Obesity Among Navajo Adolescents
Relationship to Dietary Intake and Blood Pressure
Timothy J. Gilbert, MPH, RD; Christopher A. Percy, MD; Jonathan
Lois Benson, RD; Carol

evaluated anthropometric measurements, blood presdietary intakes, and self-perceived body image of 352
Navajo Indian adolescents. Thirty-three percent ofthe girls and
25% of the boys were obese according to a body mass index
criterion. Navajo youth tended to have larger skinfolds than
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their white (National Health and Nutrition Examination Survey
II) and Mexican American (Hispanic Health and Nutrition Examination Survey) counterparts, with the greater difference in
the subscapular skinfolds indicating a greater amount of truncal rather than peripheral fat. When divided into lower, middle, and upper thirds of body mass index, systolic and diastolic
blood pressures were positively related with increasing body
mass index for girls, and systolic blood pressure and body mass
index were related among boys. The high prevalence of obese
adolescents and the apparent effect of the increased weight on
blood pressure in this population indicate the need for interventions aimed at improving dietary habits and fitness levels.

(AJDC. 1992;146:289-295)
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of obesity, diabetes and its complications, and heart disease
are well documented among Navajo Indian adults.1"4 Al¬
though little information is available on the contemporary di¬
ets of Navajo adults, it is believed that changes in life-style
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Notwithstanding rapid changes in life-style and socioeconomic status, little quantitative data are available
regarding the antecedents of adult obesity among Amer¬
ican Indians, especially concerning anthropométrie status
and dietary habits among adolescents. Recent studies of
the physical growth and nutritional status of southwest¬
ern American Indian children indicate changes in the nu¬
tritional and anthropométrie profiles of these children
(Fern R. Hauck, MD, MPH, unpublished data, 1988). The
prevalence of obesity among Navajo school children has
been estimated to be twice that expected for the National
Center for Health Statistics-Centers for Disease Control
reference population.7 The risks and health implications
of obesity among adults are well documented8; however,
no recent data exist for Navajo adolescents regarding the
nutritional status, dietary habits and patterns, or health
effects associated with being overweight and obese.
This school-based study was undertaken among a crosssectional cohort of Navajo adolescents to: (1) assess the prev¬
alence of obesity among adolescents using different anthro¬
pométrie indexes; (2) describe body-weight self-perceptions,
and to correlate these perceptions with actual body weight;
(3) identify dietary patterns that may contribute to overnutrition; (4) determine what effect(s) being obese might have
on blood pressure; and (5) establish baseline data with which
to develop objectives and evaluate future interventions.
SUBJECTS AND METHODS
The Navajo Nation is the largest Indian reservation and the
largest Indian population in the United States. The 65000-km2

from a traditional diet and subsistence-related activities to
a more westernized diet and decreased physical activity
can account for much of the changes in disease patterns.
In 1955, Darby et al5 noted that the Navajo diet consisted
chiefly of corn, wild game, mutton or goat meat, and a
large variety of wild plants. Present-day Navajos have
access to a variety of food sources on the reservation such
as trading posts, convenience stores, fast-food restau¬
rants, and supermarket chains. In addition, a recent US
Government Accounting Office report indicated that 38%
of the total reservation population participates in either
the Food Stamp Program or the Food Distribution Pro¬
gram on Indian Reservations.6
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reservation is located in northern Arizona, western New Mexico,
and southern Utah. Based on the 1980 census, the Navajo pop¬
ulation in 1989 is estimated to be 185 822. The median age of the
Navajos for fiscal Year 1988 was 19.3 years compared with 30
years for the general population of the United States, with ap¬
proximately 37% of the population being younger than 15 years.9
The Navajo Adolescent Dietary Assessment Project was con¬
ducted in the northeastern portion of the reservation in four differ¬
ent high schools (three public and one private, hereafter referred to
as

SI, S2, S3, and S4). Interviews of each participant were carried

on two randomly selected nonconsecutive days between Oc¬
tober 1988 and January 1990. All anthropométrie measurements
were collected during the first interview, and a questionnaire and
24-hour dietary recall were administered. Questions were asked re¬
garding self-perception of body weight and desire to lose or main¬
tain weight, weight-loss practices, and use of vitamin or mineral
supplements. During the second interview, blood pressure mea¬
surements were taken, and a second 24-hour dietary recall was ad¬
ministered. Interviews were arranged so that both a weekday and
a weekend dietary recall could be obtained from each student, thus
representing diet intakes while at school and at home.

