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ABSTRACT 

Blood pressure (BP) measurement reliability, year-to-year BP 

tracking, distinguishing characteristics of upper qutntlle <UQ) vs lower 

four quintlles' (LG) systolic BP (SBP) tracking and the relationships of fat 

distribution and body composition to SBP were examined in 57 youth. 

Subjects were measured on two occasions approximately one year apart. 

Longitudinal measures included auscultatory BPs, height, weight, body 

circumferences, skeletal widths, bioelectrlcal impedance and skinfolds. 

Inter-trial reliability of right/left arm averaged BP (RLBP) exceeded that 

of either limb alone; tracking magnitude was likewise greater with RLBP. 

Greater total body mass and fatness as well as larger anthropometric 

dimensions distinguished UO from LQ SBP trackers. Fat distribution and 

SBP were not consistently associated with each other across study years. 

Irrespective of gender differences, fatness and fat free mass per unit 

height2 were independently related to within year SBP, yet only initial 

fatness was Independently predictive of future SBP. 
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CHAPTER 1 

INTRODUCTION 

Hypertension and obesity have been identified as Important risk 

factors associated with premature morbidity and mortality among 

American adults (39,57). Concern has arisen recently as to the 

significance of elevated blood pressure (BP) and obesity among pediatric 

populations. Research within these populations may provide some Insight 

as to the early natural histories of these maladies and may help In 

Identifying those Individuals who are predisposed to hypertension and 

obesity later In life. With both approaches aimed at prevention, a more 

realistic long-term treatment of the diseases at their onset may be 

forthcoming. 

Clinically, pediatric hypertension is etiologlcally classified as 
» 

primary or secondary, its analogs of disease magnitude to the adult 

distinctions of borderline and definite are termed "high normal" and "high 

BP", respectively (55). The cause of primary hypertension is largely 

unknown (10,26,55,56,80). Secondary hypertension may be brought on by 

primary hyperaldosteronlsm, Cushlng's syndrome, pheochromocytomas, 

renal hypertension, thyrotoxicosis, coarctation of the aorta, chronic 

ingestion of oral contraceptives and other causes (26,55,56). Recent 

estimates show that 70-80% of pediatric cases of secondary 

hypertension are related to renal disease (63). The report ofthe National 

Heart, Lung and Blood Institute's (NHLBI) Second Task Force on Blood 
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Pressure Control in Children recommends the use of persistent (three or 

more measures) elevations from the 90th to the 95th percentile and above 

the 95th percentile for age and sex to classify youth as having high normal 

and high BP, respectively (55). In addition to the above relative 

classification scheme, Goldring and Hernandez (29) have suggested that 

persistent pressure readings (systolic/diastollc) In excess of 125/80 mm 

Hg for 14-18 year old girls, 130/80 mm Hg for 14-15 year old boys and 

135/85 for 16-18 year old males may be used as absolute values in high 

BP diagnosis. 

The prevalence of primary hypertension increases with age 

(30,55,56); for example, the occurrence of primary hypertension has been 

estimated as 2.4% in 3-15 year olds, 7.5% in 14-18 year olds and 10-15% 

In adults (30). Incidence and prevalence rates of secondary hypertension 

among children have yet to become available (63). Overall, 

epidemiological data have displayed wide variability in prevalence 

estimates (values ranging from 2-25%) of the total childhood and 

adolescent hypertensive population (44). 

Pediatric obesity is generally determined on an age and sex-

specific relative ranking of triceps skinfold thickness (31,85). This 

normative type of classification defines obesity as a skinfold thickness 

In excess of the 85th percentile and superobesity as a skinfold thickness 

greater than the 95th percentile (27,31,85). Recently, absolute values of 

25% fat content of the body for males and 32% fat content for females 

have been advanced as alternative criteria of obesity for youth (46). 
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A limitation to relative ranking of skinfold thicknesses to define 

childhood obesity Is the wide variability that exists among estimates of 

Its prevalence. For Instance, childhood obesity has been shown In 

different studies to range from 5-30 % 1n developed countries (18,89). 

The absolute value definition of obesity in youth has elucidated the notion 

that obesity prevalence Increases with age; for example, a recent 

conversion of national skinfold data into body fatness values has 

estimated that fewer than 1 in 20 « 5%) 6-8 year olds Is obese, yet I In 

7 (14.3%) 13-15 year olds and 1 In 5 (20%) 18-19 year olds are obese 

(46). 

Overall the prevalence rates of high BP and obesity In pediatric 

populations are somewhat difficult to ascertain due to the use of varying 

definitions of the two diseases and to age- and sex- matched rank 

ordering of BP and body composition statuses. High BP designation 

differs between epidemiological and clinical suggestions. For instance, 

one epidemiological study (71) recommends use of the 80th percentile, yet 

the NHLBI (55,56) endorses use of the more stringent 90th percentile. One 

disadvantage of using percentiles to distinguish between high and normal 

BP or body fatness Is that it fixes disease prevalence to a percentage of a 

given population based on some absolute value (71,85). 

With these limitations In mind, It becomes more understandable 

why there is a paucity of information regarding the prevalences and 

Incidences of obesity and non-obeslty-related high BP among youth. 

While such Instantaneous proportions of total cases and occurrence rates 

of new cases remain absent, recent odds ratio estimates from an analysis 
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of data collected In the National Health and Nutrition Examination Survey 

(NHANES) from 1971-1980 have shown that obese children (6-11 years of 

age) were 2.6 (9555 confidence Interval (CD of 2.2-3.0) and 1.6 (95% CI of 

1.4-1.8) times more likely than their nonobese counterparts to have high 

systolic and high diastolic BP, respectively; also, obese adolescents (12-

17 years of age) demonstrated a 4.3 (95% CI of 3.7-5.1) times greater 

risk of high systolic BP and a 3.8 (95% CI of 3.7-5.1) times greater risk of 

high diastolic BP than nonobese adolescents (31). This evidence suggests 

that that obesity and high BP are associated in youth and that the 

magnitude of this association increases with age. 

The real significance of hypertension and obesity among youth is 

related to the "tracking phenomenon". In other words, the main concern 

about these diseases in pediatric populations is in identifying those 

children and adolescents who either consistently maintain or Increase 

their positions within or to the upper end of the BP and body fatness 

dlstlbutlons throughout growth and development, and ultimately, In 

discerning which ones will become hypertensive and obese adults. 

One estimate of BP tracking magnitude (43) has shown that 11.9% 

(systolic) and 12.2% (diastolic) of the youth studied either maintained or 

increased their rank order within or to the upper age- and sex-specific 

quintlle of the BP distribution. The close resemblance between the 

percentages of youth tracking within or to the upper end of the BP 

distributions and the estimated 10-15% prevalence rates of primary 

hypertension among adults (30) may indirectly add further support to the 
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concept that the early natural history of hypertension may have childhood 

origins (32,55). 

Concerning obesity tracking, a compilation of population surveys 

(28) has revealed that 14.3% of all children become obese as adults, and 

25% of all obese children become obese adults after 20 years of follow-

up. However, when only the presence of adolescent obesity is considered, 

It has been shown to account for 30-40% of the cases of adult obesity 

(31); it therefore appears that obesity tracking magnitude increases with 

age among youth. 

In essence, the significance of high BP among youth is related to 

adult hypertension, which Is linked to substantial morbidity and 

mortality from such cardiovascular events as stroke, congestive heart 

failure and myocardial Infarction (37,39,57,76). Obese youth have been 

shown to be at a greater risk for hypertension, psychosocial dysfunction, 

respiratory disease, diabetes and several orthopedic conditions (31). 

PURPOSE AND HYPOTHESES 

The purpose of this Investigation was to characterize the body 

sl2e, anthropometric dimensions, body composition, growth and 

maturation of BP tracking groups and to examine the relationships 

between BP and body composition in a group of children and adolescents 

over a 1 year time period. Concerning BP tracking characterization, the 

intent was to not only differentiate between those tracking within or to 

the upper quintile of the BP distribution from those who are not, but to 
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also discriminate obese high BP trackers from their obese normal BP 

counterparts. Inexpensive non-lnvaslve techniques of Identifying those at 

risk for hypertension, obesity and both diseases are needed among youth 

to allow a more realistic long-term therapeutic approach as well as the 

possible prevention of the sequelae of disorders and events associated 

with the two diseases. As for the relationship of BP to body composition, 

the intent was to determine whether trunk fat deposition (as opposed to 

limb fat) was more highly related to SBP and whether total body mass 

(TBM), fat-free body mass (FFM), or fat mass (FM) was most highly 

related to present and future SBP. 

The following hypotheses were tested by this investigation: 

1. Concerning BP reliability, averaging of the year 2 measurements for 

right and left arm pressure readings within each trial would increase 

inter-trial measurement precision over that of either right or left arm 

measures alone. 

2. In the tracking of BP, right arm measures would differ between year 1 

and year 2, and this difference would decrease along with Increasing 

measurement precision using right/left arm averaged values for year 2. 

3. Youth tracking within or to the upper age- and sex-specific quintile 

for SBP would differ from those tracking within or to the lower four 

quintiles with respect to age, cardiovascular variables (resting heart 

rate (RHR) and double product (DP)), secondary sex characteristics 

(modified Tanner Developmental Stage), body size (height, TBM, FFM, FM 

and total body water (TBW)), anthropometric variables (body 

circumferences and skeletal widths) and body composition (percent water 
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of FFM, percent water of TBM, whole body resistance Index (WBRI), 

skinfold thicknesses, percent body fat from skinfolds, body mass Index 

(BMI) and Ibsen's children's body mass Index (CBMD). Figure i shows this 

division of youth Into upper qulntlle and lower four qulntlles' SBP 

tracking groups. Also, among those tracking with obesity, the above 

characteristics would differ between upper and lower four qulntlles' SBP 

trackers. 

4. Fat distribution and body composition would be differentially related 

to SBP. Specifically, the relationship between the sum of trunk skinfolds 

(abdominal and subscapular) and SBP would be greater than the 

relationship between the sum of limb skinfolds (triceps, thigh and calf) 

and SBP. 

5. The within year body mass index (BMhbody mass/he1ght2)-SBP 

relationship would be significant after accounting for SBP variation In 

gender and selected skinfold thicknesses. 

6 The prediction of year 2 SBP from year 1 BMI would be significant 

after accounting for year 2 SBP variation 1n gender and year 1 selected 

fatness indices. 
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FIGURE 1. DIVISION OF YOUTH INTO UPPER QUINTILE 
AND LOWER FOUR QUINTILES SYSTOLIC BLOOD PRESSURE 

TRACKING GROUPS-
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SCOPE AND LIMITATIONS 

This Investigation Involved a description of a sample (N=57) of 

youths' resting BP from one year to the next In terms of their body size, 

body composition, growth and maturation; In addition, It alternatively 

examined the relationships of fat distribution and body composition to 

SBP both within and between study years. The scope of the proposed 

Investigation was limited to identifying possible body size, body 

composition, growth and maturation "markers" which may help to 

discriminate those tracking with high BP from those tracking In its 

absence and to the the possible elucidation of a better understanding of 

the SBP-fat distribution and SBP-body composition relationships. 

Genetic factors have been shown to play a substantial role In the 

development of hypertension (4,15,51) and obesity (9,85); moreover, the 

concept of a genetic x environmental interaction (18,46,52) appears most 

plausible for etiology determination. The proposed study was not 

designed to determine the early natural histories of high BP, obesity and 

their interrelationships, as the youth were only followed over a one year 

period of time, and the influence of heredity was not assessed. The 

following were limitations to the study; 

1. Complete longitudinal data were available on only 57 of the 102 

subjects who participated in the Initial year 1 Investigation. This sample 

size limits statistical power and thus extrapolation to the general 

population; also, the 57 who participated in both Investigations may have 

represented a biased longitudinal sample of the original 102. 
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2. The BP measurements were not taken in a serial manner, and one 

elevated reading Is not indicative of either high normal or high BP 

(55,56); therefore, the divisions of the group by various BP criterions 

may not be regarded as distinctions between hypertensive and 

normotenslve youth. Also, the lack of serial measures is likely to limit 

the amount of variation accounted for in BP tracking (70). 

3. BP measurements may be confounded by oral contraceptive usage In 

female subjects (26), prior acute bout of exercise (59,68) and a lack of 

subject acquaintance with both the procedure and the examiner (83). 

4 Testers who performed the measurements in the study's first year 

differed from those in the second year; therefore, some of the variation 

between year 1 and year 2 measures may be due to interobserver 

differences. 

5. Youth at the upper and lower ends of the fatness and BP distributions 

In the study's first year were likely to have regressed toward the mean In 

the study's second year. 

6. Since secondary sex characteristics were not assessed in the study's 

second year, BP (41) and fatness (74) changes from year 1 to year 2 may 

be confounded by changes in secondary sex characteristics. 
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CHAPTER 2 

LITERATURE REVIEW 

One of the major limitations in determining the prevalence of 

pediatric hypertension, obesity and their combination has been an 

inconsistency in their definitions. Concerning high BP, the controversy 

focuses on which percentile cut point to use; whereas, with obesity, the 

issue of whether to use relative or absolute classifications is central. 

These two unresolved issues have led to Inconsistencies in studies 

describing youth with contrasting BP ranks. Comparisons among these 

descriptive investigations have been further clouded by the Inconsistent 

inclusion of BP tracking groups; furthermore, in investigations where BP 

tracking has been evaluated (namely in the Bogalusa and Muscatine 

studies), various tracking groups have been defined. For instance, most of 

the descriptions of Bogalusa youth Involve comparisons among groups 

which consistently maintained their contrasting BP rank order over time, 

yet the Muscatine Investigations typically include comparisons of youth 

with rising, decreasing and level (maintaining) BP rank orders over time. 

In this literature review, consideration is given to epidemiological, 

physiological and body compositional associations with pediatric 

hypertension and to classification systems for assessing both high BP and 

obesity in youth. 
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EPIDEMIOLOGICAL CONSIDERATIONS 

The controversy over which percentile cut point to use 1n high BP 

classification was recently examined from a tracking perspective. Shear 

et a). (71) contend that less stringent BP criteria than those 

recommended by the NHLBI are needed to Increase the sensitivity (true 

positive diagnoses/number of disease cases) of discerning which youth 

will be high BP trackers. In a sample of 1,501 youth from Bogalusa, these 

Investigators demonstrated that 42.8% of those with a year 1 SBP greater 

than or equal to the 80th percentile had a year 9 SBP greater than or equal 

to the 90th percentile, and of those with year 1 SBPs greater than or equal 

to the 90th and the 95th percentiles, only 25.2% and 13.0% had year 9 SBPs 

greater than the 90th percentile. This evidence challenges the validity of 

the NHLBI's recommendation to repeat BP measures over several visits 

only In those youth with readings greater than or equal to the 90th 

percentile. 

Using the previously described relative classification of obesity, 

Freedman and associates (24) examined obesity tracking over 8 years in 

1,490 Bogalusa youth with an Initial age range of 2-14 years. Fifteen 

percent of the total sample (n=222) was initially obese, and 43% of those 

who were obese at year 1 were also obese at year 9 (n=95). This 

magnitude of tracking is essentially the same as that of BP when the 80th 

percentile cut point Is used, yet it exceeds that of BP by 70% when the 

95th percentile cut point Is used. 
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Defining pediatric obesity by absolute body fatness values was 

previously limited by the inappropriate application of adult body density 

equations to chemically immature youth (45,46). Lohman (45) 

exemplifies this point in his review by showing that a 9 year old 

reference boy with a fat content of 13.492 will be overestimated as 19.7% 

fat when the densitometry method is coupled with an adult body density 

constant. As a result of this overestimatlon, new youth-specific body 

density constants that account for changes in the water and bone mineral 

content of the fat free body asssociated with growth have been developed 

(8,45). 

Despite the limitations of such high variability in estimates of 

obesity imposed by different definitions of the disease and by the 

inappropriate calculation of absolute body fatness values, it appears that 

the prevalence of the disease may be increasing over time. Gortmaker and 

colleagues' (31) analysis of population surveys conducted among 6-11 

year olds in the United States from 1976 to 1980 indicate a 54% increase 

in obesity prevalence and a 98% increase in superobesity prevalence when 

compared to survey data collected from 1963 to 1965. Among youth aged 

12-17 years, survey data indicate 39% and 64% increases in obesity and 

superobesity, respectively. In this analysis, the previously described 

relative classification was used to define obesity and superobesity. 



26 

DESCRIPTION OF YOUTH AT THE UPPER END OF THE BP 

DISTRIBUTION 

Descriptive Investigations have compared children and adolescents 

In the upper qulntile or decile of the age-and sex-specific systolic and 
i 

diastolic BP distributions against those at the lower four qutntiles or 

lower nine deciles for differences in resting heart rate (RHR) (67,87,90), 

body size (38,42,60,84), ponderosity (13,17), body composition (23,41), 
i 

distribution of body fat (75,77),growth (41,43,87) and maturation 

(41,47). 

Resting Heart Rate Differences 

Schieken et at. (67) used both echocardiography and 

electrocardiographic measures to compare a random sample of 264 

Miiscatine, IA school children who twice displayed resting seated SBPs In 

the upper (fifth), middle (third) and lower (first) quintiles of the age- and 

sex-specif1c SBP distribution; these 9-18 year olds exhibited an analysis 

of variance (ANOVA) determined difference in RHR between only the upper 

and lower groups which had mean RHRs of 76.6 and 71.8 beats/mln, 

respectively. This statistically significant difference is probably not 

clinically significant. Wilson and co-workers (87) also used 
i 

electrocardiography to compare a group of adolescents with persistently 

elevated BPs (at or above the 95th percentile on three separate occasions) 

against a group of age and sex matched controls with persistent BP 
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readings below the 50th percentile. Boys with elevated pressures had a 

mean RHR of 80 beats/m1n compared to the significantly lower 75 

beats/mln average 1n the control group; girls with high BP displayed a 

significantly higher mean RHR of 90 beats/mln compared to the control 

value of 78 beats/mln Not suprlsingly, Zahka and associates (90) found 

no difference In mean RHR between a group of 61 adolescents who were 

defined as having high normal BP and a group of 49 adolescents who were 

defined as having normal BP; these deflntlons matched the previously 

described standards set forth by the NHLBI's Second Task Force on Blood 

Pressure Control In Children (55). The above groups had respective mean 

RHR values of 75.5 and 72 beats/mln. 

While examining RHR data alone may not be particularly insightful 

from a mechanistic perspective (40,66,67), 1t may be useful In 

discriminating between those youth who will become hypertensive adults 

from those who will not. Paffenbarger et al. (58) and Stamler et al. (78) 

both demonstrated that RHR, as well as BP, age and relative weight all 

add Independently to the prediction of adult primary hypertension. 

Stamler also found post-load plasma glucose and serum uric add to 

contribute to the prediction of future BP. In a 4 year follow-up study In a 

national probability sample of youth, Lauer and colleagues' data (41) 

showed that 6-12 year old children who longitudinally Increased their 

position In the SBP distribution from one of the lower four qulntlles to 

the fifth qutntile displayed lower than expected Initial RHRs. 
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Body Size Differences 

Voors and associates (84) proposed the concept that youth BP 

normative values should be made body size-specific, I.e., relative to body 

height and weight, as opposed to the currently used age-specific norms. 

This Idea was concluded from the results of their analysis of 3,524 

Bogalusa, LA school children 5-14 years of age; using a multiple 

regression model, the authors demonstrated that the regression 

coefficients for height, weight/height3 and triceps skinfold thickness all 

significantly contributed to the predictions of both SBP and DBP In their 

sample of 5-14 year olds. Age was an Insignificant contributor 1n both 

predictions. The results of Prlneas et al. (60) suggest that youth BPs 

should be made relative to height alone; these Investigators found 

Minneapolis school children's BPs to be more highly correlated to height 

than to age, yet they discouraged the classification of BP to weight due 

to its obscuring of obesity-related high BP. Moreover, If youth BPs were 

made weight-specific, not only obese but also nonobese Individuals with 

excess FFM would be classified as normotenslve. Lauer and co-workers 

(42) examined 4,207 Muscatine, IA school children 5-18 years of age to 

determine the relationship of the youth SBP and DBP qulntlles when made 

age-specif 1c and height-specific; 69% of the youth displayed Identical 

SBP qulntile ranks when classified by age or by height, and 72% showed 

Identical DBP qulntile rankings with the two classifications. In addition, 

1.0% and 0.5% of those with nonldentlcal SBP and DBP qulntile ranks 

differed by more than one qulntlle. 
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The above reviewed BP-body size relationships have recently led 

Kahn et al. (38) to develop a physiologic height correction; these 

researchers corrected the mean arterial blood pressure (MABP) for the 

length measured from the middle of the BP cuff to the top of the subject's 

head (cuff-to-vertex height (CVH)) In a group of 6-17 year old Atlanta 

school children. A correction term was developed which converted cm of 
$ 

blood to mm Hg by using the quotient of the densities of blood and 

mercury at their respective ambient temperatures. The product of CVH 

and this correction term (0.779) was subtracted from each child's MABP. 

This corrected pressure, which they termed vertex-corrected mean 

arterial pressure (VMAP), ranged from 22.3 to 83.2 mm. Hg in the total 

sample. Since VMAP was unrelated to age, the Investigators felt that it 

could be used to simplify pedtatlc reference values. 

Voors et al. (84) contend that the closer association between body 

size, as opposed to age, and BP In children may be due to the correlation 

between body size and blood volume, yet they offer no blood volume data 

on their Bogalusa, LA sample. The current recommendations of the NHLBi 

(55) are to consider those youth with both persltent elevations between 

the 90th and 95th percentile and "excess height for age or excess lean body 

mass for age" as having normal BP; the clinical validity of this 

recommendation is suspect in light of the findings of others that many of 

the youth tracking with high BP may not be obese (13,31,41,87). 
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Ponderosity Differences 

The above described associations found between BP and body size 

have led some Investigators to examine the relationship between BP and 

various height-weight Indices. For example Clarke and associates (17) 

analyzed the relationships between BP and weight/(heightp) where p s 1, 

2 and 3; they also computed relative weight (the ratio of a child's 

observed weight and the mean weight of all youth studied of the same 

age, sex and one Inch height interval) and ponderal index 

(height/weight0,33). Longitudinal changes In BP were examined for their 

relationship to longitudinal changes In the above height-weight indices in 

a group of 2,925 Muscatine, IA schoolchildren with initial ages ranging 

from 6-15 years and follow-up measurement ages 15-18 years. Cross-

sectional ly, the computed body size Indices were highly correlated with 

each other (r - 0.87 - 0.99), and they correlated less with BP yet 

somewhat more with SBP (r - 0.25 - 0.31) than with DBP (r » 0.11 -0.15); 

triceps skinfold thickness was also measured, and it correlated less 

strongly than the height-weight Indices with SBP (r = 0.18) yet similarly 

with DBP (r = 0.10). For longitudinal analysis the authors chose the 

Quetelet index of ponderosity (weight/height2), and they divided the youth 

into the following four groups: those who changed their ranking of 

ponderosity from one of the lower 4 quintiles to the highest quintlle 

(low/high), those who maintained their ponderosity within the lower A 

quintiles (low/low), those who maintained their ponderosity within the 

upper quintlle (high/high) and those who decreased their ponderosity from 
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the upper to one of the lower 4 quintlles (high/low). Youth measured ten 

years apart In the low/high group displayed average increases of 18.43 

percentiles for SBP and 8.18 percentiles for DBP; also, youth In the other 

change group (high/low) showed an average decrease of 13.81 percentiles 

for SBP and 14.80 for DBP. The two groups who maintained their 

ponderosity,low/low and high/high, showed much smaller changes in SBP 

(mean decreases of 0.81 percentiles for the former and 5.21 percentiles 

for the latter) and In DBP (mean Increase of 1.94 percentiles for the 

low/low group); however, the high/high group showed an average 

reduction of 13.68 percentiles for DBP which compares closely with the 

average DBP reduction of 14.80 percentiles 1n the high/low group. 

Unfortunately, the average changes In BP percentiles are presented 

without their corresponding variabilities; this Is an Important 

consideration as evidenced by the BP tracking data of Lauer et al. (43) 

cited earlier. Nevertheless, these results suggest that Increases and 

decreases In ponderosity correspond to similar Increases and decreases 

1n SBP, yet the relationship between changes In ponderosity and DBP are 

less clear. 

To examine the DBP-ponderoslty relationship more closely, Burke 

and co-workers (13) studied 700 Bogalusa, LA schoolchildren (10-14 

years of age) who were Initially classified in the upper qulntlle for DBP; 

these children underwent follow-up BP and anthropometric measurements 

both 4 years and 6 years after the Initial screening. For analysis, the 

youth were divided Into 5 pondersity groups which corresponded to their 

year 1 ponderosity qulntlle; ponderosity in this investigation was defined 
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as weight/height3. Youth with an Initial age of 5-9 years displayed no 

significant chi-square determined trend for persisting in the highest DBP 

quintlle based on their year 1 ponderosity grouping, yet children in the 

second lowest year 1 ponderosity quintile represented the largest share 

of the year 6 highest DBP quintile (42%). Among youth with an initial age 

of 10-14 years, a significant chi-square determined trend for those with 

lower year 1 ponderosity grouping to persist in the highest DBP quintile 

was found (p < 0.005), i.e. those in the lowest year I ponderosity quintile 

represented the largest share of the year 6 highest DBP quintile (75%). 

