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ABSTRACT
THE INFLUENCE OF ZINC ON GROWTH
AND DEVELOPMENT AND ON ENERGY INTAKES
OF CHILDREN WITH CHRONIC RENAL FAILURE
By

Dorothy Wermuth Hagan

This investigation assessed whether zinc acetate
supplementation (2mg/kg BW, maximum 40 mg/da/child) in
Children with End Stage Renal Disease, improved energy
intakes and, in turn, growth and development. Twelve children
completed the study. Three of ;he twelve did not receive
zinc supplement. Seven of the 9 supplemented children, were
followed for 1 year before supplementation and 1 year after
supplementation. The remaining 2 subjects were followed for
shorter periods of time both pre- and post-supplementation.

Height, weight, mid-arm circumference, triceps fatfold,
hand wrist radiographs, and Tanner Staging measurements, were
taken at the beginning of the study, prior to zinc
supplementation, and at the end of the study period.

Clinical analyses for serum sodium, chloride, potassium,
calcium, phosphorus, magnesium, alkaline phosphatase, total
protein, albumin, blood urea nitrogen, creatinine, and 002
were routinely completed monthly. Simultaneously, plasma

Zzinc and copper and erythrocyte zinc and 3 day food diaries



were completed. Food diaries were then analysed for energy,
protein, calcium, iron, phosphorus, sodium, potassium, and
zinc intakes using the Michigan State University Nutrient
Data Bank and compared to the standards resulting from HANES
I and II data.

Mean growth velocity in males was 4.07 +/- 2.02 cm/yr
(non-supplemented), 2.98 +/- 2.33 cm/yr (supplemented) and in
females, 3.88 +/- 0.73 cm/yr (non-supplemented), 3.28 +/-
2.10 cm/yr (supplemented). There were no significant
differences between the supplemented and non-zinc
supplemented males or females in growth velocity. Bone
maturation as determined through hand wrist radiographs,
improved in 4 of 6 zinc supplemented subjects. Mean plasma
zinc and copper levels before zinc supplementation were 97.1
+/= 17.1 mcg/dl and 164.2 mcg/dl, and after supplementation,
101.9 mcg/dl and 172.8 mcg/dl, respectivley. There were no
significant differences in the plasma zinc or copper levels
with or without zinc supplementation. Before zinc
supplementation, 50%, 92% and 42 % of the subjects met 67% of
their RDA for age and sex for energy, protein, and zinc,
repectively. After zinc acetate supplementation, the
percentage of subjects meeting 67% of the RDA for energy,
protein, and dietary zinc were 67%, 100%, and 67%,

respectively. There was a trend toward increased dietary




energy, protein,

supplementation.

and zinc intake with zinc acetate



DEDICATION

This dissertation is dedicated to twenty-six children
with Chronic Renal Failure at Children's Hospital of Michigan
who participated in this investigation. In working with
these children over more than a two year period, one is
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to increased knowledge will benefit future children with
Chronic Renal Failure. This investigator and future

benefactors appreciate their help and sacrifice.
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I. INTRODUCTION

Chronic Renal Failure (CRF) has been associated with
retarded growth in children (West and Smith, 1956; Betts and
Magrath, 1974; Mehls et al, 1978; Potter and Greifer, 1978).
In comparing a number of studies, Potter and Greifer (1978),
report growth failure in 35 to 65 percent of all children
with CRF. Growth failure in children with CRF has been
associated with azotemia, acidosis, hyposthenuria, renal
osteodystrophy, endocrine dysfunction, energy deficiency,
abnormalities of protein metabolism, and treatment by
glucocorticoid therapy (Pot;er and Greifer, 1978).

Reports in the literature relative to the effect of
energy levels are controversial. Betts and Magrath (1974)
found a significant correlation (r=0.72; p<0.001) between
growth velocity, expressed as percentage of expected 50th
percentile, and energy intake, expressed as percentage of
kilocalories recommended for age. Normal growth would be
expected in their study with an energy intake above 80
percent of kilocalories recommended for children in the
United Kingdom. Likewise Simmons et al. (1971) determined
that 70 percent of the Recommended Dietary Allowances (RDA)
for energy must be consumed by uremic children to achieve

growth. Subsequent work by Betts et al. (1977) showed that a






mean energy increase of 8.4 percent did not increase growth

velocity. Betts et al. (1977) therefore concluded that
decreased energy is a related factor to growth retardation in
children with CRF, but not necessarily the only causal
factor.

Zinc deficiency has also been associated with growth
failure in children (Prasad, 1961). In 1963, Prasad (1963),
determined that the failure of male Egyptian youths to grow
was due to a zinc deficiency. Subsequently, Walravens and
Hambridge, (Walravens and Hambridge, 1976) demonstrated low
hair and blood zinc levels in infants in the United States.
With zinc supplementation, the male infants demonstrated
improved body length and weight.