out

Samples
The schools were selected to reflect the geographic and cultural
diversity of Navajo adolescents, with SI (the private school) being
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in an off-reservation community with an estimated 1988 popu¬
lation of 35200. The second school (S2) lay just within the res¬
ervation boundaries, and schools S3 and S4 were 88 and 232 km
deeper into the reservation, respectively. The total enrollment for
the beginning of the study period for ali four schools was approx¬
imately 1900, with at least a 95% enrollment of Indian students
in each school. Two schools (SI and S3) supplied detailed student
rosters from which random samples were selected from grades
9 through 12. Schools S2 and S4 allowed sampling of entire class¬
rooms from which subjects were selected based on differing
grade levels, subjects being taught, and gender mix. Approval to
carry out the study was obtained from the local school board.

Measurements
Skinfold measurements were obtained by one interviewer for
girls and another for boys. The triceps skinfold (TSF) thickness
was measured as a vertical fold over the belly of the triceps half¬
way between the acromion and olecranon processes. The subscapular skinfold (SSF) thickness was measured using a diagonal
fold just under the lower angle of the scapula, halfway between
the spine and the side of the body. All skinfold measurements
were obtained on the right side of the body and recorded to the
nearest 0.5 mm using Lange skinfold calipers (Cambridge [Md]
Scientific Instruments Ine). The mean of three measurements for
each area was used in these analyses. Height was measured with¬
out shoes to the nearest 0.1 cm using a portable stadiometer
(Shorr Productions, Woonsocket, RI), with the child standing
erect and his or her head in the Frankfort plane. Weight was mea¬
sured without shoes and in light clothing to the nearest 0.1 kg
using a digital scale (model 770, Seca Corp, Columbia, Md).
Height and weight measurements and administration of the
questionnaire and 24-hour dietary recalls were conducted by nu¬
tritionists, nurses, or trained health technicians following stan¬
dardized written protocols. The 24-hour dietary recalls were ob¬
tained after interviewers received intensive training in interview¬
ing and probing techniques for gathering dietary information
from one of us (T.J.G.); standardized food models were used.

Blood Pressure
Two blood pressure measurements

were

obtained with the

subject in a sitting position after a 10- to 15-minute rest with at¬
tention to cuff size, with the observer recording the first and fifth
Korotkoff phases using a random-zero sphygmomanometer
(Hawksley & Sons Limited, Sussex, England). If there was dif¬
ficulty in obtaining one of the two blood pressure measurements
for any reason, a third reading was taken. The mean blood pres¬
sure for each participant was used in the analyses. Mean dias¬
tolic and/or systolic blood pressure greater than the 90th percen¬
tile cutoff values developed by the Second Task Force on Blood
Pressure Control in Children were defined as high normal.10

Analysis
Mean anthropométrie and blood pressure measurements for
each age and sex group were compared with those from the sec¬
ond National Health and Nutrition Examination Survey, white
only (NHANESII, 1976-1980) and with those from the MexicanAmerican (MA) subset of the Hispanic Health and Nutrition Ex¬
amination Survey (HHANES, 1982-1984). Median values for TSF
and SSF were also compared with the above reference popula¬
tions.11 Body mass index (BMI), calculated as weight in kilograms
divided by height in meters squared, was computed for both
sexes. A BMI exceeding the 85th percentile on the NHANES II
was considered to be obese. Body mass index thirds were created
for each sex based on cumulative percent distribution. Coincidentally, the upper third for boys and girls was approximately
equivalent to the proportion of subjects who were obese based
on the BMI criterion. Age-adjusted estimates of the prevalence
of obesity among adolescents were obtained by direct standard¬
ization against the combined age distribution. The following
weights were used for boys and girls respectively: .lOand .11 (14
years), .25 and .24 (15 years), .26 and .29 (16 years), .19 and .23