The authors of this study felt that leanness may be a valuable diagnostic 

parameter to use in identifying high DBP trackers, yet such a conclusion 

may not be drawn from the above study insofar as ponderosity is not 

equivalent to adiposity (88). Also, the above investigation did not 

mention how the ponderosity groups changed over the six year period; this 

may be an important consideration as evidenced by the work of Clarke et 

al. (17) described above and by the results of the Framlngham Study (39) 

which demonstrated that lean hypertensive adults are more likely to gain 

weight than their obese counterparts. Moreover, in young adults, weight 

gain has been demonstrated to be a better predictor than weight alone of 

future cardiovascular disease (69). 

Body Composition Differences 

Wilson and co-workers (87) compared a group of 102 adolescents 

with three persistent BP readings at or above the 95th percentile to a 
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group 90 adolescents with three persistent BP readings at or below the 

50th percentile for differences In triceps and biceps skinfolds, total body 

water CTBW), lean body mass (LBM) and total body fatness. LBM was 

estimated from multiple regression analysis using both skinfold and 

deuterium oxide (D20) measures as Independent variables, and total body 

fatness was determined by subtracting LBM from total body weight. 

Statistically significant differences were found only in males; wherein, 

those with high BP showed higher mean values than the controls in TBW 

(44.1 L vs. 36.8 L) and in LBM (59.8 kg vs. 50.5 kg). The authors use of the 

stringent 0.01 level of probability may in part explain why only the above 

differences were found. Regardless of statistical significance, 

adolescents of both sexes with high BP displayed higher mean values than 

controls for height, weight, triceps and biceps skinfold thicknesses, TBW, 

LBM and total body fatness. 

One limitation to the above study is that it does not describe the 

body composition characteristics of those youth who are either 

maintaining or attaining high BP status. Lauer et al.(41) examined the 

relationship of selected skinfold thicknesses (among other factors) to BP 

in a sample of 2,165 children with an initial age of 6-12 years. The 

youth were measured on two separate occasslons four years apart; of 

those initially 1n the highest SBP qulntile, 45.3% maintained this rank 

order, yet 4.2%, 10.2%, 14.0% and 22.5% of those who were initially 

classified in the 1st, 2nd, 3rd and 4th qulntlles ended up In the 5th qulntile 

on the second evaluation. The above 45.3% who maintained the upper 

qulntile ranking had positive mean z-scores significantly greater than 
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zero for triceps] subscapular and chest skinfold thicknesses, and those 

who increased their BP to the uppermost quintile likewise had positive 

mean z-scores significantly greater than zero for the same skinfold 

thicknesses. While this study does provide some indication of the body 

composition characteristics of those youth who are either maintaining or 
i 

increasing their position within or to the upper quintile of the BP 

distribution, itsilack of using absolute values in the analysis limits the 

use of possible body composition markers in discerning high BP trackers 

from non-trackers. In addition, since the Lauer et al, (41) investigation 

does not define obesity per se, ft may not differentiate obesity-related 

high BP trackers from non-obesity-related high BP trackers. Finally, it is 

not known how changes in FM and FFM are related to BP and its tracking 

among youth. 

The relationship between obesity and hypertension remains 

unclear in both youth and adults (21). Unfortunately, mechanistic studies 

to date comparing lean and obese hypertensive adults have been clinical 

Investigations defining obesity according to life insurance desirable 

weight tables (1,52) or to body mass index (54). Since both lean and 

obese individuals could have excess weight for height, the potential bias 

of subject misclassification cannot be excluded in the interpretation of 

equivocal findings in comparisons of hemodynamic variables between 
i 

these "obese" and "lean" hypertensives. Mechanistic studies of children 

with high BP have focused on echocardiographically-determined 

hemodynamic variables (40,66,67,90), yet none of these investigations 
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has compared properly defined lean youth with high BP to their obese 

peers. 

Fat Distribution Differences 

Recently Smoak and associates (75) examined the relationships 

between SBP and triceps skinfold (an indicator of limb fat deposition) and 

between SBP and subscapular skinfold (an indicator of trunk fat 

deposition) In a group of 2,247 Bogalusa,LA youth ranging from 5-19 

years of age. In their discussion of the results, the Investigators felt 

that subscapular skinfold thickness was more strongly associated with 

SBP (as well as other such cardiovascular risk variables as fasting 

Insulin and lipoprotein cholesterol ratios) than was triceps skinfold 

thickness, yet they only present interrelationship data on the former 

association. 

An earlier study by Stallones et at. (77) examined how both 

fatness and fat patterning related to BP in a national sample of 6,243 12-

17 year olds. In this Investigation, fatness was defined as the sum of 

medial calf and chest skinfold thicknesses, and fat patterning was 

defined as the difference between the chest and medial calf skinfold 

thicknesses. Using step-up multiple regression with SBP as the 

dependent variable and with age, fatness, fat patterning, height and 

weight as the independent variables, it was determined that the 

independent variables relative order of contribution to the prediction of 

SBP was as follows: age, weight, height, fatness and fat patterning. The 
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results of this Investigation suggest that among adolescents, overall 

fatness Is more closely associated to SBP than Is fat distribution, yet 

this analysis 1s somewhat limited by the use of different types of Indices 

for fatness (a sum of skinfolds value) and fat distribution (the difference 
i 

between a trunk and a limb skinfold). Additionally, It may not be 

determined how fat distribution is related to BP tracking from the above 
i 

studies. Epidemiological data from Blair et al. (7) 1n a national sample of 

5,506 adults aged 30-59 years showed that 5.1 % (males) and 11.3£ 

(females) of the SBP variance could be explained by subscapular skinfold 

thickness, yet after adding triceps skinfold thickness to the regression, 

it Insignificantly contributed 0.1 and 0.2% of the SBP variance, 

respectively. 

growth Differences 

The previously cited analysis of Muscatine, 1A schoolchildren by 

Lauer and colleagues (43) Identified 4 groups of youth in the following 
i 

way: those with consistently high BP (group I), those with BPs 

consistently tracking in an upward direction (group 11), those with BPs 

consistently tracking in a downward direction (group 111) and those with 

consistently low BP (group IV). Groups I and II had ANOVA determined 

higher percentile levels of height,weight, relative weight and triceps 
i 

skinfold thickness than groups III and IV. Of these growth varaibles, only 
i 

the trend for weight distinguished the groups;|groups II and III showed 
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the greatest Increase and decrease in body weight percentiles, 

respectively. 

In their analysis of a national survey of 2,165 youth measured on 

two separate occalslons, 3 or 4 years apart, Lauer et al. (41) found that 

the 45.3% of those who maintained their SBP In the upper qulntile 

concurrently maintained higher mean z-scores for height, weight, body 

weight index, hip and waist circumferences. The 50.9% of those whose 

SBPs Increased from one of the lower 4 to the upper qulntile similarly 

maintained higher mean z-scores for height, weight, hip and waist 

circumferences 

Wilson et al. (87) also examined differences In growth between a 

group of adolescents with NHLBI defined high BP and another group of 

adolescents with persistent BP readings at or below the 50th percentile. 

In concurrence with the above findings, adolescents with high BP were 

taller and heavier than the controls. Growth curves from age 13 to age 15 

for both height and weight were charted In all subjects, yet these curves 

were not statistically analyzed for differences. Boys with normal BPs 

displayed sharp ascents in both height and weight from age 13 to age 14; 

whereas, boys with high BPs did not display this same adolescent growth 

spurt. For example, average height increased from 158 to 167 cm in 

normals and from 170 to 173 cm In the high BP group; average weight 

Increased from 48 to 65 kg in normals and from 76 to 80 kg In those with 

high BP. Therefore, over the same period of time, adolescent boys with 

normal BP had average Increases of 9 cm in height and 17 kg in weight, 

yet those with high BP displayed corresponding increases of 3 cm and 4 
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kg. Girls' growth characteristics were similar to the boys. From age 13 

to age 14 those with normal BP had average Increases from 155 to 159 

cm in height and from 47 to 63 kg In weight while those with high BP 

went from 160 to 162 cm In height and from 67 to 72 kg In weight. 

Comparatively, girls with normal BP increased height by an average of 4 

cm and weight by an average of 16 kg; high BP girls showed respective 

Increases of 2 cm and 5 kg. The authors inferred that the boys' growth 

data was Indicative of early maturation in the high BP group, yet no 

maturatlonal data is presented. In addition, the above study only presents 

data on those Individuals who on three separate occaisions over a one 

year period either displayed high (greater than or equal to the 95th 

percentile) or normal (less than or equal to the 50th percentile) BP; 

therefore, a need remains for a more In-depth examination of the growth 

characteristics of each of the four tracking groups described above from 

the work of Lauer et al.(43). 

Maturational Differences 

Lauer and colleagues' (41) investigation of a national sample 

employed Tanner staging, radiographic bone age determination and dental 

age determination (number of permanent teeth) to compare upper quintile 

SBP trackers to lower quintile trackers. The Tanner staging data showed 

that In both boys (within each age group from 12-14 years of age) and in 

girls (within each age group from 12-15 years of age) the mean follow-up 

SBP z-score was significantly highest at the highest Tannner stage. 
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Also, youth who maintained their position In the upper SBP quintlle 

displayed significantly higher mean z-scores for bone age and for dental 

age; whereas, those who Increased their SBP ranking from one of the 

lower 4 quint lies to the upper qulnttle showed a higher bone age. 

An earlier study by Londe and co-workers (47) examined the 

relationship between BP and maturation in 229 boys and 189 girls aged 

10-14 years. Significant correlations of a small magnitude were found 

between SBP and pubic hair development In 13 year old boys (r2 = 0.18, p < 

0.01), SBP and menarche in 11 year old girls (r2 - 0.20, p < 0.05), SBP and 

menarche In 14 year old girls (r2 = 0.17, p < 0.05) and between DBP and 

duration since menarche in 12 year old girls (r2 » 0.12, p < 0.05). Since 

complete descriptive data Is not presented, the sexual maturatlonal 

levels of the study sample are unknown and thus obscure the 

Interpretation of the results. For instance, it is not known If all levels of 

Tanner development are present within each age group, and if they are, it 

Is not known to what degree each stage is represented; such information 

is, however, presented In the above analysis by Lauer and co-workers. 

Summary 

Youth in the upper relative to those in the lower divisions of the 

BP distributions have displayed higher RHRs (67,87), greater height and 

weight (42,60,84), higher ponderal indices (13,17), greater skinfold 

thicknesses (41,42,87), higher TBW and LBM In boys (87), less adolescent 
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growth In height and weight (87) and advanced sexual maturation with 

respect to chronological age (41). 

Youth maintaining their position 1n the highest quintlle of the age-

and sex-specific SBP distributions are characterized by greater height 

(41,43), weight (41,43), triceps (41,43), subscapular and chest skinfold 

thicknesses (41), hip and waist circumferences (41) and advanced bone 

and dental ages (41). Less Information is available on those persisting in 

the highest DBP quintlle; however, Lauer and colleagues' Investigations 

(41,43) state that DBP analyses yield findings similar to those of SBP, 

and the differences between high and normal trackers are of a smaller 

magnitude. 

Characteristics of youth increasing their positions from one of the 
i 

lower four to the fifth BP quintlle are similar to those preslsting within 

the fifth quintlle with the following differences: body weight percentile 

ranking increased significantly in the rising BP trackers only (43), dental 
i 

age was not different from those who either maintained or decreased 
i 

their BP ranking within or to the lower four quintjles (41) and RHRs may 

be lower than those anticipated on the initial year 1 measurement (41). 

This characteristic increase In body weight percentiles when 

viewed along with the findings of youth coupling between changes 1n BP 

and ponderosity qulntlles (17), adult weight gain being a better predictor 
j 

of future cardiovascular disease than weight alone (69) and lean adult 

hypertensives being more susceptible than their obese counterparts to 

weight gain (39) suggests that the relationship be 

and BP remains an important area of investigation 

ween weight changes 

among pediatric 
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populations. Most Importantly, the need exists for dividing body mass 

Into Its components of FM and FFM to determine the contribution of each 

component to BP tracking. 
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CHAPTER 3 

METHODS 

This study was designed to compare groups of youth made 

homogeneous with respect to BP tracking for differences In body size, 

anthropometric dimensions, body composition, growth and maturation and 

to examine the relationships of fat distribution and body composition to 

BP In a sample of 57 children and adolescents with initial ages of 10-14 

years over a 1 year follow-up period. 

RESEARCH DESIGN 

The Investigative research method is descriptive, and It involves 

both comparative and interrelationship designs. The former design was 

used to identify BP tracking group differences and similarities in age, 

secondary sex characteristics, body size, anthropometric dimensions and 

body composition In the total sample (N=57) and within a sub-sample of 

obese (n= 13). The latter design was used to examine how BP and various 

body composition variables were multivariate^ related both within and 

between years. A combination of the two designs was used not only to 

evaluate BP reliability (Inter-trial and inter-limb differences and 

relationships within year 2 BP measures) and BP tracking (Inter-year BP 

measurement differences and relationships), but this combination of 
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designs was also used to compare the relationships of limb and trunk fat 

deposition to SBP. 

Obesity for this study shall be defined according to the criteria 

described by Lohman et al. (46). National age- and sex-specific qulntile 

levels for SBP, DBP, height and weight were obtained by contacting Drs. 

Horan and Rosner (Appendix A) who were both members of the NHLBI's 

Second Task Force on Blood Pressure Control In Children (55). 

The subjects for the present Investigation were selected on the 

basis of their participation In another study conducted by Houtkooper (35) 

In the previous year. Approval of the modifications made to this original 

Investigation was first obtained from the Human Subjects Committee of 

the University of Arizona (Appendix B). Subjects were recruited by a 

letter (Appendix C) and a follow-up telephone call to the subjects' 

parents or guardians. Informed consent was obtained from both subject 

and parent or guardian (Appendix D) prior to performing measurements. 

Subjects were measured at Cross Junior High School, Sunrise Elementary 

School or the Body Composition Laboratory at the University of Arizona by 

laboratory research staff. A copy of the data sheet used to record 

measurements Is In Appendix E. Two weeks after the last subject was 

assessed, body composition and blood pressure results (Appendix F) were 

sent to the parents or guardians of all participants. 

The sample consisted of 57 caucaslan youth (32 boys and 25 

girls). In year 1, the Individual age sub-samples were as follows; 10 

year olds (n=16; 12 boys and 4 girls), 11 year olds (n=11; 6 boys and 5 

girls), 12 year olds (n= 16; 6 boys and 10 girls), 13 year olds (n=11; 6 boys 
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and 5 girls) and 14 year olds (n«3; 2 boys and 1 girl). Out of 57 In the 

total sample, 8 tracked with SBPs In the upper qulnttle, while 13 tracked 

with obesity. In the upper qulntlle SBP tracking group, 7 of the 8 were 

tracking with obesity; whereas, In the lower four qulntlles' tracking 

group, 6 of the 49 were tracking with obesity. 

MEASUREMENT PROCEDURES 

Initial year 1 measures of BP, body composition, growth and sexual 

maturation used In the present study are described by Houtkooper (35). 

Measurements done only in the past study on 32 males and 25 females 

from 10 to 14 years of age which are to be used in the present analysis 

Include a modified Tanner maturatlonal staging (assessed by physicians 

from the Department of Pediatrics, University of Arizona Health Sciences 

Center) and total body water (TBW) determination by deuterium oxide 

(D20) dilution. The following descriptions of measurement procedures 

refer to those performed In the year 2 evaluation. All subjects underwent 

the following order of measurements: height and weight, skeletal 

dimensions, body circumferences, skinfold thicknesses, sitting pulse 

rate, sitting right arm BP measures, sitting left arm BP measures and 

bioelectrlcal impedance. Bloelectrlcal impedance analysis (BIA) was the 

last measurement performed because It requires the subject to lie 

supine; the investigator did not want this change in posture to affect the 

RHR and resting BP of the subjects (6,61). 



45 

Blood Pressure Measures 

Pulse rates were determined by palpation of the subject's radial 

pulse in the right arm; the subject was seated with the arm at heart level 

for both pulse determination and BP readings. BP measurements were 

performed with an aneroid sphygmomanometer and a Llttmann 3M 

stethoscope. Adult and pediatric size cuffs were used; cuff size 

determination followed the recommendations of the American Heart 

Association (61). Three consecutive readings were first obtained in the 

right arm followed by three consecutive readings in the left arm, and all 

readings were measured to the nearest mm Hg. Korotkoff phases i, IV and 

V were recorded on every observation; SBP and DBP measures were 

defined as the first and fourth Korotkoff phases, respectively. Since only 

right arm BP measurements were made In the Houtkooper study (35), the 

mean of the three right arm SBP and DBP measures were used in the 

longitudinal analyses; whereas, all of the trial measures in both arms 

were used In the year 2 reliability analyses. 

Anthropometric Measures 

Standing height was measured with a wall stadiometer; subjects 

stood barefoot with their heels together, hands on their hips and eyes and 

nose directed straight ahead. After the subjects performed an inspiration 

a straight edge placed on top of the subjects' head marked height to the 
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nearest 0.10 cm on the stadiometer. The mean of two successive trials 

was used for data analysis. 

Body weight was measured with subjects wearing either a tee 

shirt and shorts or a swim suit. An Accu-Weigh Model 150 TK/A-58 beam 

scale was used to measure weight to the nearest 0.05 kg; the mean of two 

successive trials was used for data analysis. 

Hip and elbow skeletal widths were measured with a Starrett 

blade anthropometer and a Gneupel caliper, respectively. For hip width, 

the subjects stood with weight evenly distributed on both feet and with 

their backs to the examiner who palpated the Iliac crests and placed the 

anthropometer blades on the lateral aspects of the crests which resulted 

In the greatest width. For elbow width, the subjects stood facing the 

examiner with their suplnated right arm flexed to 90 degrees at the 

elbow and raised approximately to shoulder joint level; the most lateral 

aspects of the distal end of the humerus (lateral and medial condyles) 

were palpated to determine placement of the ends of the caliper, The 

examiner applied moderate tension to the blades of the anthropometer and 

to the ends of the caliper to compress the soft tissue which allowed 

determination of the bony widths. Both widths were measured 

alternately three times to the nearest 0.1 cm. If any of the three trials 

within each site differed by more than 1.0 cm, an additional measurement 

was taken; the mean of three trials which differed by 1.0 cm or less was 

used for data analysis. 

Upper arm (relaxed), chest and abdominal circumferences were 

measured with a 2 m length Lufkin 146 ME retractable steel tape. The 
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above circumferences were measured by applying enough tension to only 

allow the tape to contact yet not depress the skin. The first of the above 

sites was located by measuring and marking the midpoint between the 

acromion process and the elbow joint; the circumference measurement 

was taken with the subjects standing and with their arms extended and 

relaxed at the side. The latter two sites were measured as the minimal 

circumferences at the end of a normal expiration. The chest site was 

located by palpating the fourth Intercostal space, and the abdominal site 

was located by finding the minimal abdominal width at the midpoint 

between the xyphoid process and the umbilicus. Upper arm, chest and 

abdominal circumferences were alternately measured three times to the 

nearest 0.1 cm; the mean of three circumferences differing by 1.0 cm or 

less at each site was used for data analysis, 

Skinfold thicknesses were measured with a Harpenden caliper 

using the technique described by Brozek (11). The following skinfold 

sites; triceps, subscapular, abdomen, thigh and calf were alternately 

measured three times to the nearest 0.1 mm. If the within site measures 

differed by more than one mm, an additional thickness measurement was 

taken. The above skinfold sites were measured on the right side of the 

body as follows: 

triceps - A vertical fold was raised 1 cm above the midpoint between the 

olcranon and acromion processes on the posterior of the brachlum, and the 

measurement was taken at the midpoint The subject stood with arms 

relaxed at the sides of the body. 
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subscapular - A diagonal fold was raised 1 cm below the inferior angle of 

the scapula inclined downwards and laterally in the natural cleavage of 

the skin. The above body position was maintained for this site. 

abdomen - A vertical fold was taken 2 cm to the side of the umbilicus. 

The skinfold was raised at the level of the umbilicus, and the caliper was 

applied 1 cm below the site. 

thigh - The subject was instructed to "take the weight off of the leg, 

slightly flex the knee and relax the thigh muscles". A fold parallel to the 

long axis of the thigh was raised on the anterior aspect of the thigh 

midway between the trochanterium and the proximal border of the 

patella. 

calf - The subject's foot was placed on a bench with the knee flexed at 90 

degrees. A vertical fold was raised Just above the level of the maximal 

calf girth, and the caliper was placed at the maximal calf girth. 

The mean of three thicknesses which differed by one mm or less per site 

was used in the data analysis. 

Bloelectrical impedance Analysis 

Bioelectrlcal Impedance was measured with a four-terminal body 

surface electrode impedance analyzer BIA-Model 101 (RJL Systems, 

Detroit, Ml). The subject rested In a supine position on a gym mat (at the 

schools) or on a horizontal table (at the Body Composition Lab). Two of 

the four surface self-adhesive spot electrodes were placed on the dorsal 

surface of the right hand. The remaining electrodes were placed on the 
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dorsal surface of the right foot. The impedance analyzer's cables were 

connected to the four electrodes, and a standard conduction current signal 

(800 A at 50 kHz) was sent through the the two injector electrodes. The 

other two electrodes detected the impedance of the body tissues to the 

above current; the impedance unit analyzed the detected impedance into 

its resistance and reactance components. Two consecutive readings of 

resistance and reactance were recorded by the examiner to the nearest 

ohm, The mean of the two readings was used In the data analysis. 

COMPUTED VARIABLES 

Some of the above data or their combinations were converted into 

computed variables of structural or physiological Interest. Structurally 

related computed variables Included various height-mass Indices such as 

body mass index (BMI) and Ibsen's new children's body mass Index (CBMI) 

(36) as well as such body composition variables as fat mass (FM), fat-

free mass (FFM) and percent body fat. Additionally, body physique 

variables of fat free body mass index and fat mass index were computed. 

BMI was computed as total body mass (TBM)/he1ght2 (kg/m2). CBMI will 

be computed as logjo TBM - 0.0008 (height) (25). Conversion of the sum of 

triceps and subscapular skinfolds (SSK) to percent body fat (% Fat) 

involved the following equations from Slaughter et a1,(74): 

1. % Fat (males) * 1.21 (SSK)-0.0080 (SSK)2-Intercept, where intercept' 

1.7 for prepubescents, 3.4 for pubescents and 5.5 for postpubescents; 

also, if SSK > 35 mm, then %Fat = .783 (SSK) + 1.6 
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2. % Fat (females)« 1.33 (SSK)-.013 (SSK^-ZS, and If SSK > 35 mm, then 

% Fat - .546 (SSK) + 9.7 

FM was computed as (% Fat) (TBM), and FFM was computed as TBM - FM. 

Fat free body mass index (FFBMI) was computed as FFM/helght2 (kg/m2), 

and fat mass Index (FMI) was computed as FM/height2 (kg/m2). Whole 

body resistance Index (WBRI) from bioelectrical impedance was computed 

as height2/resistance (cm^ohm"1). A cardiovascular computed variable, 

the double product (SBP x RHR) (26), was also calculated, In addition, 

with longitudinal data, the changes in both raw and computed variables 

from year 1 to year 2 were computed. 

STATISTICAL ANALYSES 

The total longitudinal sample was composed of 57 male and female 

subjects with an initial age ranging from 10-14 years. Relationships or 

differences which were less than or equal to the 0.05 probability level 

were considered statistically significant. Statistical power rates of 80% 

or greater (13^.20) were considered appropriate for accepting the null 

hypothesis. 

Concerning BP reliability, repeated measures analysis of variance 

(RM ANOVA), Intraclass as well as zero order correlation coefficients and 

standard errors of the measurement (SEMs) were used to test for mean 

differences, examine relationships and to determine measurement 

variability. RM ANOVA was used to test for differences among the 

following year 2 BP measures: right arm SBP (RASBP) trials I -3, right 
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arm DBP (RADBP) trials 1-3, left arm SBP (LASBP) trials 1-3, left arm 

DBP (LADBP) trials 1-3, right/left arm average SBP (RLSBP) trials 1-3, 

right/left arm average DBP trials 1-3, three trial average right arm SBP 

(RSBP) vs left arm SBP (LSBP) and 3 trial average right arm DBP (RDBP) 

vs left arm DBP (LDBP). RM ANOVA was also used to test for differences 

in the following year 1 and year 2 BP measures; year 1 right arm SBP vs 

year 2 RSBP, year 1 right arm DBP vs year 2 RDBP, year 1 right arm SBP 

vs year 2 three trial average RLSBP and year 1 right arm DBP vs year 2 

three trial average RLSBP. Intraclass correlations, zero order 

correlations and SEMs were also computed for each of the above 

measurement comparisons. 

To determine whether youth tracking within or to the upper BP 

quintile displayed mean differences from those tracking within or to the 

lower four quintlles, Independent t-tests were used to assess potential 

differences in age (year 1, year 2 and Its change from year 1 to year 2), 

cardiovascular variables (year 1, year 2 and the change from year 1 to 

year 2 in RHR, SBP, SBP National Quintile and DP), body size (year 1 total 

body water (TBW), year 1, year 2 and the change from year 1 to year 2 in 

height JBM, FFM and FM, anthropometric variables (year 1, year 2 and the 

change from year 1 to year 2 1n body circumferences and skeletal widths) 

and in body composition (year 1 percent water of the FFM and percent 

water of TBM, year 1, year 2 and the change from year 1 to year 2 in 

WBRI, skinfold thicknesses, percent body fat from skinfolds, BMI and 

CBMI). Group variabilities were examined by comparing coefficients of 

variation (CVs). Independent t-tests and CVs were also used to compare 
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obese members of the upper and lower BP tracking groups for mean 

differences In the above variables. Contingency table chl square analyses 

were used to compare the upper qulnttle SBP trackers to the lower four 

quintlles' SBP trackers for differences In secondary sex characteristics 

(year 1 modified Tanner Stages 1, 2 and 3) in both the total and obese 

samples. 