The purpose of this investigation was to assess whether
zinc acetate supplementation of children with End Stage Renal
Disease (ESRD) improved energy intake and accelerated growth

velocity and physical development.




II. LITERATURE REVIEW

A. Growth

Introduction

Growth and physical development of children are
genetically predetermined. The normal rate of growth,
however, can be influenced by such nutritional factors as
undernutrition, overnutrition, or an imbalanced nutrient
intake (Lowrey, 1978). Other factors influencing the growth
and development of humans, both pre- and post-natally are
thoroughly discussed in the treatise of Faulkner and Tanner,
Human Growth, Vol. I,II,III, 1978-1979.

Humans follow a normal progression of growth and
development if provided with the appropriate environmental,
physical, and social factors. Growth is the process of
increasing in physical size while development is the gradual
unfolding of the genetic potential of the organism.

Anthropometry, radiography, and chemistry have been used
to measure human growth and development. Tanner and
Whitehouse (1966, 1975, 1976) used physical measurements tc
determine changes in height, weight, and somatic growth of
children. Skeletal maturation through use of radiographs was

studied by Gruelich and Pyle (1950, 1959). Macy (1942




followed changes in the chemical composition of blood and
urine in a pediatric population. Standards have been
developed from these early works (Tanner and Whitehouse,
1966, 1975, 1976; Gruelich and Pyle, 1950, 1959; Macy, 1942),
and from subsequent studies (Hamill et al. 1979; National
Research Council, 1980). These standards are now used to
assess deviation from normalcy of an individual or group of

individuals.

Standards for Measuring Growth

Anthropometric

Robert's Nutrition Work With Children, (Martin, 1954)

clearly summarizes the early standards developed to evaluate
normal growth and development of children in America.
Martin, (1954) credits Bowditch from the Harvard medical
school with carrying out the first American study on height
and weight in about 1872. According to Martin (1954), the
Baldwin-Wood Weight-Height-Age Tables (1923) for boys and
girls were the most complete and accepted tables in the early
1900's. 1In 1941, Dr. Norman C. Wetzel of Cleveland, Ohio
developed the Wetzel Grid for evaluation of what he

termed "physical fitness" (Wetzel, 1941). Wetzel (1941)
wviewed growth as a form of motion on three planes; quantity

of growth, agents that control growth, and energetics of



growth. Martin (1954) explains that physicians found this

grid an effective screening device and it was generally used
by health workers both in this country and abroad. The
Stuart-Meredith Growth Tables of 1946 were developed from
research conducted by each investigator individually: Stuart
in Boston; Meredith in Iowa (Stuart and Meredith, 1946).
This collaborative effort resulted in the use of five
measurements to evaluate physical growth of school children
and replaced the previous standards. Height, weight, chest
Circumference, hip width, and leg (calf) girth were found to
be reliable indicators of satisfactory growth. Percentile
rankings for each measurement and each age were calculated
and graphs developed. Meredith then in 1949 published the
Meredith Physical Growth Record (Meredith, 1949). The Iowa
Growth Charts for each sex were developed as a simplified
form of the original data. They were to be used to assess
the physical growth of Iowa school children.

Recognizing the regional limitations of previous studies
and the apparent gradual increase in the size of the American
Population, the 84th Congress in 1956, authorized the
National Health Survey. The studies resulting from this
mandate consisted of five Health Examination Studies (HES)
conducted through the National Center for Health Statistics
(NCHS). Two of these health studies, HES IV and V introduced

the specific focus of nutrition. These two studies are also




known as the Health and Nutriton Examination Studies (HANES I

and II). The NCHS growth charts were derived from data
collected in HES II, III, IV, V and information from the Fels
Research Institute, Yellow Springs, Ohio (Hamill et al,
1977). Charts for both males and females, ages 0-36 months,
and 2-18 years were developed as smoothed percentile curves
representing almost 70 million American children (Hamill et
al. 1979).

A study group consisting of the American Academy of
Pediatrics, the Maternal and Child Health Program, Public
Health Service, and the Department of Health, Education, and
We 1fare recommended that one set of data for all races would
be sufficiént for practical purposes (Hamill et al. 1977).
The NCHS charts are commonly used today as the best standards
to evaluate the growth of American children regardless of
©thnic origin or regionalization.

In addition to height and weight standards, other
anthropometric measurements have been developed to evaluate
body composition (Falkner and Tanner, 1978-1979). Among
these are the triceps skinfold (TSF) to estimate body fat and
the upper arm muscle circumference (AMC) to estimate lean
b°dy mass. Seltzer et al. developed a reasonably precise

Mmethod (r=0.795) for estimating the degree of obesity in
Obese female adolescents using the TSF measurement (Seltzer

€t al. 1965). Durnin and Rahaman (1967) achieved




approximately a 0.80 correlation coefficient between skinfold

thickness and body density in a study on British adults and
adolescents. Regression equations were calculated to predict
body fat from the skinfold measurements with an error of
about +/- 3.5%. Durnin's formulas (Durnin and Womersley,
1974) are widely used today in the evaluation of skinfold
data.

