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ABSTRACT

Seasonal patterns of weight and length velocities were explored in a group of
fifty-five preschoolers. The study was conducted in Tucson, a city of the southwestern state of Arizona, during the period 1986 to 1988. Anthropometric data
(weight, length and arm circumference) were collected prospectively over a ten month
period using a mixed longitudinal design. Anthropometric measurements were taken
monthly within seven days of date of birth. In addition, food intake records for three
days a month and semimonthly morbidity records were collected by daily maternal or
caretaker's calendar recordings. Temperature and sunlight records were gathered
from climatological data archived by the United States Department of Commerce.
Descriptive statistics, analysis of covariance and periodic regression methods were
used to analyze the data. Weight and length-for-age were comparable at all ages to
the NCHS (National Center for Health Statistics) reference population. Periodic
regression models revealed a significant seasonal pattern in length velocity. Weight
velocity did not show any seasonal pattern. Respiratory illness, diarrheal disease and
otitis media showed seasonal patterns, with higher prevalence of respiratory illness
and otitis media in winter and diarrheal illness in summer. Analysis of covariance
models also showed significant seasonal patterns of respiratory and diarrheal illnesses.
Only diarrheal illness was significantly and negatively associated with weight velocity.
Similar analyses showed no seasonal patterns in nutrient inta1ces. When periodic
regression models were used to predict nutrient intakes, only vitamin C intake showed
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a seasonal pattern. Hours of sunlight did not influence seasonal pattern of length
velocity. Environmental temperature had a significant influence on the seasonal
pattern of length velocity, but not on weight velocity. The lack of a modifying effect
of sunlight on length velocity might be related to lower month to month variation.
Neither respiratory and diarrheal illnesses nor nutrient intakes contributed
significantly to the seasonal patterns of weight and length velocities.

14

CHAPTER ONE
INTRODUCTION

1.1 Introduction
The ecosystem of our planet undergoes several changes with a natural seasonal
cycle that produces fluctuations in the climatic conditions. Geographicallocation
partly determines the degree of intensity of those changes. The natural seasonal cycle
in conjunction with the diversity of conditions cause the flora to grow profusely
during certain periods of the year and lead animals, human beings, and other
organisms to adjust to these changes in the environment. It is well known that human
beings like animals and plants have a time structure. The human population follows a
24 hour cycle of sleep and wakefulness, a monthly reproductive cycle, and exhibits
diurnal body temperature fluctuations and a seasonal cycle of health and disease
occurrence (Luce, 1971).
There is a substantial, if scattered, literature spanning several decades on the
possibility of a connection between the course of the seasons and changes in
children'S growth and development, disease incidence and food supply and intake in a
variety of settings. The causal relation of seasonality and growth and development of
children in developing countries may be only partially explained in the current
literature. The underlying non-genetic causes may be linked with relative food
shortages in different seasons, excessive work load and overwhelming malnutrition.
The seasonal patterns of height and weight are governed by the dry and rainy seasons
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in places with these two seasons. The rainy season is the period when food supply is
running low and when the frequency of infections is high which jointly affects
childhood growth. For example, the highest incidence of diarrhea during the rainy
season coincides with the scarcity of food. Anthropometric results among the adults
have also shown weight loss during the rainy season, but the degree of weight loss
follows an occupational pattern. Moreover, many of these countries suffer from
recurrent hunger , natural disasters and political unrest.
In developed countries, a relationship between season and growth velocity in
children was first suggested more than two hundred years ago. Even today, it
remains to be proven that it exists and, if so, what are the underlying causes. Much
of the work has focused on the effects of seasonality on the growth and development
of pre- and pubertal children. Very few studies conducted to date have looked at the
effect of seasonality on the growth and development of infants

~d

preschool children.

Growth and development during infancy and preschool, stages of rapid growth, have
profound effects on the process of maturation. The purpose of this dissertation is to
examine and explore the relationship between season of the year and growth and
development of well-nourished children under four years of age.

1.2 Rationale
Seasonal studies in developing countries, particularly in Asia and Africa, are
abundant. In these regions the economies rely mainly on agriculture. Seasonal
variations in food intake and nutritional status are closely associated with the nature
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of agricultural activity and production, which in tum determines the chain of food
supply and its availability in the community. The immediate impact of seasonality is
a periodic reduction of food consumption along with reduced individual intake. A
loss of body weight usually occurs in the lean season immediately before the main
harvest, and can be regarded as a consequence of low nutrient intake. Since the mid
1970s the issue of seasonality and its impact on the health of poor people in
developing countries has been studied intensively by several researchers (Ferro-Luzzi,
1990; Hauspie and Pagezy, 1989; Leonard, 1988; Teokul et al., 1986; Arthur, 1985;
Brown et al., 1985; Hussain, 1985; Pagezy and Hauspie, 1985; Pagezy, 1984;
Abdullah, 1983; Billewicz and McGregor, 1982; Brown et al., 1982; Roberts et al.,
1982; Whitehead et aI., 1982; Chambers et al., 1981; Longhurst and Payne, 1981;
Chen et al., 1979; Trowbridge and Newton, 1979; Rowland et al., 1978; Schofield,
1974; Billewicz, 1967; Gordon, 1965; Robson, 1964). Most of these studies report
the influence of seasonal variation on agriCUltural practices, family food availability
and food supply, which thus affect growth patterns in consonance with seasonal
changes. A few studies report on the illness and nutritional status of individuals
following seasonal and climatic changes (CRSP final report, 1987; Brown et al.,
1985; Pagezy and Hauspie, 1985; Brown et al., 1982; Chen et al., 1979; Newton and
Trowbridge, 1979). In addition, poor environmental conditions, poor social
infrastructure, high illiteracy rates, poor health care systems and lack of medical
facilities contribute substantially to health and nutrition problems of the populations in
these studies. The combination of these insults result in severe undernutrition during
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the rainy season, directly reflected in the poor growth of children and weight losses
of adults (studied especially among women of reproductive ages).
In tropical regions, seasonal patterns of growth tend more to be governed by
the rainy and dry seasons, and follow food supply and the frequency of infections
(Hussain, 1985; Billewicz and McGregor, 1982; Billewicz, 1967). In these cases, the
cause of variation in growth of weight is clear; however, variation in growth of
height needs to be explored because of its relationship with long-term nutritional
deficiency (Bogin, 1988). The naturally occurring seasonal variations in food
availability and illness incidence in developing countries which are in concordance
with variations in growth patterns, potentially may be controlled. Improvement of
those factors may have a dramatic impact on the health status of children and may
create deseasonality in growth patterns although the effects of other factors, such as
genetic or individual, cannot be ignored. In order to design interventions aimed at
reducing negative seasonal effects on health and nutrition, it is necessary to identify
lean penods, peak incidence of diseases, factors conditioning seasonal effects, and
strategies developed by the communities to minimize detrimental effects.
Seasonal variations in growth in the developed world are unlikely to be
influenced in the same ways. Food is abundantly available the year round. The high
degree of urbanization and industrialization in developed countries allow individuals
to consume sufficient amounts of fresh and processed foods. The excellent food
distribution, storage and communication systems, as well as the number of modem
supermarkets, make a wide variety of foods available to individuals in all regions of a
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country. Moreover, the agricultural system, price and economic policies and social
welfare programs allow families to maintain diets adequate in both quantity and
quality. Studies done in Europe and the United States have documented a few
seasonal fluctuations in food consumption and intake patterns (Van-Staveren et aI.,
1986; Kim et al., 1984; Sempos et al., 1984; Fjeld and Summer, 1982; Rasanen,
1979) or seasonal effects on physical growth of preschool and school aged children
(Shull et al., 1978; Marshall, 1975; Marshall and Swan, 1971; Reynolds and Sontag,
1944; Marshall, 1937; Orr and Clark, 1930). Fjeld and Summer (1982) illustrated
seasonal changes in food patterns in the United States by indicating that the new trend
in food demand is the purchase of more fresh fruits and vegetables. In California, a
study indicated seasonal fluctuation in consumption of locally produced fruits and
vegetables available in the supermarket (Flores and Flores, 1984). In these studies
seasonal fluctuations are likely to appear in the food consumption patterns of families.
Seasonal influences have been found to be greater for food items rather than nutrient
intakes. Price savings and the desire for good quality food support the trend of
seasonal food consumption patterns. Moreover, the effects of the different seasons of
the year on food or nutrient intake depend upon the population group and its
socioeconomic status.
In developed countries, most of the studies on seasonal patterns of physical
growth were conducted before the scientific revolution in preventive health occurred
and when the country's socio-cultural-politico environment was not comparable with
that of today. Seasonal patterns of physical growth reported in earlier studies has not
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been consistent. Study designs, methodology and analytical techniques employed
have varied and have been unevenly described. A major problem associated with all
of these studies is inherent in defining "seasons". Countries located in some parts of
the Western Hemisphere, especially in Europe, enjoy the benefits of four seasons;
however, most studies from those countries reported seasonal effects on growth of
children based only on two seasons. Other studies calculated growth rates by taking
the moving average of either six or three months. All of the available studies have
reported seasonal influences on physical growth, morbidity and food intake
separately. Seasonal influence on the interaction of morbidity patterns, food intake
and physical growth need to be explored.
Seasonal variations in the growth of well-nourished children have been
reported repeatedly, if not consistently in the literature. The mechanisms of the
seasonal variations in growth rates in developed countries are not completely
understood; however, many lines of thoughts have been suggested. Nylin (1929), and
Marshall and Swan (1971) suggested that the seasonal variation in day length may
contribute to such seasonal variations in growth rates. Marshall (1975) later
disproved the "day length" hypothesis and suggested that seasonal periodicity in
sunlight may synchronize variations in growth regulating hormonal activities with
changes in sunlight availability or intensity. Marshall (1975) also disproved any
association of monthly increments of height with rainfall and temperature.
That alterations in environmental temperature may contribute to the seasonal
variations in growth of height was suggested by McKee and Eichorn (1953) in a
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group of adolescents and was later disproved by Lee (1980) in a group of pre-pubertal
children. Both studies were conducted in California in the United States. A
significant negative correlation between mean annual temperature and body weight
was found in a world wide sample of populations (Roberts, 1953). When Roberts
separated the world sample populations into geographical groups, the same
temperature dependent relationship was found within European, African, Asian and
Amerindian samples. A similar result was reported in a large sample of Amerindian
populations by Newman (1953). In Sub-Saharan African populations, Froment and
Heirnaux (1984) found a positive correlation between mean annual temperature and
body length. The association between variation in sunlight and growth rates in weight
and height has been shown among healthy children living near the equator in
Kinshasa, Zaire (Vincent and Dierickx, 1960) and children of high socioeconomic
status living in Guatemala City (Bogin, 1979 and 1978). Some investigators
speculated that children have a natural and endogenous spontaneous rhythm for their
own growth independent of the seasonal rhythm for growth (Butler et aI., 1989;
Lampl, 1983). Butleret aI. (1989) suggested that the cyclicity in growth is a function
of a genetic growth control mechanisms. Variations in growth hormone (GR)
secretion alone are unlikely to account for differential growth, as suggested by Brook
et aI. (1988).
There is now clear evidence that in some children psychological stress causes
relative failure to grow by affecting the secretion of GR. When the stress is
removed, secretion of GR occurs again and catch-up growth occurs (Eveleth and
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Tanner, 1976). Other evidence for weight changes in well-nourished healthy children
could be explained by observable behaviors related to life style, dietary pattern or
seasonal leisure time activities of schoolers and adolescents. These associations
usually would not pertain to infants and preschoolers. Some investigators have also
suggested an association of seasonal disease patterns with variation in growth among
well-nourished children (Bransby, 1945; Emerson, 1927; Holt, 1918).

1.3 Research Objectives
Evidence from anthropometric studies conducted in developed countries
demonstrated that the seasons have distinct effects on weight and height, especially
among school age and pubertal children. Most studies of infants and preschoolers in
the past failed to explore possible causal relationships for the seasonal patterns of
growth. The majority of studies found the presence of seasonal variation in weight
growth but without conclusive comments on etiological pathways. The objective of
the present research is to investigate the seasonal patterns of physical growth, and the
interactions of minor illnesses and nutrient intake on seasonal patterns in children
under four years of age living in Tucson, Arizona, a southwest state of the United
States of America. More specifically, the present research was designed to examine
the following research questions:

Research Question One: Are there seasonal variations in certain growth variables
(weight, length and arm circumference) ?
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Research Question Two: Are weight and length velocity associated differently with
the seasons ']

Research Question Three: Do minor illnesses or nutrient intake contribute to the
seasonal patterns of growth consonant with seasonal changes and do these
contributions vary with seasonal factors ?

Research Question Four: Do hours of sunlight or degree of environmental
temperature appear to be contributing factors to the seasonal patterns of growth ?

The ultimate objective of this research is to develop models for growth in both length
and weight to explain seasonal patterns of growth velocity and the influences of other
intervening variables.
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CHAPfER TWO
REVIEW OF LITERATURE

Seasonal variations in growth of normal (well-nourished) children have been
documented repeatedly, if not consistently. The magnitude and direction of variations
in growth between seasons are not consistent in the studies. The review of the
literature is thus organized in historical and chronological fashion to better provide an
overall picture of seasonality and its relation to growth of well-nourished children.
Historical and chronological information also help to highlight the gap in the
understanding of seasonality and growth of children. The review of the literature
focuses on research findings related to seasonal variation in physical growth and the
relationship of illnesses and nutrient intakes to seasonal variation in growth. It also
includes background information and research findings related to seasonal variation in
growth in developed countries. It describes types of environments where most of the
studies on seasonality and growth have been conducted, methods used to assess
physical growth, and the definition of seasons by different authors in different studies.
It also explores the mechanisms that explain why certain individuals or groups of

individuals experience seasonal variation in growth.

2.1 Background
The concept of human growth appeared in the Greek elegy of the sixth century
B.C. by an Athenian poet named Solon. The poem describes growth of the human
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life-span over ten successive periods, each seven years in duration. Each period has
its own characteristics and follows differential changes with time (cited in Tanner,
1981).
Buffon (1777) was the first who reported seasonal variation in growth rates of
healthy children. His report was based on height measurements of his family friend,
Count de Montebeillard's oldest son, who was measured by a single individual every
six months from birth in 1759 to 18 years of age. He found that between five to ten
years, the greatest increases occurred in the summer months (April to October) and
lowest increases in the winter. Buffon reported that the seasonal effect was much less
obvious in children younger than five and older than ten years of age (Tanner, 1981;
Scannon, 1927).
The next published report on seasonal variation in growth appeared in 1872,
about one hundred years later. Bowditch (1872) compared growth rates in height
between boys and girls measured every six months (April and September) from the
age of six months to 21 years. He did not report any seasonal variation in growth
rate, but an American physician named Nichols, in discussing Bowditch's paper,
pointed out that there was a presence of seasonal variation (stated by Nichols later).
Nichols (cited by Marshall, 1937) reported that growth in height was more rapid
during the summer months by stating "that five-sixths of his own height was due to
growth during the summer months, he having been measured every April and
September from the age of six months to that of twenty-one years (Bowditch, 1872,

p. 435)".
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Tanner (1978, 1977, and 1962) recognized a well-marked seasonal effect on
growth velocity in most human growth studies conducted in Europe. He reported that
on the average height gain is greater in the spring and weight gain is greater in the
autumn and fall, with weight gain in the autumn months being as much as five times
greater than that observed in the spring. He also mentioned that 55 to 57 percent of
annual height gains were made between March and August with the average gain 2.0
to 2.5 times greater in March to May than in September to November. On the other
hand, two-thirds of the annual gain in weight took place between the beginning of
September and the end of February. In some children weight loss was found in the
spring. This was true at all ages after the first year of life, including adolescence.
Adequacy of nutrition is a major determinant of growth, especially during
infancy and early childhood. Inadequate diet, in quality and quantity, and infections
of any kind regardless of the month of the year affect the growth rates. There are
numerous studies that document the influence of illness and nutrition on the health of
children in developing countries, where food supply and infections are closely related.
In developed countries, it is well documented that nutrition is adequate, for example,
in the United States (Gam and Clark, 1975; Lowe et al., 1975; Gam et al., 1974), in
Japan (Takahashi, .1984), and in Great Britain (Orr et al., 1929). The effects of
childhood illnesses found in developed countries were minimal (Hummert and
Goodman, 1986; Meredith, 1978; Eveleth and Tanner, 1976; Krogman, 1972). In a
recent review article examining the role of infectious disease on growth in developed
countries, mixed results were found; five reported no association between disease and
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growth, two found some evidence that greater disease was associated with poor
growth, and two found greater disease associated with favorable growth (Martorell,
1980). However, no study examines whether nutrition and childhood illness are
associated with the growth of preschoolers" In a very recent study in Tucson, a
seasonal variation in the incidence rate of lower respiratory tract illness in the first
three years of life was reported (Wright et al., 1989).
The existence of seasons in nature is regulated by climate. The influence of
climate on physical growth can be grouped into three areas of concern: 1) temperature
or hours of sunlight, 2) geographical variation, and 3) altitude. Studies of
geographical variation in physical growth in children have been undertaken in the
United States since the first World War (Woodbury, 1921), and since then several
studies have been conducted (Johnston et al., 1972; Hamill et al., 1970). None of
these studies reported on the relationship of temperature or hours of sunlight with
growth. These national surveys found that children and adolescents from northern
regions tended to be larger than those in the southern regions. Whether this trend is
due to climatic factors, mainly temperature, depends on the control of other growth
influencing factors. In the present research, climatic indicators are limited to hours
of sunlight and environmental temperature, and the possible modifying effects of these
indicators on seasonal variations in growth are explored.
This review of literature has two subsections: the first on seasonal variation in
growth of children under five years of age, and the second on seasonal variation in
growth of children over five years of age including the adolescent period. The
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selection of two different age groups is based on the assumption that the effects of
seasons on growth may have different magnitudes and directions in early and later
phases of the growth period. Human physical growth shows a period of rapid and
rapidly decelerating growth during infancy and childhood; the adolescent growth spurt
is variable in timing and has a greater magnitude in boys than in girls. A small
increase in growth rate is reported in mid-childhood without a known cause (Brook et
al., 1988). The speculative explanation of this growth increment is related to growth
hormone (GH) secretion and adrenal androgen secretion (Westgren, 1989; Brook et
al., 1988; Stanhope and Brook, 1988). Finally, while the biological variability in
growth during mid-childhood and adolescence is obviously due to the roles of growth
hormones and sex hormones, the question still remains unanswered as to whether
infants and younger children, who do not follow any sudden growth increment or
spurt, show rapid and rapidly decelerating growth that is related to seasonal changes.
The review of literature is arranged in three conceptual frameworks: 1) Seasonality
and Variation in Growth, 2) Nutrition, Illness and Seasonal Variation in Growth, and
3) Climatic and Seasonal Variation in Growth. Each subsection extends the review of

literature which is followed by the three frameworks.