To assess whether trunk fat was more closely related to SBP than 

limb fat, regression analyses were performed using year land year 2 SBP 

as the dependent variables and the sum of trunk skinfolds (abdominal and 

subscapular) and the sum of limb skinfolds (triceps, thigh and calf) for 

year 1 and year 2 as the Independent variables. Regression lines 

developed between the BP variables and the sum of trunk skinfolds were 

then compared to those developed between the SBP variables and the sum 

of limb skinfolds by F-maximum tests for homogeneity of variances as 

described by Brunlng and Kfntz (12). 

To assess the within year blvarlate and multivariate 

relationships of BM1, gender and selected skinfold thicknesses to SBP, 

zero order correlations between body composltlon-SBP variables were 

compared, and forced entry multiple regression analyses were done with 

year 1 and year 2 SBP as the dependent variables. Within year 

contributions of the above Independent variables were assessed and 

compared by examining regression coefficient t-ratlos. 

To examine the blvarlate and multivariate prediction of year 2 SBP 

from year 1 BMi, gender and year 1 selected fatness Indices, forced entry 

multiple regression analyses were performed along with zero order 
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correlatton comparisons between year J body composition and year 2 SBP 

variables. In the above set of prediction equations, regression 

coefficient t-ratios Identified the significant predictors; whereas, the 

magnitude of contribution of each variable was assessed by comparing 

standardized regression coefficients. 
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CHAPTER 4 

RESULTS 

Blood pressure measurement reliability was first assessed from 

the data collected In the second year of the study. Since the combination 

of Inter-limb and Interatrial averaging yielded the most reliable and 

least variable of the year 2 BP measurements, this procedure was 

compared to that of within limb Inter-trial averaging in the analysis of 

BP tracking from year 1 to year 2. The finding of no relation between 

year I and year 2 DBP measures along with the dissociation of sample-

specific DBPs from normative values narrowed subsequent analyses to 

the SBP distribution. 

Youth tracking within or to the upper SBP quintile (in total and 

obese samples) were then compared to their counterparts tracking within 

or to the lower four SBP qulntiles for differences 1n age, cardiovascular 

variables, year 1 secondary sex characteristics, body size, 

anthropometric dimensions and body composition. Lastly, the within and 

between year relationships of SBP to fat distribution and body 

composition were examined. 
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Blood Pressure Measurement Reliability 

Year 2 RASBP, RADBP, LASBP, LADBP, RLSBP and RLDBP were 

Individually tested for Intel—trial mean differences, examined for the 

magnitude of inter-trial relationships and assessed for the size of inter-

trial variability; RSBP and LSBP as well as RDBP and LDBP were likewise 

compared for inter-limb mean differences, inter-limb relationships and 

inter-limb variability. These comparisons were done by analyses using 

RM ANOVA, zero order and intraclass correlation and SEM, respectively. 

The means, standard deviations, zero order correlation range, 

intraclass correlation coefficient, SEM, range in the 3 trial grand mean 

(+2 SEM) and RM ANOVA F ratios for RASBP, RADBP, LASBP and LADBP are 

summarized for year 2 (Tables 1 and 2). Significant F ratios (inter-trial 

mean differences) were found In the former two (Table 1) but not in the 

latter two measures (Table 2); after using Duncan's Multiple Range post 

hoc analysis mean differences occurred between the first and the second 

and between the first and the third trials in RASBP (106.5 mm Hg vs 

105.8 mm Hg and 105.5 mm Hg) and in RADBP (71.5 mm Hg vs 72.5 mm Hg 

and 72.4 mm Hg). in contrast, the nonslgnlficantly different LASBP mean 

values ranged from 101.2 mm Hg (trial 3) to 101.8 mm Hg (trial 1), and 

LADBP values ranged from 68.6 mm Hg (trial 1) to 69.1 mm Hg (trial 3). 

All reliability coefficients were significantly different than zero. 

Intraclass correlation coefficients were slightly higher for the right arm 

measures (.99 and .97 for RASBP and RADBP) than for the left arm 

measures (.98 and .95 for LASBP and LADBP); whereas, SEMs were slighly 



TABLE 1. RELIABILITY ANALYSIS OF YEAR 2 
RIGHT ARM BLOOD PRESSURE MEASUREMENTS' 

3 Trials Grand 
Mean Range RMANOVA 

Variable Mean±S.D. r range Rtf SEM Within 2 SEM F 

RASBP t(mm Hg) 106.5±10.9 
RASBP 2(mm Hg) 105.8*10.5 
RASBP 3( mm Hg) 105.5* 10.2 .96-98* .99* 1.1 103.7-108.1 3.64* 

RADBP KmmHg) 71.5*8.1 
RADBP 2(mm Hg) 72.5±7.8 
RADBP 3(mm Hg) 72.4*8.0 .92-93* .97* 1.4 69.3-74.9 3.79* 

•n=57 
**R denotes intraclasscorrelation coefficient 
*pi0.05 
*pi0.01 

TABLE 2. RELIABILITY ANALYSIS OF YEAR 2 
LEFT ARM BLOOD PRESSURE MEASUREMENTS' 

3 Trials Grand 
MeanRsnge RMANOVA 

Variable Mean*S.D. r range R SEM Within 2 SEM F 

IASBP KmmHg) 101.8±8.9 
LASBP 2(mm Hg) 101.3*8.5 
LASBP 3(mm Hg) 101,2*8,4 .94-.98* .98* 1.2 99.0-103.8 1.76 

LADBP KmmHg) 68.6±7.9 
LADBP 2(mm Hg) 69.0*7.3 
LADBP 3(mm Hg) 69.1*7.1 .85-90* .95* 1.6 65.7-72.1 0.64 

*n=57 
*pi0.01 
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lower for RASBP and RADBP (1.1 and 1.4 mm Hg) than for LASBP and 

LADBP (1.2 and 1.6 mm Hg). 

Table 3 and Figure 2 show the effect that averaging of right and 

left arm readings had on the reliability of Inter-trial blood pressure 

measurements. Significant Inter-trlal mean differences occurred in 

RLSBP and In RLDBP, as Indicated by the higher RLSBP trial 1 (104.1 mm 

Hg vs 103.6 mm Hg and 103.4 mm Hg) and lower RLDBP trial 1 (70.0 mm 

Hg vs 70.8 mm Hg and 70.8 mm Hg) values. Intraclass correlations were 

.99 and .98, piO.Ol for RLSBP and RLDBP, respectively. SEMs were lower 

than any of the above within limb reliability scales, I.e. 0.9 mm Hg for 

RLSBP and 1.0 mm Hg for RLDBP. 

The results of the 3 trial average right vs left arm reliability 

analysis Is presented in Table 4. Right arm measures were significantly 

higher than left arm measures (105.9 mm Hg (RSBP) vs 101.4 mm Hg 

(LSBP); 72.1 mm Hg (RDBP) vs 68.9 mm Hg (LDBP). Between arm 

relationships were higher for systolic measures (R*.91 and SEM=2.8 mm 

Hg) than for diastolic measures (R=.84 and SEMKS.O mm Hg). 

Analysis of BP Tracking 

Data were obtained on 57 children In 1986 and again In 1987 

about one year apart. Year 1 to year 2 blood pressure tracking 1s shown 1n 

Tables 5,6, 7 and Figure 3. Year 1 SBP (103.5 mm Hg) and DBP (62.2 mm 

Hg) mean values were respectively lower than year 2 SBP (105.9 mm Hg) 

and DBP (72.1 mm Hg) mean values, yet this one year increase in BP was 



TABLE 3. RELIABILITY ANALYSIS OF YEAR 2 
RIGHT AND LEFT ARM AVERAGE 

INTER-TRIAL BLOOD PRESSURE MEASUREMENTS* 

3 Trials Grand 
Mean Range RM ANOVA 

Variable Mean±S.D. r range R SEM Within 2 SEM F 

RLSBP1 (mm Hg) 104.1 ±9.5 
RLSBP2 (mm Hg) 103.6±9.1 
RLSBP3 (mm Hg) 103.4±8.9 ,98-.99* .99* 0.9 101.9-105.5 5,12* 

RLDBP1 (mm Hg) 70.0±7.1 
RLDBP2 (mm Hg) 70.8±7.0 
RLDBP3 (mm Hg) 70.8±7.0 .92-.961 .98* 1.0 68.5-72.5 3.32* 

*n=57 
*ps0.05 
'piO.OI 
R=1ntrac1ass correlation 

TABLE 4. RELIABILITY ANALYSIS OF YEAR 2 
3 TRIAL AVERAGE 

INTERLIMB BLOOD PRESSURE MEASUREMENTS" 

2 Limbs Grand 
Mean Range RM ANOVA 

Variable Mean±S.D. r R SEM Within 2 SEM F 

RSBP (mm Hg) 
LSBP (mm Hg) 

105.9±10.5 
101.4±8.5 .86* .91* 2.8 98.1-109.3 38.991 

RDBP (mm Hg) 
LDBP (mm Hg) 

72.1 ±7.7 
68.9±7.1 .73* .84* 3.0 64.5-76.5 19.47* 

•n=57 
'pio.oi 
R=1ntrac1ass correlation 
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FIGURE 2. RIGHT/LEFT ARM AVERAGE BLOOD PRESSURE 
MEASUREMENTS ACROSS THREE TRIALS 
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TABLE 5. ANALYSIS OF 
BLOOD PRESSURE TRACKING: YEAR I AND YEAR 2 

RIGHT ARM MEASURES' 

Year 1 Year 2 Both Yrs Grand 
Right Arm Right Arm Mean Range RMANOVA 

Variable Mean±S.D. Mean±S.D. r R SEM Within 2 SEM F 

SBP (mm Hg) 103,5±9.0 105.9±10.5 .42* .6tT 6.1 92.5-116.5 2.92 
DBP (mm Hg) 62.2±7.7 72.1 ±7.7 .08 .15 7.1 53.0-81.4 51.67' 

•n=57 
tpi0.01 

TABLE 6. ANALYSIS OF 
BLOOD PRESSURE TRACKING: YEAR I RIGHT ARM AND 

YEAR 2 RIGHT/LEFT ARM AVERAGE MEASURES" 

Year 1 Year 2 Right/ Both Yrs Grand 
Right Arm Left Arm Avg. Mean Range RMANOVA 

Variable Mean±S.D. Mean±S.D. r R SEM Within 2 SEM F 

SBP (mm Hg) 103.5±9.0 103.7±9.1 .45' .62* 5.6 92.4-114.8 0.01 
DBP (mm Hg) 62.2±7.7 70.5±6.9 .16 .27* 6.2 54.0-78.8 44.11 * 

•n=57 
*p*0.05 
'piO.OI 

TABLE 7. ANALYSIS OF 
DIASTOLIC BLOOD PRESSURE TRACKING: 

YEAR 1 RIGHT ARM AND YEAR 2 LEFT ARM MEASURES" 

Both Yrs Grand 
Rt. Arm Yr. Lt. Arm Yr.2 Mean Range RM ANOVA 

Variable Meen±S.D. Mean±S.D. r R SEM Within 2 SEM F 

DBP (mm Hg) 62.2±7.7 68.9±7.1 .22 ,38' 5.8 54.0-77.2 30.14* 

•n=57 
v^o.oi 
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significantly different In diastolic measures only. Year-to-year 

relationships were considerably higher for SBP than for DBP (I.e. r=.42, 

piO.01 vs r= 08 and R=.61, p*0.01 vs Rs. 15). Averaging the year 2 right 

and left arm measures affected the rellabllty of blood pressure tracking 

(Table 6) by attenuating the mean Increases In BP, slightly Increasing the 

SBP correlations, Increasing the DBP correlations twofold, decreasing the 

SBP SEM by 8% and decreasing the DBP SEM by 13%. The significant 

difference between year 1 and year 2 mean DBP values persisted after 

averaging year 2 right and left arm measures. The large Increase In mean 

DBP from year 1 to year 2 was minimized by comparing year 1 right arm 

measures to year 2 left arm measures. Figure 4 compares the relative 

precision of BP measurement across trial, limb and year at the 95% 

confidence level. 

Comparison of BP Sample Norms to National Norms 

In both study years, sample-specific normative values for SBP 

were somewhat below national values. For example, the sample-specific 

80^ percentile values for 13 year olds were 112 mm Hg (boys) and f 16.8 

mm Hg (girls) In year 1, and they were 116.4 mm Hg (boys) and 105.8 mm 

Hg (girls) In year 2. By comparison, the national 80th percentile SBP value 

for 13 year old boys and girls Is 118 mm Hg. In contrast to SBP, sample-

specific norms for DBP were below and above national values In years 1 

and 2, respectively. The national 80th percentile DBP values for 13 year 

olds are 74 mm Hg for boys and 76 mm Hg for girls. The sample-specific 
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80th percentile DBP values for 13 year olds were 64 mm Hg (boys) and 

70.8 mm Hg (girls) in year I, and In year 2, they increased to 79.2 mm Hg 

in boys and to 80.8 mm Hg in girls. This drastic change in DBP values 

along with the previously presented finding of no relation between year 1 

and year 2 DBPs led to a focusing of subsequent hypothesis testing on the 

SBP distribution. 

Comparisons Between Upper and Lower SBP Tracking Groups 

In the following description of the results, youth tracking within 

or to the upper age- and sex-specific national SBP quintlle (UQ; N=8) were 

compared to the remaining youth of the longitudinal sample who tracked 

within or to the lower age- and sex-specific national SBP quintiles (LQ; 

N=49) to test for group mean differences in age, cardiovascular variables, 

secondary sex characteristics, body size, anthropometric measures and 

body composition (see Figure 1). In addition, youth tracking with obesity 

in the UQ (OUQ; Na7) were compared to their obese counterparts in the LQ 

(OLQ; N=6) for group mean differences in the same variables. Tests for 

group mean differences involved the use of Independent t-tests; also, in 

Instances where longitudinal data were available, group differences In 

year 1, year 2 and the absolute change from year 1 to year 2 were 

examined. Tables 8 through 19 present the group means ± standard 

deviations, coefficients of variation (CVs) and t-ratlos for the above 

comparisons. 
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Age and Cardiovascular Characteristics 

Mean values for year 1 age, year 2 age and the change (A) In age 

were not different between UQ and LQ or between OUQ and OLQ. The UQ 

group (Table 8) was somewhat younger (year 1 mean age of 12.1 years and 

year 2 mean age of 13.4 years) than the LQ group (year 1 mean age of 12.2 

years and year 2 mean age of 13.6 years), yet this group difference in age 

was not statistically significant, t=-0.24 for year 1 and t=-0.39 for year 

2. In contrast, the OUQ group (Table 9) was somewhat older (year 1 mean 

age of 12.4 years and year 2 mean age of 13.6 years) than the OLQ group 

(year 1 mean age of 12.0 years and year 2 mean age of 13.2 years), yet as 

in the above comparison, the group mean difference was not statistically 

significant, for year 1 (t=0.53) or for year 2.(t-0.63). 

The results of the UQ-LQ comparison for group differences in 

RHR, SBP, SBP national qutntile ranking and DP are given 1n Table 10. The 

UQ group had significantly higher mean values for year 1 RHR, all SBP and 

SBP national qulntile variables and year 1 and year 2 DP; whereas, mean 

values for year 2 RHR, A RHR and A DP were not different between the 

groups. Group homogeneity, as Indexed by lower CV values, was greater 

for the UQ group for year 2 RHR, both years' SBP and all SBP national 

qulntile and DP variables. The LQ group was more homogeneous with 

respect to year 1 RHR, A RHR and A SBP. Both groups decreased RHR in the 

second year (nonsignificant decrease); the UQ group had a mean A RHR of -

3.2 beats/min (from 89.5 beats/mln (year 1) to 81.2 beats/min (year 2)), 

and the LQ group had a mean A RHR of -2.4 beats/min (from 77.6 



TABLE 8. AGE COMPARISON BETWEEN SYSTOLIC 
BLOOD PRESSURE TRACKING GROUPS 

Upper Qulntlle SBP Trackers 
(n»B) 

Variable Mean*S.D. C.V. 

Lower Qulntiles SBP Trackers 
(n=49) i 

Mean*S.D, C.V. t-ratio 

Yr. 1 Age (yrs) 
Yr. 2 Age (yrs) 
a Age (yrs) 

12.1*1.4 
13.4±1.4 
1.2*0.2 

11.638 
10.5% 
16.781 

12.2*1.1 
13.6± 1.2 
1.3*0.2 

9.0%; 
8.8%! 
15.4% 

-0.24 
-0.39 
-0.90 

C.V.= coefficient of variation 

TABLE 9. AGE COMPARISON BETWEEN OBESE 
SYSTOLIC BLOOD PRESSURE TRACKING GROUPS 

Variable 

Yr. J Age (yrs) 
Yr. 2 Age (yrs) 
& Age (yrs) 

Obese Obese 
Upper Qulntlle Lower Qulntiles 
SBP Trackers SBP Trackers 

(n=7) (n=6) ; 

Mean*S.D. C.V. Mean±S.D. C.V. t-ratlo 

12.4±1.3 10.5% 12.0*1.0 8.3% 1 0.53 
13.6±1.3 9.6% 13.2*1.2 9.1% ; 0.63 
1.2*0.2 16.7% 1.2*0.3 25.0% 0.52 

C.V.= coefficient of variation 
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TABLE 10. CARDIOVASCULAR COMPARISON 
BETWEEN SYSTOLIC BLOOD PRESSURE TRACKING GROUPS 

Upper Quintile 
SBP Trackers 

(n-8) 

Lower Qulntlles 
SBP Trackers 

(n=49) 

Variable Mean±S,D. C.V. Mean±S.D. C.V. t- ratio 

Yr. 1 Resting HR (beats/min) 
Yr. 2 Resting HR (beats/min) 
a Resting HR (beats/min) 

89.5±15.4 
81.2±8.0 
-3.2±17.0 

17.22 
9.92 

531,32 

77.6±10.1 
75.2±9.0 
-2.4± 10.7 

13.02 
12.02 

445,82 

2.85* 
1.78 

-1.30 

Yr.1 Systolic BP (mm Hg) 
Yr. 2 Systolic BP (mm Hg) 
a Systolic BP (mm Hg) 

109.5±5.9 
126.2±7,6 
16.8±8.2 

5.42 
6.02 
48.82 

102.6±9.1 
102.6±6.3 
0.0±8.9 

8.92 
6.12 

2.07* 
9.5 r 
4.95* 

Yr. 1 SBP National Quintile• 
Yr. 2 SBP National Quintile 
a SBP National Quintile 

3.9±0.8 
5,0±0.0 
1.1 ±0.8 

21.72 

75.02 

2.7±1,2 
2.4±0.1 

-0.3± 1.3 

45.02 
39.82 

429.02 

2.57* 
7.6 r 
2.95* 

Yr.1 D.P.(beats«mm Hg/mln)" 
Yr.2 D.P.(beats«mm Hg/mln) 
a D.P.(beats«mm Hg/m1n) 

9770±1496 
10272±1295 
502±2056 

15.32 
12.62 

409.62 

7965±1418 
7713±1013 
-27l±1521 

17.82 
13.12 

561.32 

3.28* 
6.37f 

1.27 

• Normative data obtained from Dr. Horan of the NHLBI's Task Force on BP Control in Children 
•• Double Product (D.P.)= (Systolic Blood Pressure)(Restfng Heart Rate) 
*p*0.05 
'piO.Ol 
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beats/min (year 1) to 75.2 beats/min (year 2)). The UQ group began the 

study with a significantly higher mean SBP (109.5 vs 102.6 mm Hg) and 

Increased this value by 16.8 mm Hg while the LQ group did not change Its 

mean SBP from year 1 to year 2. With respect to national qulntlle 

rankings, the UQ group began the study with a significantly higher mean 

value (3.9 vs 2.7) and Increased this value 1.1 qulntlles to 5.0 while the 

LQ group decreased Its average qulntlle rank from 2.7 to 2.4. 

Somewhat different results were obtained In the comparison of 

cardiovascular variables between OUQ and OLQ groups (Table 11). The OUQ 

group had significantly higher mean values for year 1 RHR, year 2 RHR, 

year 2 SBP, A SBP, year 2 SBP qulntlle, A SBP qulntlle, year 1 DP and year 

2 DP, and It had Insignificantly higher mean values for year 1 SBP, year 1 

SBP qulntlle and A DP. The OUQ group was more homogeneous In A RHR, 

year 1 SBP, A SBP, all SBP qulntlle variables and year 1 DP yet was more 

heterogeneous In year 1 RHR, year 2 RHR, year 2 SBP, year 2 DP and A DP. 

The OUQ-OLQ comparison differed most notably from the UQ-LQ 

comparison In that the significantly greater year I mean RHR value of the 

OUQ group with respect to the OLQ group (90.8 vs 74.0 beats/min ) was 

maintained In year 2 (80.8 beats/min vs 68.0 beats/min) and that the 

OUQ group did not have significantly higher mean SBP values at the 

beginning of the study (110.8 vs 110.3 mm Hg). 

Secondary Sex Characteristics 

In the sexual maturation assessment, a modified Tanner stage 

was assigned to youth by a physician in year 1 only. Three stages, pre-
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TABLE 11. CARDIOVASCULAR COMPARISON 
BETWEEN OBESE SYSTOLIC BLOOD PRESSURE TRACKING GROUPS 

Obese 
Upper Qulntile 
SBP Trackers 

(n=7) 

Obese 
Lower Qulntiles 
SBP Trackers 

(n-6) 

Variable Mean±S.D. C.V. Mean±S.D. C.V. t-ratio 

Yr, 1 Resting HR(beats/min) 
Yr. 2 Resting HR (beats/min) 
a Resting HR (beats/min) 

90.8±16.1 
80.8±8.6 

-10.0±17.5 

17.7% 
10.6% 

175.0% 

74.0±11,2 
68,0±6,2 
-6.0± 14.0 

15.1% 
09.1% 

233.3% 

2.15* 
3.051 

-0.45 

Yr.l Systolic BP (mm Hg) 
Yr. 2 Systolic BP (mm Hg) 
a Systolic BP (mmHg) 

110.8±4.9 
125.3±7.7 
14.4±5.4 

4.4% 
6.156 

37.55? 

110.3±7.4 
106.8±3.8 
-3.5±6.7 

6.7% 
3.6% 

191.4% 

0.15 
5.33 f 
5.35 f 

Yr. 1 SBP National Qulntile • 
Yr. 2 SBP National Qulntile 
a SBP National Qulntile 

4.0±0.8 
5.0±0.0 
1.0±0.8 

20.0% 

80.0% 

3.7±1.0 
2.8±0.8 

-0.8±1.2 

27.0% 
28.6% 
150.0% 

0.65 
7.67 f 

3.32* 

Yr.l D.P.(beets«mm Hg/min)" 
Yr.2 D.P.(beats«mm Hg/min) 
a D,P.(beats#mm Hg/min) 

10023±1419 
10143±1342 

T21±1890 

14.2% 
13.2% 

1562.0% 

8167*1400 
7266±719 
-90J±1486 

17.1% 
9.9% 

164.9% 

2.37* 
4.69 f 

1.07 

• Normative data obtained from Or. Horan of the NHLBI's Task Force on BP Control in Children 
** Double Product (D.P.)= (Systolic Blood PressureXResting Heart Rate) 
*pi0.05 
*pi0.01 



70 

pubescent (stage 1), pubescent (stage 2) and post-pubescent (stage 3), 

were assigned. The groups were tested for differences In the frequencies 

of youth at each of the above developmental stages by contingency table 

chl square analyses. Table 12 shows the results of the UQ-LQ analysis. 

The UQ group had lower percentages of pre-pubescent (1 4.3% vs 18.8%) 

and pubescent (42.9% vs 58.3%) youth than the LQ group, and It had a 

higher percentage of post-pubescents (42.9% vs 22.9%) than the LQ group. 

However, none of these group differences were statistically significant 

as the chl square value was 1.28. 

In the OUQ-OLQ comparison (Table 13), the trend for the OUQ 

group to be In the lattermost stage of development was stronger yet also 

nonsignificant, total chl square=4.50. Relative to the OLQ group the OUQ 

group had lower percentages of pre-pubescent (0.0% vs 16.7%) and 

pubescent (50.0% vs 83.3%) youth. The OUQ group also had a larger 

percentage of post-pubescents (50.0 vs 0.0%) than the OLQ group. 