The Ten-State Nutrition Survey (TSNS), was approved by
congress in 1967 (USDHEW, 1972). It provided the first
comprehensive, single-source, life span data on body
composition through the use of anthropometrics in the United
States or any other country (Garn and Clark, 1975). HES
cycle II data provided information on skinfold thickness of
children in the United States (Johnston et al. 1972; Johnston
et al. 1974).

Visweswara et al. (1970) studied the relationship of
anthropometric measurements to nutritional status. Results
of their study indicated that anthropometric measurements,
especially the weight/height index were influenced by
protein-calorie malnutrition. Forbes and Amirhakimi's (1970)
work confirmed the data of other investigators showing that
there is a linear relationship between skinfold thickness and
body fat in normal children. Their data show that the
average of six fatfold measurements obtained a higher

correlation coefficient than the use of only one fatfold




measurement (Forbes and Amirhakimi, 1970).

Radiographs

Roche (1978) credits Howard in 1928 with presenting the
first radiographic data on the evaluation of growth through
skeletal maturation. Baldwin et al. (1928), studied the
bones of the hand, wrist, and lower forearm of children by
means of roentgenograms to evaluate their anatomic growth.
Gruelich and Pyle (1959) credit Todd who was director of The
Brush Foundation, Cleveland, with gathering information on x-
rays of the hand and publishing these data in 1937 in Todd's
Atlas for Skeletal Maturity: I The Hand. This atlas was the
predesessor to the standard atlas used today, Radiographic

Atlas of Skeletal Development of the Hand and Wrist by

Gruelich and Pyle (Gruelich and Pyle, 1959). Tanner and
Whitehouse (1975) developed the TW2 (Tanner and Whitehouse 2)
method to asses skeletal maturity. Depending on the level of
nine maturity indicators or stages for each bone, numerical
scores are assigned to 20 bones of the hand and wrist (Tanner
and Whitehouse, 1975).

Tanner et al. (1975) also developed a method for
predicting adult height based on the TW2 method. Bayley's
Bone Age (Bayley and Pinneau, 1952) was developed earlier to
predict adult height and was based on the work of Gruelich

and Pyle.







The TSNS of 1967 also provided valuable normative data
on the effects of nutritional status on ossification timing,
bone remodeling, bone lengths, and bone proportions during
growth (Garn and Clark, 1975). At the request of NCHS, Dr.
S. Idell Pyle was asked to "assemble a standard of skeletal
maturity from the Gruelich and Pyle Atlas for assessment of
HES, cycle II radiographic data on children, aged 6-11 and
12-17 years" (Abraham et al, 1979). NCHS publications refer
to this as the HES Standards (USDHEW, Series 11, no. 140,

1974 and no. 160, 1976).

Dietary .

It is generally accepted by many authors that growth is
influenced by the nutritional status of the individual
(Falkner and Tanner, 1978-1979; Martin, 1954; Lowrey, 1978;).
Therefore, methodology relating to the collection and
evaluation of nutrient intakes becomes important in the
evaluation of growth.

Burk and Pao (1976) summarized the evaluation of four
quantitative dietary collection methods used in surveys of
food intakes of individuals. The weighed record, estimated
record, 24-hour recall, and the dietary history are compared
using the following criteria: reliability relating to
sampling and repeatability of data; validity; respondent

burden; field survey costs; and data processing costs.
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Validity is further subdivided in terms of being accurate
(absence of systematic error), concurrent (two measures of
same concept), construct (degree to which variability in
concept is measured), and representative (measure on level
taken as an indicator on more general level). The results of
this comparison indicate that no one method was consistently
advantageous. Therefore, Burk and Pao (1976) recommend that
researchers decide which trade-offs are most relevant to
their objectives.

The TSNS was the first and most comprehensive attempt to
survey the dietary intakes of Americans at all age levels
(Garn and Clark, 1975). Approximately 16,000 children
Participated in the pediatric age group. A one day recall
Was the method used in this survey. Results showed that "the
absolute intakes of energy (calories) and of all the
Nutrients examined reflected socioeconomic status", (American
Academy of Pediatrics, 1975) and that the quantity of food
Was the major dietary problem disclosed (Garn and Clark,
1975) .

HANES I was conducted between April, 1971 and June,

1974, This was the first program to collect measures of
Nutritional status for a scientifically designed sample
representative of the U.S. civilian, noninstitutionalized
Population in a broad range of ages, 1-74 years (Abraham et

al. 1979). HANES II was started in February, 1976 and ended
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in December, 1979. The focus of HANES II was to examine
population subsets within the ages of 6 months to 74 years
(Carroll et al. 1983).