2.1.1 Seasonality and Physical GrovJth
Children Under Five Years of A~ Studies of seasonal variation in physical
growth of children under five are very limited. Bleyer (1917) published the first
study on seasonal variation in weight gains among 1000 infants and children two
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years of age and under at the Well Baby Clinic of Washington University, st. Louis.
Data were collected over a five year period and monthly weight gain was calculated.
Children who were sick on the weighing day were not included in the report. Bleyer
found that first-year infants showed maximum gain in weight in the summer months
but second-year children had two maxima, one in February and March and another in
October. The minimum growth in weight was in June. It is important to mention
here that data collection was discontinuous (measurements were not taken for twelve
consecutive months) and there was considerable time variation in well baby check-ups
in the two different age groups. The sex of the infants was not stated.
Gebhart (1924) found seasonal variation in weight gain of 363 boys and 614
girls of Italian origin, aged two to twelve years living in New York. The children
were weighed every month consecutively for a period of three to five months. The
average period of observation was 3.8 months for boys and 4.5 months for girls. The
highest growth in weight for both sexes occurred between September and November
and the lowest gain occurred from May to June. The age range of the study children
and the short periods of observation might have affected the result in determining
seasonal variation in weight.
Lang (1930) reported similar findjngs for German children, aged two to six
years, who had the highest increase in height in late spring and the lowest in summer,
autumn or early spring. Higher weight gain during late summer and autumn was also
observed. The way Lang reported his fmdings did not provide any systematic
conclusion on seasonal variability on growth.
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Berkson (1930) presented statistical evidence of a seasonal cycle in growth of
American children under six years of age. He compared the observed means of
weight and height of approximately 15,000 children measured every month with the
expected mean predicted by a parabolic curve fitted to the means by the least squares
fit of the observed data for particular age. It was found that a statistically significant
number of observed means for both height and weight were greater than the expected
means in one season of the year and those below came in another season. He
concluded that this was evidence of a seasonal trend in growth but did not state the
season in which the rate of growth appeared to be most rapid.
Wallis (1931) reported no seasonal effects on growth rates of 120 New York
private school children between the ages of two and eight years. Mean weight and
height gains were computed for two periods, November to May and May to
November, over a five-year period, 1926-1930. Wallis concluded that "the
increments of weight conform closely to those of height in illustrating the absence of
seasonal influence on the increase of bulk and this is also in accord with the recent
belief that under good environmental conditions there is no real seasonal variation in
the amount of a child's growth" (Wallis, 1931, p. 31, 37). In the same year, McKay
and Brown (1931) reported seasonal variation in the growth rate of 114 Ohio
preschool children, aged two to eight years, measured every month for a period of
one year. The data were collected at the same time of day each month by one
investigator and were checked by another. The mean monthly increments were
determined for two periods of six months each, May to October and November to

30

April. The most rapid growth in weight occurred during late summer and early fall.
Minimum weight gains in winter and spring were observed. Although mean monthly
increments were determined, the authors analyzed their data in terms of two sixmonth periods, May to October and November to April. The authors concluded that
seasonal variations in height gains were "so small as to be insignificant" (McKay and
Brown, 1931, p. 32). They indicated that "as far as increases in height are
concerned, environment is less a factor than is the case with increase in weight". It
was noted that children were in good physical condition assessed by a pediatrician
during the study.
After this last study, almost a decade passed in which there was no published
report on seasonality and growth pattern in America. In 1944, Reynolds and Sontag
published a study on seasonal variations in weight, height and appearance of
ossification centers in 133 children (65 boys and 68 girls from southwestern Ohio),
aged 12 to 60 months. Height and weight measurements were taken twice a year, on
their birthday and half-birthday, along with roentgenograms in the Fels Research
Institute, Ohio. Weight and height increments were calculated for each six month
interval to define growth rates. Based on group means and variances they found that
the period of maximum weight gain was from October to December with minimum
weight gain from April to June. The pattern for height gain was exactly the opposite
to weight gain. The period of maximum rate of appearance of ossification centers
was from March to May with minimum rate of appearance from September to
November. Seasonal variations in growth in height and rate of ossification were
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parallel and opposite to seasonal variation in weight. A relationship of this kind is
not surprising. Growth in stature is partly a function of bone formation. Reynolds
and Sontag (1944) provided evidence for this relationship but they did not explain the
reasons or causes. They concluded that fluctuations in individual growth curves,
based on semiannual measurements were responsive to seasonal differences in rates of
growth. It is important to note here that children were measured twice a year.
Certain seasonal periods of growth (reported by three monthly increments) may
coincide with two measurement periods (six months interval to each other) and thus
can create problems in grouping seasons exactly.
One hundred ninety-six children, with ages ranging from one month to nine
years, were selected from the Fels Research Institute in Ohio to measure the effect of
seasonal variation on length of tibia and radius (long bone growth). The reason for
selecting the tibia was because of its contribution to total stature, and the radius for
its homologous anatomical relationship. All children were considered well-nourished
and free of serious illness. Radiographic measurements were taken at one, three, six,
nine, and twelve months, and were followed thereafter semiannually. The results for
children over one year of age, based on semiannual increments, showed that the
period of greatest growth rate occurred between August and January in the male
radius and female tibia and from September to January in the female radius and male
tibia (Gindhert, 1972).
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Children Over Five Years of Age; Most of the studies on seasonal variation
in growth of normal children have been done with children of this age group. Most
of the study subjects were attending school or college or were brought up in
institutional settings where they followed a clear pattern of seasonal activities which
had profound effects on their growth. Wretlind (1879, cited by Nylin, 1929), who
weighed a number of Swedish school aged girls before and after summer vacation,
was the first to find seasonal variation of growth rates in weight. He found that their
weight increased more rapidly during the vacation period and attributed these gains to
the effects of the sun and the freedom from school. The ages of these girls were not
reported.
Hitchings and Fitz (1901) published the first quantitative American study on
seasonal variation in growth. Twenty boys between seven and fourteen years of age
at the Dedlam Boys Home, Boston, were weighed weekly and height was measured
quarterly for an unknown period of time. They found that over 90 percent of the
total increase in weight occurred during the months from June to December. Between
January to June the weight fluctuated without definite gains or losses, constituting a
period of minimal growth. Growth in height in the majority of cases showed either a
continuous increase at the same rate throughout the year or more rapid growth during
the period of most rapid growth in weight.
Porter (1920) conducted a mixed-longitudinal study of the seasonal variation in
the rates of growth of Boston school children. The study was extended over an eightyear period starting from 1911. The weights and heights of several thousand children
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between the ages of five and 15 years were measured monthly during their entire
school life. From that study, Porter selected a longitudinal cohort of boys, born in
1905, and reported a mean monthly weight gain of 0.10 kg from February through
June and 0.35 kg from September through December. He also found loss of weight
in April, May and June. The same trend was noted in each of the eight years of the
investigation. No seasonal variation of growth in height was reported.
Hunt et al. (1921) reported seasonal variation in weight and height of two
groups of Russian and Australian primary school boys in New York City. One group
(experimental) consisted of 44 children between the ages of five and seven years who
averaged 11.6 percent underweight. The other group (control) consisted of the same
number of children, but they were 0.83 percent underweight the month before the
study was conducted. Both weight and height measurements were taken in October,
1919 and February, June and October, 1920. Weight gains for both groups were
reported during October and February although they were more marked for the 11.6
percent undernourished children. Height increments were greater for both groups in
the February-June and June-October periods. In another study, conducted by Johnson
(1925) in the same area, maximal weight gain was seen during the summer months.
The result of his study differed from the conclusion he and his associates found in
1921. In the Hunt et al. (1921) study, the technique employed to assess seasonal
variation was not explained. Moreover, the procedure they used (five month interval)
to determine seasonal variation in growth might be questioned. The results showed
greater seasonal variability in weight for the experimental group compared with the
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control group suggesting pronounced evidence of seasonality in moderately healthy
children. For the height increment, the presence of seasonality was misinterpreted as
showing two incremental periods with overlapping months.
Holt and Fales (1923) reported on growth patterns of 151 boys and 195 girls
of European parentage, aged four to sixteen years, who were weighed from one to
twelve times over a two year period. The children were reared in a Catholic
Institution for the Poor and were under close supervision. The authors indicated that
while there were wide month to month fluctuations in the mean monthly weight
increments, little if any seasonal variation in weight occurred for those
institutionalized children. There was no indication of any seasonal pattern for girls.
The mean weight gain was greater in the summer months (1.59 kg) for 113 boys and
slower in the winter (1.11 kg) for 85 boys. For girls, mean gain in weight was
reported based on two periods, June to December and December to June, which
cancelled out the seasonal variation that was reported for boys, with summer months
having greater gain. The authors concluded that the routine living habits of those
children in the institution might be responsible for the lack of seasonal effects on the
growth rates in weight.
Weight measurements of 534 school boys between the ages of 10 and 18 years
were taken by Veeder and Rohlfing (1927) in October, January and May at the

st.

Louis County Day School. The exact methodology of the study was not described,
but it mentioned that all sick, injured, underweight and overweight boys were
excluded from analysis. They found that boys aged 10 to 14 years gained weight
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uniformly throughout the year. Boys aged 15 to 18 gained most of their weight
during the period of October to January (Autumn and Winter) and gained a minimum
in the autumn and summer. The authors pointed out that the average gain cannot be
applied to the individual rigidly since there was a wide range in obtaining the
average.
From 1910 to 1928, Gould gathered weight and height measurements of 875
college girls attending Tulane University in the fall and spring for a period of four
years each. The mean increase in height for four years was 0.84 em but 0.69 em of
this occurred in the winter months. The mean weight increment was less than 0.45
kg for the same period, but during the winter months a mean decrease of about 0.45
kg was noted although a slightly higher increase occurred in the summer months.
Orr and Clark (1930) reviewed twelve nutritional studies on seasonal growth
carried out in Europe and the United States. Most findings of those studies reported
a seasonal effect in growth of school aged children. Greater increase in height
occurred from March to June and a minimum increase in height occurred during the
winter months (October and November). The periods of maximum increase in height
did not correspond to the periods of maximum increase in weight. Weight increase
was greatest during the July to September quarter followed by the second greatest
increase in the quarter of October to December. The same authors (1930) reported
from their own study that 657 Scottish children, aged seven to eleven years, showed a
greater increase in height (0.64 cm) in the spring (March to June) based on quarterly
measurements of weight and height. Mean height gain was minimal (0.28 cm) from
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October to December. Average weight gains were maximal between July and
December and minimal between January and June. In early summer (April to June),
about 25 percent of the boys actually lost weight although they had the greatest
increase in height. The authors compared their findings with Nylin's findings and
found that they were in general agreement.
An important investigation on weight increments was reported by Palmer
(1933) as part of a health demonstration project at Hagerstown, Maryland. A total of
2,500 native-born white children, aged six to sixteen years, were measured each
school month from September 1923 to May 1928 by the same person. The children
were grouped in one-year age groups using the age of the birthday nearest January
first and the exact mean age of each group. Correction for the difference in number
of days between weighing periods was made. Children with less than 80 percent of a
complete record for four of the five study years were not included in the analyses.
Based on mean monthly increments he found maximum rates of average growth in
weight during fall months and minimum rates during the spring. Fluctuation in the
weight gain by months for each of the ten age groups used was reported. The
average growth rates during the summer were approximately the same as the rates
observed during February and March. Palmer concluded that the same cyclical
changes were observed in both sexes and each yearly age group from the sixth
through the fourteenth year.
Davenport et al. (1934) reported the most rapid growth in height in the spring
and growth in weight during the spring and fall. They did not describe their subjects
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or the methodology of the study. They speculated that the extra weight added in the
fall was due to physiologic need and might act as protection against winter cold.
Whitacre (1935) published the results of a three year study of 2,542 white,
black and Mexican school children, aged five to nineteen years, attending three San
Antonio public schools in Texas. Weight was taken monthly and height was
measured once a semester (five times in all) from January 1929 to April 1931 except
during summer vacation. All measurements were taken two or more times in order to
ensure precision. The longest interval between weighing was 42 days and the shortest
was 20 days. Age was assessed from January first and was used throughout the
calendar year. Whitacre found that racial similarities were much more pronounced
and consistent than racial differences. Three seasons were derived; spring included
February, March and April; the summer extended from May through September; and
the fall included October to January. Evidence of seasonal variation in weight was
sought based on average net gain per child derived from group weights, comparison
of the contribution made by gainers and losers to the net monthly gain and
examinations of individual records which showed no loss between any two
consecutive weighings. No seasonality in height growth, both standing and sitting,
for both sexes and all races was observed. Growth in height was relatively uniform
throughout the year. For weight, October was the month of greatest gains (11.3 to
16.1 percent of yearly gain) and April had uniformly poor gains (1.4 to 6.4 percent
of yearly gain). No explanation for the greatest gains in October or poor gains in
April was mentioned. This pattern of growth in weight was found to be consistent
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from year to year irrespective of lIage, sex, birth month, type of body build, or living
conditions as indicated by the average number of rooms per person in the house and
the presence or absence of a bathroom ll (Whitacre, 1935, p. 70). Overall, for all
three II races II , fall was the best season for gaining weight. The author also found that
neither food intake, minor illnesses including colds, nor climatic conditions (indicated
by U.S. Weather Bureau records) could account for the changes in weight.
Height and weight measurements for Japanese elementary school children,
aged six to eleven years, were available from 1932 to 1940. The data contained
longitudinal observations of four entering groups from the first year class in 1932 (the
sixth year class in 1937) to the first year class in 1935 (the sixth year class in 1940).
Analyses were limited to those children whose stature was measured every month
throughout the year. Measurements were taken as a rule in the last week of the
month, and monthly increments were calculated as the amount of change per 30 days.
Data on sample size were not given. Height gain was highest from May to July on
average and weight gain was highest from September to November (Takahaski,
1966). Similar patterns held for both genders. Takahaski pointed out that the season
of maximum growth in height was a little later than in some western countries ..
Takahaski suggested that seasonal changes in sunlight might underlie these delayed
patterns.
The average growth rate in height of 260 (143 boys and 117 girls) wellnourished English children between seven and ten years of age attending a state
primary school in London, measured every month for a period of 13 months was
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reported (Marshall, 1971). These children were not measured during August because
the children were on holiday. The growth rate of each child was calculated over
periods of three months and six months ending in each month of the year. Children
who missed one or more measurements were excluded from the analysis. Centiles of
growth rate for these periods were presented. A growth rate of three to four cm per
year was well within normal limits for a period of three or six months ending in
December or January, but was below the 10th centile for periods ending between
March and June. Slow growth during the winter and autumn (between September and
February) and higher growth in height during the spring and summer (between March
and July) were reported.
The most recent study on seasonal variation in stature was conducted in Japan
by Ashizawa and his associate in 1990. Two children, a sister and a younger brother,
7.5 and 6.6 years old, were measured daily for stature, head and neck height,
iliospinal height and trunk length every morning and evening for one year. The
measurements were taken by their mother. The mother and the children were trained
for 2.5 months prior to taking all four types of measurements. In both children
diurnal changes in stature and trunk length were found; they were longer in the
morning and shorter in the evening. With respect to seasonal variation, two types of
variations were reported (Ashizawa and Kawabata, 1990). First, the stature and
iliospinal growth curves comprised two or three line segments whose slopes were
slightly different depending upon the season. Second, there was a sharp upward turn

40

in stature growth in April and May. The peak height velocities occurred in both
children in April.

2.1.2 Nutrition, Dlness, and Seasonal Variation in Growth
Children Under Five Years of Age:, Very few studies have looked at whether
childhood illness and nutrition have any modifying influence on seasonal variation in
growth, although there are several studies which documented mixed influences of
illness on growth independently (Hummert and Goodman, 1986; Martorell, 1980).
Hummert and Goodman (1986) concluded that common childhood illness neither had
a major impact on growth nor a lasting effect on long-term growth potential in a wellnourished population living in a developed nation.
Shull et al. (1978) reported weight and length velocities of 51 healthy
Caucasian vegetarian children between 15.5 and 30.4 months of age, measured at
three month intervals for a year. These children were selected from a group of
healthy children less than six years of age from Boston, Massachusetts whom the
authors had been observing for several years. The results of the study reported on
differences between standardized mean scores computed for each three month velocity
for various seasonal comparisons. They concluded that weight velocities were
minimal during the spring and summer months, and maximal during the fall and
winter months with the differenCe statistically significant at the p <0.05 level.
Length velocities tended to be greater in the summer than during the winter, but the
difference was not significant. Mean length velocities were lowest in the spring and
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the difference between the spring and the fall was statistically significant at the p
<0.05 level. In contrast to most available data, mean height gain was minimal
during the spring. They attributed the growth patterns in length to dietary practices
of this vegetarian population or other environmental factors, such as illness
experiences. They also mentioned that dietary intakes of Vitamin D for some
children were exceedingly low and exposure to sunlight was also minimal in the fall
and winter months.

Children Oyer Five Years of Age; Very few studies have examined the
relationship of nutrition, illness and seasonal changes in growth. In most of the
studies, a speculative assumption has been drawn that nutrition and illness have
modifying influences on seasonal variations in growth. Holt (1918) reported seasonal
variations in weight and height of 703 school boys (aged five to sixteen years) from
New York measured in May and November. The average weight gain during May to
November was 0.45 to 0.57 kilograms (kg) greater than during November to May.
Height measurements of 544 boys were taleen monthly. Holt found that the mean
monthly height increment was 0.91 centimeters (cm) greater in the summer months
than in the winter months. The author attributed this increment to a more active life
and lack of colds and diseases in the summer.
Emerson (1927) obtained monthly measurements of weight and height of 833
school children from three different locations of the United States (Honolulu, Toronto
and New York) for a period of one year. He did not find any difference in the rate
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of increase in height throughout the year but reported irregular gains in weight. He
also did not find any correlation between the rate of increase in weight and the
sunshine record in each city. He considered fluctuations in weight due most probably
to infections and hygienic conditions. He stated that respiratory infection and diet
probably had more effect than season of the year on growth rate. He presented
several case studies showing the effect of disease on growth rates. No significant
changes in the amount of food supplied or consumed from month to month or season
to season were found. All food groups, such as starches, meat and fish, milk, and
green vegetables and fruit were provided in sufficient amounts. Among children of
school age in northern cities in the United States, weight gains were commonly found
to be at a lower rate in the months from January to May than in the months from July
to November. The author also stated that gains in height during childhood showed no
observable seasonal variation among apparently healthy children in that region
(Emerson, 1927).
Seasonal pattern in growth was reported by Bransby (1945) in a study of the
effect of diet and disease on the growth in height and weight of British school age
children. The average maximum gain in height occurred in the spring and the
average maximum increment of weight occurred in the fall. Bransby also found that
27 to 29 percent of the study children had their lowest gain, and 33 to 36 percent
their greatest gain, in the seasons where the entire group of children achieved their
minimum and maximum growth. However, individual children varied markedly from
that pattern. Bransby found that in some children, especially those free from disease
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and nutritional problems, there was no evidence for seasonal variation in growth in
height. Others followed a seasonal rhythm but a different rhythm from that of the
group as a whole. Sick and undernourished children more closely followed the
average pattern. Bransby pointed out that although health and disease are associated
with patterns of seasonal growth, they cannot fully account for them. All healthy and
well-fed children in his sample had at least a two month period when weight gain was
at a minimum.
A pattern of "over-the-summer" weight losses among the school children had
been reported by school nurses at School District No.1 in Tucson, Arizona (cited by
Meaney, 1976) from the school nursing records of weights which were collected in
fall 1969, and in spring 1970. The loss of weight was more prevalent in the schools
with high enrollment of children from low income families. The author suggested
two possible ways by which "over-the-summer" weight loss could be governed. It
could be due to climatic change (increased temperature during summer) and changes
in nutritional intakes. During the summer school is no longer in session and
breakfast supplement and lunch are not supplied which changed nutritional intake both
in quality and quantity and thus resulted in weight loss.

