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greater mean subscapular skinfold values than those from the PBPP70s sample (p<
0.0001), although values for males did not increase significantly with age. The post-hoc
tests for specific within-age comparisons showed significant differences between the
EOP90s and the PBPP70s samples at 13 (p< 0.02), 14 (p< 0.002), and 15 (p< 0.02)

years.

Mean stature Z-scores for females and males from the PBPP70s study are shown
in Figure 24. Mean stature Z-scores for males were close to or just below zero across all
ages, whereas Z-scores for females were between 0.2 and 0.6 standard deviations above
the mean at 11 through 13 years, but closer to zero at 14 and 15 years. Mean weight Z-
scores for PBPP70s females and males (Figure 25) were also close to zero across all ages;
however, males were just under zero and females were between 0.1 and 0.4 standard
deviations above the mean for most of the ages shown. Thus, the Philadelphia adolescents
measured in the 1970s were of comparable stature and weight relative to the national
reference standards. Z-score values for adolescents from the EOP90s study are shown in

Figures 2 and 3.
The percentage of the EOP90s and PBPP70s samples to fall above sex- and age-

specific 85th and 95th percentiles of NHANES I are presented in Table 19. Over the past
two decades there has been an increase in the percentage of adolescents characterized as
overweight and obese as measured by BMI alone and by both BMI and triceps skinfold
measures. The percentage of males characterized as overweight (BMI > 95th percentile)
from the EOP90s study (17.0%) was significantly greater (}>=15.5; P = 0.0001) than for

the PBPP70s study (6.0%). Similarly, the percentage of females characterized as
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overweight from the EOP90s study (18.0%) was significantly greater (3*>=7.6; P = 0.006)
than from the PBPP70s study (9.0%). The greatest increase in percentage of adolescents
characterized as obese from the 1970s and 1990s was seen for males “at risk” for obesity,
defined as those having both BMI and triceps skinfold measures above the 85th percentile
of NHANES I (Must et al., 1991), which increased from 3.0% in the PBPP70s study to
24.0% in the EOP90s study.

The percentage of adolescents characterized as overweight in the EOP90s study
was also compared to data from the first phase of NHANES III, based on the 85th and
95th percentiles for BMI from Cycles II and III of the National Health Examination
Survey (Troiano et al., 1995) for males and females, 12 to 17 years-of-age (Table 19).
The percentage of males characterized as overweight (BMI > 95th percentile) from the
EOP90s study (17.0%) was significantly greater (3*>=16.1; P = 0.0001) than African
Americans from NHANES III (9.3%,; Troiano et al., 1995). However, the percentage of
females characterized as overweight (BMI > 95th percentile) from the EOP90s study
(18.0%) was not significantly greater ()>=1.89) than found for African Americans from
NHANES III (14.4%; Troiano et al., 1995). Whereas Philadelphia females had
comparable estimated obesity prevalence relative to NHANES III adolescents, obesity

prevalence was higher among Philadelphia males.

Secular Changes in Fat Patterning
Differences in Centripetal Fat Ratio (CFR), subscapular skinfold divided by

subscapular plus triceps skinfold values, between the PBPP70s and EOP90s samples are

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



A

88
shown in Figures 26 (females) and 27 (males). Females from both samples (Figure 26)
exhibited a slight increase in centralization over the ages shown, although EOP90s females
showed a decrease in centralization at 13 years. Females from the PBPP70s sample had
higher CFR values than those from the EOP90s sample, although the difference between
the two samples diminished at 14 years. The two-way ANOVA showed a significant
group (ps 0.0001) and age (p< 0.03) effect. The post-hoc tests for specific comparisons
showed significant differences at 11 (p < 0.04), 12, and 13 years (p < 0.002).

Relative to the females, males from both samples (Figure 27) demonstrated a
marked increase in centralization over the ages shown. Males from the PBPP70s sample
had higher CFR values than those from the EOP90s sample at earlier ages, although CFR
values for the EOP90s sample slightly exceeded those from the PBPP70s sample at 14 and
15 years. The two-way ANOVA showed a significant age (p< 0.024) and group (p<
0.0001) effect, with significant age-group differences at 12 and 13 years (p< 0.04).