The Recommended Dietary Allowances (RDA) were first
published in 1943 to "provide standards serving as a goal for
good nutrition" (National Reseach Council, 1980). The RDA's
were published in 1943 to determine how much manpower to
direct to growing food to provide the necessary nutrients
through food for a nation at war. The RDA's are now in their
ninth revision and are based on the best scientific
information available. RDA's are nutrient consumption
recommendations for healthy population groups. The RDA's are
recommendations that cover 95% of the nutrient needs for 95%
of healthy people (National Research Council, 1980).

Standards established to evaluate the HANES I dietary
intake data were from a variety of sources. Iron, thiamine,
and riboflavin were evaluated using standards from the 1968
recommendations of the Food and Nutrition Board, National
Research Council while calcium and vitamin A standards were
closer to Food and Ariculture Orgainization/World Health
Organization recommendations (Abraham et al. 1979). HANES
data can now be used to compare intakes of subpopulation
groups to the normative data for the total U.S. population

(Abraham et al. 1979).



B. Growth and Chronic Renal Failure

Introduction

The etiology of Chronic Renal Failure (CRF) in children
is discussed by Boyer (1984). Broad categories presented by
Boyer (1984) include: glomerulonephritis, pylonephritis and
urinary tract malformations, renal dysplasia/hypoplasia,
hereditary diseases, systemic diseases, vascular diseases,
and miscellaneous other diseases (Boyer, 1984). The primary
diseases leading to End Stage Renal Disease (ESRD) vary with
age. Treatment for CRF varies somewhat with the primary

diagnos;s, the degree of renal insufficiency, and individual

Variation (Boyer, 1984).

Holliday outlines the progression of renal insufficiency
(Hclliday, 1976). Uremia occurs when the glomerular
filtration rate (GFR) reaches a severity of 15-25 percent of

Normal functioning mass (Holliday, 1976). With the onset of

ESRD, artificial means of removing the waste products of

Metabolism become mandatory. Methods commonly used include

hemodialysis (HD), intermittant peritoneal dialysis (IPD),

And continuous ambulatory peritoneal dialysis (CAPD). The

Method of choice will depend upon dialysis center objectives
And individual patient variation (Tenckoff, 1974). Dialysis

is indicated when the blood urea levels are greater than 150
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mg/d1 and serum creatinine reaches 6-8 mg/dl.

Blood values of patients with CRF are normally monitored
to determine the extent of uremia and asymptomatic changes.
Normal ranges of commonly monitored blood values as used at
Children's Hospital of Michigan are given in Table 1.

Medications and purpose of each medication commonly used
to treat children with ESRD are listed in Table 2. Three of
these medications, multivitamin preparation, folic acid, and
Rocaltrol (vitamin Dj), are nutrient supplements necessary
for either replacement of dialysate losses or replacement of
Products normally metabolized in the kidney (Nelson and
Stover, 1984; Holliday et al. 1979). Amphojel and Dialume
are trade names for aluminum hydroxide which is used in renal
Patients for its phosphate binding properties. Side effects
include a decreased absorption of vitamin A, possible
Osteomalacia, constipation, anorexia, decreased weight,
gastrointestinal cramps, a chalky taste and the inactivation
of thiamin. Aldomet and Apresolene are both trade names for
antihypertensives. Aldomet can result in drowsiness, dry
mouth, diarrhea, edema, depression, nausea, and increased
Weight. Hemolytic anemia can occur with an increased need
for vitamin By, and folic acid. An increase in serum
alkaline phosphatase and creatinine, transaminase enzymes,

and bilirubin are also seen with the use of Aldomet.

Apresoline, can result in anorexia, gastrointestinal
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distress, dizziness, tremors, constipation, blood dyscrasias
and an increased need for pyridoxine. Phenobarbitol, an
anticonvulsant, can increase the turnover of vitamin D and K
in children resulting in rickets, decreased bone density, or
osteomalacia. Other side effects of phenobarbitol may also
include increased appetite, nausea, vomiting, and anorexia.
Calcium carbonate, or Tums, is an antacid which can also be
used as a calcium supplement. Calcium carbonate can result
in infrequent hypercalcemia with alkalosis and decreased
absorption of magnesium. Side effects of calcium carbonate
include chalky taste, belching, nausea, constipation, and
steatorrhea (Powers and Moore, 1983).

The aims of appropriate dietary and pharmacological
Management are to (1) improve or stabilize renal function,
(2) promote growth, and (3) permit the child to continue a
normal life (Hollerman, 1979). Various reviews, (Fine and
Gruskin, 1984; Pediatric Clinics of North America, 1979) are
available on the nutritional and medical management of
children with CRF.