(17 years), and .19 and .13 (18 years). Analysis of variance was
used to determine the association of body mass (BMI thirds) with
blood pressure; fat distribution (SSF-TSF ratio thirds) with blood
pressure; and with the exception of the nutrient variables noted
below, differences in energy and nutrient intake among BMI
thirds. The chronologic age at the time of the interview was used
to label each age group in the Tables. Therefore, "14 years" re¬
fers to subjects aged 14.00 to 14.99 years.
Dietary data were coded by a nutritionist for entry in Nutrition¬
ist III, Version 5 (N-Squared Computing, Salem, Ore). Quanti¬
tative recipes were gathered from the schools as necessary and
added to the nutrient database, as were the nutritive values of
traditional foods.12 To determine if the variables noted in Table 4
had underlying normal (Gaussian) distributions necessary for
use of one-way analysis of variance, frequency distributions were
plotted for all variables. In addition, a formal test of the validity
of the normal model (with the same mean and variance as the
sample) was conducted using the Kolmogorov-Smirnov test, us¬
ing the Statistical Package for the Social Sciences (SPSS/PC+ V2.0,
SPSS Ine, Chicago, 111).13 For boys, all variables except sodium and
soda pop (in milliliters), and for girls, all variables except energy,
fat, and soda pop had underlying normal distributions. For those
variables not meeting the normal distribution assumption, the
nonparametric Kruskal-Wallis test was used in place of the para¬
metric one-way analysis of variance.14
RESULTS

Anthropométrie Findings
A total of 373 students (55% girls and 45% boys) from all
the schools participated, with fewer than 1% refusing par¬
ticipation. However, because too few subjects were in the
13- and 19-year or older age groups, anthropométrie data
are reported for subjects aged 14 to 18 years only (n
352).
=

Table 1 shows the age and sex distribution of the students,
along with the mean (±SD) anthropométrie measure¬
ments and systolic and diastolic blood pressures. The
number and percentage of Navajo boys and girls for each
age category with BMIs and TSF and SSF thicknesses
greater than the 85th percentile cutoff values for NHANES
II are shown in Table 2. The age-adjusted prevalence of
obesity in boys and girls using BMI as the criterion was 25%
and 33%, respectively; using TSF thickness as the criterion
was 26% and 21%, respectively; and using SSF thickness
as the criterion was 60% and 41%, respectively.
Figure 1 shows a comparison of the median TSF thick¬
nesses of the Navajos with those of the MA and white sub¬
jects. The overall differences in median TSF values were
greater between Navajo and white girls, with Navajo values
11% higher than those of their white counterparts. Median
TSF values were 22% and 42% higher in Navajo boys than
in MA and white boys, respectively. A comparison of the me¬
dian SSF thickness values for Navajo boys and girls with
those for MA and white subjects is shown in Fig 2. The dif¬
ferences in median SSF values between Navajo children and
JVIA and white children are more pronounced for both sexes
and in all age groups. Median SSF values for boys were 74%
and 97% higher than those of their MA and white counter¬
parts, respectively, and those for girls were 38% and 79%
higher, respectively. Table 1 shows the SSF-TSF ratio by age
and sex. The mean SSF-TSF ratio for boys (1.56±0.59) was
significantly greater than that for girls (1.04±0.26) (P<.001).

Body Image
Among both sexes, 8.7% considered themselves to be
underweight, 50% to be just right, and 41.3% to be obese.
More girls than boys felt they were obese (50.5% vs
26.3%); however, the boys' weight perception was more
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Table 1.—Mean (±SD)
No. of

Age, y

Subjects

Height,
cm

Anthropométrie and Blood Pressure (BP) Measurements
Mexican-American (MA), and White Adolescents*

