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Abstract

Human milk is often fortified with the appropriate nutrients including miner-
als to allow pre-term infants and their families to enjoy the benefits conveyed
by the feeding of breast milk while delivering an optimal nutrient supply to
the baby. But, the amount of nutrients needed for fortification depends in
general on the recommendations made by the pediatric societies based on the
information available for full-term mothers. This calls for the investigation
to examine the difference that may exist between the mineral contents in the
milk of the full-term and pre-term mothers. Also it is necessary to check the
longitudinal patterns of mineral contents to examine when and how moth-
ers milk needs fortification. It is generally known that a good number of
minerals do not follow a symmetric distribution. This ic nature is
needed to be carefully accommodated in order to develop statistical test for
the gestation effects.
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Chapter 1

Background of the Problem

1.1 Introduction

Low birth weight infants, defined as weighing less than 2500 grams at birth,
comprise 5 to 8 percent of all live born infants in Canada. A sizeable pro-
portion weigh less than 1500 grams and these infants are referred to as very
low birth weight infants. The majority of these infants are born prematurely
within less than 37 weeks of gestation.

Human milk has been widely used as the sole nutritional source for feeding
low birth weight premature infants. While it may be desirable to feed human

milk to low birth weight premature infants, it may not be desirable as the



only nutritional source. In other words, it is generally recognized that breast
milk cannot support the full range of nutritional requirements for the low
weight premature infants. Furthermore, breast milk alone may cause the
infants tissue to be deposited at a different rate as would occur if the infants
were carried to term.

A viable solution to the above problem is to fortify human milk with the
appropriate nutrients to allow the premature infants to enjoy the benefits
conveyed by the feeding of breast milk while delivering an optimal nutrient
supply to the infant (cf. Modanlou et. al. (1986), Kashyap et. al. (1990)).
It may be acceptable medical practice to feed the premature infant with

his/her own mother’s milk alone at high volume while monitoring closely for

and iately treating nutritional inadequacies identified. It is, however,

preferable to routinely supplement human milk fed to very low birth weight
infants to achieve a more optimal nutritional profile while avoiding the effects
of dietary deficiency (cf. Fomon et. al. (1977)). In this regard, there seems
to be little debate about whether human milk should be fortified if it is to
be the sole source of enteral nutrition for very low birth weight infants; there
is considerable controversy, however, about when, how and with what. This

stems from uncertainty about the long-term consequence of nutritional “in-



adequacy” identified in the perinatal period, potential interactions between
components contained within breast milk and fortifiers, extreme variability
in the composition of expressed breast milk and marked clinical heterogeneity
between infants (cf. Atkinson et. al. (1990)).

A solution is to fortify human milk with the appropriate nutritional re-
quirements recommended by the Canadian pediatric Society (CPS). When
differences exist between the recommended nutrient intakes for a stable,
growing premature infant and the amount of nutrient that would be re-
ceived if human milk alone were fed at standard fluid intakes, fortification
may be recommended. The nutrient level provided by human milk is derived
from the mean value determined when expressed breast milk from mothers
delivering prematurely is analyzed. When used according to manufacturer’s
instructions, the sum of the amounts of any nutrient generally fed to the
premature infant should come within the range of the recommended nutrient
intakes and not exceed the maximum “safe” level of intake. The amount of
fortification can be derived from the difference between the recommended
CPS nutritional requirements (which is based on the nutrient levels in the
milk of full-term mothers) and the mean/median nutritional levels of the

milk of pre-term mothers.



Note that as the nutrient level of the milk from mothers of premature
infants may vary mainly during the early stage of lactation, the use of simple
mean/median nutrient level (determined from the expressed breast milk of
the mothers of premature infants) to assess the quantity of human milk
fortifier needed over time, may not be valid. Consequently, the mean/median
level based prescribed quantity of human milk fortifier may affect the growth
of the premature infants negatively. Further since the importance of minerals

in the nutritional management of infants is now widely recognized, it seems

to study the itudinal changes in the milk composition during
the first three months of lactation, and to evaluate the effect of gestational
length on levels of macro, trace and ultratrace elements in human milk.
The macrominerals in the human milk are: calcium (Ca), magnesium (Mg),

idium (Rb), and ium (Sr). These inerals are d in

micrograms per milliliter (g/ml or PPM). The trace elements in the human
milk are: zinc (Zn), copper (Cu), manganese (Mn), nickle (Ni), molybdenum
(Mo), and cobalt (Co); and they are measured in pg/ml or PPM. The other
minerals in human milk, namely, tin (Sn), lead (Pb), cadmium (Cd), cesium
(Cs), barium (Ba), lanthanum (La), and cerium (Ce)are known as ultratrace

minerals and they are measured in nanograms per millilitre (ng/mi or PPB).



