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A Study of Growth, Morbidity and Mortality among
Eskimo Infants of Western Alaska

JAMES E. MAYNARD, M.D.1 & LAUREL M. HAMMES, B.A.2

One of the most serious problems affecting the American Eskimo is that of disease and
death in infants. A study undertaken to inquire into the growth and development com-
ponents and the nutritional components of this morbidity and mortality and to verify and
amplify the inadequate health statistics relating to this group revealed an infant mortality
rate 4 times that for the USA as a whole, with a 16 % under-registration of infant deaths.
The majority of infant deaths occurred in the post-neonatal period, with respiratory infec-
tions constituting the most frequent cause of morbidity and mortality. There was a signifi-
cant inverse association between infant haemoglobin level andfrequency of respiratory and
total illness, providing one of the few specific epidemiological confirmations of a synergistic
nutritional interaction between anaemia and infection.

One of the most serious health problems affecting
the American Eskimo is that of disease and death
in infants.

In 1958 the infant mortality rate among Alaskan
Aleut, Eskimo, and Indian populations was estimated
at 80 deaths per 1000 livebirths; while among
Eskimos resident in south-western Alaska, the
estimated rate approached 145.

This high mortality focus occurred among some
8000 Eskimo riverine fishers and hunters living in
35-40 small isolated villages surrounding the
administrative and transportation centre of Bethel.

In the period 1956-58, records of the Bureau of
Vital Statistics of the State of Alaska showed that
61 % of all deaths in the area were not medically
certified and that 50% of births occurred outside
hospital and without the assistance of trained
attendants.
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A comprehensive attack on the problems of
Eskimo infant mortality thus required the acquisi-
tion of data concerning the growth and develop-
ment, nutritional and morbidity parameters asso-
ciated with this mortality.
A study was therefore initiated in 1960 in 27

Eskimo villages in the Bethel area to acquire and
verify data related to the following categories:
(1) livebirth and infant mortality rates; (2) infant
growth patterns; and (3) illness in the first year of
life and its relation to nutritional patterns.

BACKGROUND

South-western Alaska encompasses the drainage
areas of the Kuskokwim and lower Yukon rivers
and is a treeless coastal plain within the subarctic
zone (Fig. 1).
The 1960 enumerated population was 8665 persons

(election districts 16 and 24), with 1300 persons living
in the trade centre of Bethel. Villages vary in popula-
tion from 10 to 460. The majority of people are
Yupik-speaking Eskimos engaged in a traditional
riverine hunting and fishing subsistence economy,
and comprise the largest concentration of this
ethnic group in the world.

Local medical care has been largely unavailable
within the villages surrounding Bethel. Day-to-day
treatment of acute illness and injury at the time of
the study was managed by government school

2503 613-



J. E. MAYNARD & L. M. HAMMES

FIG. 1

ALASKA, SHOWING BETHEL AREA (SHADED)

teachers and an increasing number of subprofessional
resident health-aides. These individuals reported
clinical findings by short-wave radio and received
treatment instructions from the physicians at the
Public Health Service hospital at Bethel. Hospitali-
zation of severely ill or injured patients was accom-
plished by air evacuation.

There is no uniform tradition of native midwifery
among the people. Deliveries occurring in the
villages were usually attended by one or more mem-
bers of the patient's family.

Centralized registration of vital events in Alaska
was established in 1913, but there was no attempt to
analyse or publish the fragmentary vital data until
the creation of the Alaskan Bureau of Vital Statistics
in 1949. The system has continued to operate locally
through the courts with district and deputy ma-
gistrates serving as local registrars. The 1950 test of
birth registration indicated that 16% of non-
Caucasian births in Alaska were not registered
(24% for births occurring outside hospital). Similar
data on death registration are not available, but the
unsatisfactory quality of death certification data
may be inferred from the high proportion of non-
medical certifications.

MATERIALS AND METHODS

The study was conducted in 27 Eskimo villages in
the Bethel area with a total population in 1960
of 6080 persons. It was staffed by a physician, a
statistician, 4 nurses and 2 clerical personnel.
Nursing visits were made quarterly to all study

villages. In each village a resident Eskimo aide was
recruited, who kept a record of pregnancies and
determined the birth-weights within 24 hours of
birth for babies born in her village. At the start of
the study all village households were visited by the
nurse, who identified gravid women and instructed
all female members of child-bearing age to report
2 consecutively missed menstrual periods to the
village aide. At subsequent household visits the
nurse verified pregnancies reported in the interim
and identified new pregnancies not so reported. All
infants born between 1 January 1960 and 31 De-
cember 1962 were followed as a cohort for the
entire 12-month period of infancy.
At each visit the nurse weighed the infants,

obtained crown-heel lengths, and determined haemo-
globin values by heel prick, using portable haemo-
globinometers. Information was obtained on feeding
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practices; current illnesses were assessed; and retro-
spective information on intercurrent illness was
obtained. For morbidity surveillance use was also
made of all other available sources of medical
information on the infants in the study, including
records of medical communications by radio,
hospital discharge summaries, and public health
nursing records and physicians' field clinic records.