Among Navajo,

S/TSF,

Weight,
kg

BMI

S/TSF,

SSF-TSF
Ratio

Systolic BP,
mm/Hg

Diastolic BP,

mm

mm/Hg

Boys
14

Navajo

16
90
124

168.9±5.3
165.4 ±7.2
167.5±8.6

69.2: 19.6
57.8: 13.2
56.8: 12.3

24.1: :5.9
21.2: :4.4
20.2::3.2

17.4 + 9.3
12.9 ±7.8
11.1 ±6.3

24.0 ±15.7
11.3 ±8.4
9.4 ±6.4

1.29 ±.44
0.73 ±.97
0.76 ±.97

111.9: 16.5
109.7: 10.7
114.8: 14.1

62.1 ±15.0
65.6 ±11.1
70.6 ±9.0

Navajo

39
76
129

170.1 ±5.5
168.1 ±7.6
170.9±7.0

62.3: 9.6
58.9: 10.2
60.2: 11.1

21.6: :3.2
20.9: :3.1
20.7: :3.0

11.9: 5.6
11.2: 6.0
10.9: 7.9

17.2: 8.3
10.1: 6.1
10.2: 8.7

1.47: .53
0.84: .99
0.91: 1.0

111.5 + 11.2
110.7±10.8
115.8±14.0

65.8 ±7.5
67.3 ±8.6
70.3 ±9.8

40
70
133

171.3±5.0
170.0 ±6.5
173.7±6.8

69.8: 13.4
63.6: 12.5
65.5: 11.4

23.7: :4.0
22.1: :3.9
21.8: :3.0

13.8±6.3
11.7±6.8
10.7±6.6

22.5 ±13.4
11.9±7.4
10.5±6.7

1.59 ±.59
1.09±1.0
1.10±1.0

115.7±11.6
112.2±13.0
120.2±15.4

70.1 ±8.3
68.9 ±8.3
74.4 ±10.8

Navajo

30
66
119

170.6: 4.9
170.7: 7.1
175.2: 6.7

68.8±13.8
63.3 ±10.6
65.9 ±11.1

23.6: :4.4
21.9: :3.5
21.6: :3.0

12.9: 6.4
10.8: 6.1
9.0: 5.3

20.1: 9.2
12.1: 7.2
10.1: 5.4

1.58 ±.47
1.42 ±.98
1.50 ±.91

115.4±10.1
114.0±9.4
117.8±14.1

67.9 ±8.7
69.2 ±8.9
72.4 ±9.6

Navajo

30
67
106

170.5 ±6.0

65.3±13.8
66.5 ±11.2
69.9±12.0

22.3±3.8
23.2±3.8
22.3±3.3

11.8: 6.0
11.6: 6.2
10.8: 6.3

17.4±7.9
13.6±8.1
11.3±6.3

1.53 ±.48
1.34±1.0
1.32 ±.95

115.1 ±10.5
113.0±11.0
121.2 ±14.5

69.7±10.0
67.1 ±9.3
74.8 ±9.8

MA
White

15
MA

White
16

Navajo

MA

White
17

MA
White
188

MA
White

170.1 ±6.2
177.6±6.7

Girls
14

MA
White

80
115

158.8 ±5.5
156.9 ±5.4
161.8 ±5.6

58.2±10.9
53.6±9.6
54.6±10.0

23.1 ±4.4
21.9 ±3.5
21.0 ±3.9

19.7±6.2
19.2 ±7.0
17.7±7.8

17.6±6.1
15.2±7.5
12.6±7.6

0.85 ±.17
0.35 ±.76
0.22 ±.64

105.9±11.1
105.0±9.8
108.6±13.3

66.9 ±9.4
66.0 ±8.7
69.9 ±9.5

Navajo

48
84
93

160.4 ±6.1
160.4 ±5.6
163.6 ±6.3

62.8 ±14.5
56.6 ±10.4
54.9 ±9.3

24.3 ±5.4
22.1 ±3.7
20.6 ±2.9

21.2 ±7.8
19.7±7.1
17.6±6.8

23.3±10.2
17.2 ±8.1
12.9±7.3

1.03: :.19
0.64: :.94
0.19: :.59

105.7±10.2
106.5±10.9
111.2±11.5

63.2 ±7.4
66.1 ±8.4
70.4 ±8.6

Navajo

57
94
119

159.4±5.0
157.7±7.0
162.8 ±6.7

61.3 ±11.5
57.0±15.0
57.1 ±9.3

24.2 ±4.4
22.9±5.2
21.7±3.1

20.9 ±6.2
20.2 ±8.7
19.6±6.8

22.8±7.9
17.5±11.2
14.4±8.2

1.06: :.27
0.51: .88
0.24: :.65

106.4±11.5
106.8±9.2
109.8±12.7

64.5±10.0
67.0±9.9
69.2 ±9.4

45
70
96

161.4: 5.1
159.1: 5.8
163.5: 6.0

61.5 i 10.3
56.3 d 10.1
58.6: 10.7

23.6±3.6
22.4±3.7
22.0±3.6

20.5 ±6.1
19.8±6.9
20.3 ±8.0

21.9 ±8.5
18.5 ±8.9
15.6±9.3

1.02 ±.27
0.77 ±.98
0.38 ±.78

105.2 ±8.1
105.3±11.1
114.8±12.4

62.8 ±7.8
65.7 ±9.3
73.7±9.6

26
81
109

158.8: 5.4
158.0: 5.7
162.8: 7.1

64.6: 19.7
57.7: 9.6
58.5: 11.2

25.6: 7.2
23.3: 3.5
22.2: 3.7

21.9 ±8.5
21.3 ±7.1
20.1 ±7.6

26.2 ±11.5
19.0±8.3
14.8±8.5

1.16: .28
0.64: .94
0.33: .75

105.1 ±9.5
105.2±9.3
109.6 ±12.4

61.1 ±9.0
65.5±8.0
70.0 ±9.4

Navajo

21

155
MA
White
16

MA

White
17

Navajo

MA

White
188

Navajo

MA

White
*Data for MA and white children are from Hispanic Health and Nutrition Examination Survey and National Health and Nutrition Exam¬
ination Survey II, respectively (personal communication, Tim Byers, MD, MPH, March 1991). Body mass index (BMI) is calculated as weight
in kilograms divided by height in meters squared. The ratio of subscapular skinfold thickness to triceps skinfold thickness (SSF-TSF ratio)