2.1.3 Climatic and Seasonal Variation in Growth
Children Under Five Years of Age: It appears that no study has been
conducted to investigate the climatic effects on seasonal variation in growth of
children in this age group.
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Children Over Five Years of Age~ The possible link between environmental
temperature, sunshine and monthly weight gain of school children in three cities
(Honolulu, New York and Toronto) was first evaluated by Emerson (1927) who found
that hours of sunshine did not associated with monthly weight gain. No attempt was
made to correlate temperature and monthly weight gain. The next most extensive
study was undertaken to evaluate the association between day length, and other
factors with growth rates by Nylin (1929) among Swedish school children. The study
showed a seasonal variation in growth. Maximum growth in height during the spring
and a minimum in autumn (1.04 vs 0.66 cm) were observed. Maximum growth in
height was associated with minimum growth in weight. Nylin also studied the
association between day length, basal metabolic rate (BMR), respiratory function (RF)
and seasonality in growth rates. He measured the weight, height, BMR, RF and
serum concentration of calcium and phosphorus in a group of healthy Swedish school
children. Weight and height measurements were taken from 292 boys and 286 girls
over a period of one year in the months of September, November, February, April,
May and ending with the following September. Sample sizes for metabolic tests
varied between six and 40 children. Nylin found that BMR rose and fell in relation
to the increase and decrease in growth rate in height. Respiratory function also
followed a seasonal pattern but different from that of BMR, being highest between
May and September and lowest between November and February. Both calcium and
phosphorus levels also varied seasonally and both were at the highest level between
May and September. This was the first human study which provided evidence of the
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relationship between season and physiological functions. To determine the effect of
light on growth rate, Nylin conducted another experiment during the course of his
above mentioned study. During the winter months (November to March) in
Stockholm, two groups of boys (n=245) were exposed to IIsunlampll treatment for 30
minutes, emitting both visible and ultraviolet light. The flrst group consisted of 23
boys who were exposed to the light every other day between November 11 and
January 20. The second group of 22 boys was exposed to the light every other day
between January 20 and March 20. He compared the growth rates with other nonexposed control children (n=292) and found that the experimental groups grew 1.0 to
1.5 cm more than the control group. The study was extended for the periods
February to April and April to May, and it was found that the boys from the
experimental groups grew less than their control counterparts. Both experimental and
control groups had shown approximately equal amounts of growth over the entire
year. The time of year (season speciflc) when the maximal growth occurred varied
between groups. With those results, Nylin concluded that light did not cause changes
in growth rates, rather it channeled an endogenous periodicity in growth rates into
seasonal rhythms. Nylin's flnal comment was that IIgrowth is a periodic phenomenon
of endogenous nature but affected by varying external factors the most active of
which seems to be lightll (Nylin, 1929, p. 192). It is important to mention here that
the study area situated at about 59° N latitude was exposed to only six hours of
daylight in the winter. Therefore, the conclusion Nylin drew needs to be studied
further.
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Mckee and Eichorn (1953) reported that basal metabolic rate and basal heart
rate were maximum between November and January and minimum between June and
August in a group of adolescents who were followed longitudinally in Berkeley,
California. The oral temperature of these adolescents was maximum in the spring
and minimum in the autumn. There was no seasonal trend in respiratory rate and
blood pressure measures. The authors suggested that the pattern of fluctuations in
oral temperature was just as for height in growth. They attributed the seasonal
variation to alteration in environmental temperature but the physiological mechanism
remains quite obscure.
Marshall and Swan (1971) measured growth rates in height of 309 preadolescent children with normal sight and of 115 children attending school for the
blind in London. The hypothesis tested was that the blind children show the same
seasonal variation in growth rates as children whose eyes are sensitive to light. Age
ranged from five to eighteen years for the blind and partially sighted children and
from seven to nine years for normal sighted children. Each child was measured
every month over a period varying between one and two years. The year was divided
into four periods of three months each and the rate of growth was measured in
centimeters per year for each child during each period. The period during which
each child grew at the highest rate was then determined. No difference in growth
rate between sexes was found. Maximum growth rates in height of normally sighted
children virtually all occurred between the months of January and June. The blind
and partially sighted children's growth rates were distributed throughout the year with
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the greatest amount of growth occurring between May and September. In addition to
comparing the period of maximum growth rate, the researchers fitted a sine curve to
the distribution of increments over the year. They concluded that the seasonal growth
cycles of normal children were dependent upon some other factor to which blind and
partially blind children in the study were not subjected. These other factors might be
variation in the quality and quantity of light to which they were exposed or which
were acting on the visual system. The variation in growth rate throughout the year
was of similar magnitude in children with both normal and abnormal vision but was
closely related to the seasons only in the former group. It was therefore suggested
that the effect of the season on growth of normal children might be synchronized in
an existing cyclic variation in growth rate. They also concluded that totally blind
children failed to synchronize their growth rate variations with the time of year.
The question raised by Marshall and Swan (1971), as to whether the quality
and quantity of light to which one is exposed could explain the seasonal variation in
growth rates of English children, was later studied by Marshall (1975). The growth
rates in height of 300 clinically normal (healthy) primary school children living in
Kirkwall, Orlmey Island (590 N latitude), were measured every month over a period
of two years. The growth velocity for each child was calculated over a period of
three months. The Orlmey Islands were chosen as the study site because of the
extreme variations in daylight during the year. The interval between sunrise and
sunset varies between approximately six hours at midwinter and 18.5 hours at
midsummer. Marshall also recorded temperature, hours of insolation and rainfall.
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Mean growth rates reached maximalleval between September and March and minimal
level between April and September. Boys and girls did not differ significantly in
mean growth rates of height. About thirty-four percent of the individuals did not
conform to the seasonal pattern. Only about thirty-five percent of the children
showed consistency in seasonal growth rate between the two successive years. The
mean growth rates during the three month periods when day length was maximum
(4.75

+

.08 em for boys and 4.88

+

.09 cm for girls) were significantly less than

the rates when the day length was minimum (6.02
cm for girls) at the level p

+

.09 cm for boys and 6.07

+

.10

< .001. Simple correlations between height increments

and variation in environmental factors were made. Significant negative correlations
were found between rate of growth and day length (r=-0.28), sunshine (r=-0.29) and
temperature (r=-0.29) respectively. A positive correlation between rate of growth
and rainfall (r=O.l7) was found. A peak value was calculated as the maximal
velocities which exceeded adjacent minimum rate by 2 cm per year or more. The
selection of the 2 cm per year criterion was arbitrary and eliminated minor
fluctuations in growth rates. These children's growth rates were compared with the
sample children of the author's previous study in a London suburb, and it was found
that the number of children reaching their maximal and minimal growth rates at
different times of the year corresponded to the London children. In both cases the
majority of maxima occurred during September to March when days were the
shortest. Minimal rates were most frequent in the summer in both areas. He
concluded that "seasonal variation in daylight and any other climatic phenomenons
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which are studied exert at most only a small effect on growth rates in height and
perhaps none at all. The influence of other, as yet unidentified, factors is greater".
To evaluate the influence of annual temperature changes upon the seasonal
variation and its effect on growth rate, Lee (1980) conducted another study among
children living in a temperate climate with relatively little seasonal temperature
variation. Twenty-seven normal children (15 boys and 12 girls), from 5.6 to 7.5
years of age, attending the Grass Valley Elementary School in Oakland, California,
were recruited for the study. The methodology employed for this study was similar
to his previous study (Lee, 1979, cited earlier). Seasonal variation of growth in
height was evaluated by mean increments of growth during intervals of eight and 16
weeks compared to various times of the year. Individual growth curves were
examined to ensure that a marked change in growth rate of a few individuals did not
cause a misinterpretation of the overall data. It was shown that annual growth rate
was normal for all children. The mean growth rate for both sexes varied with the
lowest mean (1.1 cm per year) occurring between November and March and the peak
rate (5.9 cm per year) occurring between February to May. However, growth
increments during various intervals for both sexes or the males alone did not differ
significantly, but some increments for females at some intervals differed from other
intervals. Lee concluded that the seasonal variation of growth in height was not
dependent upon marked temperature changes and also there was a sex difference in
the magnitude of growth rate. In this study area of Oakland, California, the mean
temperature varies only a few degrees throughout the year. For example, the author

so
reported that the average extreme temperatures in January range from 400 to 55° F,
and in July range from 55° to 700 F. The maximum variation in temperature is only
15° F. The influence of temperature on variation of growth in height in this study is
not conclusive and needs to be studied further.

Conclusion: Evidence of seasonal variation in weight change (five out of
seven studies) was more pronounced than that of variation in length or height change
(only three out of seven studies) in preschoolers. Most of these studies were
conducted during the early part of this century. Only two studies were conducted
during the late seventies. One study finding did not report on seasonality in both
weight and height change. Three studies did not find seasonal variations in height
and one study did not find seasonal variation in weight change. The result of two
European studies (German) on the age group was very inconclusive. Evidence of
seasonal variation in growth was more pronounced for children over five years of
age. Seasonal variation in weight has been reported in 19 studies. Only two studies
did not find seasonal variation in weight velocity. Seasonal variation in height was
reported in 17 studies. Only four studies reported no seasonal variation in height
growth.

2.2 Summary of Findings
To set the stage for what follows and to give an idea of the nature and
magnitude of the seasonal patterns of growth (weight and height measures) to date, a

51

very simplified account is presented in Tables 2.2.1 and 2.2.2. The findings are
presented in chronological order of studies of seasonal variation in the rate of growth
in weight and height of healthy and well-nourished populations reported in individual
reports and reviews of studies over a long period (Valverde et al., 1982; Bogin,
1977; Marshall, 1937; Orr and Clark, 1930). These tables included study locations,
year of publication, description of study population, period of maximal and minimal
growth, and their references. The above review of literature is limited to studies
conducted in developed countries and demonstrates a varying degree of evidence of
seasonal variation on weight and height increments. No simple conclusion is possible
from these studies. There were several variations in study design, subject selection
and analytical techniques employed. Some studies did not even report on the study
sample, its characteristics and the methodology used. One methodological problem
raised was the variation in the schedule of measurements. Most studies were based
on two to four measurements per year. In some studies measurements were obtained
monthly but the results were presented using three or six monthly increments for
reporting seasonal variation in growth rates. The infrequency of measuring schedules
artificially divided the years into time periods that lead to conflicting conclusions.
Seasonal variation in growth pattern is more profound in school aged children as
compared with preschoolers. However, the literature in general supports the evidence
of marked seasonal variation in rates of growth in weight and height. There was
considerable variation in the findings of maximal and minimal periods of growth. On
average, growth in height was fastest in the spring. By contrast, gain in weight was
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fastest in the fall. When comparison was made of the findings between European and
American studies the results were more inconclusive. Varying methods of analysis,
the number of serial measurements and frequency of measurements may explain the
difference in fmdings of these studies. Considering the conflicting findings in weight
and height gains from season to season, it becomes obvious that a more discrete
measure of growth is needed.
In the present study, monthly anthropometric measurements have been
undertaken to examine the effects of seasonality on growth. Although there are
numerous studies which indicate seasonal variation in physical growth, no direct
studies have been made to examine the influence of nutrition and illness on seasonal
variation in growth. This study also collected data on morbidity and dietary intake to
explore how they interact with seasonality and growth of the children.

Table 2.2.1

Summary Findings of Seasonal Variation of Growth in Weight
Minimal
Period of
Growth

Studies

(Year)

Country

Wretlind

1879

Sweden

School girls

Weighed before and after
summer vacation.

Summer

N.D. :;:

Hitchings
and Fitz

1901

USA (Boston)

20 boys (7-14 years)

Measured quarterly for an
unspecified period.

Jun-Dec

Jan-Jun

Bleyer

1917

USA (St. Louis)

Infants (:;;2 years)
at well baby clinic

Data were collected over
a five-year period. Monthly
weight gain was calculated.

Summer

Autumn

Holt

1918

USA (Boston)

703 private school
boys (5-16 years)

Weight was measured in
May and Nov.

May-Nov

N.D. '"

Porter

1920

USA (Boston)

Several thousand
school children
(5-15 years)

Measured monthly during
entire school life.

Jun-Dec

Jan-Mar

Hunt,
et al.

1921

USA (New York)

88 primary school
children (5-7 years)
were divided into two
groups based on
weight standards

Measured four times over
13 months.

Oct-Feb

Jun-Sep

N.D. *

Procedure
and Design

Maximal
Period of
Growth

Subject
Description

= Not Determined
V1
\.N

Table 2.2.1

Continued

Subject
Description

Procedure
and Design

Maximal
Period of
Growth

Minimal
Period of
Growth

Studies

(Year)

Country

Holt and
Fales

1923

USA (New York)

151 boys (4-14
years) and 195 girls
(4-16 years) of European
parentage, reared in
Catholic institution

Weighed one to twelve
times in two years. Mean
monthly increments were
calculated in two periods
(lun-Dec and Dec-lun).

Summer
(lun-Dec)

Winter
(Dec-lun)

Gebhert

1924

USA (New York)

363 boys and 616
girls (2-12 years)
of Italian origin

Monthly measurements
were taken for three to
five months.

Sep-Nov

May-lun

lohnson

1925

USA (New York)

School children
(number not mentioned)

Growth rates were
calculated for five-month
intervals.

Summer

N.D. *

Veeder and
Rohlfing

1927

USA (St. Louis)

534 private school
boys (10-18 years)

Emerson

1927

USA (New York,
Honolulu, and
Toronto)

833 school children
from three different
locations

N.D. *

Measurements were taken Autumn and
Winter
three times a year.
Measured monthly for
a year.

Late Summer
and Autumn

Autumn and
Summer
N.D. *

= Not Determined

\n

.::-

Table 2.2.1

Continued

Subject
Description

Procedure
and Design

Maximal
Period of
Growth

Minimal
Period of
Growth

Studies

(Year)

Country

Nylin

1929

Sweden

Pre- and primary
school children
292 boys and 286 girls
of Swedish parentage

Weighed four times
during the year. BMR, RF,
Ca, and P serum concentration were measured on
40 children.

Autumn

Spring

Orr and
Clark

1930

Scotland

657 school children
(7-11 years) of
Scottish parentage

Measured three times a
year. Results were
reported for two periods
a year.

Autumn

Spring

Lange

1930

Germany

Children (2 years)

Not available

Autumn and
Early Winter

Summer

Lange

1930

Germany

Children (2-6 years)

Not available

Late Summer
and Autumn

Spring

Berkson

1930

USA

15,000 children
«6 years)

Measured every month.
Compared observed mean
with expected mean.

N.D.

**

N.D.

**

N.D. * = Not Determined
N.D. ** = Not Determined, But Recognized

\Tl
\Tl

Table 2.2.1

Continued
Maximal
Period of
Growth

P~riod

Minimal
of
Growth
N.D.

Studies

(Year)

Country

Subject
Description

Gould

1930

USA (Tulane)

875 college girls

Measured in the Fall and
Spring for four years.

Summer

Wallis

1931

USA (New York)

120 private school
children (2-8 years)

Mean weight gains were
computed for two periods
(Nov-May and May-Nov)
for five years.

None

McKay and
Brown

1931

USA (Ohio)

114 preschool
children (2-8 years)

Measured at the same time Summer and
every month for a year.
Early Fall
Monthly increments were
calculated for two periods
(May-Oct and Nov-Apr).

Palmer

1933

USA (Maryland)

2,500 white school
children (6-16 years)

Measured each school month
over five years. More than
80% complete records .were
included in analysis.

Fall

Spring

Davenport,
et al.

1934

USA (Rural)

School children
(number not mentioned)

Not mentioned

Spring and
Fall

Not mentioned

N.D. *

Procedure
and Design

*

None

Winter and
Spring

= Not Determined
\.J1
(T\

Table 2.2.1 Continued
Subject
Description

Procedure
and Design

Maximal
Period of
Growth

Minimal
Period of
Growth

Studies

(Year)

Country

Whitacre

1935

USA (Texas)

2,542 children, both
sexes (5-19 years),
White, Black, and Mexican

Measured monthly over
two-year period. Three
seasons were defined.

Fall

April

Reynolds
and Sontag

1944

USA (Ohio)

Preschool children
65 boys and 68 girls
(1-5 years) in Ohio

Measured twice a year.
Increment was calculated
for two periods.

Oct-Dec

Apr-Jun

Bransby

1945

England

School children
(number not mentioned)
of British parentage

Not mentioned

Fall

N.D.

*

Takahaski

1966

Japan

Elementary school
children (6-11 years)

Measurements were taken
monthly, and growth
increment assessed for
30-day period.

Sep-Nov

N.D.

*

Shull,
et al.

1978

USA (Boston)

51 healthy vegetarian
preschool children
(15.5-30.4 months)

Measured at three-month
intervals for one year.

Fall and
Winter

N.D. *

Spring and
Summer

= Not Determined

\Jl
""-J

Table 2.2.2

Summary Findings of Seasonal Variation of Growth in Height
Minimal
Period of
Growth

Studies

(Year)

Country

Buffon

1777

France

Boy (0-18 years)

Measured every six
months until 18 years
of age.

Summer

N.D.

Bowditch

1872

USA

Boys (0.5-20 years)

Not available

Summer

N.D. *

Hitchings
and Fitz

1901

USA (Boston)

20 boys (7-14 years)

Measured quarterly for
an unspecified period.

None

None

Holt

1918

USA (Boston)

703 private school
boys (5-16 years)

Height was measured
monthly.

Summer

Winter

Porter

1920

USA (Boston)

Several thousand
school children
(5-15 years)

Measured monthly during
entire school life.

None

None

Hunt,
et al.

1921

USA (New York)

88 primary school
children (5-7 years)
were divided into two
groups based on
weight standards

Measured four times
over 13 months.

Feb-Oct
(Spring and
Early Summer)

Oct-Feb
(Late Autumn
and Winter)

N.D. *

Procedure
and Design

Maximal
Period of
Growth

Subject
Description

*

= Not Determined
\J1

co

Table 2.2.2 Continued
Subject
Description

Procedure
and Design

Maximal
Period of
Growth

Minimal
Period of
Growth

Studies

(Year)

Country

Johnson

1925

USA (New York)

School children
(number not mentioned)

Emerson

1927

USA (New York,
Honolulu, and
Toronto)

833 school children
from three different
locations

Measured monthly for
a year.

None

None

Nylin

1929

Sweden

Pre- and primary
school children
292 boys and 286 girls
of Swedish parentage

Measured four times
during the year. BMR, RF,
Ca, and P serum concentration were measured on
40 children.

Spring

Autumn

Orr and
Clark

1930

Scotland

657 school children
(7-11 years) of
Scottish parentage

Measured three times a
year. Results of height
velocity were reported
on a three-month basis.

Spring

Autumn

Lange

1930

Germany

Children (2 years)
of German parentage

Not available

Late Spring

Autumn and
Summer

Lange

1930

Germany

Children (2-6 years)

Not available

Late Spring

Autumn and
Summer

N.D. * = Not Determined

Growth rates were Two periods withcalculated for five-month out specifying
intervals.
months

N.D.

:I:

\J'1
\.0

Table 2.2.2 Continued
Subject
Description

Procedure
and Design

Maximal
Period of
Growth

Minimal
Period of
Growth

Studies

(Year)

Country

Berkson

1930

USA

15,000 children
«6 years)

Measured every month.
Compared observed mean
with expected mean.

Gould

1930

USA (Tulane)

875 college girls

Measured in the Fall and
Spring for four years.

Late Winter
and
Early Spring

Wallis

1931

USA (New York)

120 private school
children (2-8 years)

Mean height gains were
computed for two periods
(Nov-May and May-Nov)
for five years.

None

None

McKay and
Brown

1931

USA (Ohio)

114 preschool
children

Measured at the same time
every month for a year.
Monthly increments were
calculated for two periods
(May-Oct and Nov-Apr).

None

None

Davenport,
et al.

1934

USA (Rural)

School children
(number not mentioned)

Not mentioned

Spring

Not mentioned

N.D.
N.D.

N.D.

**

N.D.

**

N.D.

*

* = Not Determined
:t.*

= Not Determined, But Recognized
0'

0

Table 2.2.2 Continued
Subject
Description

Procedure
and Design

Maximal
Period of
Growth

Minimal
Period of
Growth

Studies

(Year)

Country

Whitacre

1935

USA (fexas)

2,542 children, both
sexes (5-19 years),
White, Black, and Mexican

Measured once a
semester over a twoyear period. Three
seasons were defined.

None

None

Reynolds
and Sontag

1944

USA (Ohio)

Preschool children
65 boys and 68 girls
(1-5 years)

Measured twice a year.
Increment was calculated
for two periods.

Apr-Jun

Oct-Nov

Bransby

1945

England

School children
(number not mentioned)
of British parentage

Not mentioned

Spring

Winter

Takahaski

1966

Japan

Elementary school
children (6-11 years)

Measurements were taken
monthly, and growth
increments were assessed
for 30-day period ..

May-Jul

Not mentioned

Marshall

1971

England

Primary school
children, 143 boys and
117 girls (7-10 years)

Measured every month Spring-Summer Winter-Autumn
for 13 months. Growth
(Mar-Jul)
(Sep-Feb)
rates were calculated
on three-month and
six-month basis.

N.D. * = Not Determined
0"

Table 2.2.2 Continued
Subject
Description

Procedure
and Design

Maximal
Period of
Growth

Minimal
Period of
Growth

Studies

(Year)

Country

Marshall
and Swan

1971

England

309 normally sighted
(7-9 years) and 115
blind (5-18 years)
school children

Measured every month Normal: Jan-Jun Not mentioned
over one- or two-year
period. Growth rates Blind: May-Sep
None
were calculated on threemonth basis but reported
on six-month basis.

Marshall

1975

Orkney Islands

300 normal primary
school children
(6-10 years)

Measured every month
over two-year period.
Growth rates were calculated on three-month
basis.

Sep-Mar

Apr-Sep

Shull,
et al.

1978

USA (Boston)

51 healthy vegetarian
preschool children
(15.5-30.4 months)

Measured at three-month
intervals for one year.

Summer

Spring

Lee

1979

USA (California)

26 boys and 25 girls
(4.7-6.7 years). Height
was within 2SD of the
mean for age

Measured at four-week
intervals from October
to June and in October

N.D. **

N.D. **

N.D. * = Not Determined
N.D. ** = Not Determined, But Recognized
0'

N

Table 2.2.2 Continued
Subject
Description

Procedure
and Design

Maximal
Period of
Growth

Minimal
Period of
Growth

Nov-Mar

Studies

(Year)

Country

Lee

1980

USA (California)

Elementary school
children, 15 boys
and 12 girls (5.6-7.5
years). Height was
within 2SD of the mean
for age

Measured at eight,
twelve, and sixteen weeks.
Growth rates were calculated on the basis of
eight- and sixteenweek increments.

Feb-May

Ashizawa and
Kawabata

1990

Japan

Sister (7.5 years)
and Brother (6.6 years)

Measured every morning
and evening for one year.

April

N.D.

'*

N.D.

*

= Not Determined

0'
W
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CHAPTER THREE

METHODS AND PROCEDURES

This chapter presents a detailed description of the methodology employed in
this research. This includes study area, study population and community, study
design, subject selection procedure, human subject protocol, data collection, and data
management and analysis.