Relative Fat Distribution (RFD) was calculated for females (Figure 28) and males
(Figure 29) based on the standardized residual scores from the regression analysis within
each sex of subscapular skinfold on triceps skinfold measures. Females (Figure 28) from
the PBPP70s had greater mean RFD values than the EOP90s females at all ages, with
significant differences at 11 (p < 0.02), 12, and 13 years (p < 0.001). Again, females
exhibited a decrease in centralization at 13 years. Differences between the two samples
decreased at 14 and 15 years, although RFD values for females from the PBPP70s study
exceeded those from the EOP90s study. There were significant age (p< 0.02) and group

(p< 0.001) differences between the two samples.
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In contrast to the females, males (Figure 29) from both samples had a relatively
similar pattern for mean RFD and there were no significant differences between the two
samples at any age. Results were similar to those for CFR. Males from the PBPP70s had
higher mean RFD values from 11-13 years; however, males from the EOP90s had higher
mean RFD values at 14 and 15 years. ANOVA results showed significant age (p <
0.0001), but not group differences, between males from the PBPP70s and EOP90s.

The contribution of subscapular and triceps skinfold thickness to centralized fat
patterning is shown in Figures 30 and 31. Females (Figure 30) from the PBPP70s had
considerably lower skinfold values than the EOP90s females. Females from the EOP90s
sample had consistently higher triceps relative to subscapular skinfold values. Females
from the PBPP70s sample had similar triceps and subscapular skinfold distributions over
all ages, with slightly greater subscapular than triceps skinfold measures, except at 11 and
13 years-of-age. As a result, CFR was considerably elevated in the females from the
PBPP70s sample compared to females from the EOP90s sample.

Similarly, males (Figure 31) from the EOP90s study had higher skinfold values
than those from the PBPP70s study at all ages. However, the magnitude of this difference
was not as great as that seen for females. Skinfold distribution for males from the
PBPP70s sample was similar over all ages shown. Conversely, males from the EOP90s
study had higher triceps relative to subscapular skinfold values between 11 and 14 years-
of-age. Again, CFR was considerably elevated in adolescents from the PBPP70s as
compared to those from the EOP90s, except at 14 and 15 years when CFR values for the

PBPP70s sample slightly exceeded those for the EOP90s sample.
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Regression analyses were used to explore the proportion of variance explained in
CFR and RFD by selected variables. For the final regression analyses, three models were
fit, two for CFR and one for RFD (Table 20 and Figures 32-34). The model for CFR for
males as a function of stature, sample assignment, and the interaction between stature and
sample assignment accounted for a total R> of 0.116. Variability was associated with
stature (p < 0.0001), sample assignment (p < 0.006), and stature-sample interaction ( p <
0.012), with sample differences most marked among shorter males (Table 20). The
regression curves for this model (Figure 32) suggest that the difference between the two
groups may represent a maturation effect, because the males from the PBPP70s sample
were developmentally “younger” at earlier ages, but they “catch up” to the EOP90s
sample at 14 and 15 years-of-age. Exploratory models demonstrated that stature had a
greater association with CFR than age, indicating that stature explained the biological
variation in CFR better than age.

Using RFD as the outcome variable, the pattern of association was similar to that
seen for CFR, although weight was a more important source of variation than stature. In
this model, RFD was associated with weight (p < 0.0001), sample assignment (p <
0.0001), and weight-sample interaction (p < 0.006), with a total R? of 0.212 (Table 20).
The regression curves for this model (Figure 33) showed that at higher body weight, males
from the EOP90s sample had greater RFD than those from the PBPP70s sample. Thus,
sample differences were most marked among males of lower body weight.

The only model to produce significant results for females used weight and sample

assignment to predict CFR. This model (Table 20) accounted for a total R? of 0.106, and
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variability was associated with weight (p < 0.0001) and sample assignment (p < 0.000).
Weight was the most important source of variation in CFR for females. The regression
curves (Figure 34) showed greater CFR values in females from the PBPP70s sample and
those with higher weights. Females from the EOP90s sample had lower CFR values for
given weight relative to females from the PBPP70s sample. None of the models for RFD

for females were significant.

Summary
There was an increased prevalence of obesity in these West Philadelphia

adolescents. Females were heavier, had higher body mass, and greater skinfold thickness
than males. There were sex differences in fat patterning, with greater centripetal fat ratio
in males. A secular trend analysis of anthropometric measures of these adolescents
relative to urban Philadelphia adolescents measured in the 1960s and 1970s indicated that
there has been a marked increase in obesity prevalence over the past three decades.
Although obesity has increased, adipose tissue centralization has not increased
simultaneously due to increased triceps relative to subscapular skinfold thickness,
particularly in females. Centralized fat patterning varied with stature, sample assignment

and weight, which suggests a possible size/maturation effect.
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Table 5§