All illness data were reviewed by the project
physician and statistician to ensure consistency in
classification. For those illnesses diagnosed and
treated by Bethel hospital physicians through clinics
or radio communication the diagnosis of the physi-
cian was accepted. Some 60% of all illnesses
reported to the study were based on such informa-
tion. Other illnesses recorded by research nurses
were broadly classified only, e.g., infectious or
non-infectious, upper or lower respiratory, gastro-
intestinal, integumentary, cardiovascular, etc.
Deaths occurring among infants in the study were

investigated through interviews with the parents and
medical aides and review of the hospital records.

Livebirths and infant deaths in the study popula-
tion were reported to the Alaska Bureau of Vital
Statistics by locally responsible registrars through
the regular channels. The study personnel did not
initiate or encourage the official process of registra-
tion. Any birth or death which remained un-

registered in the bureau 4 or more months after
occurrence was considered an unregistered event for
the purposes of the study.
A total of 643 infants were enrolled in the study

between 1960 and 1962; 322 during the first study-
year, and 321 during the second. For the first
cohort of 322, data were analysed for all the cate-
gories previously described. Only data on birth,
vital registration, height, weight, haemoglobin, and

mortality have been included for the second 321
infants.

RESULTS

The 643 livebirths which occurred during the
study period included 623 single births and 10 sets
of twins. The average annual birth rate, using the
December 1961 study population census as denomi-
nator, was 53 per 1000 persons. The twinning fre-
quency of 1.6% was similar to the frequency of 2.0%
for the USA as a whole in 1960.

There were 65 infant deaths, with 30 in the neo-
natal period and 35 in the post-neonatal period.
Table 1 shows that the infant mortality rate for

TABLE 1
INFANT MORTALITY RATE COMPARISONS

Deaths per 1 000 livebirths

Age period Bethel US Indians a USA,
Eskimos excluding all races,
1960-62 Alaska, 1956-58

1956-58

Neonatal period 47 22 19

Post-neonatal period 54 35 7

Total infant period 101 57 26

a Data from US Department of Health, Education, and
Welfare, Division of Indian Health (1960).

Bethel Eskimos was almost twice that in a study of
American Indians used for comparison, and approxi-
mately 4 times that for the USA as a whole.
As shown in Table 2, of the 643 livebirths, 104

(16%) were not registered with the Alaska Bureau
of Vital Statistics; for births occurring in the villages

TABLE 2
NUMBER AND PERCENTAGE OF UNREGISTERED BIRTHS AND INFANT DEATHS

All events Events occurring within villages

Type of event Unregistered Unregistered
Total No. Total No.

No. % No. %

Livebirths 643 104 16 264 104 39

Infant deaths 65 22 34 38 22 58

Neonatal 30 10 33 18 10 56

Post-neonatal 35 12 34 20 12 60
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TABLE 3
SINGLE LIVEBIRTHS BY BIRTH-WEIGHT, WESTERN ALASKA AND CALIFORNIA

Western Alaska
Eskimos

California a

Caucasians

No. % No. %

Negroes

No.

Birth-weight unknown

Birth-weight known

<2 000 g

2001-2 250 g

2 251-2 500 g

2 501-2 750 g

2 751-3 000 g

3 001-3 250 g

3 251-3 500 g

3501-3750 g

3 751-4 000 g

4001-4250 g

4 251-4 500 g

>T4 501 g

Total

64

559

9

7

22

42

63

93

141

94

43

33

7

5

623

100.0

1.6

1.3

3.9

7.5

11.3

16.6

25.2

16.8

7.7

5.9

1.3

0.9

286

312 356 100.0

5 816 1.9

3 698 1.2

8 418 2.7

19301 6.2

34 183 10.9

56 755 18.2

65 734 21.0

54 918 17.6

34 407 11.0

17586 5.6

6 910 2.2

4 630 1.5

312 642

43

27 100

1 058

592

1 373

2 762

4 096

5 650

5020

3 416

1 795

827

303

208

27 143

100.0

3.9

2.2

5.1

10.2

15.1

20.8

18.5

12.6

6.6

3.1

1.1

0.8

a Data from California State Department of Public Health, Bureau of Vital Statistics (1959).