3.1 Study Area
The study area was Tucson, a city in Arizona, a southwestern state of the
United States of America. Tucson lies at an elevation of approximately 2600 feet,
latitude and longitude of 32 and 110 degrees, respectively, in the beautiful, saguarostudded, desert valley of southeastern Arizona. The normally dry Santa Cruz River
runs from south to north just west of the city. Within ten to fifteen miles of Tucson,
the terrain is flat or gently rolling, with many dry washes. The valley floor, which
rises gradually in elevation from the north and northwest to the south and southwest,
is encircled by the Santa Catalina, Santa Rita and Rincon Mountains. The highest
peaks, rising above 8000 feet, lie to the north and east at a distance of between 20
and 35 miles from Tucson. At higher elevations in the Catalina and Rincon
mountains, to the north and east of Tucson, the creosote bush is replaced first by
chaparral and oak woodland, and then, above 6500 feet, by yellow pine (Weather of
U.S. cities, 1981; Sellers and Hill; 1974).
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Tucson is probably best known for its mild, dry winter climate. Early
morning temperatures usually lie above the freezing point and the afternoons are
pleasantly warm, with temperatures normally in the upper sixties or lower seventies.
In addition, the climate of Tucson is characterized by a long hot season from April to
October. Temperatures above 90 degrees prevail from May through September
(Figure 3.1.1). Afternoon temperatures above 100 degrees are quite common in
Tucson during early June through mid-September but the most severe heat rarely lasts
for longer than a few hours. Summer evenings are usually very pleasant, often being
accompanied by a brilliant display of lightning over the nearby mountains. The
temperature range is large, averaging 30 degrees or more a day (U.S. Department of
Commerce, 1979-88). Tucson lies in the zone receiving more sunshine than any
other section of the United States and her persistent bright sunshine is one of the most
noteworthy features of the desert climate. Average hours of sunlight during the
months May through September was usually above 10 hours per day (Figure 3.1.2).
Clear skies or very thin high clouds permit intense surface heating during the day and
active radiational cooling at night. Although Tucson has a desert or semi-desert
climate, the dryness and summer heat are not quite as extreme as they are further to
the northwest. An average of more than eleven inches of precipitation is recorded
each year. Almost half of this falls during the summer season, usually from showers
and thundershowers originated in moist air that flows into Arizona from the Gulf of
Mexico. Normally rainfall is the most intense in the late afternoon or early evening,
but occasionally a heavy downpour will occur in the early morning, afternoon and
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Figure 3.1.1 Monthly Mean Temperature
During the Study Period
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Figure 3.1.2 Mean Hours of Sunlight
, by Month During the Study Period
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middle of the night. An average of 75 inches of snow falls annually in the higher
elevations of the Catalina mountains; but snow fall is infrequent and amounts are
negligible on the desert floor in the vicinity of Tucson (U.S. Department of
Commerce, 1979-88).

3.2 Study Design
A mixed longitudinal design was employed in this research. In this design,
subjects enter and leave the study at different ages yielding various degrees of
longitudinality. This design is regarded as a compromise between a longitudinal and
cross-sectional study and can be viewed as a convenient combination of the two
approaches (Van't Hof et al., 1977). A longitudinal design requires measuring a
group of individuals on multiple occasions for a period. Difficulties arise in
longitudinal studies due to time constraints, budgetary and manpower restrictions, and
attrition of subjects. In a society like the United States, where the population is
highly mobile and most families have working parents, it is difficult for subjects to
comply with the requirements of a longitudinal study design. Cross-sectional designs
require less time and cost but they cannot determine temporal relationships. A mixed
longitudinal design requires a shorter time to complete, yet still provides some
longitudinal information and therefore has the capability of extracting more
information than the cross-sectional study (Chinn, 1988; Tanner, 1951).
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This study was conducted from March 1986 to September 1988. Fifty-five
subjects from six different age cohorts were recruited and followed contemporaneously over a period of ten months (Figure 3.2.1). The age range is from zero to 40
months with some overlapping of the ages over which the various cohorts were
followed.

3.3 Study Population and Community
The community from which the study samples were drawn is homogenous in
socioeconomic status and represents an upper-middle or middle class society. All of
the subjects were recruited from the children of medical and graduate students and
their friends and relatives, the outpatient clinic affiliated with the Department of
Family and Community Medicine, and networks of mothers established by the
department's previous studies on infant growth in Tucson. To define a well-'
nourished population is not an easy task, but the research work requires a functional
definition. This is an analogous of "malnutrition" which is more commonly used for
nutrition and health related studies throughout the world. The study population was
assumed to be well-nourished with access to a health care system and a secure food
supply, in addition to their basic needs being met. All study subjects were within two
standard deviations of mean height-for-age (National Center for Health Statistics
(NCHS) standard). The caretakers of these children were well informed regarding
health and nutrition. Only three subjects came from single parent families. All
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subjects were either the first or second child except for five subjects who came from
families with three or more children. All children were born between 1983 and 1987.
Seventy-five mothers agreed to enroll their infants and children in the study
from the first day of interview. Fifty-five subject's mothers were able to comply with
the study requirements. Twenty subjects were dropped from the study within two to
five months of their entry. Six of them were in the age cohort starting immediately
after birth, four were in six month age cohort and the remaining ten subjects were in
the age cohorts of 12 to 30 months. There were several reasons for removing them
from the study. Eight subject's mothers did not keep their monthly appointments on
more than three occasions. Two subjects' families moved out Tucson and one
subjects' mother moved to another part of the city. The remaining subjects' mothers
withdrew from the study because of difficulties in keeping records of children's diet
and morbidity history, or were not interested in devoting time and effort to the study.
Fourteen subjects who withdrew from the study were Anglo and six were MexicanAmerican descent. Five of the six Mexican-American and six of the fourteen Anglo
mothers were under 20 years of age. Nine of the fourteen Anglo and three of the six
Mexican-American mothers were not working outside the household.

3.3.1 Socioeconomic and Demographic Background
As shown in Table 3.3.1, eighty-two percent of the study children were of
Anglo descent and 18 percent were of Mexican-American origin. Almost all of the
children (95 percent) came from a two parents family. Average family size was 3.58
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persons and average number of children was 1.63 per family. Twenty-five percent of
the families

ha~

one child, fifty-five percent had two children and the remaining

families had three or more children. A majority of the mothers were working outside
of the household (64 %) as compared with 36 percent working within the household.
Within household work included baby sitting and clerical work (typing or computer
work) along with normal daily household chores. A majority of the mothers had a
college degree (51 %) followed by a graduate degree (26 %), professional (16
percent) and high school degree (seven percent), respectively. The professional
categories included nursing, dietician and school teacher.

Table 3.3.1

Family Characteristics of Study Children

Variables

Number (percent)

Ethnic Identification
Anglo
Mexican-American

45 (82)
10 (18)

Household Status
Single parent resident in household
Both parents resident in household

3 (5)
52 (95)

Maternal Working Status
Working outside
Working within house

35 (64)
20 (36)

Maternal Educational Status
High school degree
College degree
Graduate degree
Professional degree

4 (7)
28 (51)
14 (26)
9 (16)
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3.4 Subject Selection Criteria
The study subje-ets were selected according to five criteria. These were:
1) Anglo or Mexican-American descent (both parents)
2) Product of singleton and uncomplicated pregnancies

3) Birth weight not less than 2500 grams (2.5 kg)
4) Not breastfed at study entry

5) No congenital, genetic defects or serious illness

A total of fifty-five infants and children were recruited for this research.
These criteria were employed to control the confounding effects of "race", low birth
weight and genetic factors. Breastfed infants were not included in the study because
of the difficulties in quantifying breast milk intake. This led to a great difficulty in
recruiting subjects in the younger age groups. Average birth weight and birth length
were comparable to the national standard. Mean birth weight was 3.45 kg and birth
length was 51.45 cm.

3.5 Protection of Human Subjects
This study was reviewed by the University of Arizona Human Subject
Committee which found that the study posed no more than minimal risk to the
participating subjects (Appendix I). Regulations required for the U.S. Department of
Health and Human Services were followed including a signed informed consent form
(parent or authorized guardian) (Appendix II).
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3.6 Data Collection
The present research used data which were collected for the study, "Growth
Patterns and Energy Intake in Early Childhood" conducted in the Nutrition Section of
the Department of Family and Community Medicine. Data collection included
anthropometric measurements, morbidity patterns and food intake of each individual
child.

3.6.1 Anthropometric Data
The anthropometric data included weight, recumbent length and midcircumferences from both arms. Appendix III contains the sample of anthropometric
data collection forms used for measuring subjects and recording the information. All
data were gathered either during home or clinic visits. All measurements were taken
by the same observer within seven days of the child's birth date. All anthropometric
data were collected every month for each child.
Weights were taken using a portable beam balance (Accu-Weigh, model
125T/LH) which had British system readings that were subsequently converted into
kilograms. The scale was checked for accuracy before each measurement. The
actual procedure involved adjusting the scale by placing it on a smooth plain floor,
centering the subject in the middle of the scale platform and recording the raw weight
to the nearest 0.01 kg. Ideally, each subject was weighed without clothing. If the
subject was weighed with clothing, the weight of the clothes was deducted from the
overall weight to get the actual weight of the child (child's weight=weight of the
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child with clothes minus weight of clothes). Recumbent length was measured using a
locally made length board with a stationary head piece and movable foot piece. The
subject was placed supine on the measuring board with his/her head flat against the
stationary part and movable foot piece placed against the two feet flatly. The legs
and spine were kept straight. Length measurements were made with the help of the
mother or the caretaker. The mother or caretaker would hold the child's head in
order to straighten the child's body to get an accurate measurement. The
measurement was read to the nearest 0.1 cm. Mid-arm circumferences were
measured using a fiberglass measuring tape, and taken half way between the tip of the
acromion process of the scapula and the olecranon process of the ulna. The
measurements were read to the nearest 0.1 cm. If a child was absent on the
measuring day, an attempt was made to measure the child another day within seven
days. If the attempt failed, the child did not have a measurement taken for the
month. Therefore, there were some missing data (11 measurements out of 570
measurements) for these measurements.

3.6.2 Morbidity Data
Morbidity data were collected once every two weeks (two times in month)
over nine months from the date of entry. Appendix IV contains a sample of
morbidity data collection forms used for recording morbidity data from interviews and
the calendar sample for daily recording of illness. Particular signs and symptoms
were listed in the morbidity questionnaire for helping mothers or caretakers to record

76

them easily into the calendar when the child was sick. Mothers were provided with a
calendar and instructed to record all illnesses, their symptoms, beginning and ending
date of illness and treatment patterns related to the respective illness. A biweekly
recall method was used for documenting illness experience throughout the study. The
first biweekly information on morbidity was collected by telephone interview. In the
second biweekly period, a home visit was made to review and summarize the
information on morbidity. During telephone, home or clinic interviews, mothers
were asked about the presence or absence of any minor illness since the last
interview. A "yes" record in any illness category prompted a detailed recording of
illness on the morbidity schedule. Recordings were especially made about several
categories of illness, namely diarrhea, fever, respiratory, ear, eye, skin, urinary tract
infection and accidents or burns or trauma. A record was also made for any illness in
which normal activities and food intakes were changed. When a given illness
involved symptoms and signs in more than one illness category, more than one
schedule was filled out. For example, if respiratory illness with fever and diarrhea
was present, schedule A (the diarrhea schedule) would contain symptom and sign
codes for diarrhea and schedule E (the fever schedule) would contain codes for
symptoms and signs for fever (Appendix IV). If a morbidity period was missed, data
were collected during the following interview. No adjustment was made for missing
data for two interview periods. There were missing data for 1.23 percent of the
observation periods (13 periods out of 1057 observation periods).
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3.6.3 Dietary Data
Dietary data were collected three days a month for each subject by a 24-hour
recording method. Appendix V contains a sample of dietary data collection forms
used for dietary records. The recording was done by the respective mothers of the
study infants and children. Mothers were provided with food recording materials
which had recording instructions written on them. The recording instructions
included writing the time of feeding or eating, the items eaten and the exact amounts
consumed. Serving or portion sizes or amounts were recorded to the mother's best
estimation. Three randomly generated days were chosen by the project coordinator
for monthly diet records. If mothers failed to record food intake on a selected date,
they were asked to choose any non-consecutive day for diet records. Dietary data
were reviewed with the mothers during each monthly visit. No adjustment was made
for missing data. There were missing data for 4.7 percent (68 out of 1399 days
records) days of dietary records.

3.7 Data Management and Analysis Protocols

3.7.1 Variable Computation
Anthropometric measurements were compared with the NCHS standards
(Hamill et al., 1979) for weight-for-age, height-for-age and weight-for-height. The
raw values of weight and length for all ages were converted to age-sex adjusted ZScores, Percentiles and Percentage of Median by using the Center for Disease
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Control's anthropometric software package (The CDC Anthropometric Software
Package, version 3.0, 1987). Z-Scores were used to represent the difference between
an anthropometric measurement and the NCHS reference expressed in standard
deviation units (WHO, 1986). Weight and length changes were calculated by the
difference between the preceding and the current measurement and expressed as kg
per month and cm per month, respectively. Most of the measurements (about 85
percent) were made within two to four days deviation from the birth date. The
distribution of days variation from birth date on which anthropometric data were
collected is shown in Figure 3.7.1. No adjustment was made for the number of days
between measurements. The exact number of days between measurements was
treated as to be equal from month to month.
Simple indicators were calculated to describe morbidity rates. These included
monthly incidence rates, period prevalence, number of episodes and morbidity burden
of each illness category. Incidence was calculated using a five day well period to
define each new episode of illness for respiratory illness and a three day period for
diarrheal illness. Incidence rates of illnesses were calculated as the number of new
episodes over the sum of the time in days that individuals remained under observation
(total person-time of observation) and expressed as monthly incidence rate for study
children. Period prevalence was defined in aggregate for all children as the number
of reported cases in semimonthly observation divided by the number of total
observation periods and expressed as a percent. An episode of a given illness was
defined as an illness which had at least a three to five day well period or three to five
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Figure 3.7.1 Distribution of Days on Which Anthropometric
Data were Collected Within Date of Birth
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symptom free days before a subsequent reoccurrence. When an illness was
overlapped in a subsequent observation period, the following observation period was
used to record the ending date of an illness. Morbidity burden was calculated as the
number of days a child was sick for each episode or overlapping episode of illness.
Dietary records were directly entered into a microcomputer using Nutritionist
III (N2 N-squared Computing Analytic Software, release 3.0, 1988). The database
generated through Nutritionist III was then transferred into the USDA (United States
Department of Agriculture) program, and estimation of all nutrients was made using
the USDA program. The estimation of nutrients was as follows. Dietary data with
nutritionist III food codes were read and matched to equivalent food codes in the
USDA system. After matching food codes, USDA nutrient composition values were
appended to the diet records and finally prepared as an ascii file which contained food
codes, gram amounts and USDA nutrient values. The write out ascii file was used
for ultimate nutrient analysis. For calculating energy, protein, and fat intake per
kilogram body weight, the average of three-day intakes was matched with the
anthropometric measurements for that month. Percent of RDA (recommended dietary
allowance) for available nutrients (macro- and micro-nutrients) was estimated by
adjusting for both· age and sex if required. Standard units of measurement were used
for quantifying other nutrient intakes. Whenever an exact code for a particular food
was not available, a next best choice was made by the project coordinator consulting
with a dietitian.
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3.7.2 Management of Data
Data management and documentation were done using a microcomputer at the
University of Arizona, Nutrition section of the Department of Family and Community
Medicine. Dbase III Plus was used to construct data files and for some basic data
management. Data files were then converted into DOS text files and then system files
for use in analysis. The Word Perfect 5.1 software program was used sometimes for
preparing additional data files and editing data files as well. Both Harvard Graphics
and MicroSoft software programs were used for preparing charts and graphics.

3.7.3 Quality Control of Data
Data cleaning and quality control check were as follows. Range checks were
applied after entering the data into the computer. For anthropometric data, a list of
measurements for each individual was generated from the computer files and
compared with the original records of the entry form. This procedure provided
minimum data entry error into the analysis files. If an error was encountered, the
value was checked in relation to the previous and following measurements and then
corrected. Longitudinal plots of weights and lengths for each individual were aiso
done further detecting any obvious measurement error. Cleaned files were saved
separately in duplicate sets and were used in the analysis phase.
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3.8 Statistical Analysis
Most of the data analyses were done using the Statistical Package for the
Social Sciences (SPSS PC) in relation to the following two categories.

3.8.1 Descriptive Statistics
Descriptive statistics included means and standard deviations for each variable
of interest for each age group. Cross tabulations were run to determine the temporal
relationship that existed between illness and month of the year. Graphical
representations were used from the results of cross tabulations. Analysis of
covariance (ANCQV A) was done on illness, anthropometric variables of interest and
dietary intakes using age and gender of the subjects as covariates to examine the
seasonal variations. Seasonality can be estimated monthly, quarterly, yearly or
periodically but in this section, seasonal variation is presented on the monthly basis or
as a periodic function. To examine the relationship between growth velocity and
exploratory variables correlation analyses were performed.

3.8.2 Analytical Statistics
To measure the seasonal variations in physical growth and other variables of
interest, the periodic sine model was considered. The underlying assumption of this
model is that it can be fitted by the symmetrical sine curve, showing a six month
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period of increase followed by a six month period of decrease. The trigonometric
regression model is as follows:

Yj

= bo + b3 COS(wt + lJ) + Ej

•••••••••••••••••••••••

(A)

Where bo and b3 are unknown parameters to be estimated, w denotes period of the
curve (here w = 271"/12), lJ denotes the phase angle of the curve or the time at which
the respouse Y is maximum as measured from an arbitrary starting point
the time at which the desired measurements were taken and

~

to

=0, tis

is the error term

associated with the j'h month. The sine curve defines the expected response Y at each
time t and it has a smooth variation in rate over the 12 months. Essentially bo
denotes the mean of the expected response Y for the entire period and assumes that
each time period is equally spaced within the cycle and b3 denotes the amplitude of
the curve. The functions of a sine curve can be expressed graphically in Figure 3.8.1
(Bliss, 1970). Using trigonometric identities, equation (A) is transformed into a
genera1linear regression model of the form:

Yj = bo

+ bI cos (271"M/T) + b2 sin (271"M/T) + Ej

Where Yj are the study variables of interest and bo is the same as in equation (A). In
this model, b I and b2 are regression parameters and were designed to capture seasonal
patterns of the variable of interest, ~ is the jth observation time expressed as month
of the year (O=March, 1986 to 29=September, 1988),

Es denotes the error of the jth

observation, and T was specified as 12 months and assumed to measure only seasonal
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periodicity. The amplitude and the phase which are the primary concerns in case of
detecting a periodicity and are given by b3

= (b/ + b22)1I2; where bl and b2 are

obtained from the above usual regression equation. The estimate of 0 can be obtained
as 0

= _tan-I (-b2/b l ).

If b3 is zero, then the model reverts to that of no seasonality.

The parameters b 3 and bo in the model have a useful property, such that the extent of
the seasonal variation above the mean growth velocity is estimated by (bibJ and
expressed as percent. Maximum peak time is then calculated by the equation; fuwt

=

O*T/27r. To control the effects of age and gender of the subjects, both variables were
used in the above regression model. The tertic polynomial terms were used for age
effect. It is appropriate using polynomial terms of age in the model because the slope
of growth is assumed to be changing as the age of the subjects increases, showing a
nonlinear relationship with age. It is true that one nonlinear specification becomes
linear in terms of parameters using a polynomial model (Berry and Feldman, 1985).
The regressions were forced entry standard multiple regression procedures.
Independent variables which are related to research objectives were forced entered
into initial regression models in the subsequent analyses. Regression coefficients are
reported in the standardized form so that effects of various correlates could be
compared within and between models.
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Figure 3.8.1 The Sine Curve and Its Constants
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CHAPfERFOUR
RESULTS

Before reporting on the study results of seasonality, some general information
about the study subjects is helpful in understanding the findings. The results of this
research are divided into three sections; description of nutritional status, morbidity
and dietary intake patterns of study subjects, findings related to seasonality and the
development of models which summarize the study findings.

4.1 Description of Nutritional Status, Morbidity and Dietary Patterns
This section includes nutritional status (weight and length-for-age, weight-forlength, mid arm circumference), morbidity and dietary intake patterns of study
subjects. It also includes the distribution of variables of interest measured in different
months of the year.

4.1.1 Number of Measures and Seasonal Distribution
There were a total of 570 records for length, weight and arm circumference
for the study children. The distribution of records appeared to be evenly distributed
by calendar months and is shown in Table 4.1.1. They covered a time span of 30
months and were collected over ten observation months for each child. There were
1057 biweekly morbidity records and 1399 days of dietary intake records. The
missing records were not excluded for calculating numbers of measurements. On
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Table 4.1.1 Number of Anthropometric, Biweekly Morbidity
and Dietary Records by Calendar Month

Anthropometry

Morbidity

Dietary Intake

January

47

87

117

February

41

79

108

March

52

86

114

April

43

77

105

May

48

82

111

June

47

86

120

July

49

91

120

August

52

104

132

September

49

94

119

October

48

91

117

November

43

84

111

December

51

96

125

570

1057

1399

Months

Total
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average each of the children had 10.4 months of anthropometric, 19.2 semimonthly
morbidity and 25.4 days of dietary records.