was calculated as mean subscapular skinfold(s) divided by triceps skinfold for each age and sex group.

when actual BMIs were compared with the 85th
percentages for NHANESII ( 2 43.8 and 34.8 for girls and
boys, respectively; P<.01). Twenty-four percent of the
girls perceived themselves to be obese when, in fact, their
BMIs were between the 15th and 85th percentiles for
NHANES II; 9% of the boys were in this category.
Dietary Intake
accurate

=

mean (±SD) energy and selected nutrient intake,
percentage of recommended daily allowances, and
percentage that consumed less than two thirds the 1989

The

mean

recommended daily allowance15 for boys and girls are
shown in Table 3. Mean energy intake was significantly
greater in boys than in girls (P<.001). No significant dif¬
ferences in dietary intake were noted between age groups

for either sex. Mean intake of energy and selected nutri¬
ents among BMI thirds for each sex is shown in Table 4.
For girls, there were no significant differences in any of
the selected nutrients among the thirds, although energy
and sodium intakes approached significance (P= .06 and
P= .05, respectively). For boys, differences were observed
for energy and sodium intakes (P< .05). No difference was
found for the use of vitamin or mineral supplements be¬
tween sexes (21% for boys and 18% for girls).
Regular-sweetened soda pop was the most commonly re¬
ported food or drink for both sexes. Of the entire sample,
86% of girls and 93% of boys reported drinking soda pop at
least once during the two 24-hour periods covered by the di¬
etary recalls, with 32% of all subjects drinking at least 720 mL
per day. The mean intakes of regularly sweetened soda pop
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Table 2. —Navajo Adolescents With

(BMI), Triceps Skinfold (TSF), and Subscapular Skinfold (SSF)
Body Mass Index
Than the 85th
Percentile*

Greater

No. (%) of

Boys

Girls

14

23.1

24.5

7

15

23.0

22.6

9 (23)

16

25.4

25.4

17

24.6

25.1

18

26.0

25.5

Age, y

M

*Eighty-fifth

FMFM

(19)

7

(44)

3 (14)

12.0

22.0

9 (56)

3 (14)

14.5

24.5

9 (23)

20.5

18.5

27.0

7 (18)

15 (31)
9 (16)

12.0

11

22 (45)
19 (34)

14.5

23.5

28 (70)
24 (60)

26 (53)
25 (45)

8

12 (27)

12.5

26.5

14 (47)

9 (20)

14.0

27.0

17.5

4 (13)

6 (23)

16.0

22.0

19 (63)
11 (37)

13

27.0

26

21

(44)

(28)
(27)
4 (13)
25

4

7

(28)
33

.

are

Fig 1.—Median triceps skinfold thickness among Navajo (closed squares), Mexican American (diamonds),
(left) and girls (right). Median skinfold values for Mexican Americans and whites are from Ryan et al.11
for

Navajo adolescent pop drinkers were greater for both

of other American adolescents (621 and 510
mL for Navajo boys and girls, respectively, compared with
361 and 215 mL for other American boys and girls, respec¬
sexes than those

tively) (Susan Krebs-Smith, PhD, RD, personal communica¬

tion, December 1990). No difference was found in the mean
percentage of energy from regular pop between boys (10.9%

oflrilojoules;range,2% to36%)andgirls(11.2% ofkilojoules;

range, 1% to 41%). Diet soda accounted for less than 2% of
the total soda pop consumed in the present study compared
with 7% for other American adolescent males and 23% for
other American adolescent females.