Recently, Sutradhar, Dawson and Friel (1998) studied this problem and

it . in details, the itudinal changes and gestation effects for all

macrominerals. They have also studied to some extent the longitudinal and
gestational behavior of some trace and ultratrace minerals. These trace and
ultratrace minerals were found to be nonnormally distributed. Consequently,
they were analyzed based on some ad-hoc correlation computational proce-
dures and ad-hoc normal tests. In this practicum, we study these non—
normally distributed trace and ultratrace minerals in details.

More specifically, we discuss the pattern of mineral concentration for all
non-normal trace elements. We also consider non-normal ultratrace ele-
ments, but exclude cadmium (Cd), cesium (Cs), barium (Ba), lanthanum
(La), and cerium (Ce), as the elements are known to contribute very lit-
tle. Finally, for the sake of completeness, we discuss in brief about some
macrominerals, specifically, to examine their gestation effects based on cer-
tain optimal statistical test procedures.

A total of 288 observations (breast milk) for each of the above minerals
were collected by James Friel and his group at the Department of pediatrics
at the Janeway Hospital. The data we analyze are from 43 lactating mothers

from St. John’s, Newfoundland. The breast milk was collected for the first 8



consecutive weeks following birth and a final 12, week after birth. Of the 43
‘women 19 were mothers of pre-term infants and 24 were mothers of full-term
infants. There were 136 observations from the full-term mothers and 152
observations from the pre-term mothers. Samples were not available from
all mothers for every week during the duration of the study, which resulted
in unbalanced sample sizes for different mothers. As previously mentioned,
there every week there were approximately 19 and 24 mothers under the
pre—term and full-term mothers respectively. So, as the pbservations are
independent, the use of normal test statistics based on such sample sizes is
reasonable. A simulation study could be done to validate the normality of
different test statistics used in the practicum for small sample sizes, but it

was not chosen in the present study.

1.2 Objectives of the Study

The objective of the practicum is to examine the longitudinal patterns of
the minerals present in mothers milk. Also, we examine the gestation effects
taking the longitudinal correlations into account.

The specific plans of the practicum is as follows. In Chapter 2, we analyze



the trace el and elements. The graphical pro-

cedures adopted in Chapter 2 are standard boxplots, histograms, g—q plots,
line graphs and smoothed line graphs. In Chapter 3, we study the gestational
effects using time as a specific factor. The fourth chapter studies gestational
effects using a cluster approach with time as a non-specific factor. In Chap-
ter 5, we reconsider some normal minerals studied in detail by Sutradhar,
Dawson and Friel (1998). This is mainly done to verify their results about
gestational effects but based on certain optimal statistical test procedures.

The final chapter contains the concluding remarks.



Chapter 2

Exploratory Analysis of the

Trace and Ultratrace Elements

As mentioned earlier, there are six trace elements in mothers’ milk. These
minerals are Zn, Cu, Mn, Ni, Mo and Co. Among these elements, the lon-
gitudinal and gestational effects of Zn and Cu were studied in details by
Sutradhar et. al. (1998). These minerals are therefore, not included in our
analysis. Among the 7 ultratrace elements, as mentioned earlier, we include
two elements, namely Sn and Pb. The distributional patterns of the trace
elements are discussed first in Section 2.1.1 and their longitudinal patterns of

gestational effects are discussed in Section 2.1.2. Similarly, the distributional



patterns of the trace and ultratrace elements Sn and Pb and their longi-
tudinal patterns are discussed in Section 2.2.1 and 2.2.2 respectively. The
exploratory analyses are done through various graphical displays such as
standard boxplots, histograms and g-q plots for the distributional patterns,
and line graphs and smoothed line graphs, for the longitudinal pattern. The
graphs for distributional and gestational patterns are located in Figures 2.1.1
to 2.6.5. For convenience, the figures are numbered in a systematic way to
reflect the mineral and the graphical pattern of the mineral. For example,
Figures 2.1.1 to 2.1.5 will correspond to five different graphical patterns of
the first mineral, Mn. Similarly Figures 2.2.1 to 2.2.5 will correspond to five

different graphical patterns for the second mineral, Ni.