In evaluating the growth in children with CRF, growth
Velocity (cm/yr) and standard deviation score (SDS),
(Falkner, 1962), also known as the Z-score (Snedecor and
Cochran, 1968), are usually used. Potter et al. (1978)
recommend the use of the SDS because "normal" growth velocity

is not known. These two methods of reporting results make
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comparison of data difficult. References on growth in
children with CRF differ in the populations studied. Growth
velocity of children differs according to whether they have
renal insufficiency, ESRD requiring dialysis, or kidney

transplant.

Growth Implications

Children with CRF often have impaired statural growth
(Potter and Greifer, 1978). West and Smith, (1956) in an
attempt to elucidate the cause of growth retardation in renal
disease, categorized the various factors into calorie
insufficiency, chronic acidosis, or primary endocrine
abnormality.

Nash et al. (1972), studied a group of nine children
With the presenting complaint of growth failure. Evaluation
of these children revealed an alkaline urine and renal
tubular acidosis of the proximal or distal type. In this
sample population, with alkali therapy, growth improved from
below the third percentile for height age to the third to
tenth percentile. Three patients achieved the twenty-fifth
to fiftieth percentile for height. These patients were not
Azotemic. Metabolic acidosis may impair the biological
activation of 1,25-dihydroxyvitamin D3 (Norman, 1982). Ten
children with type I renal tubular acidosis, were studied for

growth by McSherry (1978). Results of this study showed that
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correction of the acidosis could be achieved with alkali
therapy. The alkali requirement was sometimes in excess of 5
mEq of bicarbonate per kg of body weight per day. She
concluded that with sustained correction, children will
attain normal stature (McSerry, 1978). The oldest child in
this study was 3.5 years with 7 of the ten children aged less
than 4.5 months. Kohaut (1983), in a study on eleven patients
undergoing CAPD for at least one year, showed a 0.274
positive, but weak, correlation between serum 002 plotted
against growth. However, the level of significance is not
noted in the article. Patients in this study had a mean
height growth velocity of 0.69 cm/month as compared with an
expected velocity of 0.73 cm/month.

Malnutrition will cause growth failure in otherwise
normal children as well as children with CRF (Potter and
Greifer, 1978). Malnutrition can be the result of inadequate
energy, vitamins, and or minerals. Current dietary
treatment for patients in renal failure is to decrease the
dietary protein and maintain an adequate mineral intake based
on measuring the blood mineral levels. Energy requirements
are met by increasing carbohydrate and fat intake.
Multivitamin supplementation, 1 tablet per day, plus 1 mg of
folic acid is normally given (Holliday, 1979; Wassner,1982;
Nelson et al. 1984).

Simmons et al. (1971), and Betts and Magrath (1974)
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established that adequate energy intake must be provided to
achieve normal growth in uremic children. Simmons et al.
(1971) determined that approximately 70 percent or more of
the RDA for energy was compatible with growth in their
patient population while Betts and Magrath (1974) determined
that an energy intake of 80 percent of the United Kingdom's
recommended allowances was required for normal growth to
occur in their uremic patients.

Work done by Boyer et al. (1974) demonstrated that a
caloric intake meeting the RDA did not guarantee normal
growth. In subsequent work done by Betts et al. (1977), 80
Percent of the energy recommendation for children in the
United Kingdom, plus an additional 8.4% mean energy
Supplementation, did not increase growth velocity even though
some patients reported "improved well-being". These studies
suggest that decreased energy intake in children with CRF is
a related factor but not necessarily the only factor in their
growth retardation.

CAPD patients obtain additional energy through the
absorption of glucose from the dialysis solution. An
investigation by Brown et al. (1973) demonstrated that 10 to
60 grams of glucose (40-240 kilocalories) per liter of
dialysate may be absorbed during peritoneal dialysis.
Likewise, De Santo et al. (1982) found that up to 140 gm/day

(560 kilocalories) of glucose could be absorbed by children
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during CAPD therapy while Moncrief et al. (1985) cites higher
amounts depending upon the number of exchanges and the
concentration of each exchange daily. The amount of glucose
absorbed is related to glucose concentration, absorption
being almost complete within the first thirty minutes (Brown
et al. 1973, Moncrief and Popovich, 1985).

Both Arnold et al. (1983) and Takala (1982) used
aggressive nutrition therapy to improve the nutritional
status and growth in renal patients. Arnold et al. (1983)
worked with 12 children aged 2.5-11 years (9 males, 3
females) and demonstrated a 5.68 +/- 0.26 cm/yr growth
velocity with glucose polymer supplementation versus 3.90 +/-
0.58 cm/yr without supplementation. Each child served as
his/her own control and was followed for one year both pre-
and post-supplementation. All children were at least two
Years prepubertal prior to initiation of the study. Arnold
et al. (1983) concluded, however, that the nutritional
deficit was small, but improved growth was seen when
Supplementation was given to patients ingesting less than 75
Percent of RDA calories for height. Serum albumin
Cconcentrations also increased significantly (p<0.05) which
Provided additional evidence that a dietary deficiency was
corrected. It has recently been reported (Kelley et al.