Blood Pressure
Mean systolic and diastolic blood pressure values by age
and sex are shown in Table 1. Both systolic and diastolic
blood pressure values were significantly higher in boys
(114 and 68 mm/Hg, respectively) than in girls (106 and 63
mm/Hg, respectively). Among all subjects, 10.4% of boys
and 6% of girls had a mean diastolic and/or systolic blood
pressure that would be considered high normal (higher
than the 90th percentile). Among those identified as hav¬
ing high normal blood pressure, 36% of the boys and 64%

60

.

based on unweighted National Health And Nutrition Examination
MD, MPH, March 1991).

percentile cutoff values
Byers,

FMFM

Subjects

SSF

25.0

.

sonal communication, Tim

No. (%) of

Subjects

TSF

15.0

Age-adjusted

averages, %

No. (%) of

Subjects

BMI

Survey

14

(29)
(54)
41

II reference data

and white

(per¬

(open squares) boys

of the girls were obese based on the BMI criterion. Mean
blood pressures by BMI thirds are shown in Table 4. For
boys, systolic blood pressure increased with increasing
BMI (F 9.0; P<.0001). Among girls, both systolic and di¬
astolic blood pressure values increased with increasing
BMI (F 10.3 and F 7.9, respectively; P<.001). When
mean blood pressures were analyzed by thirds of SSF-TSF
ratio for each sex, only systolic blood pressure for Navajo
boys increased significantly (P= .008).
=

=

=

COMMENT
We found that a high proportion of Navajo adolescents
were overweight, regardless of whether BMI or TSF or SSF
criteria were used. The use of BMI to screen for obesity is
common because of its high correlation with total body fat
(r= .88 for boys and .89 for girls). In addition, SSF thick¬
nesses among children correlate well with percentage of
body fat.16 These data strongly indicate that the number of
obese children (about twice that expected of the National
Center for Health Statistics-Centers for Disease Control
reference population) and the percentage of body fat are
high among Navajo adolescents of both sexes.
The risk of subsequent disease associated with obesity ap-
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Fig 2.—Median subscapular skinfold thickness among Navajo (closed squares), Mexican American (diamonds),
boys (left) and girls (right). Median skinfold values for Mexican Americans and whites are from Ryan et al."
Table 3.—Intake of Nutrients,

and white

(open squares)

Percentage of 1989 Recommended Dietary Allowances (RDA), and Percentage
RDA for Navajo Adolescents

Consuming Less Than Two Thirds the

Girls

Boys
Mean (±SD)

Daily Intake

Nutrient

10508 ±3318
92 ±34

Energy, kj
Protein, g
Fat, g

Carbohydrate,

g

Fiber, g
Cholesterol, mg
Sodium, mg
Vitamin A, IU
Vitamin C, mg
Thiamin, mg
Riboflavin, mg
Niacin, mg
Folacin, µg
Calcium, mg
Iron, mg
Zinc, mg

Mean %
RDA

Cumulative %
<Two Thirds of RDA

Daily Intake

Mean %
RDA

Cumulative %
<Two Thirds of RDA

8203 ±3481
66 ±27

162

93 ±34

71 ±35

333 ±116
4.5 ±2.6

269 ±120

340 ±204

222 ±140

148

3.7±2
2431 ±1906

3309 ±1496
6814 ±7378

205

4

4518 ±4174

171

3

174 ±132

299

140±112

1.9±.9

1.3±.7

238
119

20

2.2 ±1.1

127
125

6
9
8

1.5±.6

115

14

23.2 ±10.5

119

10

15.7±6.7

105

19

318 ±202
1018 ±555

165
86

9

240 ±137

136

22

41

720 ±354

61

63

15.6±8

133

7

11.6±5

78

43

11.8±5

80

39

8.4 ±4

70

52

pears to be higher for centralized than for peripheral fat dis¬
tribution in adults.1718 After examining data from the third
cycle of the Health Examination Survey (1966-1970), Sangi
and Mueller19 suggested that a skinfold index of centrality
may be more associated with cardiovascular risk factors, in¬
cluding blood pressure, than the waist-hip ratio in adoles¬
cents The high SSF-TSF ratios suggest that thecentralfatdis¬
tribution evident among Navajo adults20 is discernible in the
present cohort of adolescents. Studies among southwestern
MA adolescents also indicate a greater degree of truncal obe¬
sity and differences in fat patterning than in the National
Center for Health Statistics-Centers for Disease Control ref.