Body Size Characteristics 

Height, total body mass (TBM), and the fat and fat-free 

components of body mass (derived from skinfolds (74)) were collected In 

both years of the study, and total body water (TBW) was collected in the 

first year. The tests for differences In these variables between UQ and 

LQ groups is presented In Table 14. In general, the UQ group displayed 

higher average body size values than the LQ group, yet the higher UQ mean 

values for year 1 height (154.8 vs 153.8 cm), year 2 height (162.0 vs 

161.7 cm), A height (7.2 vs 7.9 cm), year 1 fat-free mass (FFM) (42.2 vs 



71 

TABLE 12. COMPARISON OF 
SECONDARY SEX CHARACTERISTICS BETWEEN 
SYSTOLIC BLOOD PRESSURE TRACKING GROUPS 

Upper Qui ntl let Lower Qulntlles 
SBP Trackers SBP Trackers 

(n=7)* (n=48)' 

Contingency Total 
Variable Frequency Frequency Coefficient Chi Square 

Yr. 1 Tanner Stage 1 14.3!? 18.855 
Yr. 1 Tanner Stage 2 42.9$ 58.3$ 
Yr. 1 Tanner Stage 3 42.9$ 22.95? 0.15 1,28 

• Smaller sample size 1n this analysis due to subject refusal to have maturatlonal assessment 

TABLE 13. COMPARISON OF 
SECONDARY SEX CHARACTERISTICS BETWEEN OBESE 

SYSTOLIC BLOOD PRESSURE TRACKING GROUPS 

Obese Obese 
Upper Gulntlle Lower Qulntlles 
SBP Trackers SBP Trackers 

(n=6)' (n=6) 

Contingency Total 
Variable Frequency Frequency Coefficient Chi Square 

Yr. 1 Tanner Stage 1 0.0$ 16.7$ 
Yr. 1 Tanner Stage 2 50.0$ 83.3$ 
Yr. 1 Tanner Stage 3 50.0$ 0.0$ 0.52 4.50 

Smaller sample size In this analysts due to subject refusal to have maturatlonal assessment 



TABLE 14. BODY SIZE COMPARISON 
BETWEEN SYSTOLIC BLOOD PRESSURE TRACK1 NO GROUPS 

Upper Gulntlle 
SBP Trackers 

(n=8) 

Lower Qulntlles 
SBP Trackers 

(n=49) 

Variable Mean±S.D. C.V. Mean±S.D. C.V. t-ratlo 

Yr. 1 Height (cm) 
Yr. 2 Height (cm) 
a Height (cm) 

154.8± 12,8 
162.0±11.3 

7.2±3.4 

8.38 
7.08 
47.28 

153.8±10.8 
161.7±10.6 

7.9±3.0 

7.08 
6.68 

38.08 

0.25 
0.09 

-0.59 

Yr. 1 TBM (kg) 
Yr. 2 TBM (kg) 
t TBM (kg) 

62.0±14.2 
73.4±17.0 
11.414,0 

22.9% 
23.28 
35.151 

45.7±11.1 
52.6±12.0 
6.9±4.9 

24.38 
22.88 
71.08 

3.721 

4.28* 
2.45* 

Yr. 1 FFM (kg)' 
Yr. 2 FFM (kg) 
a FFM (kg) 

42.2± 10.7 
49.0±11.6 
6.9±4.5 

25.48 
23.78 
65.28 

36.7±7.7 
41.7±7.8 
5.0±4.0 

21.08 
18.78 
80.08 

1,76 
2.27* 
1.16 

Yr. 1 Fat Mass (kg)" 
Yr. 2 Fat Mass (kg) 
a Fat Moss (kg) 

19.8±6.4 
24.3±8.4 
4,5±4.8 

32.38 
34.68 
106.78 

9.0±5.4 
10.8±5.8 
1.8±2.2 

60.08 
53.78 
122.28 

5.15* 
5.701 

2.60* 

Yr. 1 TBW (kg) 33.4±7.1 21.38 26.8±6.3 23.58 2.36* 

TBM=Total Body Mass 
• Fat Fre8 Mass= Total Body Mass - Fat Mass 
•• Fat Mass= (Total Body MassX 8 Fat from the skf. equations of Slaughter et al (74)) 
TBW=Tota1 Body Water from deuterium dilution 
*pi0.05 
1p*0.0l 
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36.7 kg) and A FFM (6.9 vs 5.0 kg) were not significantly different from 

the LQ group. In contrast the higher UQ mean values for year 1 TBM (62.0 

vs 45.7 kg), year 2 TBM (73.4 VS52.6), A TBM (11.4 vs 6.9 kg), year 2 FFM 

(49.0 vs 41.7 kg), year 1 fat mass (FM) (19,8 vs 9.0 kg), year 2 FM (24.3 vs 

10.8 kg), A FM (4.5 vs 1.8 kg) and year 1 TBW (33.4 vs 26.8 kg) were 

slgnlcantly different from the LQ group. 

Table 15 shows the results of the OUQ-OLQ body size comparison. 

Similar to the UQ-LQ comparison the OUQ had higher mean body size 

values than the OLQ group with the exception of A height (6.9 vs 9.1 cm) 

and A FFM (7.3 vs 8.6 kg); however, unlike the UQ-LQ comparison, only the 

higher OUQ group mean for year 1 TBM (65.5 vs 52.9 kg) was significant. 

Statistically insignificant higher OUQ group means were observed for 

year 1 height (157.1 vs 153.1 cm), year 2 height (164.0 vs 162.2 cm), year 

2 TBM (78.0 vs 64.5 kg), A TBM (12.5 vs 11.6 kg), year I FFM (44.1 vs 

36.3), year 2 FFM (51.4 vs 44.9 kg), year 1 FM (21.4vs 16.6 kg), year 2 FM 

(26.6 vs 19.6 kg), A FM (5.2 vs 3.0 kg) and year 1 TBW (35.3 vs 28.1 kg). 

Figure 5 displays the year 1 and year 2 comparisons of TBM and 

Its fat and fat-free components between UQ and LQ groups and between 

OUQ and OLQ groups. These body size variables consistently occurred 1n 

the following ascending group order: OUQ, UQ, OLQ and LQ. 

Anthropometric Characteristics j 

The BP tracking groups were tested for differences In three body 
j 

circumference measures and In two skeletal width measures. The results 

of the UQ-LQ comparison are presented In Table 16. The UQ group had 



TABLE 15. BODY SIZE COMPARISON 
BETWEEN OBESE SYSTOLIC BLOOD PRESSURE TRACKING GROUPS 

Obese 
Upper Qulntile 
SBP Trackers 

(n=7) 

Obese 
Lower Qulntlles 
SBP Trackers 

(N=6) 

Variable Mean±S.D. C.Y. Mean±S.D. C.V. t-ratlo 

Yr. t Height (cm) 
Yr. 2 Height (cm) 
A Height (cm) 

157.1 ± 12.1 
164.0±10.6 

6.9±3.6 

7.758 
6.55? 

52.25? 

153.1 ±9.4 
162.2±12.5 

9.1 ±3.3 

6.15? 
7.75? 
36.35? 

0.65 
0.27 

-1.15 

Yr. 1 TBM (kg) 
Yr. 2TBM (kg) 
A TBM (kg) 

65.5± 10.9 
78.0± 11.7 
12.5±2.7 

16.65? 
15.0$ 
21.65? 

52.9±9.8 
64.5± 15.7 
)1.6±6.8 

18.5SB 
24.35? 
58.65? 

2.18* 
1.77 
0.31 

Yr. 1 FFM (kg) • 
Yr. 2 FFM (kg) 
A FFM (kg) 

44.1 ±9.9 
51.4±10.1 
7.3±4.7 

22.45? 
19.65? 
64.45? 

36.3±6.0 
44.9±9.6 
8.6±5.1 

16.51? 
21.45? 
59.35? 

1.69 
1.19 

-0.48 

Yr. 1 Fat Mass (kg) •• 
Yr. 2 Fat Mass (kg) 
A Fat Mass (kg) 

21.4±5.0 
26.6±6.1 
5.2±4.8 

23.435 
22.95? 
92.35? 

16.6±5.1 
19.6±6.4 
3.0±3.4 

30.75? 
32.65? 
113.356 

1.69 
2.01 
0.93 

Yr. 1 TBW (kg) 35.3±6.0 17.0!? 28.1 ±5.1 18.1% 2.03 

TBM =Total Body Mass 
* Fat Free Mass= Total Body Mass - Fat Mass 
••Fat Mass=(Total Body MessX % Fat from the eq.'s of Slaughter et al. (74)) 
TBW=Total Body Water from deuterium dilution 
*p*0.05 
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FIGURE 5. COttPARISON OF TOTAL BODY ttASS AND ITS FAT AND 
FAT FREE COttPONENTS BETWEEN UPPER QUINTILE (UQ) AND LOWER 
FOUR QUINTILES (LQ) AND BETWEEN OBESE UPPER QUINTILE (OUQ) 

AND OBESE LOWER FOUR QUINTILES (OLQ) SYSTOLIC BLOOD 
PRESSURE TRACKING GROUPS 
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TABLE 16. ANTHROPOMETRIC COMPARISON 
BETWEEN SYSTOLIC BLOOD PRESSURE 

TRACK IN8 GROUPS 

Upper Qulntlle 
SBP Trackers 

(n=8) 

Lower Guintiles 
SBP Trackers 

(n=49) 

Variable Mean±S.D. C.Y. Mean±S.D. C.V. t-ratlo 

Yr. 1 Abd. Clrc. (cm) 
Yr. 2 Abd. Ctrc. (cm) 
t Abd. Clrc. (cm) 

78.8±8.9 
84.2±1 t.O 
5.4±4.2 

11.3$ 
13.1$ 
77.855 

64.3±11.5 
68.0±8.3 
3.7±10.7 

17.9$ 
12.2$ 

289,2$ 

3.40f 

4,89f 

0.44 

Yr. 1 U.Arm Cfrc. (cm) 
Yr. 2 U.Arm Clrc. (cm) 
a U.Arm Clrc. (cm) 

28.8±3.1 
30.5±3.6 
1.7±2.0 

10.8$ 
11.8$ 

1 17.7$ 

23.6±3.3 
24.7±3,2 
1.1 ±2.0 

14.0$ 
13.0$ 
181.8$ 

4.19f 

4.71f 

0.80 

Yr. 1 Chest Cfrc. (cm) 
Yr. 2 Chest Clrc. (cm) 
& Chest Circ. (cm) 

86.9±7.7 
93.6±8.3 
6.7±2.8 

8.951 
8.9$ 

41.85? 

76.5±7.7 
81.9±7.5 
5.4±3.3 

10.0$ 
9.2$ 

61.1$ 

3.53f 

4.05f 

1.10 

Yr. 1 HlpSk. Width (cm; 
Yr. 2 Hip Sk.Width (cm) 
a HipSk. Width (cm) 

26.8±5.0 
29.2±2,7 
2.4±4.7 

18.7$ 
9.3$ 

195.8$ 

22.9±2.4 
25.7±2.2 
2.8±2.0 

10.5$ 
8.6$ 

71.4$ 

3.57* 
4,04f 

-0.50 

Yr. 1 El. Sk. Width (cm) 
Yr. 2 El. Sk. Width (cm) 
a EL Sk. Width (cm) 

5.9±0.8 
6.3±0.5 
0.4±0.6 

13.6$ 
7.9$ 

150.05? 

6.0±0.4 
6.2±0.5 
0.2±0.3 

6.7$ 
8.1$ 

150.0$ 

-0.70 
0.56 
1.71 

'piO.OI 
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significantly higher mean values than the LQ group for year 1 abdominal 

circumference (78.8 vs 64.3 cm), year 2 abdominal circumference (842 vs 

68.0 cm), year 1 upper arm circumference (28.8 vs 23.6 cm), year 2 upper 

arm circumference (30.5 vs 24.7 cm), year 1 chest circumference (86.9 vs 

76.5 cm), year 2 chest circumference (93.6 vs 81.9 cm), year 1 hip 

skeletal width (26.8 vs 22.9 cm) and year 2 hip skeletal width (29.2 vs 

25.7 cm), in addition the UQ group had Insignificantly higher mean values 

than the LQ group for the changes in all of the anthropometric variables, 

with the exception of A hip skeletal width (2.4 vs 2.8 cm). Besides A hip 

skeletal width, the UO group had an Insignificantly lower mean value than 

the LQ group for year 1 elbow skeletal width. 

The results of the anthropometric comparison between OUQ and 

OLQ groups are 1n Table 17. The same group homogeneity pattern observed 

above In the UQ-LQ comparison persisted in the OUQ-OLQ comparison. 

Only one significant difference was found ;the OUQ group had a 

significantly higher mean value for year 1 hip skeletal width (27.7 vs 

23.3 cm), it had Insignificantly higher mean values for year 1 abdominal 

circumference (81.3 vs 76.7 cm), year 2 abdominal circumference (87.4 vs 

81.7 cm), A abdominal circumference (6.1 vs 5.0 cm), year 1 upper arm 

circumference (29.6 vs 27.0 cm), year 2 upper arm circumference (31.6 vs 

27.2 cm), A upper arm circumference (2.0 vs 0.2 cm), year 1 chest 

circumference (88.9 vs 83.3 cm), year 2 chest circumference (96.0 vs 

90.9 cm), year 1 hip skeletal width (27.7 vs 23.3 cm), year 2 hip skeletal 

width (29.7 vs 27.2 cm) and year 2 elbow skeletal width (6.3 vs 6.2 cm). 



TABLE 17. ANTHROPOMETRIC COMPARISON 
BETWEEN OBESE 

SYSTOLIC BLOOD PRESSURE TRACKING GROUPS 

Obese 
Upper Qulntlle 
SBP Trackers 

(n=7) 

Obese 
Lower Guintlles 
SBP Trackers 

(n=6) 

Variable Mean±S.D. C.V. Mean±S.D. C.V. t-ratio 

Yr. 1 Abd. Circ. (cm) 
Yr. 2 Abd. Circ. (cm) 
A Abd Circ. (cm) 

81.3±5.8 
87.4±6.6 
6.1 ±4.0 

7.1$ 
7.6$ 
65.6$ 

76.7±5.7 
81.7±8.3 
5,0±5.4 

7.4$ 
10.2$ 

108.0$ 

1.43 
1.39 
0.44 

Yr. 1 U. Arm Circ. (cm) 
Yr. 2 U. Arm Circ. (cm) 
A U. Arm Circ. (cm) 

29.6±2.4 
31,6±2.0 
2.0±1.9 

8.1$ 
6.3$ 
95.0$ 

27.0±2.4 
27,2±5,2 
0.2±4.2 

8.9$ 
19.1$ 

2100.0$ 

1.96 
2,09 
1.02 

Yr. 1 Chest Circ. (cm) 
Yr. 2 Chest Circ. (cm) 
A Chest Circ. (cm) 

88.9±5.7 
96.0±5.1 
7.1 ±2.8 

6.45? 
5.3$ 
39.4$ 

83.3±5.4 
90.9±8.2 
7,6±3.7 

6.5$ 
9.0$ 
48.7$ 

1.80 
1.37 

-0.26 

Yr. 1 Hip Sk. Width (cm) 
Yr. 2 Hip Sk.Width(cm) 
A Hip Sk, Width (cm) 

27.7±4.6 
29.7±2.4 
1.9±5,0 

16.6$ 
8.1$ 

263.2$ 

23.3±1.6 
27.2±2.6 
3,9±2.7 

6.9$ 
9.6$ 
69.2$ 

2.23* 
1.75 

-0.87 

Yr. 1 El. Sk. Width (cm) 
Yr. 2 El. Sk. Width (cm) 
A El. Sk. Width (cm) 

5.9±0.8 
6.3±0.5 
0.4±0.6 

13.56$ 
7.94$ 

150.00$ 

6.0±0.4 
6.2±0.5 
0.2±0.3 

6.7$ 
8.1$ 

150.0$ 

-0.70 
0.56 
1.71 

*p*0.05 



Body Composition Characteristics 

Tables 18 and 19 present the results of the body composition 

comparisons between UQ and LQ groups and between OUQ and OLQ groups, 

In general, the UQ and OUQ groups were consistently fatter and more 

ponderous than the LQ and OLQ groups, respectively. For example the UQ 

group had significantly higher mean values than the LQ group for year 1 

sum of limb skinfolds (76.3 vs 42.5 mm), year 2 sum of limb skinfolds 

(74.5 vs 42.6 mm), year 1 sum of trunk skinfolds (46.0 vs 22.7 mm), year 

2 sum of trunk skinfolds (44.5 vs 25.5 mm), year 1 % fat (31.8 vs 18.7), 

year 2 % fat (32.7 vs 19.7), year 1 body mass Index (BMI) (25.6 vs 19,1 

kg/m2), year 2 BMI (27.7 vs 19.9 kg/m2), a BMI (2.1 vs 0.8 kg/m2), year i 

children's body mass Index (CBMI) (1.66 vs 1.52) and year 2 CBMI (1.72 vs 

1.58). Table 18 also shows that all five skinfold sites for both years 

were significantly higher In the UQ group. The only other body 

composition variable that differed between the groups was in a fat-free 

body related variable, year 2 whole body resistance Index (WBRI); the UQ 

group had a significantly higher mean value of 53.7 cm2/ohm compared to 

the LQ group mean of 45.9 cm2/ohm. No group differences were found In 

year 1 WBRI, A WBRI, year 1 % water of the FFM, year 1 % water of body 

weight, A sum of limb skinfolds, A sum of trunk skinfolds, A % fat, A BMI 

and A CBMI. 

Similar to the UQ-LQ body composition comparison, the OUQ group 

was generally fatter and more ponderous than the OLQ group; however, 

fewer group differences were observed. Significantly higher OUQ group 

means occurred for year 2 triceps skinfold (22.8 vs 18.0 mm), year 1 calf 
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TABLE 16. BODY COMPOSITION COMPARISON 
BETWEEN SYSTOLIC BLOOD PRESSURE 

TRACKING GROUPS 

Upper Qulntlle Lower Qulntlles 
SBP Trackers SBP Trackers 

(n=8) (n«49) 
Variable Mean±S,D. C.Y. Mean±S.D. C.V. t-ratio 

Yr. 1 %H20 Fat Free Weight 75.5±5.8 7.7% 71.9±6.3 8.8% 1.19 
Yr. 1 %H20 Body Welaht 58.1 ±7.1 12.2% 59.8±7.6 12.7% -0.52 
Yr. 1 Res. Index (cm2/ohm) 44.2±11.t 25.351 38.5±8.6 22.3% 1.64 
Yr. 2 Res. Index (cm2/ohm) 53.7±11.1 20.7% 45.9±9.9 21.7% 2.02* 
& Res. Index (cm2/ohm) 9.6±3.2 33.3% 7.4±4.5 60.8% 1.31 
Yr. 1 Trtraps Skf. (mm) 22.4±6.2 27.7% 12.9±5.6 43.4% 4.361 

Yr. 2 Triceps Skf.(mm) 21.6±4.8 22.2% 13.1 ±4.5 34.4% 4.94f 

Yr. 1 Subscapular Skf. (mm) 17.8±7.4 41.6% 8.6±4.4 51.2% 4.94f 

Yr. 2 Subscapular Skf. (mm) 19.6±8.5 43.4% 9.7±4.6 47.4% 4.97 * 
Yr. 1 Abdominal Skf. (mm) 28.2±10.5 37.2% 14.2±8.4 59.2% 4.241 

Yr. 2 Abdominal Skf. (mm) 24.8±6.9 27.8% 15.8±9.2 58.2% 2,66* 
Yr. 1 Thigh Skf. (mm) 28.8±6.1 21.2% 17.0±6.9 40.6% 4.561 

Yr. 2 Thigh Skf. (mm) 29.5±6.6 22.4% 17.1 ±6.7 39.2% 4.86 * 
Yr. 1 Calf Skf.(mm) 25.0±8.3 33.2% 12.5±5.9 47.2% 5.25 f 
Yr. 2 Calf Skf. (mm) 23.4±6.3 26.9% 12.4±5.8 46.8% 4.94 f 

Yr. 1 Z of Limb Skfs. (mm)o 76.3±20.0 26.2% 42.5±17.5 41.2% 4.97f 

Yr. 21 of Limb Skfs. (mm) 74.5±16.5 22.2% 42.6±16.2 38.0% 5.15f 

a Z of L1mb Skfs. (mm) — 1,8± 14.6 811.1% 0.1 ±7.8 7800.0% -0.54 
Yr. 1 Z of Trunk Skfs. (mm)» 46.0±16.7 36.3% 22.7±12.5 55.1% 4.67 1 

Yr. 2 Z of Trunk Skfs. (mm) 44.5±15.2 34.2% 25.5±13.4 52.6% 3.66 t 
t Z of Trunk Skfs. (mm) -1.5±11.1 740.0% 2.8±6.2 221.4% -1.62 
Yr. 1 % Fat (from skfs.) • 31.8±7.5 23.6% 18.7±7.9 42.2% 4.41 t 

Yr. 2 % Fat (from skfs.) 32.7±8.6 26.3% 19.7±7.0 35.5% 4,70 * 
& % Fat (from skfs.) 0.8±5.9 737.5% 1.0±3.4 340.0% -0. t6 
Yr. 1 Body Mass Index (kg/m2) 25.6±3.5 13.9% 19.1±3.1 16.2% 5.42T 

Yr. 2 Bod/ Mass Index (kg/m2) 27.7±4.6 16.6% 19.9±3.1 15.6% 6.16 f 

& Body Mass Index (ka/m2) 2.1 ±1.6 76.2% 0.8±1.4 175.0% 2.24* 
Yr. 1 Children's BMI •" 1.66±0.10 6.0% 1.52±0.10 6.6% 3.561 

Yr. 2 Children's BMI 1.72±0.11 6.4% 1.58±0.09 5.7% 4.01 1 

t Children's BMI 0.07±0.02 28.6% 0.06±0.03 50.0% 0.80 
o computed as the I of triceps + thigh + calf skinfolds 
• computed as the Z of subscapular + abdominal skinfolds 
• computed from the equations of Slaughter et al (74) 
'•Children's Body Mass Index computed from the equation of Ibsen (36) 
*p*0.05 
fp*O.Ot 



TABLE 19. BODY COMPOSITION COMPARISON 
BETWEEN OBESE SYSTOLIC BLOOD PRESSURE 

TRACKING GROUPS 
Obese Obese 

Upper Quintlle Lower Qulntiles 
SBP Trackers SBP Trackers 

(n-7) (n=6) 
Variable Mean±S.D. C.V. Mean±S.D. C.V. t-ratio 

Yr. t $H20 Fat Free Weight 73.5*4.5 6.1$ 70.8*2.7 3.8$ 1.12 
Yr. 1 $H20 Bod/ Weioht 57.0*7.3 12.855 52.7*2.9 5.5$ 1.22 
Yr. 1 Res. Index (cm2/ohm) 46.3*10.2 22.0$ 39.5*8.2 20.8$ 1.30 
Yr. 2 Res. Index (cm2/ohm) 56.2*9.3 16.5$ 50.5*13.9 27.5$ 0.87 
t Res. Index (cm2/ohm) 9.9±3.3 33.3$ 11.0*5.9 53.6$ -0.43 
Yr. 1 Triceps Skf. (mm) 23.4*6.0 25.6 & 21.2*4.2 19.8$ 0.72 
Yr. 2TricepsSkf.(mm) 22.8*3.7 16.2$ 18.0*1.9 10.6$ 2.83* 
Yr. 1 Subscapular Skf. (mm) 18.7*7.6 40.61? 15.7*5.7 36.3$ 0.80 
Yr. 2 Subscapular Skf. (mm) 21.0*8.2 39.055 17.6*4.4 25.0$ 0.90 
Yr. 1 Abdominal Skf. (mm) 30.3*9.4 31.0$ 26.4*6.6 25.0$ 0.85 
Yr. 2 Abdominal Skf. (mm) 25.8*6.9 26.75? 28.0*4.6 16.4$ -0.65 
Yr. \ Thigh Skf. (mm) 29.4*6.4 21.8% 25.3*5.9 23.3$ 1.20 
Yr. 2 Thigh Skf. (mm) 30.1*7.0 23.2$ 23.8*3.9 16.4$ 1.96 
Yr. 1 Calf Skf.(mm) 26.3*8.1 30.8 $ 17.9*2.4 13.4$ 2.44* 
Yr. 2 Calf Skf. (mm) 24.8*5.2 21.0$ 19.0*2.8 14.7$ 2.44* 
Yr. 1 Z of Limb Skfs. (mm)o 79.0*20.0 25.356 64.4*7.7 12.0$ 1.69 
Yr. 2 Z of Limb Skfs. (mm) 77.7*15.0 19.3$ 60.8*5.1 8.4$ 2.62* 
6 Z of L1mb Skfs. (mm) -1.3*15.8 1215.4$ -3.6*7.8 216.7$ 0.32 
Yr. 1 Z of Trunk Skfs. (mm) • 49.0*15.6 31.855 42.1*11.0 26.1$ 0.90 
Yr. 2Z of Trunk Skfs. (mm) 46.8*14.9 31.8$ 45.6*7.4 16.2$ 0.18 
a Z of Trunk Skfs. (mm) -2.2*11.8 536.4$ 3.5*10.6 302.8$ -0.90 
Yr. 1 $ Fat (from skfs.) * 32.9*7.4 22.5$ 31.0*6.0 19..4$ 0.51 
Yr. 2 J? Fat (from skfs.) 34.3*8.0 23.3$ 30.0*3.0 10.0$ 1.22 
t $ Fat (from skfs.) 1.3*6.2 476.9$ -1.0*5.0 500.0$ 0.73 
Yr. 1 Bod/ Mess Index (kg/m2) 26.5*2.7 10.2$ 22.4*2.0 8.9$ 3.09* 
Yr, 2 Bod/ Mass Index (kg/m2) 28.9*3.0 10.4$ 24.2*3.3 13.6$ 2.74* 
l Bod/ Mass Index (ka/m2) 2.4*1.3 54.2$ 1.8*1.9 105.6$ 0.71 
Yr. 1 Children's BMI " 1.68*0.06 3.6$ 1.59*0.08 5.0$ 2.34* 
Yr. 2 Children's BMI 1.76*0.06 3.4$ 1.67*0.10 6.0$ 1.96 
t Children's BMI 0.07*0.01 14.3$ 0.07*0.03 42.8$ -0.24 
o computed as the 2 of triceps + thigh + calf skinfolds 
• computed as the Z of subscapular + abdominal skinfolds 
• computed from the equations of Slaughter et al. (74) 
"Children's Bod/ Mass Index computed from the equation of Ibsen (36) 
*p*0.05 
•piO.OI 
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skinfold (26.3 vs 17.9 mm), year 2 calf skinfold (24.8 vs 19.0 mm), year 2 

sum of limb skinfolds (77.7 vs 60.8 mm), year 1 BMI (26.5 vs 22.4 kg/m2), 

year 2 BMI (28.9 vs 24.2 kg/m2) and year 1 CBMI (1.68 vs 1.59). With the 

exception of year 2 abdominal skinfold thickness, the OUQ group had 

Insignificantly higher group means than the OLQ group for all other within 

year body composition variables. The changes from year 1 to year 2 in % 

fat, BMI and CBMI were also Insignificantly higher In the OUQ group. 