4.1.2 Weight and Length-for-Age, Weight-for-Length, and Arm
Circumference
Tables 4.1.2 and 4.1.3 provide descriptive statistics for the anthropometric
measures of nutritional status by three-month age groups in terms of means and
standard deviations of Z-scores and percentile values relative to NCHS standards.
Overall, the study children at all ages were somewhat lighter than the NCHS
reference population, but comparable in stature. All children were between the 10th
and 72nd percentiles for weight-for-age, 21st and 90th percentiles for length-for-age,
and 9th and 63rd percentiles for weight-for-Iength in relation to the reference
population, suggesting that overall the study children were in good health. Arm
circumference measures (Table 4.1.4) also indicate that the children were well
nourished. Children between 12 and 30 months of age had greater variability in their
arm circumference measures than at other ages. Arm circumference measures of the
study children were compared with a new percentiles reference for mid-upper arm
circumference (MUAC) of Dutch children lmown as Gerver's percentiles of MUAC
(Voorhoeve, 1990; Gerver, 1988). For the ease of comparison Table 4.1.4 also
provides the 50th percentile values of girls and boys, although study results were
given for combined gender. Arm circumference data of the study children are
comparable with the reference percentile values.
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Table 4.1.2 Nutritional Indices of Study Children by Age Groups
(Z-Scores Relative to NCHS Reference, Mean + SD)
Age Groups
in Months

(N)

0-3

18

.16

+ 0.48

.71

+ 0.53

-.08

+ 2.49

3-6

21

-.46

+ 0.40

.16 ± 0.67

-.79

+ 0.76

6-9

31

-.61

+ 0.46

.01

± 0.65

-.74

+ 0.56

9-12

39

-.62

+ 0.61

-.07

+ 0.69

-.60

± 0.56

12-15

48

-.56 ± 0.73

-.03

+ 0.70

-.58

+ 0.70

15-18

47

-.53

+ 0.84

-.08

± 0.79

-.58

+ 0.77

18-21

63

-.45

+ 1.12

.06

+ 0.91

-.62

± 1.08

21-24

55

-.31

+ 1.06

.31

+ 0.91

-.56

+ 0.99

24-27

70

-.26

+ 1.02

.69

+ 0.80

-.58

+ 0.86

27-30

52

-.39

+ 1.03

.40

+ 0.75

-.56

+ 0.96

30-33

56

-.52

+ 0.83

.14

+ 0.77

-.54 ± 0.70

33-36

32

-.56

+ 0.94

.01

± 0.90

-.53

± 0.76

37-40

26

-.55

+ 1.06

.01

+ 1.01

-.53

± 0.78

Weight-for-Age

Length-for-Age

Weight-for-Length
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Table 4.1.3 Nutritional Indices of Study Children by Age Groups
(percentile Values Relative to NCHS Reference, Mean + SD)
Age Groups
in Months

(N)

0-3

18

55

+ 17

74

+ 16

32± 22

3-6

21

33

+ 14

56

+ 24

26 + 22

6-9

31

29

+ 15

51±23

26 + 17

9-12

39

29

+ 19

48

+ 24

29 + 18

12-15

48

32 + 23

15-18

47

34

+ 25

47

+ 26

32 + 23

18-21

63

39

+ 31

52

+ 29

34

+ 30

21-24

55

42

+ 31

60

+ 29

35

+ 28

24-27

70

43 + 29

70

+ 25

32

+ 25

27-30

52

38

+ 26

63

+ 24

31

+ 25

30-33

56

34 + 23

55

+ 24

32 + 21

33-36

32

34

+ 25

50±27

34

+ 22

37-40

26

36

+ 28

50

+ 28

34

+ 23

Weight-for-Age

Length-for-Age

49±25

Weight-for-Length

31

+ 22
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Table 4.1.4 Arm Circumference (cm) of Study
Children by Age Groups (Mean + SD)
Age Groups
in Months

*

+

(N)

Left
Arm-Circumference

Right
Arm-Circumference

50th Percentile
Gerver's MUAC*
Female
Male

0-3

18

12.41

± 0.87

12.41

± 0.87

13.01

13.69+

3-6

21

13.94

± 0.76

13.94

± 0.77

14.84

15.37

6-9

31

14.83

± 0.66

14.83

± 0.66

15.97

16.07

9-12

39

15.27

± 0.82

15.28

± 0.83

16.36

16.34

12-15

48

15.69

± 0.97

15.70

± 0.96

16.51

16.55

15-18

47

15.81

±

1.07

15.81

±

1.07

16.65

16.73

18-21

63

16.09

±

1.10

16.10

±

1.10

16.78

16.90

21-24

55

16.22

±

1.09

16.23

±

1.09

16.90

17.04

24-27

70

16.43

±

1.35

16.44

±

1.35

17.01

17.15

27-30

52

16.54

±

1.47

16.54

±

1.47

17.11

17.26

30-33

56

16.74

± 0.96

16.74

± 0.96

17.20

17.34

33-36

32

17.12

± 0.84

17.12

± 0.83

17.29

17.42

37-40

26

17.58

± 0.64

17.58

± 0.64

17.41

17.50

Gerver's percentiles of the mid-upper arm circumference.
Percentile values from girls and boys.
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4.1.3 Morbidity Patterns
Tables 4.1.5 and 4.1.6 provide two-week period prevalence and mean total
episodes per child per year for major types of illness, respectively. Respiratory
illness had the highest prevalence (41.2 percent) followed by gastrointestinal illness,
fever, ear infections, skin problems and eye infections, respectively. None of these
measurements were adjusted for age of the subjects. In addition, prevalence rate
unlike incidence rate, does not provide a direct measure of the rate at which
individuals in a given population become ill.
Table 4.1.7 shows mean monthly incidence rates for different types of illness
by three-month age groups. Children between six and 30 months had the highest
rates of illness; respiratory illness was the most frequent type followed by
gastrointestinal, febrile illness and ear infections respectively. Children of all ages
suffered from respiratory illnesses in about half of the two-week observation periods.

4.1.4 Dietary Intakes
Table 4.1.8 shows distributions of energy and macronutrient intake in terms of
absolute intake, and for calories and protein as percent of the RDA (Recommended
Dietary Allowance). Table 4.1.9 displays intake of selected micronutrients in terms
of percent of the RDA. Intakes of some nutrients relative to the RDA are somewhat
lower for children between 12 and 30 months of age than for younger and older
children. The lowest intakes relative to the RDA are for zinc and iron. Energy
intakes of children between 12 and 30 months of age were also lower (90 to 96
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percent) relative to RDA for energy. Children over 12 months of age have iron
intakes within the range of 66 to 86 percent of the RDA and zinc intake is below 100
percent of the RDA for all ages, averaging only 50 to 66 percent of the RDA for
children over twelve months.

Table 4.1.5 Semimonthly Prevalence· of
llInesses During the Study Period
Percent of Two-Week
Periods in Which
Illness Occurred

Illnesses
Respiratory

41.2

Gastrointestinal

14.9

Fever

12.9

Ear infections

9.4

Skin problems

5.8

Eye infections

4.4

'* Period prevalence

=

Number of cases in semimonthly observation
Total number of observations
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Table 4.1.6 Number of Episodes per Child of
Selected lllnesses per Year (Mean

Illness Type

±

SD)

Number of Episodes

Respiratory

9.89

± 3.25

Gastrointestinal

3.59

± 2.73

Fever

3.09

± 2.68

Ear infections

2.19

± 1.99

Skin problems

1.39

± 2.04

Eye infections

1.06

± 0.69
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.Table 4.1.7 Mean Incidence Rates· (per Month) of
Selected Dlnesses by Age Groups
Age Groups
in Months

Gastrointestinal

0-3

.00

3-6

Fever

Ear Infections

Skin
Problems

Eye Infections

.14

.07

.00

.14

.33

.00

.40

.13

.20

.13

.07

6-9

.19

.67

.18

.12

.15

.09

9-12

.33

.60

.17

.17

.20

.00

12-15

.26

.65

.42

.16

.02

.16

15-18

.30

.52

.26

.08

.15

.04

18-21

.35

.64

.39

.20

.08

.09

21-24

.27

.40

.20

.12

.05

.02

24-27

.28

.45

.21

.10

.09

.06

27-30

.18

.23

.15

.06

.03

.05

30-33

.19

.44

.16

.04

.05

.05

33-36

.15

.28

.02

.06

.02

.13

36-39

.08

.38

.21

.13

.04

.17

39-40

.14

.43

.14

.00

.00

.14

* Incidence rate =

Respiratory

Number of new episodes
Person-months of observation

96

Table 4.1.8 Energy, Protein, Fat, and Carbohydrate
Intakes (Mean + SD) by Age Groups
Energy
Kcal
Kcal/kg/d
%RDA

Protein
Grams
gm/kg/d
%RDA

0-6

696.63 ± 162.24
120.20 ± 14.47
111 ± 13

6-12

Fat
Grams
gm/kg/d

Carbohydrate
Grams
gm/kg/d

14.33 ± 4.02
2.47 ± 0.43
112 ± 19

34.25 ± 8.55
5.94 ± 1.05

82.16 ± 24.29
14.16 ± 2.72

948.72 ± 257.80
116.50 ± 36.46
118 ± 37

26.38 ± 9.23
3.22 ± 1.14
201 ± 71

41.13
5.07

± 1.81

12-18

1027.89 ± 204.05
94.26 ± 24.74
92 ± 24

42.43 ± 10.21
3.93 ± 1.12
327 ± 94

39.32
3.64

± 1.20

18-24

1097.02 ± 202.36
92.49 ± 23.47
90 ± 23

42.45 ± 9.88
3.53 ± 0.86
294 ± 71

40.79
3.43

± 0.97

24-30

1224.50 ± 275.55
97.93 ± 23.18
96 ± 22

42.22 ± 11.99
3.60 ± 0.94
300 ± 78

46.95
3.74

30-36

1379.63
102.38
100

± 332.66
± 24.43

± 24

49.02 ± 14.12
3.66 ± 1.06
305 ± 89

1466.30
106.72
104

± 344.45
± 29.71
± 29

49.21 ± 14.35
3.58 ± 1.13
298 ± 95

Age Groups
in Months

37-40

± 12.50

119.43
14.69

± 37.29
± 5.00

± 10.03

130.86
12.12

± 32.84
± 3.60

±

10.04

144.77
12.18

± 35.58
± 4.05

± 1.12

± 13.99

160.25
12.77

± 40.25

52.62
3.96

± 14.39
± 1.09

184.37
13.87

± 52.28
± 3.83

56.52
4.13

± 1.50

± 17.39

198.21
14.49

± 60.26
± 4.73

± 3.51

Table 4.1.9

Micronutrient Intakes (percent of RDA,
Mean + SD) by Age Groups
Age Groups in Months

0-6

Nutrient

6-12

12-18

18-24

24-30

30-36

36-40

Vitamin A

246

± 16

488

± 330

342

± 396

244

± 171

234

± 275

288

± 260

228

± 221

Vitamin C

264

± 164

327

± 161

132

± 75

162

± 102

135

± 70

187

± 115

158

± 104

145

± 36

112

± 31

92

± 28

91

± 28

89

± 28

108

± 43

101

± 49

Folic Acid

295

± 150

356

± 140

274

± 109

286

± 141

293

± 106

336

± 141

225

± 162

Vitamin B12

391

± 153

438

± 178

459

± 153

391

± 130

385

± 195

421

± 181

305

± 157

Vitamin B6

Iron

199

± 44

136

± 47

66

± 29

69

± 26

76

± 20

82

± 24

86

± 23

Zinc

59

± 43

99

± 17

56

± 14

57

± 15

62

± 17

69

± 19

68

± 20

1.0
.........
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4.2 Seasonal Patterns of Nutritional Status, Morbidity, and Food Intake
This section is devoted to the findings related to seasonality which includes
both descriptive and multivariate analytical approaches. The findings are presented in
three sub-sections which include seasonal variation in nutritional status (weight and
length-for-age, weight-for-Iength and arm circumference), morbidity patterns and food
intakes of study subjects. The findings are arranged in a manner that first describes
descriptive findings followed by multivariate findings.

4.2.1 Seasonal Patterns of Nutritional Indices
Seasonal Patterns in Weight-and Length-for-Age and Weight-for-Length:
Tables 4.2.1 to 4.2.3 present means and standard deviations for length-for-age,
weight-for-age and weight-for-Iength Z-scores by calendar month, and study entry age
group. Children between six and 16 and 12 and 22 months show somewhat lower
length Z-scores between the months of September and February. Between the months
of March and August, length-for-age Z-scores for children of all six age groups are
relatively higher. These differences were not statistically significant when compared
by month within study entry age groups.
A time series plot showed no consistent pattern in weight-for-age Z-scores by
calendar months (Figure 4.2.1). A time series plot of the monthly length-for-age Zscores for the entire study period showed peaks in Z-scores between May and August
with the lowest value between January and February. These data are presented in
Figure 4.2.2. The smoothness of the distribution of weight-for-age is not as clear as

Table 4.2.1 Length-for-Age Z-Scores of Different Age Cohorts by Month of Year
and Study Entry Age Groups (NCHS Reference, Mean + SD)
Age Groups in Months
0-10

6-16

12-22

18-28

24-34

30-40

January

-.01 + .83

-.23 + .83

-.20 + .72

.24 ± 1.25

.24 + .66

-.03 + 1.16

February

.28 + .46

-.33 ± .70

-.24 + .76

-.07 + 1.22

.39 + .61

-.09 + 1.15

March

.20 + 1.14

-.23 + .93

-.06 + .74

.49 ± 1.18

.12 + .70

.01 + 1.03

April

.80 + .43

.39 + 1.07

.13 + .63

.38 + 1.03

.42 + .23

.09 + .78

May

.82 + .04

.12 ± .85

-.22 + .77

.15 + 1.12

.63 + .58

-.23 + 1.06

June

.85 + .27

.04 + .65

-.03 + .57

.32 + 1.06

.47 + .61

.29 + .81

July

.64 + .37

-.05 + .67

-.20 + .73

.60 + .85

.52 + .60

-.01 + 1.02

August

.61 ± .35

.02 ± .79

-.03 ±.64

.58 + .83

.51 + .57

.01 + .99

September

.42 + .33

-.07 + .67

-.12 + .66

.83 + .75

.54 + .65

-.03 + 1.12

October

.28 + .41

-.12 ± .71

-.22 + .67

.52 + .97

.44 + .68

-.02 + 1.06

November

.18±.62

-.14 ± .75

-.31 + .71

.50 + 1.01

.39 + .76

.31 + .91

December

.07 ± .60

.10 + .76

-.16 + .69

.68 + 1.02

.18 + .71

-.52 + .99

Months

I..D
I..D

Table 4.2.2 Weight-for-Age Z-Scores of Different Age Cohorts by Month of Year
and Study Entry Age Groups (NeHS Reference, Mean + SD)
Age Groups in Months
0-10

6-16

12-22

18-28

24-34

30.-40

January

-.21 + 1.15

-.72 ±.46

-.43 + .94

-.51 + 1.24

.51 + .67

-.37 + 1.39

February

-.45 + .78

-.63 ±.45

-.53 + .91

-.65 + 1.58

-.39 ±.64

-.74 + 1.24

March

-.10 + .95

-.32 ±.64

-.44 + .86

-.16 + 1.19

-.41 + .89

-.48 + 1.16

April

.17 + .48

-.56 ± .62

-.48 + .94

-.28 + 1.30

-.26 + .56

-.23 ± .90

May

-.14 + .23

-.47 ± .27

-.71 + .93

-.71 + 1.23

-.04 + .99

-.70 + 1.27

June

-.37 + .09

-.62 ± .53

-.48 + .70

-.24 ± 1.33

-.11 + 1.08

-.24 + .88

July

.04 + .83

-.64± .36

-.55 + .68

-.32 + 1.14

-.03 + 1.08

-.52 ± 1.15

August

-.01 + .58

-.57 ± .25

-.63 + .74

-.40 ± 1.19

-.13 + 1.15

-.57 ± 1.08

September

-.34 + .68

-.65 ± .26

-.63 + 1.03

-.15 + 1.14

-.41 + .74

-.62 + 1.21

October

-.25 + .54

-.71 ± .17

-.81 + .85

-.69 + 1.19

-.43 + .63

-.56 + 1.11

November

-.37 + .50

-.64 ± .19

-.79 + .80

-.64 + 1.25

-.56 + .63

-.13 + .85

December

-.38 + .47

-.70 ± .18

-.62 ± .79

-.22 ± 1.15

-.46 + .60

-1.29 + 1.10

Months

o
o

Table 4.2.3

Weight-for-Length Z-Scores of Different Age Cohorts by Month of Year
and Study Entry Age Groups (NCHS Reference, Mean + SD)
Age Groups in Months

0-10

6-16

12-22

18-28

24-34

30-40

January

-.12 + .93

-.62 ± .65

-.36 + .82

-.75 ± 1.11

-.60 ± .65

-.28 + 1.00

February

-.71 + .67

-.42 + .44

-.48 + .80

-.78 + 1.56

-.56 + .68

-.68 + .90

March

-.20 + .56

-.15 ± .46

-.49 + .85

-.49 + 1.06

-.39 + .78

-.45 + .89

April

-.46 + .22

-.99 ±6O

-.66 + .89

-.58 + 1.14

-.43 + .65

-.19 + .84

May

-.98 + .26

-.63 + .67

-.68 + .91

-.89 + 1.11

-.29 + .94

-.53 + 1.00

June

-1.38 + .18

-.76 ± .68

-.54 ± .65

-.45 + 1.23

-.30 + 1.06

-.34 ± .78

July

-.81 + .79

-.65 ± .68

-.63 ± .62

-.66 + .94

-.23 + 1.01

-.47 + .94

August

-.67 + .58

-.69 ± .73

-.72 + .70

-.77 + .91

-.32 ± 1.16

-.54 + .85

September

-.88 + .60

-.68 + .61

-.65 + 1.02

-.63 ± .98

-.67 + .63

-.59 ± .93

October

-.64 + .63

-.72 ± .61

-.80 + .74

-1.09 + .96

-.63 + .52

-.52 + .81

November

-.68 + .71

-.59 ±.44

-.71 ± .73

-1.01 + 1.20

-.74 + .60

-.21 + .59

December

-.55 + .76

-.85 ±.46

-.62 + .71

-.67 ± 1.01

-.51 ±.64

-1.07 + .85

Months

o
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Figure 4.2.1 Mean Weight-for-Age
Z-Scores by Calendar Month
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Figure 4.2.2 Mean Length-for-Age
Z-Scores by Calendar Month
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for length-for-age. Figure 4.2.3 shows that monthly mean values of arm
circumferences (both left and right) of all children by months of the year have no
month to month variations.

Seasonal Pattern in Growth velocities: The effects of calendar month on
growth velocities were explored using analysis of covariance with age in months and
gender of the subjects as covariates. Adjusted monthly variations in weight velocity
did not show any consistent seasonal pattern (Figure 4.2.4). Adjusted length velocity,
however, shows a suggestion of a seasonal pattern (Figure 4.2.5) with two seasonal
peaks during the months of April to June and August to September. Calendar month
effects were not statistically significant for either weight or length velocity when
adjusted for age and gender of the subject. The seasonal pattern in length velocity is
more pronounced than weight velocity. The pattern shows a peak in hot (summer)
months. There were statistically significant inverse effects of age of the subjects on
weight (p=.OOOl) and length (p=.OOOl) velocities. The effects of gender of the
subjects on both weight and length velocities were not statistically significant.
When time series analysis was done, length velocity showed a statistically
significant (p < .05) effect of calendar month with age and gender of the subjects as
covariates (Table 4.2.4 and Figure 4.2.6). This finding did not hold true for weight
velocity (Figure 4.2.7).
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Figure 4.2.3 Mean Arm Circumferences (cm) by
Calendar Month Adjusted for Age and Gender
Arm Circumference (cm)
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Figure 4.2.4 Weight Velocity (kg/m) Adjusted
for Age and Gender by Calendar Month
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Figure 4.2.5 Length Velocity (cm/m) Adjusted
for Age and Gender by Calendar Month
Length Velocity (cm/m)
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Table 4.2.4 Effects of Monili on Length Velocity (cmlm)
Adjusted for Age and Gender of the Subject·
Source of
Variation

Sum of
Squares

Degrees of
Freedom

Mean
Sqilares

Within Cells

168.12

488

0.36

56.02

2

Constant

195.17

Months

17.45

Regression

F

Significance
ofF

28.01

76.81

.000

1

195.17

535.19

.000

29

0.60

1.65

Standard
Error

t

Significance
of t

Covariate

.019+

Age

-.0364

-.5013

.003

-12.389

.000

Gender

-.0751

-.0545

.056

-1.347

.179

* = Analysis of variance model
+ = Significant at p < .01
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Figure 4.2.6 Length Velocity (cm/m) Adjusted
for Age and Gender by Calendar Month
for Study Period
Length Velocity (em/month)
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Figure 4.2.7 Weight Velocity (kg/m) Adjusted
fO,r Age and Gender by Calendar Month
for Study Period
Weight Velocity (kg/m)
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Correlation analyses were done to determine the relationship between monthly
weight and length velocities with environmental temperature, hours of sunlight, age,
gender and calendar month (Table 4.2.5). There were significant negative
correlations between age of the subject and weight (p< .001; r=-.32) and length

(p< .001; r=-.49) velocities, as expected. There was a significant and positive
correlation between length velocity and mean monthly temperature (r=.109, p < .01).
The correlation between length velocity and hours of sunlight was positive but not
significant (r=.101). There was a negative correlation between length velocity and
month of the year (r=-.Oll). When periodic seasonal components (cosine and sine
terms) were used instead of calendar month in the correlation analysis, nonsignificant
weak relationships were found (Table 4.2.6).