Mean (±SD)

9

population.21,22 The extent to which adolescent central
fat distribution is associated with adult central fat distribu¬
tion in Navajos, however, is unknown.
This study showed a positive relationship between body
mass and blood pressure in Navajo adolescents. Coulehan
et al23 recently reported elevated blood pressures in 11.1%
of males and 1.6% of females in a cohort of Navajo ado¬
lescents surveyed nearly 10 years ago. In that study, mean
systolic blood pressures for both sexes were approxi¬
mately 7% higher than those reported here, and diastolic
blood pressures were 3% and 6.5% higher for boys and
girls, respectively. However, the mean weights for both
erence
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Table 4.—Mean

Nutrient Variables, and Blood Pressure
for Navajo Adolescents*

Body Mass Index (BMI),

by BMI Thirds
Girls

Boys
Lower

Middle

Upper

19.3

21.9

27.9

Mean BMI

F

(3,136)
.

.

.

Lower

Middle

Upper

19.8

23.2

29.1

F

(3,180)

3.5+

8715

0.57

74

8543
75

7346
64

4.9
3.4

2901

3.1t

2648

2358

2250

3.0

4.7§

710

0.06

0.23

725
13

731

14

833
15

14

14

0.65

53

53

51

1.9

56

54

54

0.32

32
96

32
91

34

2.6

31

32

32

0.34

91

84

84

Soda pop, mL

615

657

600

1.06

444

Systolic , mm/Hg
Diastolic BP, mm/Hg

115.3

118.3

9.1||

555
101.8

525

109.0

105.3
63.1

109.7
66.6

Energy, kj

10941
94

Fat, g
Sodium, mg
Calcium, mg
%
%
%

11193
96

9551
89

3605

3462

1085

1157

15

kj/protein
kj/carbohydrate
kj/fat

Pop drinkers, %

92

...

4.76

10.3§
7.9§

65.0
2.7
60.5
68.5
69.2
1.04
2.8
SSF-TSF ratio
1.36
1.66
1.79
8.6§
1.07
1.15
•For boys, differences in systolic blood pressure (BP) were found between the lower and middle thirds (P= .004), and the lower and up¬
per thirds (P=.0004). For girls, differences in systolic BP existed between the lower and middle thirds (P=.042), and middle and upper thirds
(P- .032). Differences in diastolic BP were also noted between middle and upper (P= .024) and lower and upper (P= .0002) for girls.
+P<.05.
tKruskal-Wallis one-way analysis of variance (nonparametric.)

§P<.01.

||P<.001.
sexes

and in each age group

were

greater in the present

study; sampling frames may account for these discrepan¬
cies. While it is possible that increased TSF thickness had
an effect on blood pressure levels in the present study, it
was likely minimized with the use of a proper size cuff. In
addition, mean TSF values in the Navajos were similar to

those in their white NHANES II counterparts, while both
mean systolic and diastolic values were lower among Na¬
vajos of both sexes in all age groups.
Similarities in total energy intake in boys and girls were
observed between Navajo and North Carolina Cherokee ad¬
olescents24 and 12- to 15-year-old non-Indian American ad¬
olescents participating in NHANES II.25 However, no signif¬
icant differences were found in energy intakes between "fat"
and "lean" Cherokee adolescents. In the present study, an
inverse relationship was found between BMI and energy in¬
take, with the heavier adolescents (upper thirds) reporting
lower intakes than their "leaner" counterparts. The vari¬
ances in energy intake among the thirds were also found to
be homogeneous for both boys and girls, indicating that en¬
ergy intake was not more variable among the heavier ado¬
lescents. The cross-sectional nature of this study does not
lend itself to cause-effect associations such as obesity caused
by overeating. Furthermore, it has been argued that reported
energy intake in obese and nonobese adolescents is not rep¬
resentative of energy expenditure or energy requirements
and that such data should not be used to assess the role of
energy intake in the development of obesity.26 However, to
the extent that current dietary habits and patterns were
present during the development of increased weight, close
examination of current dietary practices should be helpful at
the time of intervention. It is also noteworthy that obese sub¬
jects in the present study may be able to maintain a heavier
weight with a lower energy intake.
The high consumption of regular sweetened soda pop is
a concern for a population with increasing rates of obesity