the percentage reached 39. Of the 65 infant deaths,
22 (34 %) were unregistered. Unregistered events
occurred exclusively among births and deaths taking
place outside hospital. Calculation of infant
mortality solely on the basis of registered events
would have resulted in an underestimate of this
rate by 20 %.
With regard to maternal characteristics, the typical

mother in this study, as characterized by median
values, was between 25 and 29 years of age and had
had 5 previous pregnancies. Between the ages of
20 and 24 she had already had 2 pregnancies, and
by the age of44 years would have had 10 pregnancies.
At the start of the study the 633 mothers had borne
3070 children, of whom 742 (24 %) had died.
Table 3 compares the frequency distribution of

birth-weight for single livebirths with those found
in California Caucasians and Negroes. The mean
weight of Eskimo infants was significantly greater
than that of the Negroes at the 1 % confidence level.
The mean birth-weights of Eskimos and Caucasians
did not differ significantly. The incidence of pre-
mature delivery for single livebirths, based upon

559 births for which birth-weight was known and
as defined by a weight of 2500 g or less, was 6.8% for
the Eskimos as compared with 5.7% and 11.2% for
California Caucasians and Negroes respectively.

Fig. 2 and 3 show (for males and females respec-
tively) the mean heights and weights of the study
infants by sex and month of age in comparison with
the Falkner standards for North American Cauca-
sian children. Whereas the weight curves for
Eskimo male and female infants did not differ
markedly from the respective standards, height in
both Eskimo males and females began to lag by the
second month of life. By the end of the first year,
mean Eskimo heights approached the lower 5th
percentile of the Falkner curves.
As shown in Table 4 mean haemoglobin levels of

the infants in the study were below the normal means
in all except the 2-3-month-old group.
With regard to feeding practices, during the first

month of life 53% of infants were breast-fed only;
by the 12th month this percentage had decreased
to 20. Solid food additives of cereal and fish were
generally introduced by the 6th month. Canned

l_ t.
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FIG. 2
AVERAGE ESKIMO MALE INFANT HEIGHT AND WEIGHT BY AGE COMPARED WITH NORTH AMERICAN

WHITE MALE STANDARDS a, b

32
Height
Hale infants

30

28- .eS

26 -

24

1 2 3 4 5 6 7
Age in months

1 2 3 4 5 6 7
Age in months

a 5th, 50th and 95th percentile standards taken from Falkner (1962).
b 1 in = 2.54 cm; 1 pound = 453.6 g.
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FIG. 3
AVERAGE ESKIMO FEMALE INFANT HEIGHT AND WEIGHT BY AGE COMPARED WITH NORTH AMERICAN WHITE

FEMALE STANDARDS a, b
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a5th, 50th and 95th percentile standards taken from Falkner (1962).
b 1 in = 2.54 cm; 1 pound = 453.6 g.
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TABLE 4
MEAN HAEMOGLOBIN LEVELS

Values for infants Normal values aAge (months) in study (g/100 ml) (g/100 ml)

2 14.3 15.9

2-3 11.6 11.1

4-7 11.3 12.3

8-11 10.7 11.8

a Data from Holt et al. (1962).

baby foods, or fruits of any kind, did not provide a
major source of solid food for the cohort as a whole;
and until the 5th month of life, milk was essentially
the only nutriment provided.

Table 5 summarizes the illnesses reported during
the 12-month period of infancy for the initial cohort

TABLE 5

REPORTED MORBIDITY DURING FIRST YEAR OF LIFE

Illness type Number Percentageof total

Infectious

Otorrhoea

First episode 119
18

Subsequent episodes 84

Impetigo 35 3

Diarrhoea 104 9

Meningitis 5

Respiratory disease 665 58

Common childhood diseases 137 12

Measles 75

Chicken-pox 19

Pertussis 42

Roseola I

Total infections 1 149 100 83

Non-infectious

Congenital anomaly excluding
hernia 5

Other non-infectious 223

Total non-infectious 228 17

Total 1 377 100

of infants who survived for a year. Altogether, 1377
illnesses were recorded for an average of 4 illnesses
per infant; 83% of total illnesses were considered
infectious. If measles and pertussis are included,
57% of total illnesses, and 68% of infectious illnesses,
were respiratory in nature.
Although otorrhoea episodes accounted for only

18% of total reported infections, 38% of the infants
had at least one episode of otorrhoea during the
first year of life, and 20% had 2 or more episodes
during this period. The median age at which the
first episode occurred was 6 months. However, 19%
of the infants had an initial episode before the age
of 4 months.