Figure 6 compares the sum of Umb and trunk skinfold thicknesses 

between UQ and LQ groups and between OUQ and OLQ groups for both years, 

and Figure 7 1s a likewise comparison of % fat and BMI. Ascending order 

of group mean values for all four variables was LQ, OLQ, UQ and OUQ. 

Fat Distribution and Systolic Blood Pressure 

To examine the fat distribution-SBP relationship In the total 

sample, linear regression analyses were performed with year 1 and year 2 

SBP as the dependent variables. Regression lines using the sum of limb 

skinfolds as the Independent variable were compared to those obtained 

using the sum of trunk skinfolds as the Independent variable via an F 

maximum test for homogeneity of variances. Besides the between 

equations' F maximum value, tables 20 and 21 compare each of the 

regression equations' adjusted R2 SEE, regression coefficient (b), t-ratlo 

and y-lntercept. 

None of the sum of limb sklnfolds-SBP equations differed from 

the sum of trunk sklnfolds-SBP equations (Table 20); while a value of 
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FIGURE 6. COMPARISON OF LIMB AND TRUNK SKINFOLD 
THICKNESSES BETWEEN UQ AND LQ AND BETWEEN OUQ AND 

OLQ SYSTOLIC BLOOD PRESSURE TRACKING GROUPS 

100 n 

UQ LQ UQ LQ OUQ OLQ OUQ OLQ 
YR. 1 YR. 1 YR. 2 YR. 2 YR. 1 YR. 1 YR. 2 YR. 2 

MEANS ±SD. 

• ZofLWBSKFS. 
• Z of TRUNK SKFS. 
* Stgnifxuntly different 

thin upp̂ r qufntfl* S8P 
tr*ok«rs, p i 0.09 

• Signfffctntly difftrtnt 
th»n upptr quintfl* SBP 
tr*ok»rs, p i. 0.01 
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FIGURE 7. COMPARISON OF PERCENT BODV FAT 
AND BODV MASS INDEX BETWEEN UQ AND LQ 

AND BETWEEN OUQ AND OLQ SYSTOLIC 
BLOOD PRESSURE TRACKING GROUPS 

UQ LQ UQ LQ OUQ OLQ OUQ OLQ 
YR. 1 YR. 1 YR. 2 YR. 2 YR. 1 YR. 1 YR. 2 YR. 2 

h€ANS±SJ>. 
PERCENT FAT 

m BODY MASS HDEX 
* Stgntflowrtly dtfftrtrrt 

thtn upptr qirintfl* SBP 
tracktrs, p £ 0.05 
Significantly 
than upptr qulrrtik SBP 
traokfs.Pi 0.01 

UQ LQ UQ LQ OUQ OLQ OUQ OLQ 
YR. 1 YR. 1 YR. 2 YR. 2 YR. t YR. t YR. 2 YR. 2 
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TABLE 20. COMPARISON OF LIMB VS. TRUNK FAT DEPOSITION 
REORESSED AGAINST YR. 1 AND YR. 2 SYSTOLIC BLOOD PRESSURE 

i 
Dependent Variable 
Yr. 1 SBP (mm Hq) 

(n=57) 

Independent Variables Adj. R squared S.E.E. b t-ratio y-Intercept F Max. 

Yr. 1 Zof Limb Skfs. (mm) 0.21 8.0 0.20 4.43f 94.1 
1.05 

Yr. 1 Z of Trunk Skfs. (mm) 0.25 7.8 0.30 4.461 95.7 

Dependent Variable 
Yr. 2SBP (mm Ho) 

(n=57) 

Independent Variables Adj. R squared S.E.E. b t-value y-tntercept FMax 

Yr. 1Z of Limb Skfs. (mm) 0.29 8.8 0.27 4.94f 93.0 

Yr. 1 Zof Trunk Skfs. (mm) 0.28 8.9 0.37 4.84' 96.2 

Yr. 2 Z of Limb Skfs. (mm) 0.20 9.4 0.25 3.87* 94.3 

Yr. 2 Z of Trunk Skfs. (mm) 0.15 9.9 0.28 3.30* 98.0 

'p^O.Ol 
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TABLE 71. COMPARISON OF ABDOMINAL AND SUBSCAPULAR 
SKINFOLD THICKNESSES REGRESSED AGAINST 
YR. I AND YR. 2 SYSTOLIC BLOOD PRESSURE 

Dependent Variable 
Yr, 1 SBP (mm Hq) 

independent Variables Adj. R squared S.E.E. b t-ratlo y-lntercept F flax 

Yr. 1 Abdominal Skf. (mm) 

Yr. t Subscapular Skf. (mm) 

0.28 

0.16 

7.7 

8.3 

0.49 4.72* 

0.64 3.42* 

95.7 

97.2 
1.16 

Dependent Variable 
Yr. 2 SBP (mm Ha) 

(n=57) 

Independent Variables Adj. R squared S.E.E. b t-value y-lntercept F Max 

Yr. 1 Abdominal Skf. (mm) 

Yr. 1 Subscapular Skf. (mm) 

0.25 

0.30 

9.1 

8.8 

0.54 4.42r 

1.01 5.05* 

97.2 

96.0 
1.07 

Yr. 2 Abdominal Skf. (mm) 

Yr. 2 Subscapular Skf. (mm) 

0.08 

0.24 

10.1 

9.2 

0.35 2.46* 

0.84 4.33* 

99.9 

96.6 
1,20 

*pi0.05 
'piO.OI 
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1.67 was required to achieve statistical significance, F maximum values 

ranged from 1.02 to 1.05. All skinfold-SBP relationships were 

significant as t-ratlos ranged from 3.30 (year 2 sum of trunk sklnfolds-

year 2 SBP) to 494 (year 1 sum of limb skinfolds-year 2 SBP), psO.Ol. 

The amount of variation in SBP accounted for by skinfolds ranged from 

adjusted R2 values of 0.15 (year 2 sum of trunk skinfolds-year 2 SBP) to 

0.29 (year 1 sum of limb skinfolds-year 2 SBP). The variation about the 

regression lines ranged from SEE values of 7.8 mm Hg (year 1 sum of 

trunk skinfolds-year 1 SBP) to 9.9 mm Hg (year 2 sum of trunk skinfolds). 

In all regression comparisons, bs were higher for the sum of trunk 

skinfolds than for the sum of limb skinfolds. 

To examine whether one of the trunk skinfold sites (abdominal 

and subscapular) was more highly related to SBP than the other, the above 

statistical model was applied to the evaluation of the abdominal 

skinfold-SBP and the subscapular skinfold-SBP relationships. As above, 

none of the compared regression lines were significantly different. Also 

as before, all of the skinfold-SBP relationships were significant; t-ratios 

ranged from 2.46, piO.OS (year 2 abdominal sklnfold-year 2 SBP) to 5.05, 

piO.OI (year 1 subscapular sklnfold-year 2 SBP). In the within year 1 

relationship comparison, the abdominal skinfold accounted for more 

variation (adjusted R2*0.28 vs 0.16) and had a lower variability about the 

regression line (SEE=7.7 mm Hg vs 8.3 mm Hg) than the subscapular 

skinfold; however, for every one mm Increase In subscapular skinfold 

thickness, SBP Increased by 0.64 mm Hg while a likewise increase In 

abdominal skinfold thickness resulted In a 0.49 mm Hg Increase in SBP. 
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In the year 2 sklnfold-year 2 SBP and the year 1 sklnfold-year 2 SBP 

comparisons, the subscapular skinfold thickness consistently accounted 

for more variation, yielded less variability about the regression line and 

had higher bs and lower y-1ntercepts than the abdominal skinfold 

thickness. 

Relationships of Body Composition to SBP 

To examine the within year body composition-SBP relationship, 

simple correlations of SBP with body composition variables (BMI, sum of 

limb skinfolds, sum of trunk skinfolds, sum of triceps and subscapular 

skinfolds, sum of subscapular and calf skinfolds and the sum of all 5 

skinfolds) and with gender were compared. In addition, the combination 

of BMI, gender and a selected sum of skinfolds was regressed against SBP 

to determine the BMI-SBP relationship while holding sex and skinfolds 

constant and to determine the sklnfold-SBP relationship while holding 

sex and BMI constant. Table 22 presents the square of zero order 

correlations, and Tables 23 and 2A present the multiple regression 

results. After determining these relationships, BMI was replaced by 

FFBMI to remove the possible confounding effect that the FM component of 

BMI may have had on the above skinfold-SBP relationship, and % fat was 

added as another fatness variable. Table 25 presents the r2 values 

between FFBMI and SBP and between % fat and SBP, and Tables 26 and 27 

present the multiple regression results. 



89 

The squared zero order correlations for year 1 BMI and year 1 sum 

of trunk skinfolds were equally and most highly related to year 1 SBP, 

^=.26, piO.01 (Table 22). Sex was unrelated to year 1 SBP (r^.02), and 

all other year 1 sums of skinfolds were significantly (piO.OI > related to 

year 1 SBP and were of a slightly lesser magnitude than BMI and the sum 

of trunk skinfolds. All year 2 body composition variables were 

significantly related to year 2 SBP, and as above, sex was unrelated to 

year 2 SBP (r^.OO). Of the year 2 body composition variables, BMI was 

most highly related to year 2 SBP (^=.34, piO.Ol); year 2 sum of 

subscapular and calf skinfolds was the most highly related of the 

skinfold variables to year 2 SBP (r2*. 26, p^O.Ol). 

The results of regressing year 1 BMI, sex and selected sums of 

skinfolds against year 1 SBP are in Table 23. Adjusted R2 values were 

similar in all equations and ranged from 0.22 to 0.24; SEEs were also 

similar and ranged from 7.8 mm Hg to 8.0 mm Hg. Only one t-ratio was 

significant (year 1 BMI: t=2.15, ps0.05 in the BMi, sex and sum of triceps 

and subscapular skinfolds equation). Regression coefficients ranged from 

b=0.74 to b= 1.08 for BMI, b=0.79 to b= 1.08 for sex and from b=0.03 to 

b-0.16 for the sums of skinfolds; t-ratlos were highest for BMI (t-1.27 to 

t=2.15, psO.OS) followed by the sums of skinfolds (t«0.21 to t=1.29) and 

gender (t=0.37 to t»0.48). 

The results of the within year 2 body compositlon-SBP 

regression analyses are in Table 24. Relative to the above year 1 

analyses more variation In SBP was accounted for by the body 

composition variables as adjusted R2 values tightly ranged from 0.31 to 



TABLE 22. SQUARED CORREUTIONS OF BODY MASS INDEX. 
SEX AND SELECTED SKINFOLD THICKNESSES WITH 

YR. 1 AND YR. 2 SYSTOLIC BLOOD PRESSURE 

Yr. 1 SBP (mm Hg) 
(n=57) 

Variable r-squared 

Yr. 1 Body Mass Index (kg/m2) .26 * 

Sex .02 

Yr. 11 of Limb Skfs. (mm) .22T 

Yr. 1 I of Trunk Skfs. (mm) .261 

Yr. 11 of Trl. + Sub. Skfs. (mm) .19' 
Yr.lIofSub. + Calf Skfs. (mm) .22 * 
Yr.l1 of 5 Skfs. (mm) .25f 

Yr. 2 SBP (mm Hg) 
(n=57) 

Variable r-squared 

Yr. 2 Body Mass Index (kg/m2) .34f 

Sex .00 

Yr. 2 I of Limb Skfs. (mm) .21 T 

Yr. 21 of Trunk Skfs. (mm) .17f 

Yr. 2 2 of Trf. + Sub. Skfs. (mm) .241 

Yr. 21 of Sub. + Calf Skfs. (mm) .261 

Yr. 21 of 5 Skfs. (mm) .20 f 

fpiO.Ot 



TABLE 23. RESULTS OF YR. 1 BODY MASS INDEX. SEX AND 
SELECTED SKINFOLD THICKNESSES REGRESSED AGAINST 

YR.1 SYSTOLIC BLOOD PRESSURE 

Dependent Variable 
Yr. I SBP (mm Ha) 

(n=S7) 

Independent Variables Adj. R squared 5,E.E.y- Intercept b t-ratio 

Yr. 1 Bod/Mess Index (kg/m2) 
Sex 
Yr. 11 of Limb Skfs. (mm) 

0.22 7.9 81.5 
0.91 
0.80 
0.06 

1.82 
0.37 
0.63 

Yr. 1 Body Mass Index (kg/m2) 
Sex 
Yr. 1 Eof Trunk Skfs. (mm) 

0.24 7.8 85.3 
0.63 
0.98 
0.16 

1.27 
0.46 
1.29 

Yr. 1 Bod/Mass Index (kg/m2) 
Sex 
Yr. 1 I of Trl. + Sub. Skfs. (mm) 

0.22 8.0 79.6 
1.08 
1.03 
0.03 

2.15* 
0.48 
0.21 

Yr. 1 Bod/Mass Index (kg/m2) 
Sox 
Yr. 1 Z of Sub. + Calf Skfs. (mm) 

0.22 7.9 81.9 
0.89 
0.94 
0.10 

1.73 
0.44 
0.63 

Yr. 1 Bod/Mass Index (kg/m2) 
Sex 
Yr. 1 Zof 5Skfs. (mm) 

0.23 7.9 

4 

83.6 
0.74 
0.79 
0.06 

1.40 
0.37 
0.97 

*p<0.05 



TABLE 24. RESULTS OF YR. 2 BODY MASS INDEX. SEX AND 
SELECTED SKINFOLD THICKNESSES RE6RESSED AGAINST 

YR. 2 SYSTOLIC BLOOD PRESSURE 

Dependent Variable 
Yr, 2SBP (mm Hq) 

(n=57) 

Independent Variables Adj. R squared S.E.E. y-Intercept b t-ratto 

Yr. 2 Body Moss Index (kg/m2) 
Sex 
Yr. 21 of Limb Skfs. (mm) 

0.31 8.7 76.2 
1.52 

-1.06 
-0.01 

3.041 

-0.42 
-0.13 

Yr. 2 Bod/ Mass Index (kg/m2) 
Sex 
Yr. 2 2 of Trunk Skfs. (mm) 

0.32 8.7 72.6 
1.80 

-0.80 
-0.12 

3.901 

-0.34 
-0.89 

Yr. 2 Body Mass Index (kg/m2) 
Sqx 
Yr. 2 Zof Tri. + Sub. Skfs. (mm) 

0.31 8.7 74.8 
1.64 

-0.99 
-0.08 

2.86 1 

-0.41 
-0,34 

Yr. 2 Body Mass Index (kg/m2) 
Sex 
Yr. 21 of Sub. + Calf Skfs. (mm) 

0.31 8.7 77.4 
1.42 

-1.20 
0.02 

2.56» 
-0.51 

0.11 

Yr. 2 Body Mass Index (kg/m2) 
Sox 
Yr. 2 Zof 5 Skfs. (mm) 

0,31 8.7 74.1 
1.69 

-0.78 
-0.03 

3.31 f 

-0.32 
-0.52 

tpi0.01 
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0.32. Variability about the regression line was also more consistent and 

higher as SEE values were all 8.7 mm Hg. Unlike the year 1 analyses, all 

t-ratfos for year 2 BMI were significant and ranged from t=2.56, piO.OI to 

t=3,31, psO.OI. All other t-ratlos were nonsignificant and were 

somewhat higher In the sums of skinfolds (t=0.11 to t=-0.89) than In 

gender (t=-0.32 to -0.51). Regression coefficients were positive and 

largest for BMI (b=M2 to b=1.80), negative and smaller for sex (b=-0.78 

to b=-1.06) and negative and smallest for the sums of skinfolds (b=-0.01 

to -0.12). 

To examine the relationship of Bill's FFh component with SBP 

while holding gender and fatness constant as well as an examination of 

the fatness-SBP relationship while holding gender and FFM for height 

constant, BMI was replaced by fat-free body mass index (FFBMI=FFM 

(kg)/height (m)2, and additional analyses were conducted. An additional 

fatness variable, % fat, was also added to these analyses. Within year 

simple correlations for FFBMI and SBP and for % fat and SBP are 

presented in Table 25. All body compositon-SBP relationships were 

significant. The within year 1 % fat-SBP relationship was somewhat 

higher (r2*. 18, psO.OI) than the FFBMI-SBP relationship (r2* 16, piO.Ol), 

yet the within year 2 % fat-SBP relationship was lower (r2^ 17, 

psO.OI )than the FFBMI-SBP relationship (r2—.26, psO.OI). 

The within year 1 multiple regression analyses (Table 26) with 

FFBMI Instead of BMI produced significant t-ratios for both FFBMI and for 

the fatness indices. These t-ratios were higher for fatness (t=2.69 to 

3.37, piO.OI) than for FFBMI (t»2.06 to 2.50, piO.OS). Relative to the year 



TABLE 25. SQUARED CORRELATIONS OF 
FAT FREE BODY MASS INDEX AND PERCENT BODY FAT a 

WITH YR. I AND YR. 2 SYSTOLIC BLOOD PRESSURE 

Yr. 1 SBP (mmHg) 
Cn-57) 

Variable r-squared 

Yr. 1 FFB Mass Index (kg/m2) 
• 1 6 t  

Yr. 1 % Bod/ Fat .18T 

Yr. 2 SBP (mm Hg) 
(n=57) 

Variable r-squared 

Yr. 2 FFB Mess Index (kg/m2) .26t 

Yr. 2 % Botty Fat .171 

* percent fat computed from the equations of Slaughter et al. (74) 
*piO.O) 



TABLE 26. RESULTS OF YR. 1 FAT FREE BODY MASS INDEX. SEX AND 
SELECTED FATNESS INDICES' REGRESSED AGAINST 

YR. 1 SYSTOLIC BLOOD PRESSURE 

Dependent Variable 
Yr. 1 SBP (mm HQ) 

(n=57) 

Independent Variables Adj. R squared S.E.E.y-Intercept b t-ratlo 

Yr. 1 FFB Mass Index (kg/m2) 
Sox 
Yr. 1 I of Limb Skfs. (mm) 

0.24 7.8 75.2 
1.30 
0.46 
0.15 

2.13* 
0.21 
2.851 

Yr. 1 FFB Mass Index (kg/m2) 
Sex 
Yr. 1 I of Trunk Skfs. (mm) 

0.28 7.6 76.5 
1.24 
0.88 
0.24 

2.10* 
0.43 
3.37' 

Yr. 1 FFB Mass Index (kg/m2) 
Sex 
Yr. 1 I of Trl. + Sub. Skfs. (mm) 

0.23 7.9 73.4 
1.43 
1.08 
0.26 

2.37* 
0.51 
2.73 ' 

Yr. t FFB Mass Index (kg/m2) 
Sex 
Yr. 11 of Sub. + Calf Skfs. (mm) 

0.24 7.8 76.0 
1.29 
0.82 
0.26 

2.11* 
0.39 
2.90f 

Yr. 1 FFB Mass Index (kg/m2) 
Sex 
Yr. 11 of 5 Skfs. (mm) 

0,26 7.7 76.0 
1.25 
0.57 
0.10 

2.06* 
0.27 
3.16f 

Yr. 1 FFB Mass Index (kg/m2) 
$6X 
Yr. 1 % Bod/ Fat 

0.23 7.9 72.2 
1.50 
0.83 
0.33 

2.50* 
0.39 
2.691 

• percent body tat computed from the equations of Slaughter et al. (74) 
*p*0.05 
•psO.OI 
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1 regression analyses with Bill as an independent variable, slightly more 

variation in SBP was accounted for by body composition and sex (adjusted 

R2=0.23 to 0.28), and somewhat less variability about the regression line 

was observed (5EE=7.6 mm Hg to 7.9 mm Hg). Regression coefficients 

were highest for FFBMI (b=l.25 to 1.50) followed by gender (b=0.46 to 

1.08) and the fatness indices (b=0.10 to 0.33). 

The within year 2 multiple regression results with FFBMI as an 

independent variable are presented in Table 27. With the exception of the 

equation with the sum of trunk skinfolds as the independent variable for 

fatness, t-ratios for FFBMI and for fatness were significant, and they 

ranged from t=2.63 to 3.28, psO.Ol In the former and from t=2.16, p*0.05 

to t=2.71, p*0.01 in the latter. Adjusted R2 values were similar yet 

somewhat lower than those observed with BMI as an Independent variable; 

they ranged from 0.26 to 0.31, and SEE values were also similar yet 

somewhat higher (I.e., 8.7 to 9.0 mm Hg). As in the year 2 BMI analyses, 

regression coefficients were highest and positive for FFBMI (b=1.8t to 

2.19), lower and negative for gender (b=-0.61 to -1.72), and lowest yet 

unlike the BMI analyses, positive for the fatness indices (ba0.09 to 0.34), 

Prediction of Year 2 SBP from Year 1 Body Composition 

The above described body compositlon-SBP relationships were 

examined from a within year perspective; the following analyses were 

done from a between year perspective to determine the relationship 

between initial body composition and future blood pressure. In addition 



TABLE 27. RESULTS OF YR. 2 FAT FREE BODY MASS INDEX, SEX AND 
SELECTED FATNESS INDICES* REGRESSED A6AINST 

YR. 2 SYSTOLIC BLOOD PRESSURE 

Deoendent Variable 
Yr. 2SBP (mm Ha) 

(n=57) 

Independent Variables Adj. R squared S.E.E. y-Intercept b t-ratio 

Yr. 2 FFB Mass Index (kg/m2) 
Sqx 
Yr. 21 of Limb Skfs. (mm) 

0.29 8.8 68.4 
1.96 

-1.72 
0.18 

2.861 

-0.68 
2.44* 

Yr. 2 FFB Mass Index (kg/m2) 
Sex 
Yr. 2 Z of Trunk Skfs. (mm) 

0.26 9.0 66.5 
2.19 

-0.61 
0.17 

3.201 

-0.24 
1.87 

Yr. 2 FFB Mass Index (kg/m2) 
Sex 
Yr. 21 of Tr 1. + Sub. Skfs. (mm) 

0.30 8.8 68.7 
1.89 

-1.12 
0.32 

2.75 * 
-0.46 
2.56 * 

Yr. 2 FFB Mass Index (kg/m2) 
Sex 
Yr. 21 of Sub. + Calf Skfs. (mm) 

0.31 8,7 70.4 
1.81 

-0.78 
0.29 

2.63 1 

-0.33 
2.71 1 

Yr. 2 FFB Mass Index (kg/m2) 
Sex 
Yr. 21 of 5 Skfs. (mm) 

0.28 8.9 68.0 
2.02 

-1.29 
0.09 

2.94f 

-0.52 
2.26* 

Yr. 2 FFB Mass Index (kg/m2) 
Sex 
Yr. 2 58 Bod/ Fat 

0.28 8.9 64.8 
2.18 

-1.10 
0.34 

3.28 * 
-0.44 
2.16* 

• percent bod/ fat computed from the equations of Slaughter et al. (74) 
fpi0.01 
*p*0.05 
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to the analytical procedures used In the within year relationships, 

regression coefficients were compared In their unstandardlzed (b) and 

standardized (b3) forms to further evaluate their magnitude. An 

additional fatness measure, fat mass Index (FMhfat mass (kg)/helght 

(m)2), was added as an Independent variable (along with FFBMI and gender) 

to predict year 2 SBP. 

Year 1 BMI and all year 1 sums of skinfolds were significantly 

related to year 2 SBP; whereas, gender was unrelated to year 2 SBP 

(Table 28). Year 2 SBP was most highly correlated with year 1 sum of 

subscapular and calf skinfolds (r^.36, psO.OI), and It was equally or more 

highly related to skinfolds (r2 range from .30 to .36) than to BMI (^=.30, 

psO.01). The amount of variation In year 2 SBP accounted for by sex and 

year 1 body composition ranged from an adjusted R2 value of 0.29 to an 

adjusted R2 value of 0.33, and SEEs ranged from 8.6 mm Hg to 8.8 mm Hg 

(Table 29). Intercept values were higher than any of the within year 
I 

regression analyses. Only one t-ratio, year 1 sum of subscapular and calf 

skinfolds, was significant; t-ratios were highest for skinfolds, followed 

by BMI and gender. Unstandardlzed regression coefficients are compared 

to standardized regression coefficients 1n Table 30; in the conversion 

from the former to the latter, BMI and gender decreased while skinfolds 

Increased In magnitude. Unstandardlzed values were highest In magnitude 

for gender (b=-0.95 to -1.6*1), lower for BMI (b»0.44 to 0.84) and lowest 

for skinfolds (b-0.11 to 0.38); conversely, standardized values were 

highest for skinfolds (bs=0.29 to 0.47), lower for BMI (bs=0.16 to 0.30) 

and lowest for gender (b3=-0.04 to -0.08). 



TABLE 28. SQUARED CORRELATIONS OF YR. 1 
BODY MASS INDEX. SEX AND SELECTED SKINFOLD THICKNESSES 

WITH YR. 2 SYSTOLIC BLOOD PRESSURE 

Yr. 2 SBP (mm Hg) 
(n=57) 

Variable r-squared 

Yr. 1 Bod/Mass Index (kg/m2) .301 

Sex .00 

Yr. 1 Z of Limb Skfs, (mm) .30' 
Yr. 1 Z of Trunk Skfs. (mm) .30* 
Yr. I Zof Trl. + Sub. Skfs, (mm) .32 f 

Yr. 1 Z of Sub. + Calf Skfs. (mm) .36* 
Yr.1 Z of 5 Skfs. (mm) .31 * 

'piO.OI 
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TABLE 29. RESULTS OF YR. 1 BODY MASS INDEX. SEX AND 
SELECTED SKINFOLD THICKNESSES REGRESSED AGAINST 

YR. 2 SYSTOLIC BLOOD PRESSURE 

Dependent Variable 
Yr. 2SBP from Ha? 