Stature (cm) of Philadelphia Adolescents, by Age and Sex

Age Sample Size Mean Standard
Deviation
Females
11 29 148.88 8.10
12 49 155.87 5.85
13 49 158.34 6.19
14 50 161.63 7.32
15 12 163.28 7.47
Males
11 21 149.06 6.18
12 52 152.53 8.29
13 65 156.71 9.12
14 43 163.49 9.21
15 20 167.39 8.96

i
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Table 6

Body Weight (kg) of Philadelphia Adolescents, by Age and Sex

Age Sample Size Mean Standard
Deviation
Females
11 29 46.22 11.13
12 49 52.26 14.09
13 49 56.18 13.74
14 50 61.91 17.03
15 12 67.98 23.28
Males
11 21 44.67 10.82
12 52 47.05 13.39
13 66 52.59 16.70
14 43 S8.72 14.49
15 20 63.26 18.68
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Table 7

Body Mass Index (wt/ht?) of Philadelphia Adolescents, by Age and Sex

Age Sample Size Mean Standard
Deviation
Females
11 29 20.69 4.00
12 49 21.42 5.60
13 49 22.30 4.82
14 50 23.71 6.28
15 12 2543 8.06
Males
11 21 20.02 419
12 52 19.92 4.09
13 65 21.24 5.24
14 43 21.81 4.37
15 20 22.42 5.76

'-ﬂl
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Table 8

Triceps Skinfold Thickness (mm) of Philadelphia Adolescents, by Age and Sex

Age Sample Size Mean Standard
Deviation
Females
11 29 18.22 8.76
12 49 19.22 10.76
13 49 22.35 13.48
14 50 25.97 17.19
15 12 31.47 21.52
Males
11 21 15.14 11.50
12 52 14.54 10.96
13 65 17.10 14.15
14 43 15.27 13.37
15 21 15.57 15.83
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Table 9

Subscapular Skinfold Thickness (mm) of Philadelphia Adolescents, by Age and Sex

Age Sample Size Mean Standard
Deviation
Females
11 27 15.10 9.12
12 45 15.57 10.60
13 40 19.40 13.92
14 43 22.60 16.87
15 11 25.42 19.61
Males
11 21 12.71 11.14
12 52 12.46 12.54
13 63 13.87 13.27
14 43 14.08 1134
15 20 16.21 16.84

b
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Table 10
Centripetal Fat Ratio (Subscapular/(Subscapular + Triceps Skinfold Thickness))

of Philadelphia Adolescents, by Age and Sex

Age Sample Size Mean Standard
Deviation
Females
11 27 0.45 0.06
12 45 0.44 0.06
13 40 043 0.06
14 43 047 0.06
15 11 0.46 0.05
Males
11 21 0.45 0.07
12 52 0.44 0.07
13 63 0.45 0.07
14 43 0.49 0.07
15 20 0.50 0.99
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Table 11

Mean Z-Score Values, Stature, Weight, and Weight-for-Stature of Philadelphia

98

Adolescents, by Age and Sex
Age HwZ* SD WtZ* SD Ht-Wt-Z** SD
Females
11 037 1.14 0.77 1.19 0.71 1.29
12 0.71 0.84 0.97 1.48 0.67 1.73
13 0.19 0.92 0.82 1.23 0.90 1.38
14 0.26 0.99 0.99 1.46 1.0 1.71
15 0.22 1.07 1.16 1.94 1.19 2.07
Males

11 0.65 0.85 091 1.22 0.64 1.52
12 0.37 1.15 0.61 1.14 0.51 1.36
13 0.04 1.07 0.59 1.59 0.87 1.88
14 0.03 1.05 0.56 1.28 0.78 1.53
15 -0.18 1.03 0.57 1.62 0.92 1.95

Total
Sample 0.28 1.1 0.64 1.3 0.64 1.5

*Stature and weight Z-scores calculated using the Centers for Disease Control
Anthropometric Software Program (CASP; Centers for Disease Control 1990a).
**Stature for weight Z-scores calculated using Cole’s method (Cole, 1993).

4
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Z-score

Figure 2. Mean stature Z-scores for West Philadelphia adolescents by age relative to
NHANES I reference data (CDC, 1990a). Mean stature Z-scores were between 0.37 and
0.71 standard deviations above the mean at 11 and 12 years, perhaps due to earlier
maturation than the reference sample, but remained closer to zero from ages 13-15 years.
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Figure 3. Mean body weight Z-scores for West Philadelphia adolescents by age relative to
NHANES I reference data (CDC, 1990a). Mean weight Z-scores were consistently
between 0.5-1.19 standard deviations above the mean over all ages.
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Figure 4. Mean weight-for-stature Z-scores for West Philadelphia adolescents by age
relative to NHANES I reference data (Cole, 1993). Mean weight-for-stature Z-scores
increased with age and were consistently between 0.5-1.19 standard deviations above the

mean over all ages.
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Figure 5. Median stature of West Philadelphia female adolescents by age relative to
NCHS reference data. Median stature was between the 50th and 95th NCHS percentiles
for stature at ages 11 and 12 years, closer to the 50th percentile at ages 13 and 14, and

below the NCHS 50th percentile at 15 years-of-age.
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Stature (cm)