1984) that glucose polymers enhance the intestinal absorption

of calcium in a liguid formula diet or in an aqueous
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solution. Takala (1982) used total parenteral nutrition or
continuous enteral nutrition to supplement three young renal
patients (2 infants, one 4 year old). These patients had
cessation of growth or deteriorating growth prior to the
aggressive nutritional therapy. Results demonstrated a
restoration of growth without an unreasonable urea
production.

Kleinknecht et al. (1980) followed 76 children with ESRD
for more than one year to evaluate growth velocity and the
relationship between bone length gain and bone maturation.
Forty-five boys and 35 girls, aged 16 months to 16 years were
followed for a mean of 29.6 months (boys) and 30.7 months
(girls). A mean annual loss of length for age, compared to
French national standards, was 0.4 SD/year for boys and 0.38
SD/year for girls. With dialysis, approximately one third of
the patients showed a satisfactory growth rate (but no catch-
up growth), one third had a moderately reduced growth rate
and one third had severely impaired statural growth. The
diet for this population was calculated to provide 75 percent
of protein of RDA for children of similar height. Increased
calories were provided using lipid and carbohydrate
supplements. Kleinknecht et al. (1980) also demonstrated
that the level of bone maturity was retarded for
chronological age thus increasing the time span for statural

growth to occur. In boys the level of bone maturity for
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puberty (a bone maturation score between 138-158) occurred at
ages 15-18 years. In girls a bone maturation score of 134-
142 was reached between the ages of 14-16 years. Onset of
puberty for normal children occurs at a bone maturation score
of 130. This equates with a bone age of 13 for boys and 11
for girls. Therefore, it appears that the potential for
growth is maintained throughout childhood and until pubertal
growth and bone maturation occur.

Kleinknecht et al. (1980) also concluded that growth
velocity remained constant over several years of dialysis
treatment and that children with the most retarded statural
growth at the beginning of dialysis showed the best growth
rate under dialysis treatment. Lowered serum creatinine
levels were significantly related to improved growth. The
techniques and schedules of dialysis have not previously been
related to growth but Kleinknecht et al. (1980) state that
the efficiency of dialysis and the accumulation of waste
products, as demonstrated by serum creatinine, may play a
role. Seventeen children aged 0.4-18.5 years receiving CAPD
treatment, were studied by Stefanidis et al. (1983) for at
least 5 months and compared to 18 children undergoing HD and
20 children who had received a renal transplant. Stefanidis
et al. (1983) concluded that significantly (p<0.001) better
growth was seen in patients treated by CAPD than in those

receiving HD and that the treatment with CAPD did not show
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significantly different growth rates from those of children
who have kidney transplants.

Other studies dealing specifically with CAPD provide
additional information. Williams et al. (1983) concluded
that patients on CAPD may be in longterm negative nitrogen
balance if their protein intake is maintained at 1.0 g/kg/day
or less. Balfe et al. (1981) studied 10 patients less than 6
years old and 9 patients older than 6 years for 6 months.
These investigators demonstrated a growth rate of 0.31 cm per
month with a range of 0 to 110 percent of absolute growth
compared to predicted. Children less than 6 years of age
also appear to lose greater amounts of protein (gm/kg/day),
but absorb greater amounts of glucose (mg/dl) through the
dialysate than children over 6 years.

Salusky et al. (1982) evaluated the effect of CAPD
therapy on children with CRF who had previously been treated
by either HD or IPD. They found a mean growth velocity of
0.35 cm/month as compared to a normal growth rate of 0.5
cm/month in 9 patients, ages 1.5 to 11.4, on CAPD therapy for
more than 6 months. They reported a significant decrease
(p<.002) in mean serum total protein levels and a trend
toward a decrease in serum albumin levels with the CAPD
treatment. Energy intake was evaluated in twelve patients,
including the 9 patients evaluated for growth velocity.

Three of the 12 averaged less than 75 percent of the RDA
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while the remaining 9 each had an average energy intake of 82
percent of the RDA for children of the same height and sex.
They reported that the amount of energy absorbed through the
dialysate was 7.8 kilocalories per kg per day. Data for a
comparison of growth and energy intake for each subject were
not presented.