(n=S7) 

Independent Variables Adj. R squared S.E.E. y-Intercept b t-ratlo 

Yr. 1 Body Mass Index (kg/m2) 
SBX 

Yr. 1 I of Limb Skfs. (mm) 

0.30 8.8 85.3 
0.75 

-1.64 
0.17 

1.35 
-0.68 

1.66 

Yr. 1 Bod/ Mass Index (kg/m2) 
Sex 
Yr. 1 I of Trunk Skfs. (mm) 

0.29 8.8 85.3 
0.84 

-1.05 
0.20 

1.50 
-0.44 

1.43 

Yr. 1 Bod/Mass Index (kg/m2) 
SBX 
Yr. 1 Eof Trt. + Sub. Skfs. (mm) 

0.31 8.7 85,9 
0.68 

-0.95 
0.32 

1.24 
-0.40 

1.81 

Yr. t Bod/Mass Index (kg/m2) 
Sex 
Yr. 11 of Sub. + Calf Skfs. (mm) 

0.33 8.6 89.8 
0.44 

-1.30 
0.38 

0.78 
-0.56 
2.27* 

Yr. 1 Bod/ Mass Index (kg/m2) 
Sex 
Yr. 1 Iof5Skfs. (mm) 

0.30 8.8 86.6 
0.68 

-1.43 
0.11 

1.16 
-0.60 

1.68 

*p<0.05 
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TABLE 30. YR. 1 BODY MASS INDEX, SEX AND 
SELECTED SKINFOLD THICKNESSES REGRESSED AGAINST 

YR. 2 SYSTOLIC BLOOD PRESSURE: 
UNSTANDARDIZED VS. STANDARDIZED REGRESSION COEFFICIENTS 

Dependent Variable 
Yr. 2 SBP (mm Hq) 
(n=57) 

Unstandardi2ed Standardized 
Independent Var tables b b 

Yr. 1 Boty Mess Index (kg/m2) 0.75 0.27 
Sex -1.64 -0.08 
Yr. 1 t of Limb Skfs. (mm) 0.17 0.35 

Yr. 1 Bod/ Mass Index (kg/m2) 0.84 0.30 
Sex -1.05 -0.05 
Yr. 1 2 of Trunk Skfs. (mm) 0.20 0.29 

Yr. 1 Bod/Mass Index (kg/m2) 0.68 0.25 
Sex -0.95 -0 04 
Yr. 11 of Trt. + Sub. Skfs. (mm) 0.32 0^36 

Yr. 1 Bod/ Mass Index (kg/m2) 0.44 0.16 
Sex -1.30 -0.06 
Yr. 11 of Sub. + Calf Skfs. (mm) 0.38 0.47 

Yr. 1 Bod/ Mass Index (kg/m2) 0.68 
Sex — t .43 
Yr. 1 lof 5 Skfs. (mm) 0.11 

0.25 
-0.07 
0.38 
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Year 2 SBP was related less to year 1 FFBMI (r2-. 11) than to 

either year 1 % fat (^=.25) or to year 1 FMI (^=.31), Table 31. Note that 

the year t FMI-year 2 SBP relationship Is about the same as the year 1 

BMI-year 2 SBP relationship (^=30). In contrast to the BMI prediction 

equations, t-rat1os were significant for all fatness variables and ranged 

from t=3.68 to 4.72, psO.OI; no other predictors had significant t-ratios. 

Similar to the BMI prediction equations, the sum of subscapular and calf 

skinfolds had the highest t-ratio; this value was 2.27 with BMI and sex 

(Table 29) and was 4.72 with FFBMI and sex (Table 32). Adjusted R2 

values ranged from 0.25 to 0.34 while SEEs ranged from 8.6 mm Hg to 9,1 

mm Hg. Intercept values were somewhat lower than those In the BMI 

prediction equations. The highest unstandardized regression coefficient 

(Table 33) was for FMI (b=2.05); this was followed in magnitude by the 

gender values (b=-0.92 to -1.89), the FFBMI values (b=0.71 to 1.16) and 

lastly by the rest of the fatness variables (b=0.15 to 0.52). The former 

three along with %fat decreased in magnitude after standardization, and 

the lattermost Increased (with the exception of % fat) in magnitude. 

Standardized values were highest for fatness (b =0.45 to 0.56), lower for 

FFBMI (bs=0.10 to 0.20) and lowest for gender (bs=-0.04 to -0.09). Figure 

8 presents unstandardized and standardized regression coefficients for 

the prediction of year 2 SBP from year 1 BMI, gender and year 1 sum of 

triceps and subscapular skinfolds (SSK) and for the prediction of year 2 

SBP from year 1 FFBMI, gender and year 1 SSK. 



TABLE 31. SQUARED CORRELATIONS OF 
YR. 1 FAT FREE BODY MASS INDEX. PERCENT BODY FAT# 

AND FAT MASS INDEX 
WITH YR. 2 SYSTOLIC BLOOD PRESSURE 

* 

Yr. 2SBP (mm Hg) 
(n—57) 

Variable r-squared 

Yr. 1 FFB Mass Index (kg/m2) .IP 

Yr. 1 % Bod/ Fat .25* 

Yr. 1 Fat Mass Index (kg/m2) ,ZV 

• percent fat computed from the equations of Slaughter et al. (74) 
•piO.OI 
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TABLE 32. RESULTS OF YR. 1 FAT FREE BODY MASS INDEX. SEX AND 
SELECTED FATNESS INDICES" REGRESSED AGAINST 

YR. 2 SYSTOLIC BLOOD PRESSURE 

Dependent Variable 
Yr. 2SBP (mm Ha) 
(n=57) 

Independent Variables Adj. R squared S.E.E.y-Intercept b t-ratlo 

Yr. 1 FFB Mass Index (kg/m2) 
Sox 
Yr. 1 2 of LlmbSkfs. (mm) 

0.29 8.8 83.9 
0.81 

-1.89 
0.26 

1.17 
-0.79 

4.23 r 

Yr. 1 FFB Mass Index (kg/m2) 
Sex 
Yr. 1 £ of Trunk Skfs. (mm) 

0.28 9.0 84.7 
0.88 

-1.00 
0.34 

1.28 
-0.42 

4.10 1 

Yr. 1 FFB Mass Index (kg/m2) 
§6X 
Yr. 1 SofTri. + Sub. Skfs. (mm) 

0.31 8.7 81.3 
0.95 

-0.92 
0.46 

1.43 
-0.39 

4.45 r 

Yr. 1 FFB Mass Index (kg/m2) 
Sex 
Yr. 1 2 of Sub. + Calf Skfs. (mm) 

0.34 8.6 85.8 
0.71 

-1.37 
0.26 

1.06 
-0.59 
4.72 * 

Yr. 1 FFB Mass Index (kg/m2) 
Sex 
Yr. 1 I of 5 Skfs. (mm) 

0.30 8.8 84.6 
0.79 

-1.59 
0.15 

1.15 
-0.66 
4.30 f 

Yr. 1 FFB Mass Index (kg/m2) 
Sex 
Yr. 1 % Bodv Fat 

0.25 9.1 78.7 
1.16 

-1.21 
0.52 

1.69 
-0.49 
3.681 

Yr. 1 FFB Mass Index (kg/m2) 
Sex 
Yr. 1 Fat Mass Index (ka/m2) 

0.29 8.8 89.0 
0.60 

-1.05 
2.05 

0.85 
-0.44 
4.19T 

* percent bod/ fat computed from the equations of Slaughter el al. (74) 
fps0.01 



TABLE 33. YR. 1 FAT FREE BODY MASS INDEX. SEX AND 
SELECTED FATNESS INDICES REGRESSED AGAINST 

YR. 2 SYSTOLIC BLOOD PRESSURE: 
UNSTANDARDIZED VS. STANDARDIZED REGRESSION COEFFICIENTS 

Dependent Variable 
Yr. 2 SBP (mm Ha? 
(n=57) 

Unstamtordtzed Standardized 
Independent Variables b b 

Yr. 1 FFB Mass Index (kg/m2) 0.81 0.14 
Sex -1.89 -0.09 
Yr. 1 2 of LlmbSkfs. (mm) 0.26 0.52 

Yr. 1 FFB Mass Index (kg/m2) 0.88 0.16 
Sex -1.00 -0.05 
Yr. 1 £ of Trunk Skfs. (mm) 0.34 0.50 

Yr. 1 FFB Mass Index (kg/m2) 0.95 0.17 
Sex -0.92 -0.04 
Yr. 1 ZofTri. + Sub. Skfs. (mm) 0.46 0.52 

Yr. 1 FFB Mass Index (kg/m2) 0.71 0.12 
Sex -1.37 -0.06 
Yr. 1 2 of Sub. + Calf Skfs. (mm) 0,26 0.56 

Yr. 1 FFB Mess Index (kg/m2) 0.79 0.14 
Sex -1.59 -0.08 
Yr. 1 Zof 5 Skfs. (mm) 0.15 0.52 

Yr. 1 FFB Mass Index (kg/m2) 1.16 0.20 
Sex -1.21 -0.06 
Yr. 1 % Bod/ Fat 0.52 0.45 

Yr. 1 FFB M8ss Index (kg/m2) 0.60 0.10 
Sex -1.05 -0.05 
Yr. 1 Fat Mass Index (kg/m2) 2.05 0.52 
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FIGURE 8. COMPARISON OF UNSTANDARDIZED AND 
STANDARDIZED REGRESSION COEFFICIENTS 
IN THE PREDICTION OF YEAR 2 SYSTOLIC 
BLOOD PRESSURE FROM SEX AND YEAR I 

BODY COMPOSITION VARIABLES 
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8. 
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CHAPTER 5 

DISCUSSION 

This study examined the reliabilty of year 2 BP measures, the 

year-to-year tracking of BP, the contrasting characteristics of upper vs 

lower four quintiles' SBP tracking groups, and the relationships of body 

fat distribution and body composition to SBP. As hypothesized, BP 

measurement after right/left arm averaging in combination with Inter-

trial averaging was the most reliable of the year 2 BP measures. In 

addition, the hypothesized Improvement in the tracking of year 1 to year 

2 BP measures was observed when year 2 right arm inter-trial average BP 

was replaced by year 2 Inter-limb, Inter-trial average BP. Upper quintile 

SBP trackers displayed expectedly greater mean values than their 

counterparts tracking In the lower four quintiles with respect to RHR, 

body size, anthropometric characteristics and body composition; 

unexpected nonsignificant group differences were observed for age and 

secondary sex characteristics. The hypothesized closer association 

between trunk (as opposed to limb) skinfolds and SBP was not observed. 

However, as expected, the within year BMI-SBP relationship with gender 

and skinfold thicknesses held constant was significant, yet the 

hypothesized significant between year BMI-SBP relationship with gender 

and fatness held constant was not observed. The last two hypotheses led 

to data-derived hypotheses that within year SBP would be related to 

FFBMI with skinfolds and gender held constant and to skinfolds with 
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FFBMI and gender held constant; whereas, year 1 fatness would be related 

to year 2 SBP with FFBMI and gender held constant. 

Blood Pressure Measurement Reliability 

The major findings of the BP reliability analyses were that SBP 

measures and BP measurement from right/left arm averaging were more 

reproducible and less variable than DBP measures and within limb BP 

measures, respectively. In all reliability analyses, SEMs were higher for 

DBP than for SBP (see Tables 1 -7 and Figure A). At the 95% confidence 

level, the difference in measurement error between DBP and SBP was 

lowest in the year 2 right/left arm average inter-trial comparison (0.2 

mm Hg) and highest in the left arm average inter-trial comparison (0.8 

mm Hg). Foster and Berenson (22) also found sphygmomanometric DBP 

measures to be less precise than SBP readings in their Bogalusa sample. 

Two measurement trials were performed twice within 2 hours on 335 

youth. Intra-examiner variability was expressed as relative variation 

about the mean (CV). CVs ranged from 4.1% to 4.8% for SBP and from 6.8 

to 7.3% for DBP. CVs from this study were 0.5% for SBP and 0.8% for DBP. 

The lower CVs in the present study were expected as they represent 

intra-examiner variability among the measurement trials only and not 

between measurement sessions over time. Despite the absolute 

difference in CVs between the studies, the greater relative variation 1n 

DBP compared to SBP measures was similar In both studies. In the 

Bogalusa study, DBP measures varied 34.2% to 39.7% more than SBP 
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measures; in the present study, DBP measures varied more than SBP 

measures by 37.5%. 

Besides relative variation, Foster and Berenson (22) also 

assessed measurement reproducibility with intraclass correlation 

analyses. First and second SBP measures were found to be more 

reproducible (FK84 and R=.88) than the corresponding DBP measures 

(R=.77 and FK78). As expected, the magnitudes of the Inter-trial, 

Intraclass correlations were greater in the present study (see Tables 1-

3), yet as in the Bogalusa investigation, SBP measures were more 

reproducible than DBP measures. However, In contrast to relative 

variation, SBP measures were 8.3% to 11.4% more reproducible than DBP 

measures In the Bogalusa study; whereas, in the present study, only 1.0 to 

3.1% greater SBP reproducibility existed. 

The consistent findings of lowest measurement error (SEM) and 

highest reproducibility among right/left arm average BP readings in both 

within and between year comparisons (see Tables 3 and 6 and Figures 2 

and A) suggest that Inter-limb averaging along with the present practice 

of inter-trial averaging may help to reduce some of the measurement 

error associated with BP tracking in children and youth. Unfortunately, 

this finding cannot be compared to past epidemiological studies, for such 

investigations have not employed Inter-limb averaging, in addition, the 

American Heart Association (61) recommends the measurement of both 

limbs in initial measures only with follow-up measures taken in the limb 

with the higher Initial value. 
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Blood Pressure Tracking 

in light of the above desrlbed greater reliability of SBP relative 

to DBP measures, it was not surprising that greater tracking over one 

year was also observed within the SBP distribution (Tables 5 to 7 and 

Figure 4). A Muscatine study of BP tracking by Clarke and associates (16) 

also demonstrated greater tracking of SBP measures over 2 years (r=.43, 

SBP vs r=29, DBP) In 3,960 similarly aged youth (10-14years). 

Comparatively, correlations of BP measures made one year apart in this 

study were essentially equal for SBP (p=.42) and much lower for DBP 

(r= 08). In the present study, year 1 DBP measures were unrelated to year 

2 DBP measures. 

In contrast to the greater tracking observed between SBP 

measures in the above studies, Rosner and coworkers (64) found DBP 

measures to track slightly better than SBP measures (r=46 vs r=.43) in a 

sample of 75 Welsh youth 10-14 years of age measured 8 years apart. 

This study also demonstrated that the magnitude of tracking decreased as 

the duration of measurement interval increased. Correlations of BP 

measures made 4 years apart were r= 52 for SBP and r= 57 for DBP; this 

same inverse relationship was also present in the Muscatine study as 4 

year tracking correlations were r= 33 and r=23 for SBP and DBP, 

respectively. 

The somewhat higher tracking of DBP relative to SBP may, 

however, have been unique to the Welsh group as Shear et al. (70) also 

found SBP measures to track more highly than DBP measures (r=.52 vs 
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r=. 43) over 8 years In a Boglusa sample of 395 youth 10-14 years of age. 

The correlation coefficients In the Bogalusa study were Spearman rank 

order correlations; for comparison, like coefficients were also computed 

between year 1 and year 2 BP measures in this study. Spearman tracking 

correlations were r=.47 for SBP and r= 02 for DBP. Since the magnitude 

of BP tracking is Inversely related to the duration of the measurement 

Interval, why is it that within 10-14 year olds the magnitude of SBP 

tracking over one year In this study was Identical to that of Muscatine 

youth over 2 years and to Welsh youth over 8 years, yet the magnitude of 

SBP tracking of Welsh youth over 4 years was Identical to that of 

Bogalusa youth over 8 years ? Differences In sample size, statistical 

analysis (parametric vs nonparametrlc correlations) and In the number of 

BP measures used In the analysis may account for some of the observed 

discrepancies In tracking among the studies. As for analysis, the 

sigmoidal shape of youth BP tracks (55,56) over time may favor 

nonparametrlc procedures for tracking analyses. The above Bogalusa 

study which showed the greatest degree of BP tracking not only used a 

nonparametrlc correlation analysis but also measured BP 6 

times/measurement session (2 trials x 1 arm x 3 observers), and the mean 

of these 6 trials was used in the tracking analyses. In contrast, this 

study measured BP once In year 1 and 6 times in year 2 (3 trials x 2 arms 

x 1 observer), and the Muscatine and Welsh samples were measured 

twice/measurement session (2 trials x 1 arm xl observer). 

The SBP tracking correlation In this study was r= 42 when a 

parametric correlation (Pearson) assessed the degree of tracking between 
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year 1 right arm and year 2 three trial average measures, and It was r= 50 

when a nonparametrlc correlation (Spearman) assessed the relation 

between year 1 right arm and year 2 right/left arm 3 trial average 

measures. The change In statistics and the Increase In the number of year 

2 measurement trials corresponded to a change from 17.6% to 25% In the 

amount of variation in year 2 SBP accounted for by year 1 SBP. 

Blood Pressure Comparison to National Norms 

The subjects In this Investigation were originally selected by 

Houtkooper (35) on the basis of being either obese or nonobese; therefore, 

comparisons to normative data were expected to yield differences 

between the study and the normal samples. Despite these expected 

differences, such comparisons were thought to be useful on a relative 

scale; for example, values of SBP and DBP were converted to normative 

quintlle levels as a means of comparing SBP and DBP measurement within 

the group across study years. In year 1, the study sample had 6 youth 

whose BPs were in the upper quintlle of the national age- and sex-

specific distribution for SBP, and there were 3 with DBPs in the 

uppermost quintlle; however, in year 2, 8 youth had SBPs In the upper 

quintlle, while 25 youth had DBPs in the upper quintlle. Relative to the 

SBP measures, the year 2 DBP measures suggested a systematic error of 

higher values. 

The large longitudinal difference in DBP measures may have been 

due, at least in part, to inter-observer differences. Uhari (81) evaluated 
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Inter-observer differences among nurses In all 5 study areas of the 

Finnish Multicentre Study, Using a tape recording of pulse sounds with 

standardized timing, the nurses differed from one another by 2.5 mm Hg 

for SBP, 17.9 mm Hg for Korotkoff's phase V and by 54.6 mm Hg for 

Korotkoff's phase IV. DBP measures in the present study were recorded at 

Korotkoff's phases IV (year 1 and year 2) and V (year 2 ), yet only the 

former phase was used In the reliability and tracking analyses. Inter-

observer differences were less (1 mm Hg, SBP and 5 mm Hg, DBP-

Korotkoff phase IV) within duplicate measures made 15 min apart In a 

random sub-sample of youth (N=420) from the large Muscatine group 

mentioned earlier (16). Despite the lower inter-examiner differences 

observed In the Muscatine study, relative to SBP, these examiners 

differed from one another five times more in the measurement of DBP, 

Overall, the findings of no relation between year 1 and year 2 DBP 

measures, the drastic increase in DBP from year 1 to year 2 (I.e., an 

average Increase from the second or third to the fourth or fifth national 

qulntile level) and the comparability of SBP measures to other 

Investigations (16,22,55,64,70) led to the focusing of subsequent 

hypothesis testing on the SBP distributlon.alone rather than on SBP and 

DBP. 

Comparison of BP Tracking Groups 

This study combined youth tracking within (n=3) or to (n=5) the 

fifth national SBP qulntile Into one upper qulntile group (UQ, N=8), and it 
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compared this group to a lower qulntiles group (LQ, N=49) which was 

comprised of those tracking among (n=46) or to (n=3) the lower four SBP 

qulntiles for differences in cardiovascular, secondary sex, body size, 

anthropometric and body composition characteristics. In addition, obese 

upper quintlle SBP trackers (OUQ, N=7) were likewise compared to obese 

lower qulntiles SBP trackers (OLQ, N=6). Despite having no difference in 

age, the UQ group was found to have higher mean values than the LQ group 
i 

for resting heart rate (RHR), double product (DP=SBPxRHR), sexual 

maturation (proportions were used instead of mean values), height, total 

body mass (TBM), fat-free mass (FFM), fat mass (FM), total body water 

(TBW), body circumferences, hip skeletal width, whole body resistance 

index (WBRI), skinfold thicknesses, percent body fat and body mass 

indexes. 

Significant within year differences were observed in all of the 

above variables with the exception of year 2 RHR (Table 10), sexual 

maturation (Table 12), year 1 and year 2 height, year 1 FFM (Table 14) and 

year 1 WBRI (Table 18). Wilson and associates (87) also found a group of 

adolescents (mean age=14years) with NHLBI-deflned high BP to have 

higher mean values than age- and sex-matched controls with BPs at or 

below the 50th percentile for RHR (80 vs 75 beats/min, boys; 90 vs 78 

beats/min, girls), height (172.7 vs 167.1 cm, boys; 162.6 vs 160.6 cm, 

girls), TBM (78.9 vs 64.8 kg, boys; 73.2 vs 64.8 kg, girls), FFM (59.8 vs 

50.5 kg, boys; 44.4 vs 42.2 kg, girls), FM (17.8 vs 14.2 kg, boys; 26.2 vs 

22.1 kg, girls), TBW (44.1 vs 36.8 L, boys; 36.0 vs 32.5 L, girls), % fat 

(21.0 vs 19.8%, boys; 35.1 vs 33.3%, girls) and BMI (26.4 vs 23.2 kg/m2, 
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boys; 27.8 vs 25.1 kg/m2, girls). These investigators used an alpha level 

of 0.001 for significance; with this stringent protection of Type i error, 

boys with high BP were significantly different from controls in all of the 

above variables except % fat and FM, and girls did not differ significantly 

In any of the above variables. BMI was not analyzed for differences 

between BP groups as it was calculted from Wilson and co-workers' data 

by the author of the present study. Due to the better matching of age, 

year 2 values from the present study, while still lower, more closely 

resembled those of Wilson et al. In addition to age differences between 

studies, analyses stratified on gender were not done in this investigation 

due to sample size limits; moreover, the Wilson et al. study did not 

Involve BP tracking, and it defined high BP more stringently. 

In an analysis of SBP tracking over 4 years In a NHES survey of 

2,165 youth with an Initial age of 6-12 years, Lauer and colleagues (41) 

also found youth who remained in or increased to the fifth SBP qulntile to 

be taller, heavier, have thicker skinfolds, greater BMIs, larger hip and 

waist circumferences and greater bone age than those who maintained 

within or decreased to the lower four SBP qulntlles. Since these 

investigators analyzed group z-scores, variable comparisons between 

their national probability sample and this sample of 57 may not be made. 

Differences between youth who maintained their SBP in the fifth qulntile 

and those who Increased their BP from one of the lower 4 to the 

uppermost qulntile include significantly higher RHRs, greater number of 

permanent teeth and more advanced sexual maturation in the former but 

not In the latter group. With these differences in mind, it may be that the 
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observed RHR and maturatlonal differences between UQ and LQ groups 

would have been greater and lesser had the UQ group been divided Into 

level and rising trackers, respectively. The small sample of UQ trackers 

(N=8) limited this type of stratified analysis. 

Greater Increases from year 1 to year 2 were observed 1n the UQ 

group for DP, TBM, FFM, FM, body circumferences, WBRI and BMI; 

significant differences occurred between the groups for A TBM, A FM 

(Table 14), and A BMI (Table 18). In contrast to these findings, the Wilson 

et al. study (87) mentioned above found control boys and girls to gain 

more weight from age 13 to age 14 (mean Increases of 17 and 16 kg) than 

their high BP counterparts (mean increases of 4 and 5 kg). From an 

average age of 12 to age 13, the UQ group had a mean Increase of 11.4 kg 

(6.9 and 4.5 kg Increases In FFM and FM) while the LQ group Increased Its 

average weight by 6.9 kg (5.0 and 1.8 kg Increases In FFM and FM). In a 

Muscatine Investigation of BP tracking over 6 years (43), youth whose 

SBP consistently tracked upwards over time had a significantly greater 

increase In age- and sex-specific body weight percentiles than all other 

groups (those with level high BP tracking, those with consistently low BP 

tracking and those with consistently descending BP tracking). The mass 

changes observed In the UQ and LQ groups may be better understood, 1n 

that they represent respective composites of the former 2 and the latter 

2 Muscatine BP tracking groups. The significantly greater mean increase 

in BMI In the UQ group (2.1 vs 0.8 kg/m2) appears plausible In light of 

another Muscatine study (17) which found an average Increase of 18.4 
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percentiles 1n SBP among youth who tracked from one of the lower four to 

the fifth BMI qulntlle. 

A greater nonsignificant decrease was found In the UQ group for 

A RHR (Table 10), and nonsignificant AS In the 2s of limb and trunk 

skinfolds (Table 18) were negative In the UQ group and positive in the LQ 

group. These changes In skinfolds represent changes In tracking group 

membership as well a possible difference In observers from year 1 to 

year 2. Increases in height (Table 14), hip skeletal width (Table 16) and 

in %fat (Table 18) were slightly yet nonsignlflcantly higher in the LQ 

group. Despite slight decreases in the AS in the sums of limb and trunk 

skinfolds, the slight increase of 0.8% fat In the UQ group may be explained 

by the 9.2% Increase and 3.6% decrease In subscapular and triceps 

skinfold thicknesses, respectively (74). Concerning all of the above 

nonsignificant differences, it may be that the contrasting group mean 

values would have been different with a larger sample size. Since the 

statistical power ranged from 6 to 43 % (J3=.94 to .57) for these 

comparisons,.an inadequate level of confidence was reached for 

acceptance of the null hypothesis. 