and related chronic diseases. Although no significant differ¬
ences were noted in the percentage of pop drinkers or mean
intake of regular sweetened sodas between schools, the most
isolated school (S4) reported the greatest proportion and
highest mean intake (95.5% and 609 mL, respectively), while
those from the least isolated school (SI) reported the least
proportion and lowest mean intake (78.8% and 525 mL, re¬
spectively). Lactose intolerance, a condition observed
among adult members of other southwest minority
groups,27,28 may, in part, account for Navajos choosing other
beverages over mük. Tordoff and Alleva29 showed that
dririking high-fructose, corn syrup-sweetened soda pop sig¬
nificantly increased the energy intake and body weight of
both boys and girls, while drinking soda sweetened with aspartame reduced caloric intake and decreased the body
weight of boys. Guentther30 found seasonal variation in bev¬
erage consumption among non-Indian American adoles¬
cents, with milk being consumed less frequently in the sum¬
mer months and soft drinks consumed more frequently, and
suggested an inverse relationship between milk and softdrink intake. Since the data from the present study were ob¬
tained in the autumn, winter, and spring months, the aver¬
age intake of soda pop is most likely underestimated.
There are limitations to the present study. First, since
interviews were conducted at school during class, the data
are representative of nutritional status and dietary pat¬
terns during the school year only. The logistics and dis¬
tances associated with home visits made a school-based
study the most practical. Dietz and Gortmaker31 have sug¬
gested that the physical environment can account for as
much as a twofold to threefold variation on the prevalence
of obesity. The effect of both season and region (ie, portion
of the reservation), may indeed affect the estimates for
higher weight and obesity prevalence in this population.
We attempted to reduce the effect of season by spreading
the interviews out from the autumn to spring months (be-
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ginning to end of two school years); however, the summer
months cannot be accounted for by the present study. The
effect of region was in part accounted for by the selection

of schools based on their location relative to one another
and within the reservation.
A second limitation related to the school-based design
of the study was the difficulty of obtaining information on
sexual maturation or secondary sex characteristics. In
studying a sample of biracial girls, Kozinetz32 showed that
early maturers could be at a higher risk for hypertension
and that the stage of sexual maturation should be assessed
at the time of blood pressure measurement. It is possible
that the stage of sexual maturation may have had an ef¬
fect on both the amount of subcutaneous fat deposits and
blood pressure levels in the present study.
A third limitation is the lack of information on physical
fitness or activity levels. Because time was an important
consideration during assessment tool development and
pretesting, determination of fitness through standardized
tests was not possible. Current information indicates that
lack of physical activity or energy expenditure and the
amount of television viewing may be important contrib¬
utors to the development of obesity,33-34 both of which
may be significant factors in the development of increased
weight and obesity among Navajo youth.
In past decades the diets of Navajo youth were fre¬
quently inadequate in energy and nutrients. In 1969, Van
Duzen et al35 reported 616 cases of Navajo children
younger than 5 years with diagnoses of malnutrition from
the period 1963 to 1967. A later report showed significant
improvements with declines in the reporting of marasmus
and kwashiorikor, and reductions in the number of pa¬
tients with deficits in weight-for-age.36 Within the last 25
years, the availability and variety of foods have increased
in communities across the reservation. This, combined with
a probable decrease in physical activity, may account for the
increase in weight and obesity. Currently, funding has been
obtained to focus on the prevention of obesity among Navajo
youth with an emphasis on behavior and life-style changes.
The opinions expressed in this article are those of the authors and
do not necessarily reflect the views of the Indian Health Service.
Data from NHANES II and HHANES were provided by Tim Byers, MD, MPH, of the Epidemiology Branch, Division of Nutrition,
Centers for Disease Control, Atlanta, Ga.
We thank the students, administrators, principals, teachers, and
school nurses of the participating high schools for supporting this
research activity; the Indian Health Service; Treva McKinley and
LaRia Benally for assisting with the collection and entry of the data;
and Tim Byers, MD, MPH, and Brenda Broussard, RD, MPH, MBA,
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