Figure 6. Median stature of West Philadelphia male adolescents by age relative to NCHS
reference data. Median stature was between the 50th and 95th NCHS percentiles for
stature at ages 11 and 12 years, at the SO0th percentile at ages 13 and 14 years, and just

under the 50th percentile at 15 years.
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Figure 7. Median body weight of West Philadelphia female adolescents by age relative to
NCHS reference data. Median weight was between the 50th and 95th NCHS percentiles

for weight at all ages.
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Weight (kg)

Figure 8. Median body weight of West Philadelphia male adolescents by age relative to
NCHS reference data. Median weight was just above the S0th NCHS percentile for
weight at all ages.
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Figure 9. Median BMI of West Philadelphia female adolescents by age relative to
NHANES I African-American reference data (Must et al., 1991). Median BMI was
between the 50th and 95th NHANES I percentiles over all ages, and closer to the 95th
percentile at age 15 years.
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Figure 10. Median BMI of West Philadelphia male adolescents by age relative to
NHANES I African-American reference data (Must et al., 1991). Median BMI was just
above the 50th NHANES I percentile over all ages.
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Figure 11. Median triceps skinfold thickness of West Philadelphia female adolescents by
age relative to NHANES I African-American reference data (Must et al., 1991). Median
triceps skinfold thickness values were well above the 50th NHANES I percentile over all
ages, and approaching the 95th percentile at 15 years-of-age.
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age relative to NHANES I African-American reference data (Must et al., 1991). Median
triceps skinfold thickness values were between the 50th and 95th NHANES I percentiles

over all ages.
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Figure 13. Mean Centripetal Fat Ratio of West Philadelphia adolescents by age and sex.
Mean Centripetal Fat Ratio values were similar for males and females at ages 11 and 12
years and increased slightly over age for both sexes, although this increase was greater in
males than females.
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Table 12
Number (Percentage) of Philadelphia Female Adolescents with BMI, Triceps Skinfold,

and Both BMI and Triceps Skinfold Above Given Percentiles for Given Reference Data

|
i

Reference Data

BMI

TSF

BMI & TSF

> NHANES I 95th percentile
(Must et al., 1991;
Total Sample)

> NHANES I 95th percentile
(Must et al., 1991;
African-American)

> NHANES I 95th percentile
(Cronk & Roche, 1982;
African-American)

> NHANES II 95th percentile
(Frisancho, 1990,
African-American)

> NHANES I 90th percentile
(Cronk & Roche, 1982;
African-American)

> NHANES I 85th percentile
(Must et al., 1991; Total
Sample)

> NHANES I 85th percentile
(Must et al., 1991; African-
American)

34.0 (18%)

29.0 (15%)

37.0 (19%)

22.0 (12%)

61.0 (32%)

70.0 (37%)

58.0 (31%)

46.0 (24%)

48.0 (25%)

39.0 (21%)

37.0 (19%)

53.0 (28%)

80.0 (42%)

82.0 (43%)

31.0 (16%)

27.0 (14%)

28.0 (15%)

21.0 (11%)

45.0 (24%)

64.0 (33%)

55.0 (29%)
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Table 13
Number (Percentage) of Philadelphia Male Adolescents with BMI, Triceps Skinfold, and

Both BMI and Triceps Skinfold Above Given Percentiles for Given Reference Data

4
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Reference Data

BMI

TSF

BMI & TSF

> NHANES I 95th percentile
(Must et al., 1991;
Total Sample

> NHANES I 95th percentile
(Must et al,, 1991;
African-American)

> NHANES I 95th percentile
(Cronk & Roche, 1982;
African-American)

> NHANES II 95th percentile
(Frisancho, 1990;
African-American)

> NHANES I 90th percentile
(Cronk & Roche, 1982;
African-American)

> NHANES I 85th percentile
(Must et al., 1991;
Total Sample)

> NHANES I 85th percentile
(Must et al., 1991;
African-American)

35.0 (17%)

44.0 (21%)

33.0 (16%)

46.0 (22%)

50.0 (24%)

67.0 (32%)

84.0 (41%)

42.0 (20%)

56.0 (27%)

43.0 (21%)