2.1 Exploratory Analysis of the Trace Ele-
ments

2.1.1 Distributional Patterns

As mentioned above, for each mineral we display five different graphical pat-

terns. First three graphs will show distributional patterns and the remaining



graphs will exhibit longitudinal patterns.

More specifically, for a given mineral, the five different graphs will re-
port five different patterns as follows. The first graph will show boxplots for
both full-term and pre—term mothers for any given week. The second graph
displays the boxplots, histograms and q-q plots for the same mineral for
both full-term and pre-term mothers for the combined weeks. In the third
graph, histogram and q—q plot are given for the combined groups and com-
bined weeks. The last two graph will exhibit the median plots and smoothed
median plots over the weeks, for the given mineral.

The first boxplots graph for each of the four mineral (Mn, Ni, Mo and
Co) shows that the median is generally located either closer to the first
or third quantile value. The distributional patterns for trace elements for
almost all weeks for both full-term and pre-term groups appear positively
skewed. We further notice that the median of the minerals in pre-term and
full-term mothers milk are generally different. The second graph for each
mineral indicate the non-normality for both pre-term and full-term groups
for combined weeks. The boxplot, histogram as well as the q—q plot in the

second graph for each of the four minerals show that the distributions for pre-

term and full-term are positi skewed. overall




behavior for bined groups and bined weeks are also positi skewed

for each mineral as indicated by the third graph for each of them.

2.1.2 Longitudinal Patterns

As the distribution of the trace elements considered above are generally pos-
itively skewed, in this section we exhibit the median oncentrations of these
minerals instead of mean concentrations. For this purpose, we display two
types of median plots. First, we plot the ordinary medians against every

week. Second, we compute the smoothed medians by S-plus and provide

them in the second graph. More i to pute the medi-
ans, a method of running medians known as 4(3RSR)2H is used (cf. Venables
and Ripley (1996)). Within this procedure twicing is performed. This is a
process of smoothing, computing the residuals from the smoothed values,
smoothing these residuals and adding the two smoothed series together. The
fourth and fifth graph for each mineral displays these median concentrations,
and smoothed median concentrations of the particular mineral.

The median con ion for Mn, as indi d by figure 2.1.4, for both

gestation periods appear to be relatively constant over all time periods with

the concentration being higher for the full-term groups. This constant pat-
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tern is more explicit from the smoothed median plot for Mn, as shown in
figure 2.1.5. The median concentrations of Ni for both pre-term and full-
term as displayed in figure 2.2.4 are not constant over the period of weeks
and they do not apparently follow any pattern. The smoothed concentration
in figure 2.2.5, however, shows that the Ni concentrations are generally de-
creasing for the pre-term group whereas the concentration is increasing for
the full-term. Now figures 2.3.4 and 2.3.5 for Mo exhibit that the concen-
tration for the full-term group decreases significantly over time while for the
pre-term group decreases sharply for the first 4 weeks and then appear to
increase slowly for the rest of the time. The pre-term group has an higher
concentration at each time period as compared to the full-term group. The
plot of the median concentration in figure 2.4.4 for Co is difficult to interpret.
The median concentrations for full-term appear to be slightly lower for time
periods 1 through 7 but higher for time periods 8 and 9. Figure 2.4.5 for
smoothed median concentration, however, shows clearly that Co concentra-
tion is slowly decreasing over time, the pre-term concentrations are being

higher, as compared to the full-term.
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2.2 Exploratory Analysis of the Ultratrace
Elements

2.2.1 Distributional Patterns

In this Section, we examine the distributional pattern of two ultratrace ele-
ments Pb and Sn for both the pre-term and full-term mothers. These two
elements are selected in the study, as among the 7 ultratrace elements, they
are generally considered more important than the remaining.

The first boxplot graph for each mineral indicates that similar to the trace

elements, the median i for both pre-term and full-term groups

for the ultratrace elements are generally different for a given week. The
weekly distributional patterns for the ultratrace elements for both full-term
and pre-term groups appear positively skewed. The second graph for both
minerals indicate that the mineral concentrations are non—-normality distrib-
uted for both pre-term and full-term groups for combined weeks. Overall
distribution of the minerals for the combined groups and combined weeks are

also seen to be asymmetric.