Tables 6, 7, and 8 explore some relationships
between haemoglobin level, milk source, and illness
experience in the infants. For all computations in
these tables the denominator is the initial cohort
infants surviving the infant year of observation. In
Table 6 total illness frequencies for the infant year

TABLE 6
NUMBER OF ILLNESSES IN RELATION TO SOURCE

OF MILK

Source of mi lk Total Total T Mean no. ofSourcef milk infants a Illnesses illnesses b

Predominantly breast 136 543 399

Predominantly bottle 127 710 559

Total 263 1253 476

a Based on illness experience of initial cohort infants fol-
lowed for 1 year for whom information on milk source was
available.

b Per 100 infant years of observation.

of observation are related to source of milk intake.
The " predominantly breast" category included
infants who received over half their milk from the
breast. Infants receiving milk from the bottle
experienced more illness (P <0.05) than those
receiving breast milk.

Table 7 shows the association between milk
source and haemoblogin level for study infants. The
haemoglobin category was derived from the fre-
quency distribution of haemoglobin in the surviving
cohort for each month of life. Each distribution was
divided into three categories, establishing the upper,
intermediate, and lower third. An infant whose
haemoglobin fell within the upper third of the distri-

619



J. E. MAYNARD & L. M. HAMMES

TABLE 7
HAEMOGLOBIN CATEGORY BY MILK SOURCE DURING

INFANCY a

Number (and %) of infants in indicated
haemoglobin categories

Source of milk
Lower Middle or Totalupper

Predominantly breast 24 (20%) 95 (80%) 119 (100%)

Predominantly bottle 40 (34%) 79 (66%) 119 (100%)

Total 64 (27%) 174 (73%) 238 (100%)

a Based on experience of initial cohort infants followed for
1 year on whom complete milk-source and haemoglobin-level
data were available.

bution for his age at each of the quarterly visits was
placed in the upper category. Conversely, an infant
who fell within the lower third of the distribution at
each visit was placed in the lower category. All
other infants were placed in the intermediate cate-
gory. There was a significant association (P <0.05)
between haemoglobin level and milk source, with
breast-fed infants falling more frequently into the
middle or upper index category.

In Table 8 illness frequencies are related to the
haemoglobin categories. Frequencies of both
respiratory and total illness were significantly higher
(P <0.05) among infants in the lower haemoglobin
category than among those in the middle or upper
categories.

With regard to the cohort mortality experience,
22 of the 30 neonatal deaths were classified as

premature. Sixteen of these occurred within 24
hours of birth and were certified as due to unqualified
prematurity. The remaining premature deaths were

due to accidents, foetal atelectasis and respiratory
infection. Of the 8 neonatal deaths occurring to
mature infants, 3 were certified as due to infectious
respiratory causes. All of the 35 post-neonatal
deaths were related to infectious causes; 26 (74%)
were due to respiratory infections, 5 were due to
meningitis, and 4 were associated with enteric
infections.

DISCUSSION

The 39% under-registration of births occurring in
the study villages was considerably higher than might
have been inferred from the 24% figure of the 1950
birth registration test, the only other available
source of comparison. If early death were a de-
terrent to birth registration, one might have expected
a preponderance of birth under-registration among
village-born infants who died at home during the
first 28 days of life. For 18 cases which met this
criterion, neither birth nor death was registered
for 8, and both events were registered for 8; the
remaining 2 births were registered but not the deaths.
This 44% under-registration of births was similar to
the 39% frequency of under-registration for total
village births. Early infant death was not, therefore,
the primary factor responsible for under-registration
of village births.

TABLE 8
RESPIRATORY AND TOTAL ILLNESS IN RELATION TO HAEMOGLOBIN LEVELS

Respiratory illness b Total illness
Haemoglobi n Total infantsa

category I No. of Mean no. of No. of Mean no. of
episodes episodes c episodes episodes c

Upper 48 94 196 196 408

Middle 127 270 213 594 468

Lower 66 178 270 373 565

Total [ 241 ] 542 225 | 163 483

a Based on illness experience of initial cohort infants followed for 1 year for whom complete
information on haemoglobin level was available.