50.0 (24%)

62.0 (30%)

62.0 (30%)

100.0 (48%)

31.0 (15%)

40.0 (19%)

28.0 (14%)

40.0 (19%)

43.0 21%)

51.0 (24%)

71.0 (34%)
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Table 14

Sample Sizes for the PCRCG60s, PBPP70s, and EOP90s Studies, by Age and Sex

Mean Age* PCRCG60s PBPP70s EOQP90s

Females

11 119 34 29

12 83 75 49

13 59 43 49

14 52 54 50

15 44 56 12
Males

11 117 63 21

12 95 78 52

13 58 54 66

14 57 46 44

15 45 51 19

TOTAL 729 553 392

*Chronological age groups represent + 0.5 of the mean age, i.e., 12=11.50 - 12.49

d
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Table 15
Differences Between the Means of Anthropometric Data Collected in 1990s (EOP90s)

Compared to Data Collected in 1970s (PBPP70s); Student’s t-test Probability >|t|, by

Age and Sex
Age  Stature  Log Weight BMI Log TSF Log SSF
Females
11 NS NS 0.0180 0.0070 NS
12 0.0100 0.0280 NS 0.0070 NS
13 NS 0.0250 0.0140 0.0001* 0.0050
14 NS NS NS 0.0001* 0.0330
15 NS NS NS 0.0001* 0.0030
Males
11 0.0231 0.0240 NS 0.0300 NS
12 0.0080 0.0030 0.0150 0.0090 NS
13 NS 0.0400 0.0150 0.0001* 0.0250
14 NS 0.0160 0.0050 0.0070 0.0020
15 NS NS NS 0.0500 0.0500

*Indicates that difference is significant after the Bonferroni correction for repeated t-tests
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Table 16
Differences Between the Means of Anthropometric Data Collected in 1990s (EOP90s)

Compared to Data Collected in 1956-65 (PCRCG60s); Student’s t-test Probability >|t],

by Age and Sex
Age Stature Weight
Females
11 NS 0.0001
12 0.0001 0.0001
13 0.0006 0.0001
14 NS 0.0003
15 NS 0.0037
Males

11 0.0001 0.0001
12 0.0001 0.0001
13 NS 0.0044
14 NS 0.0028
15 NS NS

*Indicates that difference is significant after the Bonferroni correction for repeated t-tests
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Figure 14. Mean stature of West Philadelphia female adolescents (EOP90s) relative to
adolescents from the 1970s (PBPP70s) and 1960s (PCRCG60s) by age. Mean stature
was similar across all three samples, particularly at ages 14 and 15 years.
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Figure 15. Mean stature of West Philadelphia male adolescents (EOP90s) relative to
adolescents from the 1970s (PBPP70s) and 1960s (PCRCG60s) by age. Males from the
EOP90s had greater mean stature at 11 and 12 years, stature was similar across all three
samples at ages 13 and 14 years, and males from the PBPP70s and EOP70s were taller

than those from the PCRCG60s at age 15 years.
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Table 17
Sample Sizes, Means, and Standard Deviations for PCRCG60s, PBPP70s and EOP90s

Samples for Stature (cm), by Age and Sex

AGE PCRCG60s PBPP70s EQP90s
N X SD N % SD N x SD
Fems.

11 119 1459 83 34 150.8 6.21 29 148.9 8.1
12 83 14996 78 75 1526 834 49 155.9 59
13 59 1540 64 43 157.8 8.0 49 158.3 6.2
14 52 1598 66 54 1600 533 50 161.6 7.3
15 44 1609 7.3 56 1615 5.67 12 163.3 1.5
Males
11 117 141.8 7.0 63 154.5 6.08 21 149.1 6.2
12 95 1466 80 78 1485 831 52 152.5 8.2
13 58 1549 88 54 1558 848 66 156.7 9.1
14 57 160.7 9.1 46 1628 865 44 163.5 9.1
1S 45 163.4 92 51 1688 7.73 19 167.6 9.2

4
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Figure 16. Mean body weight of West Philadelphia female adolescents (EOP90s) relative
to adolescents from the 1970s (PBPP70s) and 1960s (PCRCG60s), by age. The EOP90s
adolescents had markedly greater mean body weight than females from the PBPP70s and

PCRCG60s samples, particularly at 11 and 15 years-of-age.
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Figure 17. Mean body weight of West Philadelphia male adolescents (EOP90s) relative to
adolescents from the 1970s (PBPP70s) and 1960s (PCRCG60s), by age. The EOP90s
adolescents had markedly greater mean body weight than males from the PBPP70s and
PCRCG60s samples.
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