A more comprehensive evaluation on the nutritional
status of 24 children undergoing CAPD was presented by
Salusky et al. (1983). The patient population was divided
into children less than 10 years (9 patients) and those 10
years and older (12 patients). Four younger children and 6
older children had a total energy intake (diet plus
dialysate) of less than 75% of the prescribed intake (the RDA
for energy and a minimum of 3.0g/kg/day of protein for
children less than 5 yrs old, 2.5g/kg/day for 5 yrs to
puberty, 2.0g/kg/day during puberty and 1.5g/kg/day
thereafter). Growth, as determined by TSF, mid-arm
circumference (MAC), height, and weight for chronological age
and sex, was significantly reduced in the younger group,
while the same was true for height and weight and MAC in the
older age group. The MAC, however, was normal when evaluated
against height per age. The TSF for the older group of
subjects was normal. Serum total protein, albumin and
transferrin were low and the amino acid concentrations were

altered and similar to the pattern seen in children with
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chronic uremia and malnutrition. A significant direct
correlation was found between the TSF, expressed as Z-scores

for chronological age (r=0.60,p<0.01) and height/age

(r=0.70,p<0.001), and the duration of CAPD therapy. The
authors conclude that these positive correlations indicate
CAPD can promote "catch-up" accrual of body fat probably

related to glucose absorbed from dialysate and that a weak

correlation between Z-scores for MAC and duration of CAPD
(r=0.43,P<0.05), supports the possibility that CAPD improves
the nutritional status of pediatric ESRD patients.

Continuous cycling peritoneal dialysis (CCPD) is a
variation of CAPD (Brem and Toscano, 1984). CCPD is a
combination of CAPD and IPD. Dialysis exchanges are made
during the nighttime hours and a prolonged dwell is left in
the abdomen during the day. Brem and Toscano (1984),
compared growth in six patients on HD with 7 children
maintained on CCPD. In the three patients on HD who had not
reached puberty, linear growth averaged 3.5 +/- 1.1 cm/year,
while in 6 of the pre-pubertal children maintained on CCPD,
the growth velocity was 3.2 +/- 1.7 cm/year. Both groups
ingested approximately two-thirds of the recommended age
adjusted caloric intakes. Brem and Toscano (1984), concluded
that no form of dialysis treatment holds any advantage over
another in terms of growth in children with CRF.

Delayed sexual maturation has also been shown to occur
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in children with ESRD. Hutchings et al. (1966) describe a 15

year old girl, treated by hemodialysis, who had decreased

growth and sexual maturation. Menstruation had not begun and

there was no breast development or axillary hair. Likewise,

Lirenman et al. (1968) present a case history of a boy

maintained on dialysis from 16 months to 16 years. Growth

was below normal and puberty was delayed for age.






C. Growth, Renal Disease and Zinc

Introduction

Since the excretion of minerals in renal disease is
altered, much attention has been given to monitoring the Na,
K, C1, ca, and P levels. Little attention has been given to
monitoring Zn levels.

Prasad et al. (1963) established the relationship
be tween zinc deficiency and decreased growth in an adolescent
EQthian male population. Walravens and Hambridge (1976),
aANnQq Hambridge et al. (1972), likewise, established that zinc
defjcierxcy was present in infants in the United States and
Was associated with decreased growth.

When there is a zinc deficiency, depressed taste acuity
has been correlated with plasma levels of zinc in adults with
CRF (Mahajan et al. 1980). Anorexia is commonly observed in
Patients with CRF and leads to diminished energy intake
(Blendis et al. 1981; Wassner, 1982; Holliday et al. 1979;
Scharer and Gilli, 1984). Whether or not this anorexia is
the result of changes in taste acuity has not been
demonstrated.

The factors affecting the absorption of zinc have not
been completely elucidated. Dietary phytates and fiber

Qecrease the availabilty of zinc for absorption (Kelsay et
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al. 1979), while the presence of dietary calcium enhances the
binding of zinc with phytates (Prasad, 1978). Ronaghy et

al. (1974) found increased growth in an adolescent male
population who were supplemented with zinc carbonate as
compared to a control non-supplemented group. The diets of
both groups were the same and contained unleavened wholemeal
wheat bread rich in phytates.

The location of zinc absorption is presumed to be the
Upper jejunum (Matseshe et al. 1980). The absorption of zinc
is thought to be aided by a zinc binding ligand (ZBL) (Evans
€t al. 1975). Zinc appears to be secreted into the jejunum
After stimulation from the pancreas by a meal (Matseshe et
al. 1980) and therefore must be reabsorbed to maintain
Positive zinc balance.

Once absorbed, zinc is transported by a transport
Protein (Solomons, 1982). This transport protein is thought
to pe either albumin (Cousins, 1979) or transferrin (Evans,
1976) . Solomons (1982) presents an excellent review of the
intrinsic and extrinsic factors regulating zinc absorption.
Aamodt et al. (1981) found a 65 +/- 11% mean absorption in
Normal adult subjects using 10 micro Ci of carrier-free 65zp
Qdministered orally after a 14 hour overnight fast. Istfan

€t al. (1983) studied the absorption of ’°Zn in 4 healthy
¥oung men and determined that the fractional absorption of

=Zdinc varied directly with the stable isotope dosage given and
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that this fractional absorption increased after restricted
dietary zinc.