In the OUQ-OLQ comparison, the trend for greater within year 

mean values (proportions In the more advanced stages of secondary sex 

characteristics) was found in the former group for RHR, DP, sexual 

maturation, height, TBM, FFM, FM, TBW, body circumferences, hip skeletal 

width, WBRI, skinfold thicknesses, % fat and body mass indexes. 

Significant differences between the obese BP tracking groups were 

observed for both years' RHR and DP (Table 11), year 1 TBM (Table 15), 
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year 1 hip skeletal width (Table 17), year 1 calf and year 2 triceps, calf 

and sum of limb skinfold thicknesses, both years' BMI and year 1 CBMI 

(Table 19). As In the above UQ-LQ comparisons, nonsignificant 

differences observed between the OUQ and OLQ groups may be real or due 

to chance (statistical power ranged from 5 to 53 % (J3=.95 to .47)). 

Since the values for BMI both within year In the UQ and OUQ 

groups and between years In the UQ group were consistently greater than 

those In the corresponding lower qulntiles* tracking groups, 1t appears 

that this variable may be an Important marker for Identifying youth with 

a tendency for high BP tracking. However, It also appears possible that 

the fat and fat-free components of BMI may be differentially affecting 

this variable In the tracking comparisons. For instance, the year 1 mean 

BMI values (25.6 vs 19.1 kg/m2, UQ-LQ; 26.5 vs 22.4 kg/m2, OUQ-OLQ) 

correspond to respective FFBMi values of 17.6, 15,5, 17.9 and 15.5 kg/m2, 

and to FMI values of 8.3, 3.8, 8.7 and 7.1 kg/m2. Group differences 

expressed as percentages are 25.4% (UQ-LQ) and 15.5% (OUQ-OLQ) for BMI, 

11.9% (UQ-LQ) and 13.4% (OUQ-OLQ) for FFBMI and 54.2% (UQ-LQ)and 18.0% 

(OUQ-OLQ) for FMI. 

Fat Distribution and Systolic Blood Pressure 

In comparing limb (2 of triceps, thigh and calf skinfolds) vs trunk 

(2 of subscapular and abdominal skinfolds) fat deposition 1n relation to 

SBP, all relationships were statistically significant. In the within year 

analyses, the somewhat better trunk sklnfold-SBP relationship In year 1 



1 

disappeared In year 2 as limb skinfolds were more highly related to SBP. 

Moreover, regressions between year 1 skinfolds and year 2 SBP were 

essentially the same when either limb or trunk fat was the sole predictor 

(Table 20), Comparative analyses of abdominal vs subscapular skinfolds 

in relation to SBP likewise demonstrated a within year reversal favoring 

the former and the latter skinfolds In years 1 and 2, respectively (Table 

21). 

Stallones and co-workers (77) found age, fatness (2 of chest and 

calf skinfolds) and fat patterning (chest minus calf skinfolds) to account 

for 23 and 1 \ % of the SBP variance in NHES 12-17 year old boys and girls, 

respectively. All three Independent variables yielded significant t-ratios 

in boys, yet only the former two resulted In significant t-ratfos In girls. 

In the present investigation, similar within year R2 values were found, 

and they ranged from .20 to .21 for limb fatness and from .15 to .25 for 

trunk fatness (Table 20). 

The similar relationships of SBP to central and peripheral fat 

distribution observed in the present study may be partially attributable 

to central fat covarlance accounting for a large share of the variation In 

the SBP-perfpheral fat relationship. Since Shear and associates (72) 

found subscapular and triceps skinfolds to be related to each other 

(r= 75), they computed SBP partial correlations (rp). These coefficients 

were rp=. 12 to. 16 for SBP and subscapular skinfold with triceps skinfold 

held constant and rp=.01 for SBP and triceps skinfold adjusted for 

variation in subscapular skinfold. By comparison, within year partial 

correlations from the present study were Tp*. 14 (year 1) and rp= 33 (year 
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2) for subscapular skinfold and SBP adjusted for triceps skinfold, and 

they were rp=. 14 (year 1) and rp=.03 (year 2) for triceps skinfold and SBP 

adjusted for subscapular skinfold. The two Identical year 1 partial 

correlations were nonsignificant. In year 2, adjustment for triceps 

skinfold resulted In a significant subscapular-SBP relationship, yet 

controlling for subscapular skinfold resulted in a null triceps-SBP 

relationship. 

One consideration In this changing relationship may be a 

difference in tracking of skinfold thicknesses between the two sites. In 

a Bogalusa study of obesity tracking over 3 years of observation, 

Freedman and associates (24) found subscapular skinfolds to track 

somewhat more highly than triceps skinfolds (r=80 vs r= 74). Another 

possible explanation for the change In partial correlations as the mean 

age of the youth changed from 12 to 13 years may be a pubertal change In 

subcutaneous fat from a predominantly peripheral to a more centripetal 

distribution. Baumgartner and Roche (5) analyzed the longitudinal 

anthropometric data of 178 Australian children who were followed from 

age 4 to age 14. Two fat pattern indices, logn (subscapular/triceps) and 

logn (supralllac/triceps) skinfold thickness ratios were computed. In 

both boys and girls, the average fat pattern indices at each age from 4 to 

14 years were negative in pre-pubescents (dominance of peripheral fat 

pattern), yet they either became positive or markedly less negative at the 

time of pubescence (development of centripetal fat pattern). 

Despite this longitudinal evidence for an increase In centripetal 

fat patterning at pubescence, the cross-sectional partial correlations 
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between SBP and suscapular skinfold thickness (adjusted for triceps 

skinfold) from the Bogalusa study (72) were Identical In 9-12 and 13-17 

year old boys (rp=. 16) and decreased from rp=25 In 9-12 year old girls to 

rp= 121n 13-17 year old girls, Another consideration In the assessment 

of the fat dlstrlbutlon-SBP relationship may be the rather low level of 

fat pattern tracking in youth. From the analysis of Australian youth (5), 

age 12 to age 13 tracking correlations were r=.48 to .50 for logn 

(subscapular/triceps) and r= 27 to .32 for logn (supralliac/triceps). The 

lability of childhood BP (55,56) and fat pattern tracking (5) may 

necessitate prospective designs which assess and/or control for 

maturatlonal stage to better understand their Interrelation. 

Relationships of Body Composition to SBP 

Within Year Relationships 

The within year bivarlate body composition-SBP relationships 

were highest for BMI (r2=.26-34), somewhat lower for the SSK (^=.17-

.26), FFBMI (r2=. 16-26) and percent body fat (r2^ 16- 17) and lowest for 

gender (1^=00-02). Literature values for SBP relationships with FMI, 

FFBMI and percent fat are not available, yet both Clarke et al (17) and 

Siervogel et al. (73) found SBP to be more highly related to BMI (r^.OS 

(17) and 1^=31 (73)) than to triceps skinfold (r2-03 (17) and r2'. 12 (73)), 

subscapular skinfold (^=07 (73)) or supralliac skinfold (r^.09 (73)). In 

white 10-14 year olds, the within year SBP-BMI relationship was ^.07 
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and r2^ 14 In 216 and 280 Tecumseh, Ml boys and girls, respectively (33), 

and 1t was r2=. 10 In 405 boys and 383 girls from Bogalusa, LA (75). The 

overall higher lvalues obtained in the present study may be a reflection 

of the year 1 subject selection criteria based on skinfold thicknesses 

(35) as well as its smaller sample size relative to other Investigations 

(17,33,73,75). 

Since skinfolds were measured In mm and the body mass Indices 

were computed In kg/m2, it is difficult to directly compare how changes 

in these variables corresponded to changes In SBP through their 

regression coefficients (b). For this reason, 1 kg increases In the total 

sample average values for TBM, FFM and FM were multiplied by the 

average of the observed significant regression coefficients to determine 

which of these increases In mass corresponded to the greatest Increase 

in SBP. Equations developed which Included BMI or FFBMI, gender and the 

sum of triceps and subscapular skinfolds (SSK) as Independent variables 

were used for these calculations along with the equations of Slaughter et 

al. (74) for relating SSK to percent fat In children. 

The finding of significant t-ratios for BMI with gender and SSK 

held constant (Tables 23 and 24) indicated that a 1 kg/m2 increase in BMI 

corresponded to a 1.36+0.54 (b±b3) mm Hg Increase In SBP. The sample of 

57 had a grand mean ((year 1 + year 2)/2) TBM of 51.6 kg and a grand mean 

height2 of 2.50 m2; the quotient of these variables Is 20.64 kg/m2. A 1 kg 

increase In TBM yields a BMI of 21.04 kg/m2 and a difference In BMI of 0.4 

kg/m2 To determine the within year change 1n SBP associated with a 1 

kg Increase In TBM with gender height and SSK held constant, the 
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following calculation was made: 0.4 kg/m2 x 1.36+0.54 mm Hg/kg»rrf 

2=0.54±0.22 mm Hg. 

In contrast, the findings of significant t-rat1os for both FFBMl 

with gender and SSK held constant and for SSK with gender and FFBMl held 

constant (Tables 26 and 27) indicated that a 1 kg/m2 increase in FFBMl 

corresponded to a 1.66±0.64 mm Hg increase in SBP; whereas, a I mm 

Increase in SSK was associated with a 0.29+0.14 mm Hg Increase 1n SBP. 

Assuming a 1 kg increase in FFM, FFBMl Increases by 0.4 kg/m2, and the 

within year change In SBP is 0.66+0.26 mm Hg. From the sample grand 

means of 20.9% fat and 51.6 kg (TBM), ft was determined that a 2% 

increase In body fat was required to Increase FM by 1 kg while holding 

TBM constant, and from the equations of Slaughter et al. (74), a 2.5 mm 

Increase in SSK was needed to increase body fat by 2%. Therefore, 2.5 

mm was multiplied by 0.29+0.14 mm Hg/mm of fat to yield a 0.73+0.35 

mm Hg increase in SBP. 

In summary of the within year body composition-SBP 

relationships, after adjusting for differences in height, gender and 

fatness, a 1 kg increases In TBM corresponded to a SBP increase of 

0.54±0.22, and a 1 kg Increase in FFM represented a 0.66+0.26 mm Hg 

increase in SBP. However, after accounting for SBP variation In height, 

gender and FFM, a 1 kg increase In FM was associated with a 0.73+0,35 

mm Hg increase in SBP. 

In a Bogalusa study of the determinants of resting (basal) BP in 

3,524 youth aged 5-14 years, multiple regression analysis was used to 

determine that height, TBM/height3 and triceps skinfold thickness were 
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all Independently related to present SBP (84). This combination of 

variables accounted for 39% of the variation in SBP; in the present study, 

Bfif, gender and SSK accounted for 22% (year I) and 31 % (year 2) of the 

SBP variation. While Voors et al. (84) found triceps skinfold to be related 

to SBP after adjusting for height and TBM/helght3, the present 

investigation found SSK to be unrelated to present SBP after accounting 

for differences in gender and BMI (TBM/helght2). The different 

Independent variables used and the difference In the number of BP 

measurements/session (9 measures, Bogalusa vs 6 measues, present 

study) obscures this comparison between studies. Nevertheless, partial 

correlation coefficients for height and for TBM/height3 with SBP were 

approximately two times larger In magnitude than that of triceps 

skinfold with SBP. This finding led Voors and colleagues to speculate 

that cardiac output through its relation to blood volume may be the 

correlate of body mass and height which determines BP in youth. 

Mahoney and coworkers (50) used echocardiography to examine a 

sample of 274 Muscatine youth 6-15 years of age. Relative to triceps 

skinfold thickness, BMI was more highly related to cardiac output (CO) 

(r=.44 vs r-33) and to left ventricular wall mass (LVWM) (r».55 vs r-19), 

yet It was similarly related to systemic vascular resistance (SVR) (rs-

. 19 vs r=-.18). Unfortunately, this study did not evaluate the potential 

confounding influences of fatness and leanness on the respective BMI-

hemodynamic and fatness-hemodynamlc relationships. 

The reported disparities In correlation magnitudes between BMI 

and triceps skinfold thickness with the hemodynamic variables suggest 
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that CO and LVWM are related to both fatness and FFM, yet the similar 

correlation magnitudes between BMI and triceps skinfold thickness with 

SVR suggests that fatness alone is inversely related to SVR. This inverse 

relationship is difficult to explain, yet only a small share (3%) of the SVR 

variation was explained by triceps skinfold, How might Increases in 

fatness and FFM both contribute to increases in CO and LVWM ? 

In many adults with essential hypertension, SVR Increases In 

proportion to the increases In mean arterial blood pressure (MABP), yet 

there is some evidence that the obese hypertensives differ from their 

nonobese counterparts by having an expanded plasma volume (25). This 

evidence is limited, however, by the use of Metropolitan Life Insurance 

Company's Desirable Weight Tables to discriminate between obese and 

nonobese hypertensives. Allen et al. (2) found that blood volume 

expressed per unit TBM was Inversely related to body density In 81 

healthy adults (55 men and 26 women). Since blood volume is less per 

unit FM than per unit FFM (2,3), it may be that Frohlich's finding of 

expanded plasma volume 1n obese hypertensive adults may be due to their 

greater absolute levels of FFM and FM, yet an expansion of the former may 

be a more important determinant. 

Indeed, Weinsier et al, (86) found lean mass to be the most highly 

related body composition variable to MABP in a sample 399 adults (87 

men and 312 women) entering a weight control program. Of the 36% of 

the MABP variation accounted for by lean body mass (assessed by either 

tritium dilution or by whole body counting), body build (chest 

circumference to height ratio), upper body fat pattern (arm to thigh 
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circumference ratio) and age, lean body mass accounted for the largest, 

share (17.6%). With these variables in the multiple regression equation, 

FM, % body fat, central fat pattern (subscapular/trlceps skinfold), fat cell 

number and size (from buttocks biopsy), age of obesity onset and gender 

were unrelated to MABP. Unfortunately, since the authors did not include 

a table of the regression coefficients, it Is not known how much MABP 

increases with a 1.0 kg increase In lean body mass. 

Changes in TBM over time, however, were recently examined for 

their effect on BP and echocardiography changes (49). After 21 weeks of 

follow-up in 41 overweight hypertensive adults 20-55 years of age 

randomly assigned to weight reduction, metaprolol (a receptor 

blocking agent) and placebo groups, only the first two groups reduced 

their SBP (-14 mm Hgf weight loss; -12 mm Hg, metaprolol) and DBP (-13 

mm Hg, weight loss; -8 mm Hg, metaprolol). Only the weight loss group 

which lost 8.3 kg of TBM significantly reduced Its LVWM (-37.8 g). The 

other two groups did not change their TBM or LVWM. Since no measures of 

body composition were made, it 1s not known whether decreases in FFM 

and FM were differently related to the reported reductions in BP and 

LVWM. An additional analysis of the Mahoney et al. Investigation of 

Muscatine youth cited earlier (50) could answer how increases and 

decreases in FM and FFM relate to changes In LVWM, CO and SVR. 
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Between Year Relationships 

Another consideration In the assessment of the Initial body 

composition-future SBP relationship Is the tracking of various body 

composition variables. Clarke et al. (17) found BMI to track more highly 

(r=.86) than triceps skinfold (r= 64) over two years In a Muuscatine 

sample of youth. In the present study, BMI (r=.94) and FMI (r= 93) were 

found to track more highly than SSK (r-.89) or FFBMI (r=.78) over one year 

of follow-up. The greater magnitude of body composition tracking 

observed in the present study Is most likely due to its shorter duration of 

follow-up (24). Since fatness tracked more highly than fat free body 

mass, It becomes more understandable that the significance of initial BMI 

In predicting future SBP (r2= 30, Table 28) was not observed after 

adjusting for differences in gender and Initial fatness (Table 29). 

The division of BMI into Its fat and fat-free components has not 

been done 1n previous studies of cardlovasular risk factors 1n youth. 

Recall that these components, termed fat mass Index (FMI) and fat-free 

body mass Index (FFBMI), were computed in the following way: 

FMI - (% body fat from SSK) (body mass (kg))/(he1ght (m))2 

FFBMI = (fat-free body mass (kg))/(he1ght (m))2. 

Like BMI, they are expressed In units of kg/m2. Such a division of BMI 

Into fat and fat-free components was made possible by the recent 

equations of Slaughter et al (74) which allow a more accurate conversion 

of youth skinfold thicknesses into percent body fat. The criterion 

variable for these new prediction equations, percent body fat, was 
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determined by densitometry corrected for Important sources of percent 

fat prediction error, I.e., sample differences In body water and bone 

mineral content (74). 

In predicting year 2 SBP from year 1 body composition, year I 

SSK was predictive of year 2 SBP while gender and year 1 FFBMI were 

held constant (Tables 29 and 32). Calculation procedures described above 

in the within year relationships were used to determine that a 1 kg 

Increase in year 1 FM was associated with a 1.15+0.25 mm Hg increase in 

year 2 SBP. In contrast to the within year relationships where fatness 

and FFM were both Independently related to SBP, only Initial fatness was 

Independently associated with future SBP. This relationship underscores 

the Importance of determining fatness levels in youth for estimating 

future SBP. Most Importantly, the predictive value of skinfold 

thicknesses was found to be independent of sample differences in gender 

and body size (fat free body mass for height). 

It Is possible that fatness Is the common link that aggregates the 

precursors of adult hypertension, diabetes and unfavorable lipid profiles 

in youth, in a Bogalusa sample of 3,503 subjects 5-24 years of age, 

Smoak and associates (75) found that clustering of SBP, fasting Insulin 

and the ratio of low and very low density lipoprotein cholesterol to high 

density lipoprotein cholesterol (LDL-C + VLDL-C/HDL-C) in the upper 

tertile was related to subscapular skinfold thickness. The investigators 

computed risk ratios (RR) as the number of subjects in the upper tertile 

divided by the expected number. A dose-response effect of subscapular 

skinfold thickness was observed. For example, a protective effect of 
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lower tertlle subscapular skinfold thickness occurred (RR=0.4), along 

with no effect of middle tertile thickness (RR not different from 1.0) and 

an increased risk of upper tertile thickness (RR=3.1). While comparative 

data for triceps skinfold thickness and TBM/helght3 were not presented, 

the authors stated that subscapular skinfold thickness was more strongly 

associated with risk factor clustering than were these other body 

composition variables. 

In studies of obese adults, other investigators (14,48) have 

suggested that the elevated serum insulin levels found in the obese may 

provide a humoral mechanism for increasing BP. Both of these groups of 

investigators point to the role of Insulin in increasing renal tubular 

sodium reabsorption (19,20,53) as a theoretical means of insulin's 

hypertensive effect In obese adults. In addition, the latter author (48) 

also pointed out that insulin infusions have been shown to increase 

sympathetic nerve activity and heart rate In normotenslve humans (65). 

The former mechanism would help to explain Frohlich's finding of 

expanded plasma volume In obese relative to nonobese hypertensives (25), 

yet a definitive study which examines the interrelationships of body 

composition with MABP, CO, SVR, blood volume, serum Insulin and 

sympathetic nerve activity has not been done in adults or youth. As for 

youth studies, a combination of data from Bogalusa where humoral 

variables were measured and from Muscatine where hemodynamic 

variables were measured could help to resolve some of these Issues. 

In a recent 20-week weight loss trial in 50 obese adolescents 

(Initial mean % fat=40) randomly assigned to diet (n=15), diet and 
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exercise (n=18) and control (n=17) groups, Rocchinl and coworkers (62) 

found that partial correlations between reductions in BP and fasting 

insulin with the change In TBM held constant were significant (rp= 65, 

SBP; ^=60, MABP) In the diet and exercise group and nonsignificant In the 

diet group (rp=. 18, SBP; rp= 40, MABP). Partial correlations between the 

changes in BP and fasting Insulin with the changes In FFIi and FM 
v 

alternatively held constant would have been informative, yet such 

relationships were not reported. 

In summary of the possible mechanisms whereby changes In body 

composition correspond to changes in BP, it appears that due to the 

inverse body density-blood volume/TBM relationship (2) obese and 

nonobese Individuals alike may Increase BP by increasing FFM which may 

contribute to an expansion of blood volume. This expansion could 

theoretically provide a stimulus for increasing stroke volume and CO 

(50,67,84); moreover, It may also contribute to a concentric myocardial 

hypertrophy (25). On top of this potential for a FFM related increase in 

blood volume and BP, obese Individuals or those with increasing fatness 

may have higher serum Insulin levels (14,48,62,75) which could 

potentiate blood volume expansion through Insulin's effect on renal 

tubular sodium reabsorptlon (19,20,53). Insulin could further contribute 

to Increasing MABP by increasing sympathetic nerve activity (65); this 

Increase in nerve activity not only has a positive inotropic effect on the 

heart (26,65), but It also contributes to an increase in SVR (26,65) which, 

1n turn, could stimulate an eccentric myocardial hypertrophy by 

augmenting cardiac afterload (25), Increases and decreases in TBM as 
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opposed to changes In FFM and FM have been associated with 

corresponding increases (17,43,69) and decreases (17,43,62) in BP. In 

addition, concurrent reductions In TBM and BP have been related to 

decreases in serum Insulin in obese adolescents (62) and to a reduction of 

LVWM in obese hypertensive adults (49). Future Investigations to explore 

the potential mechanisms whereby changes in specific components of 

body composition relate to BP changes are needed in youth, adult and aged 

populations. 

On a purely descriptive level, this study of 57 youth 

demonstrated that, after adjusting for the confounding Influences of 

gender and fatness or for gender and FFM for height, one kilogram 

increases in TBM, FFM and FM corresponded to SBP increases (within year) 

of 0.54+0.22, 0.66+0.26 and 0.73+0.35 mm Hg. Also, with gender and FFM 

for height held constant, a one kilogram increase in year 1 FM was 

associated with a U5±0,25 mm Hg increase In year 2 SBP; in contrast to 

this significant initial fatness-future SBP relationship, initial BMI and 

FFBMI were unrelated to future SBP after adjusting for differences In 

gender and initial fatness. 
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CHAPTER 6 

SUMMARY AND CONCLUSIONS 

The intent of this study was twofold. First, it identified 

possible body size, shape, composition, growth and maturational markers 

that distinguish youth tracking with SBPs between the uppermost and 

lower four quintlles. Second, it examined the relationships of fat 

distribution and body composition to SBP. As a preliminary qualitative 

assessment of the data collected on two occassfons approximately one 

year apart in this sample of 57 youth (32 boys and 25 girls), the year 2 

reliability and the year-to-year tracking of BP measures were examined. 

Large epidemiological studies of youth have shown 

sphygmomanometr1cally-determ1ne.d SBP readings to be more precise than 

DBP readings (16,22); likewise, the magnitude of SBP tracking has with 

one exception (64) exceeded that of DBP tracking (16,55,56,70). In 

general, the magnitude of BP tracking in youth has been inversely related 

to the duration of the measurement interval (16,64,70), yet within the 

same time between measurements, the degree of BP tracking was lower 

(16,64) and higher (70) when fewer and greater numbers of trials and 

observers were used, respectively. These findings led to the study's first 

two hypotheses: 1.) year 2 Inter-trial measurement precision would be 

increased by averaging right and left arm blood pressure readings within 

each trial, and 2.) year 1 right arm BP measures would differ from year 2 



133 

right arm BP measures, yet this difference would decrease along with 

increasing tracking magnitude after substituting year 2 right/left arm 

average BP for year 2 right arm BP. 

Youth tracking within or to the highest quintile of the age- and 

sex-specific SBP distribution have been characterized by greater body 

size (41,43), larger anthropometric dimensions (41), thicker skinfold 

thicknesses (41) and advanced bone age (41). Youth with SBP rising to the 

fifth quintile have differed from those remaining In the fifth quintile by 

having a greater Increase in TBM (43) and BMI (17) over time. These 

results led to the study's third hypothesis: 3.) youth tracking within or to 

the upper age- and sex-specific SBP quintile would be older, have higher 

RHRs, more advanced secondary sex characteristics, larger body sizes and 

anthropometric dimensions, thicker skinfolds, higher percentage of 

fatness and higher body mass Indices than those tracking within or to the 

lower four SBP qulntiles. These differences were expected to occur in 

the total sample as well as within those tracking with obesity. 

Centrally located (trunk) fat deposition has been shown to 

account more than peripherally located (limb) fat deposition or 

TBM/height3 for the clustering of SBP, fasting Insulin and LDL-C + VLDL-

C/HDL-C In the upper tertlle of a large distribution of youth (75). Also in 

a large cross-sectional sample of youth, the significant triceps sklnfold-

SBP relationship became null after adjusting for subscapular skinfold 

thickness; whereas, the subscapular sklnfold-SBP relationship remained 

significant after adjusting for triceps skinfold thickness (72). The fat 

distributlon-SBP relationship was examined by the study's fourth 
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hypothesis: 4.) SBP would be more highly related to the sum of trunk 

skinfolds than to the sum of limb skinfolds, 

Studies of the body composltlon-SBP relationship in youth have 

shown that relative to skinfolds, BMI has accounted for 40-60% more of 

the variation in SBP (17,33,73). While previously untested, these 

findings suggested that fatness and fat-free body mass were both related 

to SBP, yet 1t could not be determined whether these components of body 

composition were differentially related to SBP In youth. To explore this 

notion further, the study's fifth hypothesis was formed: 5.) the within 

year BMI-SBP relationship would be statistically significant after 

adjusting for SBP variation In gender and selected skinfold thicknesses. 