Prediction of Weight Velocity: Linear multiple regression derived from
trigonometric regression analysis was done to explain the effect of seasons on weight
velocity with age and gender of the child. The third degree polynomial for age
variable, and cosine and sine functions (detail description in the methodology section)
for seasonality were regressed into the model. In the regression model each of the
thirty months (study period) of data collection on anthropometric indices was treated
as a separate month in defining cosine and sine functions. The initial weight for
every estimated velocity variable was included as a predictor in the model to remove
the regression to the mean effect. All independent variables (age, age2 , age3 , gender,
seasonal components and initial weight) were simultaneously (forced entry) entered
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Table 4.2.5 Correlation Coefficients (r) Between Weight and Length
Velocities with Age, Gender, Month, Temperature, and Sunlight
Weight
Velocity

Length Temp eraVelocity
ture

Sunlight

Age

Weight
Velocity

1.000

Length
Velocity

.277-

Mean Monthly
Temperature

.008

.109+

Hours of
Sunlight

.047

.101

-.324-

-.489-

-.005

.048

Gender

.074

.003

-.000

.074

-.067

Calendar
Month

.006

-.011

-.253-

-.052

Age

* = Significant at p < .001
+

= Significant at p < .01

Gender

Calendar
Month

-.043

1.00

.742-

.135+

Table 4.2.6 Correlation Coefficients (r) Between Weight and Length Velocities Viith
Age, Gender, Temperature, Seasonal Components, and Sunlight
Weight
Velocity

Length
Velocity

Mean Monthly
Temperature

Hours of
Sunlight

Age

Gender

Weight
Velocity

1.000

Length
Velocity

.282-

Mean Monthly
Temperature

.006

.109+

Hours of
Sunlight

.043

.101

-.324-

-.489-

-.016

.036

Gender

.077

.010

-.004

.072

-.070

Cosines

-.003

-.096

-.985-

-.724-

.012

.016

SineS

-.031

.034

-.018

.460-

.058

.059

Age

Cosines

SineS

.013

1.00

.742-

* = Significantatp<.OOI

+ = Significant at p < .01

$

= Defined as cos(21f*month/12) and sin(21f*month/12)
\.N
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into the regression model for predicting length velocity. There was no clear
empirical or theoretical rationale for entering these variables in a particular order
(Cohen and Cohen, 1983). This seven variable model was significant and accounted
for sixteen percent of the variance in weight velocity. For clear understanding of the
forthcoming results, the independent variables of this model can be expressed as main
effects variables in the later sections. There was no significant seasonal pattern of
weight velocity (Table 4.2.7). Age of the subject showed a significant negative effect
as would be expected.

Prediction of Length Velocity: Similar multiple regression analyses were done
to explore the effect of season on length velocity. The first model included age (up
to third degree polynomials), gender, initial length at every interval and seasonality
(as a function of cosine and sine terms) as predictors. There was a significant
seasonal periodic component in length. Age was negatively associated with length
velocity (Table 4.2.8). Initial length was negatively (B=-.022) related to length
velocity. The main effects variables model was statistically significant and explained
thirty-seven percent of the variance in monthly length velocity. The estimated peak
seasonal effect (occurring in March) on length velocity was .09 em representing an
increase over the mean length velocity of nine percent. Compared with the weight
velocity model, this model had a significant increase in R2, suggesting that seasonal
pattern is more pronounced for length velocity. Closer inspection also revealed that
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Table 4.2.7 Multiple Regression Model Predicting Weight Velocity
(kg/m) by Age, Gender, and Seasonal Components
Independent
Variables

Coefficient
B ± SE(B)

t

P

Age in Months

-.065

± .015

-4.14

< .0001

Age2

.218

± .077

2.85

< .0001

Age3

-.024

± .012

-2.06

<.005

Gender

.039

± .024

1.62

ns

seosine Term of Season

.005

± .016

0.29

ns

sSine Term of Season

-.005

± .017

-0.29

ns

Initial Weight

.001

± .010

0.14

ns

R2 = .16
F = 13.19
Significance of F

< .00001

$ = Defined as cos(21r*month/12) and sin(21r*monthI12)
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Table 4.2.8 Multiple Regression Model Predicting Length Velocity
(cmlm) by Age, Gender, and Seasonal Components
Independent
Variables

Coefficient
B ± SE(B)

t

P

Age in Months

-.205

± .037

-5.46

<.0001

Age2

.839

± .166

5.05

<.0001

Age3

-.107

± .025

-4.25

<.0001

Gender

.009

± .052

sCosine Term of Season

-.056

± .036

-1.56

ns

sSine Term of Season

.073

± .036

2.01

<.05

Initial Length

-.022

± .010

-2.24

<.05

R2 = .37

F = 40.77
Significance of F

$

< .00001

= Defined as cos(27r*month/12) and sin(27r*month/12)

0.172

ns
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the magnitude of the effect of seasonal components was 11 to 14 times higher than in
the weight velocity model.
From the above two models, it was evident however, that there was a seasonal
pattern in length velocity. In both models, age had a highly significant predictive
power on the main effect variables. The R2 value for the model predicting length
velocity was two times higher than that found for weight velocity (R2=.16).

4.2.2 Seasonal Patterns of Morbidity
The prevalence of different types of illness by calendar month is shown in
Figure 4.2.8. The prevalence rate for respiratory illness was higher during the
months October to Mayas compared with June to September and its higher rate of
occurrence was more pronounced over the year compared with other types of illness.
Diarrheal illness also showed a seasonal pattern, with higher prevalence during the
summer months April to June. Otitis media (ear infections) also showed a seasonal
pattern with higher prevalence in the months of February and April. Correlation
analysis revealed significant negative relationships between respiratory illness and
mean monthly environmental temperature (p< .001) and hours of sunlight (p< .01).
Table 4.2.9 shows the analysis of covariance model for respiratory illness with
age in months and gender of the child as covariates. Calendar month showed a
significant (p < .004) effect. Age was negatively associated with respiratory illness
and gender was significantly (p= .009) and positively associated, suggesting that male
children had a higher prevalence than females. Figure 4.2.9 shows that the adjusted
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Figure 4.2.8 Seasonal Patterns of
Selected Illnesses by Month
Percentage
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Table 4.2.9 Effects of Calendar Month on Respiratory IDness
Controlling for Age and Gender of the Subject·
Source of
Variation

Sum of
Squares

Degrees of
Freedom

Mean
Squares

Within Cells

115.83

488

0.24

2.77

2

20.94
6.60

Regression
Constant
Month

F

Significance
ofF

1.39

5.84

.003

1

20.94

88.22

.000

11

0.60

2.53

.004

Standard
Error

1

Significance
oft

Covariate
Age
Gender

-.0048

-.0909

.002

-2.029

.043

.1147

.1174

.044

2.620

.009

* = Analysis of variance model
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Figure 4.2.9 Seasonal Pattern of Respiratory
Illness Adjusted for Age and Gender
Percentage
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mean prevalence of respiratory illness was higher in the winter months (October to
April) and lower in the summer months (May to September). Similar analyses were
done for diarrheal illness. Table 4.2.10 shows that calendar month had a significant

(p< .024) influence on the prevalence of diarrheal illness. Age and gender were not
significant predictors of diarrheal illness for age. The adjusted mean prevalence was
highest during the period March through May and lowest in the fall (Figure 4.2.10).

Prediction of Morbidity Patterns by As,pects of Seasonality: Regression
analysis was done to explain the effect of seasonality on the prevalence of respiratory
illness with age and gender of the children. The cosine and sine terms were again
used for assessing the seasonal pattern. The main effects variables were
simultaneously entered into the model. The six variable model was significant and
accounted for eight percent of the variance in respiratory illness. Both age and
gender were significantly associated with the prevalence of respiratory illness in a
positive direction (Table 4.2.11). This indicated that boys and older subjects had
higher respiratory illness prevalence. The estimated peak time for respiratory illness
was between December and January. Again the main effects model was used in
predicting respiratory illness as estimated from otitis media and respiratory illness
together because of the fact that these two illnesses sometimes occurs simultaneously.
The model did not change the proportion of explained variance but did change slightly
the magnitude of the effects of seasonal components with the same significant cosine
term of season. Similar analyses were done for diarrheal illness. Age was
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Table 4.2.10 Effects of Calendar Month on Diarrhea1llIness
Controlling for Age and Gender of the Subject·
Sum of
Squares

Degrees of
Freedom

Mean
Squares

80.41

471

0.17

Regression

0.19

2

Constant

2.94

Month

3.82

Source of
Variation
Within Cells

F

Significance
ofF

0.09

0.55

ns

1

2.94

17.23

.000

11

0.35

2.03

.024

Standard
Error

Covariate

1

Significance
of t

Age

-.0009

-.0215

.002

-.467

ns

Gender

-.0347

-.0424

.038

-.920

ns

* = Analysis of variance model
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Figure 4.2.10 Seasonal Pattern of Diarrheal
Illness Adjusted for Age and Gender
Percentage
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Table 4.2.11 Multiple Regression Model Predicting Respiratory
Dlness by Age, Gender, and Seasonal Components
Independent
Variables

Coefficient
B ± SE(B)

t

P

Age in Months

.066

± .025

2.64

<.01

Age2

-.342

± .134

-2.55

<.05

Age3

.048

± .021

2.26

<.05

Gender

.106

± .043

2.45

<.05

sCosine Term of Season

.121

± .031

3.98

<.0001

sSine Term of Season

-.009

± .031

-0.31

R2 = .08
F = 6.80
Significance of F < .0001

$ = Defined as cos(27r*month/12) and sin(27r*monthI12)

ns
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positively associated with diarrheal illness, suggesting that older subjects had a higher
prevalence. The sine term of the seasonal components contributed significantly to the
model (Table 4.2.12). The estimated peak time for diarrheal illness was between
March and April. The model was statistically significant and accounted for only five
percent of the variance in diarrheal illness.

4.2.3 Seasonal Patterns of Nutrient Intake
Intakes of twelve nutrients were estimated by calendar months using analysis
of covariance with age in months and gender of the subject as covariates. There was
no significant month to month variation in intakes. Age was significantly and
positively associated with nutrient intakes, as could be expected. Gender of the child
was significantly associated with several nutrient intakes with boys having higher
intakes of protein, fat, vitamin B6 and vitamin B12.

Prediction of Nutrient Intake by Aspects of Seasonality: Multiple regression
analyses were done to determine the effects of age, gender and seasonality in
explaining nutrient intakes. A weak seasonal periodicity was seen only for vitamin C
intake (Table 4.2.13). The estimated peak effect of seasonality on vitamin C intake
was six mg per day. Age was the only significant predictor in the models for all
nutrient intakes except for vitamin A and C. The model was significant and
explained seven percent of the total variation in vitamin C intake. Age was
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Table 4.2.12

~iultiple

Regression Model Predicting Diarrheal

Dlness by Age, Gender, and Seasonal Components
Independent
Variables

Coefficient
B ± SE(B)

t

P

Age in Months

.042

± .023

1.81

ns

Age2

-.155

± .122

-1.27

ns

Age3

.015

± .019

0.79

ns

Gender

-.033

± .037

-0.89

ns

sCosine Term of Season

.016

± .026

-0.62

ns

sSine Term of Season

.090

± .026

3.58

<.001

R2 = .05
F = 4.32
Significance of F <.0004

$ = Defined as cos(2'lT'*month/12) and sin(2'lT'*monthI12)
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Table 4.2.13 Multiple Regression Model Predicting Vitamin C
Intake by Age, Gender, and Seasonal Components
Independent
Variables

Coefficient
B ± SE(B)

t

P

-1.21

ns

Age in Months

-3.20

± 2.66

Agel

0.10

± 13.44

0.007

ns

Age3

-l.61

± 2.05

0.78

ns

Gender

l.34

± 3.89

0.34

ns

sCosine Term of Season

2.73

± 2.72

l.00

ns

sSine Term of Season

5.56

± 2.79

1.99

<.05

R2

= .07
= 5.56

F
Significance of F

< .00001

$ = Defined as cos(27r*monthIl2) and sin(27r*monthIl2)
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negatively (B=-3.219) associated with vitamin C intake and positively (B=390.737)
with vitamin A intake. Vitamin A intake did not show any seasonal pattern.

4.2.4 Roles of Sunlight and Environmental Temperature in the Seasonal
P'dttems of Weight and Length Velocities
Weight Velocity: The contributions of hours of sunlight and environmental
temperature were evaluated separately by including them in the regression model by
the enter method, after forcing the main effects variables first. Sunlight had a
significant independent and positive effect (B=.029) on weight velocity (Table
4.2.14). The addition of each hour of sunlight from the lowest mean is associated
with an increase of 29 gm per month in weight velocity. Inclusion of sunlight as a
predictor in the model did not affect the seasonality components of the main effects
variables model nor did it modify the influence of age. However, the contribution of
gender varied somewhat. The addition of hours of sunlight to the main effects model
explained only an additional one percent of the total variation, but increased the
magnitude of the effects of seasonal components on weight velocity. The extent (as
assessed by the amplitude of the sine curve) of the seasonal influence above the mean
level was three percent in the main effects variable model, but it was more than 30
percent with the addition of hours of sunlight to the model.
When average mean monthly temperature was included separately in the
model, no significant seasonal or temperature effect was noticed (Table 4.2.14).
With the addition of environmental temperature to the model, the total explained
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Table 4.2.14 Multiple Regression Models Predicting Weight Velocity
(kg/m) from Sunlight and Environmental Temperature
Model Using Hours of Sunlight
Independent
Variables

Coefficient
B

Age in Months
Age2
Age3
Gender
sCosine Term of Season
sSine Term of Season
Initial Weight
Hours of Sunlight
R2 = .17
F = 12.20
Significance of F

± SE(B)

-.061 ± .015
.204 ± .077
-.023 ± .012
.033 ± .024
.057 ± .029
-.039 ± .023
.0004 ± .010
.029 ± .014

t

P

-3.89
2.65
-1.91
136
1.92
-1.67
0.04
2.14

<.0001
<.01
ns
ns
ns
ns
ns
<.05

< .0000l

Model Using Environmental Temperature
Independent
Variables
Age in Months
Age2
Age3
Gender
sCosine Term of Season
sSine Term of Season
Initial Weight
Temperature

Coefficient
B

±

SE(B)

-.065 ± .016
.218 ± .077
-.024 ± .012
.040 ± .024
-.042 ± .010
-.005 ± .017
.002 ± .010
-.003 ± .005

R2 = .16
F = 11.55
Significance of F < .0000l
$ = Defined as cos(2u*month/12) and sin(27r*monthI12)

t
-4.13
2.84
-2.05
1.65
-0.44
-0.30
0.17
-0.51

P

<.0001
<.005
<.05
ns
ns
ns
ns
ns
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variance decreased by one percent. Closer inspection of the model revealed that the
magnitude of the effects of seasonal components also decreased. However, in all
three equations the trigonometric regression models were well fitted as evidenced by
the F and p values. The F and p values for the main effects model are 13.19 and
p< .0001, for the model including sunlight 12.20 and p< .0001, and for the model
including temperature 11.55 and p< .0001, respectively. The independent variables
explained about the same amount of variance in weight velocity.

Length Velocity: When hours of sunlight were included in the model in

addition to the main effects variables, the effect of the seasonal components (cosine
and sine terms) was attenuated and become nonsignificant. March remained the
estimated peak time for length velocity. The estimated peak seasonal effect on length
velocity was .073 cm per month (fable 4.2.15). Hours of sunlight had no significant
effect on length velocity, and did not modify the effects of age, gender, and initial
length. Total percent of the variation in length velocity explained by this model did
not change from the explained variation found in the main effects variable model.
When average mean monthly temperature was included in the model, both seasonal
components (cosine and sine terms) changed significantly (fable 4.2.15), and the
effect of seasonality became more pronounced. The addition of mean monthly
environmental temperature to the model did not modify the effects of age, gender and
initial length. However, the contribution of gender varied somewhat. Temperature
had a significant (p < .05) and positive (B =.025) effect on length velocity. The
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Table 4.2.15 Multiple Regression Models Predicting Length Velocity
(cmlm) from Sunlight and Environmental Temperature
Model Using Hours of Sunlight
Independent
Variables

Coefficient
B ± SE(B)

Age in Months
Age2
Age3
Gender
sCosine Term of Season
sSine Term of Season
Initial Length
Hours of Sunlight

-.204 ± .038
.834 ± .167
-.107 ± .025
.007 ± .053
-.039 ± .063
.062 ± .050
-.022 ± .009
.010 ± .029

t

P

-5.39
5.00
-4.21
1.34
-0.65
1.25
-2.25
0.33

< .0001
<.0001
< .0001

ns
ns
ns
<.05
ns

R2 = .37
F = 35.62
Significance of F

< .00001

Model Using Environmental Temperature
Independent
Variables
Age in Months
Age2
Age3
Gender
sCosine Term of Season
sSine Term of Season
Initial Length
Temperature

R2

Coefficient
B ± SE(B)

t

-.203 ± .037
.844 ± .165
-.109 ± .025
.003 ± .052
.418 ± .204
.074 ± .036
-.023 ± .009
.025 ± .01

-5.43
5.11
-4.33
0.06
2.05
2.04
-2.42
2.36

= .38

F = 36.71
Significance of F < .00001

$ = Defined as cos(27r*monthI12) and sin(27r*monthI12)

P
<.0001
< .0001
<.0001
ns
<.05
<.05
<.05
<.05
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temperature variable added only one percent of the variance explained to the model,
but increased the magnitude of the effects of the seasonal component variables by
seven to nine times greater than that found in the first and second models. Each
degree of temperature from the lowest monthly mean was associated with an increase
of .025 em per month in length velocity. However, all three models were well fit as
evidenced by the F and p values. The F and p values for the main effects model are
40.77 and p< .0001, for the model with sunlight 35.62 and p< .0001 and for the
model including temperature 36.71 and p< .0001, respectively.

4.2.5 Roles of Respiratory and Diarrheal Dlnesses in the Seasonal Patterns of
Weight and Length Velocities
Weight Velocity: The addition of the respiratory illness variable to the main
effects variables model did not modify the effect of age, gender or seasonal
components in explaining weight velocity. Respiratory illness had no significant
effect on weight velocity (Table 4.2.16). Diarrheal illness however, was significantly
associated with a reduction in weight velocity (about 63 gm per month). The percent
of the total variance explained by the model increased by one percent when
respiratory illness was included to the main effects model and remained the same for
diarrheal illness. Although both respiratory and diarrheal illnesses showed seasonal
patterns separately, they did not significantly change or improve the main effects
variables model predicting weight velocity. The magnitude of the seasonal
components was about the same for respiratory and diarrheal illnesses. The
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Table 4.2.16 Multiple Regression Models Predicting Weight Velocity
(kg/m) from Respiratory and Diarrheal Dlnesses
Model Using Respiratory IDn~
Independent
Variables

Coefficient
B ± SE(B)

Age in Months
Age2
Age3
Gender
sCosine Term of Season
sSine Term of Season
Initial Weight
Respiratory Illness
R2 = .17
F = 11.99
Significance of F

-.065 ± .016
.212 ± .077
-.023 ± .012
.040 ± .024
.012 ± .017
-.002 ± .017
.004 ± .010
-.019 ± .025

t
-4.13
2.75
-1.94
1.65
0.69
-0.13
0.43
-0.75

P
<.0001
<.01
<.05
os
os

ns
ns
os

< .00001

Model Using Diarrheal D1ness
Independent
Variables
Age in Months
Age2
Age3
Gender
sCosine Term of Season
sSine Term of Season
Initial Weight
Diarrheal lllness

Coefficient
B ± SE(B)

t

-.058 ± .015
.185 ± .080
-.019 ± .012
-.041 ± .025
.012 ± .017
.002 ± .018
.002 ± .012
-.063 ± .030

-3.79
2.31
-1.54
1.67
0.68
0.12
0.54
-2.06

R2 = .16
F = 11.55
Significance of F < .COOO1
$ = Defined as Cos(21T*month/12) and sin(21T*monthI12)

P
<.0001
<.05
ns
ns
ns
ns
os

<.05
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magnitude of the effect of gender on weight velocity was about the same but they
differed in the direction; positive for respiratory and negative for diarrhea
respectively.