b Excluding measles and pertussis.
c Per 100 infant years of observation.
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Adult Eskimos have been described as shorter in
stature and heavier for their height than Caucasians
(Scott & Griffith, 1957; Mann, 1962). That this
tendency is already present in infancy is demonstrated
for the first time by this study. Heller et al. (1967),
utilizing data from this population, have shown that
mean heights of Eskimos boys and girls, having
converged on the lower 5th percentile of the Falkner
curves by the 11th month of life, remain at this level
throughout the period of growth. Mean weights of
these children, however, closely approach the
Falkner 50th percentile by the age of 16.
The finding that respiratory disease was the most

important cause of illness and death among infants
in our study is similar to the experience in the New-
castle-upon-Tyne studies (Miller, 1960), where
respiratory disease was the most important cause of
illness and death in early childhood. The emergence
of severe and frequent otitis media in our group,
where 28% of infants experienced one or more
episodes is, however, in direct contrast to a relative
frequency of 6% for Newcastle-upon-Tyne infants.
Further investigation (Reed, Struve & Maynard,
1967) has shown that 31 % of surviving Alaska study
children, when later tested at an average age of
4 years, showed evidence of hearing deficiency.
The associations between infant haemoglobin

levels, morbidity frequency and feeding practices
provide descriptive human evidence of some signi-

ficant interactions between Eskimo infant nutrition
and disease. Gordon et al. (1968) and Scrimshaw
et al. (1968) have demonstrated the interactions
between protein-caloric nutritional deficiencies and
infectious illness in a tropical setting in which
diarrhoeal diseases predominate. Our findings
within a predominantly respiratory morbidity
context indicate that a synergism may exist between
haemoglobin deficiency and respiratory illness
frequency. Scott et al. (1955) and Scott & Heller
(1964) have explained the widespread prevalence of
iron-deficiency anaemia in western Alaska Eskimos
as due to a dietary preponderance of cereal and
fish-protein calories. Our results show that this
deficiency is already well established in infancy, and
provide an epidemiological groundwork of support
for the assertion of Andelman & Sered (1966) that
increases in infant haemoglobin levels through
dietary iron supplementation can result in a de-
creased incidence of respiratory infection.
A recent study (French, 1967) reports a higher

incidence of illness, particularly diarrhoeas, among
bottle-fed than among breast-fed Navajo babies.
Our findings suggest that the reason for these differ-
ences may reside in a constellation of infant-care
factors relating to the nutritional context of breast
versus bottle feeding and not to a more simplistic
view ofdiarrhoeal disease that could relate higher inci-
dence to poor bottle-washing or contaminated water.
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R1tSUMt
ENQULTE RELATIVE A LA CROISSANCE, A LA MORBIDITE ET A LA MORTALITE PARMI DES

NOURRISSONS ESQUIMAUX DE L'ALASKA OCCIDENTAL

La morbidite et la mortalit6 eleve'es enregistrdes parmi
les nourrissons esquimaux ont incite les auteurs a mener
une enquete dans 27 villages de la region de Bethel, dans
l'ouest de l'Alaska. Ont ete etudies particulierement le
taux de mortalite infantile, les aspects de la croissance et
du developpement des nourrissons et les relations entre la
morbidite pendant la premiere annee d'existence et les
facteurs nutritionnels. Les investigations ont porte sur un

total de 643 enfants qui ont dtd suivis pendant un an entre
1960 et 1962.
On a enregistre 65 deces de nourrissons, dont 30 durant

la periode neonatale, ce qui correspond a un taux de
mortalite infantile pres de quatre fois superieur a celui de
l'ensemble des Etats-Unis d'Amerique. Le poids moyen
des enfants esquimaux a la naissance etait notablement
plus eleve que celui d'enfants nord-americains de race
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noire, mais sensiblement egal ai celui d'enfants de race
blanche. Leur poids augmentait ensuite selon une courbe
semblable a celle de ces derniers, mais leur taille etait
inferieure des le 2e mois. Pendant le ler mois, 53% des
nourrissons etaient nourris uniquement au sein et
jusqu'au 5e mois, le lait constituait pratiquement le seul
aliment. Les taux d'hemoglobine etaient inferieurs a la
normale chez tous les enfants, sauf entre 2 et 3 mois. Pour
les enfants nes pendant la Ire annee de 1'enquete, la mor-
bidite a et6 en moyenne de 4 maladies par enfant;

83% d'entre elles etaient de nature infectieuse et 57% ont
atteint l'appareil respiratoire.

II est apparu que la frequence des maladies en general,
et des affections de l'appareil respiratoire en particulier,
6tait significativement plus elevee chez les enfants
prdsentant un faible taux d'hemoglobine et, en majo-
rit6, nourris au biberon. Ces observations illustrent
l'influence des facteurs nutritionnels sur la morbidite
par maladies infectieuses dans un groupe de nourrissons
esquimaux.
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