Using ®5zn, Aamodt et al. (1982) studied the
distribution, retention and excretion of zinc in 50 patients
with taste and smell dysfunction. Results of this
investigation revealed that 70% of the injected 552n activity
was in the liver within five to seven days and was retained
with a final biological half time (T1/2) of about 75 days.
The total distribution of zinc in the body was 60%-62% in
skeletal muscle, 20%-28% in bone, and 2%-4% in liver. The
Same group of investigators (Babcock et al. 1982) evaluated
the kinetics of oral zinc loading in this same group of
Subjects. They determined that 10% of the total body zinc
(2.1-2.5 g in normal subjects) was in a pool rapidly
SXchanging with plasma and the remaining 90% was postulated
to be in a single slow turnover pool which was probably
skeletal muscle. The kinetic curves which occur following
administration of oral zinc loading could be accounted for by
changes in gastrointestinal absorption and renal excretion.

In a study performed in rats by Jackson et al. (1982),
2inc depletion was associated with a low plasma zinc level
and an elevated plasma copper concentration. In these zinc
deficient animals, bone zinc levels fell to 1/3 the normal
level with zinc deficiency and remained significantly

(D<0.001) below the normal values upon zinc repletion while
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hair and skin zinc levels remained unchanged (Jackson et al.
1982). Jackson et al. (1982) also determined that the level
of zinc in the testes of zinc-depleted animals was
approximately half that of normal rats. McClain et al.
(1984), working with rats, determined that both zinc
deficiency and energy restriction produced hypogonadism and
suggest that the hypogonadism in zinc-deficient animals is
Principally attributable to Leydig cell failure. In order to
examine the relevance of the animal studies to man, Jackson
€t al. (1982) also measured zinc levels in a variety of
tissues from three patients with disturbed zinc metabolism.
The results of the investigation revealed decreased plasma,
but normal hair, skin and muscle zinc levels. Post mortem
Zinc levels were analyzed on tissues from one patient.
Results showed low zinc levels in bone, liver, and testes.
Zinc is excreted from the body primarily via the feces.
Secondary routes include urine and sweat (Underwood, 1977).
In a balance study on humans performed by Milne et al.
(1983), it was determined that 0.4-0.5 mg of zinc per day
Could be lost through sweat. The zinc lost via sweat was
Teduced by 50 percent or more when the amount of zinc given
Was reduced from a mean of 8.3 mg/day to 3.6 mg/day.
Research on zinc has also determined that renal tubular
disease leads to the failure of tubular reabsorption of zinc

(Beisel et al. 1978). During catabolic states, the excretion
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of zinc in the urine has been related to loss of muscle
tissue (Kirchgessner et al. 1978).

Zinc is a component of hundreds of enzymes and other
proteins. In animals, the alkaline phosphatase activity in
serum declines rapidly as a result of zinc deficiency. Bone
and kidney alkaline phosphatase activity may also decline

with zinc depletion (Kirchgessner et al. 1978).

Growth and Zinc

Studies with rats demonstrated that zinc is essential
for normal fetal growth (Hurley et al. 1966; Warkany et al.
1972), tissue development (McKenzie et al. 1975), and
MAaternal weight gain (Fosmire et al. 1977).

Prasad et al. (1963) published a classic study
assv::z:iating zinc deficiency with growth in a male Egyptian
adolescent population. Hambridge et al. (1972) later
Teported poor growth, hypogeusia, and zinc deficiency in an
Otherwise normal child population in Denver, Colorado.
Walravens and Hambridge (1976) measured weight, height, and
heag circumference in a healthy zinc supplemented and control
infant Population. Results of this investigation indicated a
Significant increase in the supplemented group for all three
Parameters in male infants. During clinic visits, parents of
all subjects were asked if their infants experienced

Constipation, diarrhea, or vomiting. The zinc supplemented
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group reported significantly decreased gastrointestinal
problems (p<0.005). Energy intake was the same in both
groups of infants studied.

In 1983, Walravens et al. (1983), supplemented a group
of low income children from Denver with zinc and compared
their linear growth with controls from the same population
pair-matched, for sex, age, and initial height for age
Percentiles. These children had low growth profiles and were
Presumed to be zinc deficient. During the first 6 months of
the study there was no significant difference between test
and control subjects although a trend for a greater height
increment was seen in the zinc supplemented boys c'ompared to
their pair-matched controls. However, at the end of 12
months there was a significant difference in height growth
Velocity between test and control groups and these
differences were primarily due to the increase in height gain
of zinc supplemented males. It was also noted in this study
that energy and protein intakes did not differ significantly
between the groups upon entry into the study, but were
Significantly greater in the zinc-supplemented group at the

®nd of the study period.

Z<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>