Length velocity;. When the respiratory illness variable was added to the main

effects variables model predicting length velocity, it did not modify the effects of age,
gender and initia1length. Although respiratory illness had no significant effect on
length velocity, however, it had a significant modifying effect on the seasonal
components (Table 4.2.17). The extent of the seasonal variation above the mean
length velocity did not differ from the main effects model. When the diarrheal illness
variable was included in the model, the effects of age, gender and initial length on
length velocity did not change. Although diarrheal illness is negatively associated
with length velocity, the extent of the seasonal pattern remained about the same;
estimated peak seasonal effect on length velocity was slightly higher (0.11 cm)
compared with the effects on the main effects variables model (.09 cm) when
diarrheal illness was included in the model. The percent of the total variance in
length velocity explained by respiratory illness was the same whereas, it decreased by
one percent for diarrheal illness. Neither respiratory nor diarrheal illness contributed
significantly to the explained variation in length velocity. Respiratory illness,
however, was significantly associated with the seasonal variable (sine term of season)
in explaining length velocity.
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Table 4.2.17 Multiple Regression Models Predicting Length Velocity
(cm/m) from Respiratory and Diarrheal Dlnesses
Model Using Res.piratory Dlnes.c;
Independent
Variables

Coefficient

B ± SE(B)

Age in Months
Age2
Age3
Gender
sCosine Term of Season
sSine Term of Season
Initial Length
Respiratory mness

-.206 ± .037
.853 ± .167
-.109 ± .025
.004 ± .053
-.060 ± .036
.072 ± .036
-.022 ± .009
.051 ± .056

t

p

-5.48
5.11
-4.31

< .0001
<.0001
< .0001

0.19

ns
ns

-1.64
1.97
-2.31
0.92

<.05
<.05

t

P

-7.68
5.36
-4.23
0.19
1.11
1.49
0.14
-0.35

< .0001
<.0001
<.0001
ns

ns

R2 ::: .37

=

35.57
F
Significance of F

< .00001

Model Using Diarrheal Dlness
Independent
Variables

Coefficient

B

Age in Months
Age2
Age3
Gender
sCosine Term of Season
sSine Term of Season
Initial Length
Diarrheal Illness

R2 = .36
F = 31.71
Significance of F

± SE(B)

-.257 ± .033
.935 ± .174
-.114 ± .027
.010 ± .054
-.074 ± .067
.079 ± .053
-.022 ± .009
-.023 ± .066

< .00001

$= Defined as cos(211"*month/12) and sin(211"*monthI12)

ns
ns
ns
ns
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4.2.6 Roles of Nutrient Intake in the Seasonal Patterns of Weight and Length
Velocities
Weight velocity: Average intakes of selected nutrients during the month for
which weight velocity was estimated were included separately in the model. Both
energy and protein intakes had significant positive effects (p < .05) on weight velocity.
However, the effects of the seasonal components were attenuated with energy and
protein intakes in the model (Table 4.2.18). The total percent of the variance
explained by these two models which included energy and protein intakes decreased
to 11 percent each, suggesting neither energy nor protein intakes imprOVed the
predictive power of the model. These findings suggest that there was no seasonality
in energy and protein intakes (as previously demonstrated) or that they did not
contribute to the seasonal pattern of weight velocity in addition to the main effects
variables model.

Length

YelocilJ~

When average intakes of selected nutrients during the period

of length velocity were included in the model, iron and vitamin C intakes were the
only nutrients that were significantly (p=.OO2 and =.05) and negatively (B=-.027
and =-.0008) associated with length velocity (Table 4.2.19). These two nutrient
intakes also modified the effect of gender in the model. Gender of the subject was
negatively (B=-.OO2 for iron intake and B=-.OOI for vitamin C) but not significantly
associated with length velocity. Iron intake also modified the effect of initial length
on length velocity, which is not significant as that found for the main effects variables
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Table 4.2.18 Multiple Regression Models Predicting Weight
Velocity (kg/m) from Energy and Protein Intakes
Model Using Energy Intake
Independent

Variables
Age in Months
Age2
Age3
Gender
sCosine Term of Season
sSine Term of Season
Initial Weight
Energy Intake

R2 = .11
F = 7.00
Significance of F

Coefficient
B ± SE(B)

t

-.059 ± .018
.191 ± .085
-.021 ± .013
.028 ± .024
.006 ± .017
.0005 ± .017
.002 ± .010
.0001 ± .0005

-3.34
2.24
-1.64
1.16
0.38
0.03
0.20
2.14

Coefficient
B ± SE(B)

t

P
<.001
<.05
ns

os
ns
ns
ns
<.05

< .00001

Model Using Protein Intake
Independent

Variables
Age in Months
Age2
Age3
Gender
sCosine Term of Season
sSine Term of Season
Initial Weight
Protein Intake
~ =.11
F = 6.97

Significance of F

$

-.063 ± .018
.207 ± .086
-.023 ± .013
.034 ± .025
.005 ± .017
.003 ± .017
-.0009 ± .010
.002 ± .001

< .Oanm

= Defined as cos(27r*month/12) and sin(27r*month/12)

-3.50
2.41
-1.74
1.38
0.27
0.19
-0.09
2.09

P
<.001
<.05
ns
ns
ns
ns

os
<.05
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Table 4.2.19 Multiple Regression Models Predicting Length
Velocity (cmlm) from Vitamin C and Iron Intakes
Model Using Vitamin C Intake

Independent
Variables
Age in Months
Agel
Age3
Gender
sCosine Term of Season
sSine Term of Season
Initial Length
Vitamin C Intake
R2 = .30
F = 23.62
Significance of F

Coefficient
B ± SE(B)

t

P

-.209 ± .042
.845 ± .187
-.107 ± .028
-.001 ± .054
-.056 ± .037
.063 ± .038
-.021 ± .009
-.0008 ± .0006

-4.97
4.52
-3.82
-0.02
-1.49
1.64
-2.10
-1.97

< .0001
< .0001
<.001
ns
ns
ns
<.05
<.05

< .00001

Model Using Iron Intake

Independent
Variables

Coefficient
B ± SE(B)

Agel
Age3
Gender
sCosine Term of Season
sSine Term of Season
Initial Length
Iron Inta1(e

Age in Months
.919 ± .186
-.113 ± .028
-.001 ± .054
-.070 ± .037
.058 ± .038
-.018 ± .009
-.027 ± .008

R2 = .31
F = 25.11
Significance of F < .00001
$

= Defined as cos(2?r*month/12) and sin(2?r*monthI12)

p

t

-.237
4.93
-4.07
-0.04
-1.88
1.53
-1.88
-3.14

± .043

-5.54<flm
< .0001
< .001
ns
ns
ns
ns
< .002
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model and the model which included vitamin C intake predicting length velocity. The
total variance in length velocity explained by the main effects variables model was 37
percent while the inclusion of dietary iron intake and vitamin C explained 31 and 30
percent of the total variance in length velocity, respectively. Iron intake was
significantly (p< .001) related to vitamin C and energy intakes.

4.3 Integrated Models of Seasonal Patterns of Physical Growth
Several trigonometric regression analyses were done to explore possible
seasonal patterns of physical growth of preschoolers. The dependent variables were
weight and length velocity. The regressor variables were age in months, second and
third degree polynomials of age, gender, seasonal components (cosine and sine terms
of a 12-month time period), and initial weight and length of velocity variables. These
variables, defined as main effects variables were simultaneously entered into
regression models predicting weight and length velocities. Following the entry of
main effects variables into the models, additional variables such as, hours of sunlight,
environmental temperature, illness (respiratory and diarrheal) and nutrient intake were
entered individually into the regression model. Table 4.3.1 provides a summary of
the regression moQels. On the whole, all the models predicting weight velocity hl:\d
explained similar proportions of variance. None of the additional regressor variables
produced a superior model in the main effects variables model. However, all the
models predicting length velocity differed from each other although the amount of the
total variance explained by them was almost the same. Both main effects variables
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Table 4.3.1 Predicting Models Relating to
Weight and Length Velocities
Models Relating to Weig!!t Velo~Wl {kglm}
Significant Independent
Variables

Beta

p

R2

(1) Main Effects
Variables

Age

-.065

< .0001

.16

(2) Model (1) + Hours
of Sunlight

Age
Sunlight

-.061
.029

<.0001
<.05

.17

(3) Model (1) + Environmental Temperature

Age

-.061

<.0001

.16

(4) Model (1) + Illness

Age
Diarrhea

-.065
-.063

<.0001
<.05

.16

Significant Independent
Variables

Beta

p

R2

(1) Main Effects
Variables

Age
Sine Term
Initial Length

-.205
.073
-.022

<.0001
<.05
<.05

.37

(2) Model (1) + Hours
of Sunlight

Age
Initial Length

-.204
-.022

<.0001
<.05

(3) Model (1) + Environmental Temperature

Age
Cosine Term
Sine Term
Initial Length
Temperature

-.203
.418
.074
-.023
.025

<.0001
<.05
<.05
<.05
<.05

.38

Age
Sine Term
Initial Length

-.206
.072
-.022

< .0001
<.05
<.05

.37

Models

Models Relating to Len~ Velocitt {cmlm}

Models

(4) Model (1) + Respiratory Illness

.37
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model and the model which included respiratory illness, showed seasonal patterns.
Model (3), which included the environmental temperature variable, showed a
significant seasonal pattern. This model also accounted for the greatest proportion of
the total explained variance in length velocity. This model (3) was the best fitted
model and further supported the research question that environmental temperature is a
general modifying feature in defining season in Tucson. Model (4) also showed the
seasonal pattern in length velocity and supported the finding that respiratory illness
modifies the effect of the seasonal pattern, even though it was not significantly
associated with length velocity.
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CHAPTER FIVE
DISCUSSION

The results of the current investigation indicated a significant seasonal pattern
of length velocity among a group of preschoolers, suggesting a peak in the months
April through September. The results of the present study are comparable with the
studies carried out in Oakland, California (Lee, 1980), Boston, Massachusetts (Shull
et al., 1978), Ohio (Reynolds and Sontag, 1944), and England (Marshall, 1975).
Results of those studies reported a seasonal pattern of length velocity with peak
growth occurring during April and June in Ohio, during summer in Boston, during
February and May in California and during spring and early summer in England.
The investigation conducted by Shull and his associates (1978) was among preschool
vegetarian children which also showed that length velocity was higher during the
summer, but not as pronounced as for the non-vegetarian control children. They
suggested that suppression of length velocity among vegetarian preschoolers may be
related to their dietary habits, illness experience or limited exposure to sunlight. The
present study also found that length velocity is higher during the spring and summer.
There was a timing difference in length velocity because of methodological
differences among those studies. However, the trend of seasonal pattern in length
velocity in the present study is in the same direction was shown in previous studies in
the United States.
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In the present study, however, weight velocity did not show any seasonal
patterns, which is different from the results found in other studies in the United States
(Reynolds and Sontag, 1944; McKay and Brown, 1931; Gebhert, 1924; Bleyer,
1917). These studies were conducted in the central and central-eastern part of the
country where life styles, dietary patterns and environmental factors differ from those
of the present study. Furthermore, those studies did not consider the effects of age,
illness and dietary intake when reporting on seasonal pattern of weight velocity.
Those studies also lacked control for other environmental factors operating at that
time. Failure to use stringent control in the selection of study children also created
problems in explaining seasonal pattern in growth velocity in previous studies.
Children of this age group exhibit considerable variability in their physical
growth, illness patterns and dietary intakes. It is well known that during preschool
age weight velocity changes rapidly and growth processes within an individual
become most irregular. Rapid changes are taking place in the endocrine system
especially an increased production of growth hormones (GH). Thus, growth velocity
may be controlled by hormonally derived mechanisms (Karlberg, 1989). Other
studies strongly suggest that variations in growth can occur independently without the
influence of growth hormone and insulin like growth factor-I (IGF-I) levels (Rudolf et
al., 1991) as found in children with GH deficiency treated with constant-dose GR. It
is also not uncommon to find seemingly paradoxical results because of differences in
method employed for data collection and analyses in those studies. One of the most
recent studies, for example has reported greater weight velocity in the fall and spring

144

in a group of preschool vegetarian children (Shull et al., 1978), the results of which
cannot be generalizable because of their dietary habits.
Temperature and hours of sunlight are the most definitely modifying factors in
seasonal patterns operating in Tucson. Hours of sunlight were associated with
increased weight velocity, but monthly mean temperature was not. Respiratory and
diarrheal illness which are both highly seasonal did not provide any additional
information on seasonality in weight velocity. Diarrheal illness has its peak in the
summer and is negatively (p < .05) associated with weight velocity; however, it did
not improve the predictive power of seasonality expressed over a 12-month period.
Length velocity seems to indicate a significant environmental temperature
relationship in this study population, but differed from the findings of elementary
school children reported in Oakland, California (Lee, 1980) and among school aged
children in Orkney Island (Marshall, 1975). The timing of peak seasonal length
velocity in the California study was the same as present study findings, but Lee
disagrees with the finding that length velocity could be influenced by the extreme
changes of environmental temperature (15° difference throughout the year) without
presenting any relationship of temperature and length velocity. It is true that ranges
of temperature in -Oakland are much less than in Tucson. Humidity and intensity of
UV radiation from the sun might explain the difference in results between the present
study and the findings from California. Another possible difference is the age of the
SUbjects.
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Marshall (1975) analyzed the concurrent changes in day length, hours of
sunlight, rainfall and temperature and their associations with length velocity. The
author failed to support the relation of the meteorological variables with length
velocity. However, there is a significant correlation between length velocity and
environmental temperature in the present study. Interestingly, hours of sunlight are
neither associated with nor had modifying effects on periodic components of length
velocity. The relation of length velocity to environmental temperature raised the
suggestion that intensity of ultra-violet (UV) radiation during high temperature might
provide an exploratory pathway. The relationship between length velocity and
temperature might be considered in line with a general feature of environmental
characteristics of Tucson. Possible explanations for seasonal pattern in length
velocity could lie in the activity of temperature and vitamin D. Ultra-violet (UV)
radiation is maximal in summer and minimal in winter (Paltridge and Barton, 1978).
UV radiation acts on the skin to convert 7-dehydrocholesterol to cholecalciferol
(vitamin D 3) and thereby increases the body level of vitamin D (Haussler and
McCain, 1977). A seasonal variation in 25-hydroxy cholecalciferol with a consistent
peak in summer has been reported (Stryd et al., 1979). The rising levels of serum
25-hydroxyvitamin D and 24,25-dihydroxyvitamin D during spring, reaching a
maximal during the months June through September (Tjellesen and Christiansen,
1983; Juttmann et al., 1981; Lund and Sorenson, 1979) might explain the summer
maxima in length velocity. The plausible significant effects of environmental
temperature are more conducive to higher levels of vitamin D activity endothermally.
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Alternatively, during the summer children are exposed to outdoor activity and
spend more time outdoors than in the home environment. Krolner (1983) proposed
that outdoor activity of normal adults during the spring and summer might stimulate
skeletal metabolism in favor of net bone growth and lower physical activity during
autumn and winter might lead to bone loss. If this holds true for preschoolers' bone
growth, increased physical activity during the summer could be a modifying factor for
the seasonal pattern in length velocity. This study did not have data on physical
activity, sleeping patterns or growth promoting factors such as growth hormone.
Further, controlled investigations are needed to further explain these findings.
Possible mechanisms for explaining seasonal pattern in length velocity could be
incorporated in Figure 5 .. 1.1.
The design of the current study have two main limitations in capturing
complete seasonality in the growth pattern of individual children. First, the study
subjects had ten calendar months of data. Second, the number of study subjects were
very few in the beginning and ending months of study period. If one was designing
the study for the purpose of investigating seasonality, data should be collected over
twelve calendar months or even several years for each subject. Recruitment of the
subjects should be equally distributed over the calendar month and restricted to one
ethnicity in order to control its influence on explaining seasonality in growth pattern.
In addition, data on activity levels, sleeping patterns and exposure to sunlight and
temperature should be included for further exploration of seasonality in the growth
pattern of preschool children.
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Figure 5.1.1

Mechanisms Suggested for Explaining Seasonal
Pattern in Length Velocity
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The infancy component of the ICP (Infancy, Childhood and Puberty) model
developed by Karlberg et al. (1987) was found to be not influenced by season or
growth hormone. Whereas the childhood component, possibly starting before or at
twelve months of age in healthy subjects, was found to be influenced by season and
growth hormone. During the second year of life of a healthy child, the combined
effect of infancy and childhood components was minimal. Therefore, to explain
seasonality in growth of preschool children, recruitment of subjects should be limited
18 months of age or more and followed for several years. Data on plasma levels of
growth hormone, addition to the above mentioned areas should be included to
document the influence of seasonality in growth pattern.
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CHAPTER SIX
CONCLUSIONS

The following set of conclusions is warranted based on the descriptive and
analytical results elaborated in Chapter Four. The conclusions are listed in an order
which is directly related to research questions asked in Chapter One. The conclusions
of this research investigation are as follows:

1.

There is a seasonal pattern in length velocity. The maximum length

velocity was in the months March through September. There was no seasonal pattern
in weight velocity except a very minor effect explained by the seasonality of diarrheal
illness.

2.

Hours of sunlight contribute significantly and are positively related to

weight velocity but environmental temperature does not relate to weight velocity.
The addition of sunlight to the main effects variables model added only one percent to
the total variance explained. Mean monthly temperature contributes significantly and
positively to length velocity and also significantly modifies the seasonal components
of the regression model. The magnitude of the effect of temperature on length
velocity in explaining seasonal pattern is about seven to nine times higher than the
effect of hours of sunlight and other explanatory variables studied.
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3.

Diarrheal illness is negatively associated with both weight and length

velocities but the effect of diarrheal illness on weight velocity was statistically
significant (p < .05). The extent of the seasonal variations in weight and length
velocities explained by respiratory and diarrheal illnesses are of the same magnitude.
Neither respiratory nor diarrheal illness contributed significantly to the explained
variation in length velocity. Respiratory illness, however, modified the magnitude of
the seasonal components of the periodic regression model, even though it was not
significantly related to length velocity.

4.

Energy and protein intakes were significantly and positively associated

with monthly weight velocity (p < .05), whereas dietary iron and vitamin C intakes
were significantly and negatively related to length velocity. The magnitude of effect
of the seasonal variables on weight velocity was not modified by nutrient intakes.
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APPENDIX I: Correspondence with Human Subject Committee
and Project Approval Form
THE UNIVERSITY vF ARIZONA
HEALTH SCIENCES CENT'ER
TUCSON. ARIZONA 1!5n4

HUMAH SUBJECTS COMMITTEE
I~

H. WARREN (BUILDINC

2.'O~

TELEPHOHE: 16m) 626-6nl 0<6..'6-7515

ROOM III

31 March 1986

Gail G. Harrison, Ph. D.
Family and Community Medicine
Arizona Health Sciences Center
Dear Dr. Harrison:
We are in receipt of your project, "Growth Patterns and Energy Intake
in Early Childhood", which was submitted to this Committee for review. The
procedures to be followed in this study pose no more than minimal risk to the
participating subjects. Regulations issued by the U.S. Department of Health
and Human Services (45 CFR Part 46.110(b)] authorize approval of this type
project through the expedited review procedures, with the condition(s) that
subjects' anonymity be maintained.
Although full Committee review is not
required, a brief summary of the project procedures is submitted to the
Committee for their endorsement and/or comment, if any, after administrative
approval is granted. This project is approved effective 31 March 1986.
Approval is granted 9:ith the understanding that no changes or additions
...·ill be made either to the procedures followed or the consent form(s) used
(copies of which we have on file) without the knowledge and approval of the
Human Subjects Committee and your College or Departmental Review Committee.
Any research-related physical or psychological harm to any subject
must also be reported to each committee.
A university policy requires that all signed subject consent forms be
kept in a permanent file in an area designated for that purpose by the
Department Head or comparable authority. This will assure their accessibility
in the event that university officials require the information and the principal
investigator is unavailable for some reason.
Sincerely yours,

Milan Novak, M.D., Ph.D.
Chairman
Human Subjects Committee
MN/jm
cc:

Cheryl Ritenbaugh, Ph.D.
Departmental Review Committee
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PROJECT APPROVAL FORM
REQUEST FOR ETHICAL REVIEW OF ACTlVrnES INVOLVING HUMAN SUBJECTS
IN QUESTIONNAIRES, INTERVIEWS, OBSERVATIONS, VIDEO/AUDIO TAPES, ETC.