Since BMI had been shown to track over time to a greater degree 

than skinfold thicknesses (17,24), the study's final hypothesis was the 

following: 6.) the prediction of year 2 SBP from year 1 BMI would be 

significant after accounting for year 2 SBP variation in gender and year 1 

fatness. 

Concerning statistical analysis, repeated measures analysis of 

variance, intraclass and zero order correlations and standard errors of 

the measurement (SEMs) were respectively used to test for differences, 

assess the reproducibility and to determine the variability of BP 

measures across trials within limb, across trials with the average of 

both limbs, between limbs with the mean of three trials and between 

study years. Independent t-tests assessed potential differences between 

SBP tracking groups; group variabilities were examined by comparing 

coefficients of variation. Simple regression analyses and F-maximum 
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tests for homogeneity of variances were used to determine whether trunk 

fat was more closely associated with SBP than limb fat. Forced entry 

multiple regression analysis was used to determine the within and 

between year multivariate relationships of body composition and gender 

to SBP. 

In the study's first year, conducted by Houtkooper (35), a more 

extensive set of body composition measures was done. Measures done in 

the study's first year only which were Included in this Investigation's 

analysis Included a modified Tanner Stage assessment and total body 

water determined by D20 dilution. In the second year of the study, all 

subjects were measured for height, body mass, skeletal dimensions, body 

circumferences, skinfold thicknesses, pulse rates while sitting, BP 

measures from right and left arms while sitting and bioelectrical 

impedance analysis. 

SUMMARY OF RESULTS 

The following results were obtained In this study: l.) year 2 

Inter-trial BP measurements were less varalble with right/left arm 

average values (SEM=0.9 mm Hg, SBP; SEM=1.0 mm Hg, DBP) than with 

either right arm values (SEM=1.1 mm Hg, SBP; SEM=1.4 mm Hg, DBP) or 

left arm values (SEM=1.2 mm Hg, SBP; SEM=1.6 mm Hg, DBP), 2.) the 

magnitude of year-to-year BP tracking was higher with year 2 right/left 

arm average values (r=.45, SBP; ^.16, DBP) than with year 2 right arm 

values (rs,42, SBP; r=.08, DBP), and the between year varalabllfty was 
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less with year 2 right/left arm average values (SEM=5.6 mm Hg, SBP; 

SEIi=6.2 mm Hg, DBP) than with year 2 right arm values (SEM=6.1 mm Hg, 

SBP; SEM=7.1 mm Hg, DBP), 3.) In the total sample, relative to the lower 

four qulntlles' SBP tracking group, upper qulntlle SBP trackers had a 

higher year 1 mean RHR (89.5+15.4 vs 77.6+10.1 beats»m1n-1), a greater 

mean TBM In year 1 (62.0+14.2 vs 45.7+11.1 kg) and year 2 (73.4+17.0 vs 

52.6+12.0 kg), a greater year 2 mean FFM (49.0+11.6 vs 41.7+7.8 kg), a 

greater mean FM In year 1 (19.8+6.4 vs 9.0+5.4 kg) and year 2 (24.3+8.4 vs 

10.8+5.8 kg), larger mean abdominal circumfernces, upper arm 

circumferences, chest circumferences and hip skeletal widths In both 

study years (Table 16), a greater mean whole body resistance index In 

year 2 (53.7+11.1 vs 45.9+9.9 cm^ohm"1), thicker mean skinfolds In both 

study years (Table 18), a greater mean percentage of body fat In year 1 

(31.8+7.5 vs 18.7±7.9) and year 2 (32.7+8.6 vs 19.7+7.0), a higher mean 

BMI in year 1 (25.6+3.5 vs 19.1+3.1 kg/m2) and year 2 (27.7+4.6 vs 

19.9+3.1 kg/m2) and a higher mean children's body mass Index (25) in year 

1 (1.66+0.10 vs 1.52±0.10) and year 2 (1.72+0.11 vs 1.58+0.09). Relative 

to those tracking with obesity within or to the lower four SBP qulntlles, 

the obese upper qulntlle SBP tracking group had a higher mean RHR In year 

1 (90.8+16.1 vs 74.0± 11.2 beats»m1n-1) and year 2 (80.8+8.6 vs 68.0+6.2 

beats^mln"1), a greater mean year 1 TBM (65.5+10.9 vs 52.9+9.8 kg), a 

greater mean year 1 hip skeletal width (27.7+4.6 vs 23.3+1.6 cm), a 

thicker mean year 2 triceps skinfold (22.8+3.7 vs 18.0+1.9 mm), a thicker 

mean calf skinfold In year 1 (26.3+8.1 vs 17.9+2.4 mm) and year 2 

(24.8+5.2 vs 19.0+2.8 mm), a higher mean BMI in year 1 (26.5±2.7 vs 
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22.4+2.0 kg/m2) and year 2 (28.9+3,0 vs 24,2t3.3 kg/m2) and a higher 

mean year 1 children's body mass Index (1.68+0.06 vs 1.59±0.08), 4.) the 

sum of trunk skinfolds-SBP relationships (R2= 15 to .28; SEE=7.8 to 9.9 

mm Hg) were not different from the sum of limb skinfolds-SBP 

relationships (R2= 20 to .29; SEE=8.0 to 9.4 mm Hg) as F-maximum ratios 

ranged from 1.02 to J.05; however, in year 2, adjustment of the triceps 

skinfold-SBP relationship for subscapular skinfold thickness yielded a 

null partial correlation (rp= 03), yet adjustment of the subscapular 

skinfold-SBP relationship for triceps skinfold thickness yielded a 

significant partial correlation (rp= 33), 5.) In the within year multivariate 

relationships of body composition and gender to SBP, forced entry of BMI, 

gender and the sum of triceps and subscapular skinfold thicknesses (SSK) 

resulted insignificant t-ratios for BMI only (b= 1.08, year 1; b=1.64, year 

2); whereas, forced entry of FFBMI, gender and SSK yielded significant t-

ratios for both FFBMI (b=1.43, year 1; b=M.89, year 2) and SSK (b=0.26; 

b=0.32, year 2) and finally, 6.) In the prediction of year 2 SBP from year 1 

body composition and gender, all t-ratios were nonsignificant when year 

1 BMI, gender and year 1 SSK were the forced predictors, yet year 1 SSK 

was the only significant predictor of year 2 SBP (b=0.46) when it was 

entered In combination with year 1 FFBMi and gender. 
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CONCLUSIONS 

This study found that relative to BP measures from the right or 

left arm alone, averaging of right/left arm BP measures reduced the 

measurement error and improved the reproducibility of year 2 trial-to-

trial sphygmomanometric BP readings. Such averaging of year 2 BP 

measures likewise reduced the total error (which is comprised of 

biological and technical error) and increased the magnitude of tracking 

between year 1 and year 2 BP measures, presumably by decreasing some 

of the technical error associated with the year 2 BP measures. These 

findings led to the acceptance of the hypotheses that inter-tnal 

measurement precision could be increased by averaging right and left arm 

BP readings within each trial and that the difference between year 1 and 

year 2 BP measures would decrease along with increasing measurement 

precision and tracking magnitude after substituting year 2 BP 

measurement from right/left arm averaging for year 1 right arm BP. It 

was concluded that the averaging of right/left arm BP measures may help 

to reduce some of the technical error and improve the magnitude of BP 

tracking In future prospective studies of cardiovascular risk factors in 

youth. 

Even among the obese, youth tracking within or to the upper SBP 

qulntlle were distinguished from their counterparts tracking within or to 

the lower four SBP qulntiles by their higher RHR, excess TBM, larger 

skeletal dimension, thicker skinfolds and higher body mass indices. This 

finding led to a partial acceptance of the hypothesis that whether or not 
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selected for obesity, youth tracking within or to the upper age- and sex-

specific SBP qulntlle would be older, have higher RHRs, more advanced 

secondary sex characteristics, larger body sizes and anthropometric 

dimensions, thicker skinfolds, greater amounts of relative fatness and 

higher body mass indices than those tracking within or to the lower four 

SBP qulntlles. It was concluded that while a BMI in excess of 25.0 kg/m2 

helped to identify either an obese or nonobese 10-14 year old from this 

sample who was predisposed to tracking within or to the upper SBP 

quintile, 1t remains unknown whether FMI which is less confounded by 

differences in FFM may provide a more discriminating marker of high SBP 

tracking in youth. 

Since an index of trunk fat deposition (subscapular skinfold 

thickness) was found to account for the relation of an index of peripheral 

fat (triceps skinfold thickness) to SBP in the study's second year only, 

the hypothesis that SBP would be more highly related tojtrunk fat 

deposition than to limb fat deposition was only partial^ accepted. 

In assessing the multivariate within year relationships of body 

composition and gender to SBP, the finding of BMl's significant 

association with SBP with gender and SSK held constant led to 

acceptance of the hypothesis that BMI would be related to present SBP 

after adjusting for SBP variation in gender and SSK. This finding also led 

to the data derived hypothesis that within year SBP would be related to 

SSK with FFBM1 and gender held constant and to FFBM1 with gender and 

SSK held constant. Since such relationships were found, it was concluded 
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that fatness and fat free body mass are both: independently related to 

present SBP in youth. 

In contrast to the within year findings, year 1 BMI with gender 

and year 1 fatness held constant was not related to year 2 SBP. This 

finding led to rejection of the hypothesis that year 2 SBP would be 

significantly predicted from year 1 BMf after adjusting for year 2 SBP 

variation in gender and year 1 fatness, and it also led to formulation of 

the hypothesis that year 2 SBP would be significantly predicted from year 

1 fatness with gender and year 1 FFBMI held constant Since this latter 

expected relationship was found, It was concluded that, In tracking youth 

over time, initial BMI may be a confounding determinant of future SBP. 
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Tha Unlvaralty of Arizona 
Dapsilmmt d ExtfOn and Spoil Scitnet* Ins E. Git»in$s Building Tucson. Anion* B572I (6021 821-S889 

June 29, 1967 

Michael J. Horan, K.D. 
National Heart, Lung and Blood Institute 
7550 Wisconsin Avenue, Room 4C12 
Bethesda, HD 20892 

Deaf Dr. Horan-. 

I am a graduate student In exercise philology at the Unlvetslty 
of Arizona, Tucson, Arizona. I am presently conducting thesis research 
In the ara of pediatric hypertension; more specifically, 1 am examining 
the relationship between body composition and blood pressure In children 
and adolescents. Along with my academic advisor, Timothy C. tollman, 
Ph.D., we hope to gain better descriptive Information on those youths, 
with persistent readings In the upper qulntlte of the national age and sex 
specific systolic and diastolic BP distributions. 1 would greatly appreciate 
any Information or data on the 80th percentile - especially for SBP and 
DBP in mm Hg, height In cm and weight In kg, for each age from 1 to 
18 years. These SOth percentile values would be helpful and truly appreci
ated. 

Sincerely, 

Danlel P. Williams 

DPWjJm/ 
TA-5.-7 
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Tha Unlvartlty of Arizona 
Dtptrtnwnt o4 Eitran and Sport Sc*flCM Ina E. Outing* BuMing Tucson. Anion* tsm (603) B21-ftSB9 

August 20. 1987 

Bernard Rotser, Pb.D. 
Department of Preventive Medicine 

and Clinical Epidemiology 
Harvard Medical School 
Boston, MA 02115 

Dear Dr. Rotner: 

1 am a graduate student In exercise physiology at the University 
of Arizona, Tucson, AZ. 1 am presently conducting thesis research 
In the area of pediatric hypertension! mote specifically, I am 
longitudinally examining the relationships among maturation, body 
composition and blood pressure in children and adolescents. Along with 
my academic advisor, Timothy G. Lohman, Ph.D., we would like to 
statistically analyze the above relationships within and among quiatlles 
of the national age and sex specific systolic and diastolic BP distributions. 
I would greatly appreciate any Information or data on these quint He 
levels - especially for SBP and DBP in mm Hg, height in cm and weight 
In kg fot ages I to IB yean. These quintlle value* would be hetpful 
and truly appreciated. Last month 1 corresponded wltb Michael J. Horan, 
M.D. who suggested that I contact you to obtain this current data. 

Sincerely, 

tStWfcf! "P. ^$3lj&/rcJb 
Dsulci P. Williams 

DPWtlb/ 
TA5i9 
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HUMAN SUBJECTS COMMITTEE APPROVAL 



The University of AHiom 
tww lumen Cwmnn 
tlOA N. 230). ftoom U2 Tuewv AnttW tSTT* 
{KB) «H)3I of US-7J73 

1 MCUMr 1986 

Timothy g. Lohman, Ph.D. 
Department of Exercise and Sport 
Sciences 

Sittings Building. ROOD 114 
MAIN CAMPUS 

Dear Dr. Lohmant 

We have received your 24 November memorandum outlining cnanges ZD your 
project, *Fat and fat-free Body Composition in Children" (HSC *ei-l£3) . It it 
our understanding that these changes post no further risk t» participating 
subjects. Therefor*, approval for these changes is granted effective 1 Secenoer 
1906. 

The changes approved are: 

1. Addition of a nutritional questionnaire to be completed by a sub-set 
of the study population. 

3. Addition of a second bone mineral content measurement for a sub-set 
of the study population. 

Approval is granted with the understanding that no further changes or 
additions will be made either to the procedures followed or to the consent 
fomtsl used (copies of which we have on file) without the knowledge and 
approval of the Human Subjects Committee and your College or Departse.ital 
Review Committee. Any research-related physical or psychological harm to ».iy 
subject aust also be reported to each committee. 

A university policy requires that all signed subject consent foras be 
kept in a permanent file in an area designated for that purpose by the Depertsent 
Bead or caoparable authority. This will assure their accessibility in the 
event that university officials require the intonation and the principal 
investigator ia unavailable for soote reason. 

Sincerely yours. 

KN/j« 

Milan HovaX, M.D., Ph.D. 
Chairman 
Human Subjects Committee 

Patricia C. felrchild, Fh.D 
Departmental Review Committee 

/ 
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SUBJECT RECRUITMENT LETTER 



Tha University of Arizona 

D«Mnm«nt et E>rciu «ntf Soon Sc*ncti Inj E Gitling* DutlQing 
Tucisn Anion* es?2' 160JI S21-«W9 

May 4, 19B7 

Last year your child participated in a body composition study conducted 
at the Exercise and Sport Sciences Department, University of Arizona, A 
follow-up itudy hai been designed to examine the relationship between blood 
pressure and body composition in childhood and adolescence. If you and your 
child agree to participate in the project, we will measure your child's body 
composition and blood pressure at school or In the laboratory within the next 
three weeks using various methods described an the attached form; in 
addition, we will send home a questionnaire regarding botn parental blood 
pressure histories and the child's physical activity leveL The follow-up body 
composition measurements will talt you how growth is affecting the amount 
of fat in your child's body. The blood pressure measurements will provide 
information about your ehiitfs cardiovascular health. The Information that 
we obtain from this study will help u* develop improved body composition and 
blood pressure measurements, as well as, a better understanding of the 
relationship between body composition and blood pressure during growth and 
maturation. We hope your child will participate on this study. Please have 
you and your child sign the consent form and return to our laboratory in the 
near future (see enclosed envelope). 

If you have any questions, you may call us at 621-4J91. 

C!nrt>»Blu 

Timothy G, Lohman, PtiD. 
Professor 

Daniel P. Williams, B.S. 
Graduate Student 

TGLtOPW/cl-wp/J 

attachment 



APPENDIX D 

PARENT/GUARDIAN INFORMED CONSENT 



Department of EiercUe and Sport Sciences 
University at Arizona • 

PARENT/GUARDIAN INFORMED CONSENT 
FOR THE BODY COMPOSITION BLOOD PRESSURE DEVELOPMENT Df CHILDREN AND YOUTH 

Parent/guardian Informed corneal for the body composition/blood pressure development 
In children and youth 

'You (your child) are being Invited to participate In a research study to measure 
the changei In body make-up and bow they relate to blood pressure In growing children. 
You (your child) have been asked to participate became you (your cbild) have already 
participated la a rejeaich study lait year. Tbit year we hope to follow-up on 100 of 
Iu: rear'* participant!. 

IT you (your cblld) agree to participate, your child wDl be measured at school or 
will be asked to come to tbe Exercise and Sport Sciences Laboratory. At tbls time, a 
number of measurement* will be taken. These include: skinfold thickness, body circumfer
ence, bloeleetrlcal Impedance and blood pressure. Following this time, you and your 
child will be asked to complete a health history and activity questionnaire so that we 
may learn more about your family. The total visit will be one hoar. 

The skinfold measurement will be taken by gently pinching your skin at different 
locations with a special instrument that will give a thickness measurement. The body 
circumference measurements will be taken with a tape measure. 

Bloelectrlcal impedance In this study will be measured using a four-terminal body 
surface electrode impedance analyzer (RJL Systems, Detroit, 111}. The subject will lay 
on his/her back on a horizontal table with the arms adjacent to the body, but not touching 
the body, and legs adjacent to each other, but not touching. Two of the four surface 
electrodes will be placed on the right band and the remaining two electrodes will be 
placed on tbe right foor. A standard conduction current signal (800 A at 50 kHz), that 
is so small that it cannot be felt by the subject, will be sent by the impedance analyzer 
through the four-electrode system. Tbe resistance of body tissues to this signal will 
be measured by the impedance anlayter. 

Blood pressure measurements will be taken la both arms and will be determined 
by use of an aneroid sphygmomanometer and a stethoscope. Ptior to these measurements 
the subject's heart rate will be determined by palpating the radial pulse, and bis/her 
mid-arm circumference will be measured with a tape measure so that we may select 
the appropriate blood pressure cuff for your child's size. 

There may be minimal risks, either physical or psychological. Some participants 
may experience discomfort associated with pinching of the skin during skinfold thickness 
measurements or due to Inflation of the blood pressure cuff. 

The benefits of this study to tbe participants involved Include a rather precise 
follow-up estimate of body composition changes associated with growth as well as one 
estimate of cardiovascular health status. However, the significance of the study lies 
In potentially better understanding, tbe relationship between blood pressure and body 
compaction during growth and development. 

Participation U completely voluntary, and data will be confidentially handled. 
No subject will be forced to continue If he/she wishes to withdraw at any time during 
the study. 

(over) 



I have read the preceding description and understand the nature of the propcwed 
research activity In which By child, • Is to be Involved. 
I have been Informed of the need for the research and the rUti {evolved and may withdraw 
my child from participation at any time throughout the coarse of the research activity. 
1 alto understand that this consent form will be filed op as area designated by the Human 
Subjects Committee with access restricted to the principle investigator or authorized 
representatives of the particular department. A copy of this consent from is available 
to me upon request. In addition, 1 understand that Dr. T. C. Lohtnaa (626-1088) will provide 
more Information whenever necessary, .. 

Signature of parent/Guardian Due 

Child's name 

Dr. Lohman has explained what he wants me to do for him, and 1 understand hit explana
tion. 

Child's signature Pare 

1 have carefully explained to the subject the nature of tbe above project. I hereby certify 
that to the best of my knowledge the subject who Is signing this consent form understands 
clearly the nature, demand, benefits and risks involved is participating in this study. 
A medical problem or language or educational barrier has not precluded this understanding. 

Investigator's signature Date 

TCLiJm 
UW-3.-J2 
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DATA COLLECTION SHEET 
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APPENDIX F 

INTERPRETATION OF 
BLOOD PRESSURE AND BODY COMPOSITION RESULTS 

SENT TO PARENTS OR GUARDIANS OF SUBJECTS 



BLOOD PRESSURE WTEKPfcgTATTOH 

The measurement of arterial Mood pressure Involve* two readings, lyitolic and diastolic. 

The former U the higher of the two pressures, and It I* taken while the heart is pumping 

blood Into the arteries (during systole). The latter Is the lower or the two pressures, and 

it is taken between heart beats (during diastole). In adults high btood preuure or hypertension 

Is defined at persistently elevated readings of greater than or equal to 140 and 90 mmHg 

for systolic and diastolic pressures, respectively. IA children and adolescents such absolute 

classification values are not yet available; Instead, their readings are compared to others 

of their own age and sex. This comparison Involves the use of percentiles, and Table 4 below 

(reprinted from the Report of the Second Task Force on Blood Preuure Control In Children 

• 1967, Pediatrics 79(1), p. 7) uses percentiles to define normal, high normal and high blood 

pressure in children and adolescents. 

Mr^* 
Nonul BP . Systolic md *""'1" BP* 

<S0th ptnaotik to «ad 
H Hifb Dormil BP* Annft (yitolk tad/or mngi 
diutclic BP binwa SOtij 
ttd 9Sth pamstilM far t|t 
nd MS 

Hl̂ i BP (bypmra* Annft «jr*u>lic ud/er a*safi 
•no) itirirnlir BP> kSStb penm-

Olforic* <ad act with bm-
macou obuifitd <a at 
l—ttfcm nrr—inni 

• If tb* BP iwdini i> hi(b soraui fcr ip, bus en b« 
•ecmatad for by tun* bo|it for ip at nan |ms body 
mi— for «fr,wcbcluldRaincoD^dmdtohmooinal 
BP. 

Your child bad an average systolic reading of mmHg and an average diastolic 

reading of mmHg; these values correspond to the _____ and 

percentiles, respectively. This means that % of other children of the same age 

and sex have systolic blood pressures equal to or lets than you child and that % 

have diastolic blood pressures equal to or lets than you child. Finally. It should be noted 

that one elevated reading Is not Indicative of hypertension! only follow-up readings can 

confirm the presence of either high normal or high blood pressure. 



BODY COMPOSITION AN ESTIMATE OF PERCENT FAT 
mmm mmm Wfc«w—» 

Nam* SUBJECT 

fige 12.0 years old. Waight 12B.0 lbs Height 63.0 in 

SKINFOLDS! Tricap 12.0 MI Calf 8.0 am 

Vour percent fat can be estiaated from two skinfold aeasureaents. A 
skinfold Is a double layer of skin plus tha underlying fat tissue ti.a. a 
pinch). About one half of your body fat is located near the surface of 
/our body between the skin and muscle. The fat content of your body ranges 
rroni S to SOX in children and youth. Skinfolds offer a sore accurate method 
i-f estimating body fatness than height and weight. Soae children are ovei— 
weight, but not overfat because they carry aore auscle and bone than average 
ior their size. They are heavy for their size, but not overfat. Measuring 
body fatness in a more direct way such as skinfolds enables one to more 
accurately estimate overfatness. The optimal range for percent fat has 
seen established for children and youth from B to 17 year* of age (see 
n»rt below). Skinfolds are measured in aillineter*. In the chart below 
• ne sum of two skinfolds is presented along the top of the chart and the 
.-.otresponding percent fat content of the body is presented on the bottom 
of the cnart. Inside the chart are indicated low, optiaal and high 
ranges. Vour percent fat has been estimated and is indicated under the 
.hart along with a plus or minus 3% error (this error cones about because 
'Fliticn between two skinfolds and percent fat is not perfect. 

VOUR PERCENT FAT FROM BUM OF TRICEPi AND CALF SKINFOLDS IE 16.9X 

Skinfold sum m 
•j ' 10 IS =0 25 30 3S 40 43 SO SS 60 65 70 mm 

:VEF(V!L0W ! OPTIMAL !M0D- J H16H I VERY 
:LOW : : RANGE :HIGH : I  HIGH 

6'/. 10% I Z X  •  20% SaX 312 33X 421 Percent fat 
/\ 

t  i :  t  

13.9 l: 19.9 
16.9% fat 

You are here 

Check the chart above to find the range of fatness you are in (very, 
high, hign, moderte high etc.) A person with high body fatness can become 
healthier by decreasing his fat content white growing. As an adult he 
would be less likely to have diabetes, heart disease, stroke, hypertension 
and a number of other diseases if body fatness la aaintained between 
10 and 237.. A sun of skinfolds below 10 M correspond* to a low percent 
fat. If you are in the 1dm range, you aay want to increase your weight by 
a few pounds because some fat is essential for growth and health. For 
some children, values are a symptoa of undernutrition and It would be 
-.elpful to look at your diet more closely to make turese* If you are 
eating an adequate amount of protien, calories, and other nutrient*. 
On the other hand, some children are naturally lean and low skinfolds 
represent no special problem. 



YOUR BUM OF SKINFOLDB COHPARED WITH NATIONAL NORMS ON CHILDREN AND VOUTH. 

Thouundf of children all over the (Jmtad St*tH have b«n •••mured 
for skinfolds and national norn have bean established for children 6 to IB 
year* of age. These norm are based on the sua of two skinfolds and are 
indicated as percentiles. The percentiles are set up so that a low skin
fold corresponds to a high percentile. If you are close to the average 
child, your skinfolds will be between the 40th and 60th percentile. If you 
are on the lean side your percentile Mill be at the 70th or greater, but if 
you have considerable extra fat, your percentile wilt be 1dm. You can use 
the chart below to compere yourself with other children of your age and 
xmx. Ideally you would like to be between the 30th and Berth percentile 
for optimal health as shown. 

Percentile norms 

Norm I OPTIMAL RANGE i 
four sum ave O 10 20 30 40 SO 60 70 BO 90 99 

ro.o 22.0 :«•»—— 

iur* are in the 30th percentile. 

OPTIMAL HEIGHT RANGE 

From your prusent body weight and percent fat we can calculate a 
inore optimal body weight range for your age. If you stay within this 
- ange, it will help you become a healthier person. As yDu grow each year 
in muscle and bone this optimal weight range will increase until you stop 
growing. The chart below shows a minimal, optimal and Maximum weight based 
jn your body fatness. 

I1INIMUM WEIGHT OPTIMAL RANGE HAXIKUM WEIGHT 

113.2 118.2 133.0 141.8 
(in pounds) 

Your weight Is 128.O lbs. 
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