1. Gail G. Harrison, Ph.D.

Family and Community Medicine
and Department of Pediatrics
~

Prfncll)4llnvoatigatOl'

Growth Patterns and Energy Intake in Early Childhood
ntlo 01 Project

2. SUPERVISING OFFICIAL
I certify that (1) facilities and personnel are available to the Investigator for assuring the safety and
well·belng of human subjects Involved; (2) I will be responsible for continuing surveillance of the
proposed program with respect to the rfghts and welfare of human subjects; (3) no procedural
changes relating to the human subjects Involved will be allowed without prior review by the
Human Subjects Committee; (4) I am satisfied that the procedures to be used for obtaining In·
formed consent comply with the spirit and Intent of DHHS regulations; (5) I certify that the In·
vestlgator Is fully competent to accomplish the goals and techniques stated In the attached pro·
posal; (6) the signed consent forms will be flied In the Departmental /lie and retslned for a period
of six years.
HMd 01 Oepanment. 0Mn 01 the Collooe. 01' comparable avthOr1ty

Oato

ntle

3. ADVISING PHYSICIAN
(Signature needed only If project Involves medical procedures and Investigator Is not a licensed
physician.) I certify that I am a duly licensed physician of the state of_ _ _ _ _ _ _ __
and that, acting as advising phYSician, I accept responsibility for any complications to human sub·
jects that may arise from the procedures prescribed therein or used In this project.
Date

Pnyalclan

4. DEPARTMENTAL REVIEW COMMITTEE
Well have examined the proposal cited above, and find that the Information contained therein is
complete; that the scientific aspects of the project Include appropriate provision for prote'cUng
the rights and welfare of the human subjects Involved; and that the required forms have been filled
out properly In accordance with the Institutional Assurance flied by the University of Arizona with
the U.S. Department of Health and Human Services.
__ Exempt from Human Subjects Committee review.
_Y_ Minimal rlsk.to human subjects: Human Subjects Committee expedited review requested .

.--.c &
Y-

,--:

I

~vl.i"~:..............

Cl\aJnnan 01 ~menlaJ RO'o'lIlW Commlttoo

-/0

"j'
r
,=,-:.7""",
• ......;;..},_'J-.L./--.;;""'--_ _ _ _ _ _•_ __
Oalo

j

5. HUMAN SUBJECTS COMMITTEE
The proposal above was approved on this date by the Human Subjects Committee.
OalO

153
REQUEST FOR ETHICAL REVIEW OF ACTIVITIES INVOLVING HUMAN SUBJECTS
IN QUESTIONNAIRES, INTERVIEWS, OBSERVATIONS, VIDEO AND AUDIO TAPES, ETC.
Project Title:

Growth Patterns and Energy Intake in Early Childhood.

Principal Investigator(s) and Degrees: Gail G. Harrison. Ph.D.
Home Address: 2301 E. 2nd Street
Tucson, AZ 85719
Status or Rank: Associate Professor
Department:

Family and CotmIlunity Medic me College:
and Pediatrics/Nutr. & Food Sci.
Building and Room: UMC Room 4307
Sponsoring Agency:

HATCH/USDA

Med ic ine/ Agricul,ture

Grant No.: 174087

Project Period: October 1, 1985 - Sept. 30, '88Budget Period: 10/1/85 - 9/30/86
New e9

Renewal 0

Supplement 0

Please provide answers to all of the following questions. If appropriate, after review by the
Departmental Review Committee, please forward their opinion and comments along with the
signatures on the Project Approval form to University of Arizona, Human Subjects Committee, 1609
N. Warren, Room 112, Tucson, Arizona 85724. Only one copy is required and will be retained for the
Human Subjects Committee files and eventually microfilmed for a permanent record.

PURPOSE AND OBJECTIVES To characterize patterns of fluctuation in growth
rate in healthy children growing under favorable conditions (Tucson, Arizona),
in relation to energy intake and minor illness incidence and duration.

BRIEF RATIONALE AND BACKGROUND
Protein-energy malnutrition (PE!1) is the
most prevalent type of malnutrition in the world and its consequences are
most profound for infants and young children. Complete rehabilitation after
an episode of PEM is possible when only energy needs for catch up growth are
met. The phenomenon of rapid catch-up or recovery after an insult is well
known but poorly understood. Current information indicates that growth of
healthy, well-nourished children may be characterized by repeated brief
periods of alternating slow and rapid growth. This study will further our
knowledge of the relationship of these fluctuations to energy intake and to
minor illnesses in healthy children in Tucson. The data will be compared
with similar information in a malnourished population with high illness burden, to better understand the mechanisms of growth stunting.
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DESCRIPTION OF POPULATiON
1. Number of subjects to be used:
2. Who is being recruited:

60 (sixty)

Healthy children between birth and 30 months of age.

Subjects will be recruited preferentially
from infants who have been in our recent studies of infant nutrition and
growth, supplemented by new subjects recruited from among the children of
medical and graduate students and from clinics affiliated to the Department
of Family and Community Medicine.

3. How are the subjects being recruited:

1) Anglo or Mexican-American descent
2) Product of singleton, uncomplicated pregnancy 3) Birth weight greater
than 2500 gms 4) Not currently breastfed 5) No plans to move from area
within 9 months.

4. What is the criteria for their selection:

DESCRIPTION OF METHODOLOGY AND PROCEDURES
The study will utilize a mixed longitudinal design, ten children
recruited from each of 6 age cohorts (0, 6, 12, 18, 24 and 30 months)~age
and followed for nine months each. Data collected will include growth
(monthly increment in weight and height), food intake (3 random days each
month) and morbidity patterns (monthly history and records). All babies
will be measured monthly (weight, height and mid-arm circumference) at
home or at our offices at AHSC (at the mother's convenience). Measurements will be made using a portable beam balance, a portable length measuring board and a fiberglass measuring tape. Mothers will be asked to keep
records of the child's 24-hour food intake on'3 randomly assigned days
each month. Mothers will be provided with forms for recording of this
information and detailed instruction in how to estimate and record dietary
intake data. At each monthly contact and by phone in mid-month, a morbidity
history· will be taken; in addition mothers will be given a calendar and
instructed to note all illnesses with symptoms and treatments.

5. Summary:
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6. Where will the project be conducted (room number or area):
Department of Family
and Commtmity Medicine (Clinical Sciences, Room 4307), Subjects' homes,
and clinics affiliated to the Department of Family and Community Medicine.
7. How will the project be explained to the subjects:
Coordinator.

Personally by the Proj ect

8. If subjects are minors, how will assent be secured?
secured.

Mother's consent .... ill be

9. How will you make it clear to the subjects that their participation is volurttary and that they may
withdraw from the study at any time they wish to discontinue participation:
Explanation by the Project Coordinator, and inclusion of this information
in the consent form.

10. Will your project utilize (check):

Ui Questionnaires (submit a copy)

G Inverviews (submit sample of questions)
51 Observations (submit a brief description, stating your
role in the activities observed)
See attached data collection forms.

DATA
11. Who will have access to the gathered data: Gail G. Harrison, Ph.D. Principal Investigator
Awal Dad Khan, H. S. Research Assis tant
Clyde Feldman Computer Specialist
12. How will confidentiality of the data be maintained:
Each infant will be aSSigned an ID number. Names .... ill be deleted from the
file 1o'hen the study is completed. Data forms .... ill be handled professionally
and filed appropriately.
13. How will the data be recorded (Instruments, notes, etc.):
See attached questionnaire
14. What are the plans for retention of data:
Retained on computer tape .... ithout names. Ra.... data contained in file, in
PI's office.
15. What are the pians for future use of data as part of this study or use beyond this study:
For further research, publication and dissemination to the scientific
community.
16. How will the data be destroyed and at what pOint in time:
There is no ....ish to destroy the data but confidentiality·will be maintained.
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BENEFITS, COSTS, RISKS
17. What are the potential benefits to the subjects:

Close monitoring of infant's growth and health.

18. What may be revealed that is not currently known:

To characterize the nature, timing and relation to illness and
food intake of fluctuation in growth velocity in healthy children.
19. What monetary compensation is offered to the subjects:

None

20. What are the costs to the subjects (monetary, time):

4 - 5 hours per month.

21. What risks to the subject are most likely to be encountered (physical, psychological,
sociological):

No significant risk.

22. What approach will you make to minimize the risks:

Close and continuing supportive contact with the project coordinator.

SUBJECT'S CONSENT
If your project will utilize a written subject's consent form, submit a copy; if oral, submit a summary
of what will be said together with a short written consent form for the subject's signature indicating
the basic elements of what has been presented orally. Each subject should be fully informed by a
written or oral statement that Indicates the purpose of the project, the benefits to be derived, a full
description of the procedures to be carried out in which the subjects are involved, and that any
language barrier has been taken into account. In all cases, please indicate the amount of time that is
required of subjects.
QUESTIONNAIRES: The Introductory paragraph heading the questionnaire should provide the essen·
tial information as summarized above, followed by a statement that If the questionnaire is completed
it will be assumed that consent has been given. Please submit a copy of the questionnaire.
INTERVIEWS: If your project utilizes interviews, please submit a copy of potential questions.
OBSERVATIONS: If your project utilizes observations, please submit a description of their nature, and
state your role in the activities observed.
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APPENDIX II
SUBJECTS' CONSENT FORM
GROWTH PATTERNS AND ENERGY INTAKE IN EARLY CIDLDHOOD

You are being asked to allow your baby, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
to participate in a study of the growth and nutrition. This study is being done to better
understand the relationship between patterns of growth, food intake, and illnesses in healthy
children.
Your baby has been selected to be asked to participate because shelhe is a healthy infant, was
not born prematurely, is not currently breast fed, and you had no problems during your
pregnancy.
We will need to see you and your baby once a month for the next 9 months. At this visit the
project coordinator will, with your assistance, take several measurements of the baby's growth
(weight, length and arm circumference). In addition, you will need to keep records of your
child's food intake for 24 hours for 3 assigned days each month. You will be given a
calendar to note all of your child's illnesses with their symptoms and treatment patterns. The
project coordinator will go over this information with you every 2 weeks, by phone or at a
regular visit.
Since the follow-up visits must be scheduled very close to the baby's actual age, it is
important that these appointments be kept. If it is convenient for you to have some of these
visits scheduled at the time of your regular doctor's appointments, we will arrange for the
visit to be at the same time. If you are not able to bring the baby to University Hospital for
the monthly visits, the project coordinator will come to your home.
Participation will require approximately one hour of your time for each follow-up visit, plus
the time required to keep the food records for 3 days each month and record any illnesses.
Your name and that of your baby will be kept confidential at all times. Results of the study
will be reported in scientific journals but without identifying individual children.
There is a possible benefit to your child from participating in the study in regular contact with
the project coordinator and frequent evaluation of herlhis growth. There is no risk with
participating in the study. As a result of the study, researchers will learn more about the
nutritional needs and growth of normal infants. We appreciate your willingness to help.
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The nature of this project has been fully explained to me. I understand what my participation
involves. I understand that I am free to ask questions, to refuse to answer questions, or to
withdraw from the project at any time without incurring ill will or affecting my child's
medical care. I understand that this consent form will be filed in an area designated by the
Human Subject Committee with access restricted to the Principal Investigator or authorized
representatives of the Department of Family and Community Medicine and the Department of
Nutrition and Food Science. A copy of this consent form is available to me upon my request.
I understand that in the unlikely event of physical injury resulting from the research
procedures, financial compensation and the costs of medical care and hospitalization are not
available. I understand that the Principal Investigator (Dr. Harrison) and the project
coordinator (Mr. Khan) will provide more information upon request. I have been given
instructions on how to reach them if I have any concerns or questions.

Signature of parent or legally
authorized guardian

Date

Signature of Witness

Date

I have carefully explained to the subject the nature of the above project. I hereby certify that
to the best of my knowledge the subject signing this consent form understand clearly the
nature, demands, benefits and risks involved in participating in this study. A medical
problem or language or educational barrier has not precluded a clear understanding of her/his
involvement in this project.

Investigator or Authorized Representative

I

Date
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APPENDIX III
ANTHROPOMETRIC DATA COLLECTION FORM

SUBJECT NUMBER:

DDD

SUBJECT NAME: _ _ _ _ _ _ _ _ __

OBSERVER: _ _ _ _ __
BIRTHDAY: _ _1_ _1_ _

SEX: _F_M

DATE OF VISIT: _ _ 1_ _1_ _

PARAMETER MEASURED:
LENGTH (cm)
Supine: Crown-heel

DDD.D

WEIGHT (kg)

DDD.DD

MID-ARM CIRCUMFERENCE (cm)

DDD.D DDD.D
LEFT

RIGHT

COMMENTS: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

INVESTIGATOR'S SIGNATURE

APPENDIX IV: Morbidity Data Collection Form and
Sample Calendar

~
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~

R

~

~
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CIIILD'S

HEDICAL

Cll1LD'S

NNlE

CHILD'S

NUl-mER

HISTORY

DOD

HOTlIER'S NM!E

(j'\

a

• .,u

TillS CALENDAR IS TO IlE USED TO NOTE ALL YOUR CIliLD'S ILLNESSES (INCLUDING VERY MINOR ONES).
EVERY TIME YOUR CHILD IS ILL, INDICATE IN TilE CALENDAR TilE DAYS DURING WIlICIl YOUR CHILD IS ILL
AND WRITE DOWN:
TilE SYMPTOMS, WilEN TilEY STARTED AND ENDED; TilE TREATMENT, WIIAT WAS IT AND WHO
PRESCRIBl::D IT. WRITE "WELL" IN ALL DAYS IN WIlICH YOUR CHILD IIAD NO SYMPTOMS OF ILLNESS.
IlELOW IS AN EXAMPLE OF HOW TO USE THIS CALENDAR.

SUNDAY

MONDAY

well

well

/) I
well

well

eyes red
watery discharged

well

21 1

27

221
well

2fl

well

16
well

23

29
well

12
well

18
well

24
sneezing
runny nose
temp. 99.1

S
diarrhea
stopped
2 mushy
stools

11

17

30

well

4

diarrhea
S stools
(mushy)
temp. 98.8

well

well

sneezing
watery eyes
runny nose
temp. 99.1,

SATURDAY

10

well

well

well

well

9

15 1

FRIDAY

21 called doc. 3
diarrhea
vomiting
didn't eat
any food. 5
watery stools

A I

14 1

I

THURSDAY

diarrhea
7 stools
(watery)

well

well

20

WEDNESDAY

well

7 I

13 1

well

TUESDAY

19
well

26

2S
runny nose
temp. 98.8

31
skin rilsh

skin rash

pimples on
the [nee

pimples on
the fnce

well

2
rash disappeared very
[ew pimples

________
1 _ _ _ _ _, _ _ _ _' _________ ..!. _ _ _. . l . - - _

(j'\
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LIST SOME OF THE USUAL QUESTIONS ABOUT CHILDRENS' ILLNESSES
BELOW IS A LIST OF SOME OF THE MOST USUAL QUESTIONS ABOUT SIGNS AND
SYMPTOMS THAT A HEALTH CARE PROFESSIONAL ASKS TO BE ABLE TO
DIAGNOSE OR REINFORCE THE DIAGNOSIS OF A DISEASE.
THIS LIST WILL HELP YOU TO KNOW WHAT KIND OF INFORMATION YOU
SHOULD BE WRITING IN YOUR CALENDAR EVERY TIME YOUR CHILD IS ILL.
PLEASE BE SURE TO NOTE ANY TREATMENT YOU GAVE; WHETHER YOU
CALLED OR VISITED THE DOCTOR AND ANY TREATMENT HE OR SHE
PRESCRIBED.
DID YOUR CHILD HAVE:
Diarrhea: how many stools? watery or mushy? characteristics of the stools: blood,
mucous, color? appetite? food withhold? what foods?
vomiting: all type of foods and liquids? how many days? temperature?
abdominal pain, colic?
Sneezing, runny nose, coughing, wheezing, hoarseness, swollen neck glands?
nasal discharge: clear, blood, pus?
throat: sore?
Ear: pain? swelling? ear discharge?: clear, pus, temperature?
Eyes: red? swelling around the eye, eyelids seal together? eye discharge? ckar, pus?
Fever?: how many days? temperature?
Burns?, what areas?, accidents?
Skin: rash, patches, pimples, spots: red, crusty, oozy, scaly, flaky, inflamed? thrush?
Pain on urination? increase or decrease urination? blood?
Appetite: decrease, increase?

Changes in activity: sitting quietly, playing, fussy, crying?
Treatment?
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USE THIS PAGE TO WRITE DOWN ANY INFORMATION THAT DOES NOT FIT
IN THE SPACES GIVEN IN TIlE CALENDAR
MONTHIDAY

DESCRIBE

164

MORBIDITY
RECALL

Date of Recall _ _ , _ _ , _ _

,

Dates Included

CODE:

Yes

=

1

No

-

2

Don't Know'
Don't Remember -

3

,

to

__ , __ , __
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MORBIDITY RECALL
Date: _ _ 1 _ _ 1 _ _

CODE: Yes = 1

No = 2

Don't Know 1 Don't Remember = 3

Name of the Subject:
Subject Number: _ _ _
Mother's First Name: _ _ _ _ _ _ _ _ _ _ _ _ _ __

Dates Included _ _ 1 _ _ 1 _ _ to

Since the last visit, did your child have:
A. Diarrhea, colic, vomiting
B. Cough, runny nose, difficulty breathing,
or unusual breathing

C. Ear pain, discharge, swelling
D. Redness of the eye, swelling
E. Fever
F. Accident, bum, fracture, trauma
G. Skin problems
H. Pain in urination
1.

Change in activity levels

J. Loss of appetite or changes in food intake
K. Any oth'er illness

__ 1__ 1__
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GASTROINTESTINAL
SCHEDULE A
Date: _ _ 1 _ _ 1 _ _

CODE: Yes = 1

No = 2

Don't Know I Don't Remember = 3

Name of the Subject:
Subject Number: _ _ _
Dates During Which Subject
was Affected

First

--'--

Through
__ , __
Last

DIARRHEA?
If yes
Were stools watery I liquid?
- How many days: 1 day
2 days
3 days or more
Were stools mushy?
- How many days: 1-4 days
5-7 days
8 days or more
Characteristics of the stools:
- Color: Yellow
Green
Brown
- Mucous
- Bloody
Were any respiratory symptoms associated? _
Abdominal pain?
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GASTROINTESTINAL

SCHEDULE A -

Continu~

Date: _ _ 1 _ _ 1 _ _

CODE: Yes

=

1

No

=2

Don't Know I Don't Remember

Name of the Subject:
Subject Number: _ _ _
Dates During Which Subject
was Affected

First

__1_-

Through
__ 1__
Last
VOMITING?
If yes
What:
milk
solids
clear liquids
- Number of days: 1 day
2 days
3 days or more
Temperature
DEHYDRATION:
Frequency of urination
- normal
- decreased
TREATMENT:
Was treated or medical care offered
If yes:
- home treatment
- describe
Prescribed by the doctor
- describe
Other
- describe

___ ._F

=3
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FEVER

SCHEDULEE
Date: _ _ 1 _ _ ' _ _

CODE: Yes

=1

No

=2

Don't Know' Don't Remember

=3

Name of the Subject:
Subject Number: _ _ _
Dates During Which Subject
was Affected

First

,

Through
Last
__ , __

Fever
If yes, how many days?
1 day
2 days
3 days or more
Immunization during this month
Temperature

_ _ _ ._F
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APPENDIX V
DIEfARY INTAKE DATA COLLECTION FORM

SUBJECT NUMBER:

CHILD'S NAME (F/M/L)

CHILD'S BIRTHDAY

DDD

MOTHER'S NAME

THIS REPORT IS TO BE COMPLETE ONLY ON THE DAY LISTED BELOW.
AFTER EACH FEEDING ON THIS DAY, ENTER THE TIME OF THE FEEDING,
FOODS AND LIQUIDS GIVEN, AND THE AMOUNT EATEN. PLEASE SPECIFY
EACH TIME THE TYPE OF MILK AND/OR FORMULA'S NAME IS GIVEN.
DATE OF RECALL(M/D/Y)
TIME

FOODS AND LIQUIDS

AMOUNT

OFFICIAL USE

COMMENTS: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

--------------------'--'-INVESTIGATOR'S SIGNATURE

TIIREF. DAY lllETAltY ItECOIW

Bnby's

Baby's NAME (L/F/H)

UirLh~ny

SIJII.H:cr NlIHIlUt:

l

(H/D/Y)

C;C~U

Hother's NAH!:: ( L/F

This report is to be complctcd ONLY on thc J doys listcd bclow.
After rocll feeding on these ~ny9. enter thc time of fecdinR. ench item nnd nmount takcn.
----

H

I

D

---- ----

I

Y

H

----

----

Type of Hi1k nndl ounccs official
use
trIHE or Formula's nnmc takcn

TIME

Othcr Foodsl
liquids
-

Jrd day

2nd day

1st day

amount

official
use
--

I

D

----

I

Y

H

----

----

Typc of Hilk andl ounces official
TIHE or Formula's name takcn
use

TIME

Other Foodsl
liquids

amount

I

0

----

I

Y

----

Typc of Hilk andl ounces official
TIHE or Formula's name taken
use

official
usc

TIME

Other Foodsl
liquids

amount

official
use

- - - - - - - _... -

COMMENTS:
INVESTIGATOR'S SIGNATUItE

I

-H- --H-

-U-

/
-f)-

--Y- --Y'-l

o
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