2.2.2 Longitudinal Patterns

The median concentration for Sn is very difficult to interpret with no ap-
parent pattern. The smoothed median plot, however, shows that median
concentration for the pre~term group remained constant for time periods 1
through 4 then increases until time period 6, followed by a constant pat-
tern over the remaining weeks. For the full-term group, however, there is
an increase until time period 6, and then it abruptly decreases. The median
concentration for Pb indicates that for the pre-term group, there is a non
detectable amount of this mineral until week 6 where it slightly increases.
For Pb, it is clear from both figures 2.6.4 and 2.6.5 that there is no Pb in the
milk of pre-term mothers, whereas, for the full-term group, the Pb concen-
trations appear to increase sharply up to week six and then decrease sharply

over the remaining periods.
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Chapter 3

Gestational Effects: TIME AS

A SPECIFIC FACTOR

For the purpose of fortification, it is important to see the difference between
the mineral concentrations in the milk of two groups of mothers. In this
chapter, we first examine the significance of the difference of mineral con-
centration for each week for a given mineral. For this, we test the equality
of the median concentration of minerals by employing some nonparametric
tests. The reason for using the nonparametric tests is this that all the trace
and ultratrace elements as discussed in chapter two were found to be asym-

metrically distributed. Note however that, the usual median tests for two
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samples are generally based on certain regularity conditions which may not
be satisfied always for all the above trace and ultratrace elements. With this
in view, we have modified some of the widely used nonparametric tests and
applied them to test the difference between the medians. These modified
tests are: (1) an ad-hoc median test; (2) a median test based on jacknified
dispersion estimate and (3) a permutation median test.

Second, in Section 3.2, we combine the minerals of all weeks and then test
the difference between the medians of two combined groups. In developing
this type of test, we make a “working” independence assumption between
the minerals of mothers at any two points of time. Further, in some cases
we assume that the minerals under each time point constitute a stratum.
Finally, based on either or both of the above assumptions we develop the
following three tests for testing the median differences. The tests are: (1) an
ad-hoc median test; (2) a weighted ad—hoc test and (3) comparison of median

when the dispersion is computed by delete-1 group jacknife technique.
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3.1 Tests for Gestation Effects at a Given

‘Week

3.1.1 An Ad-hoc Median Test

The traditional median tests, for example, Tukey’s quick test, median test,
and Mann-Whitney test are based on the signs and/or ranks of the obser-
vations. These tests, therefore, ignore the dispersion of the data in testing
the difference of the median. In order to take the dispersion of the data into
account, we, in this section, derive a modified ad~hoc median test, which
is quite similar to the two sample z or t-test but tests the difference in the
medians instead of the means. The dispersion of the difference between two
sample medians are computed in an ad-hoc way. Also, as the distributions
involved are asymmetric, the suggested test statistic (which is quite simi-
lar to the z statistic) is treated as a normal test statistic, mainly under the
assumption that the samples are large. We now formulate this test as follows.

Let y;; be the mineral concentration in the milk of the jun(j = 1,2, ..., 73)
mother of the i, (i = 1,2) group. Here group 1 will refer to the full-term
mothers and group 2 will refer to the pre-term mothers. Also let m; be
the median (Med) of {y}, that is, m;=Med{y;;}. Next, suppose that s;

17



measures the dispersion of the minerals {y;} for the % group. A suitable
formula for s; (cf. Hill and Holland (1977)), for the asymmetric data, is given
by

Med(Jys; — mif)
06745

i=1,2 (3.1)

We now construct the ad-hoc test which takes the dispersion of the minerals
of each mother into account, as opposed to the traditional median test. The
test statistic for testing whether the population median, Mj, of the full-term
group is equal to the population median, Ma, of the pre-term group, ie.

M, = My, is given by

(3:2)

The test based on this z* statistic may be treated as a normal test, where z*
has mean 0 and variance 1.

We apply this ad-hoc test procedure to all trace and ultratrace elements
and provide the z* values in Tables 3.1(a) and 3.1(b). The results shown

in Table 3.1(a) are calculated using all observations for a given mineral for
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a particular week, while results in Table 3.1(b) are calculated with outliers
removed. Here an observation is determined as an outlier based on the di-
agnostics done in Splus, by comparing its magnitude with 1.5 times the
inter-quartile range (IQR) of the data.

It is clear from Table 3.1(a) that a significant difference exists between
full-term and pre-term groups for Mn in the first five weeks. For the remain-
ing weeks, the differences appear to be insignificant. For Co, there exists a

diffe at the beginning (for week 1). The differences appear

to be insignificant for weeks 2 through 5, followed by significant differences
for the weeks 6 through 8. There does not appear any significant differences
for Mn for the first few weeks but the medians between the groups appear
to be different for the latter weeks. The behavior of Ni is similar to that of
Co. For Pb, the differences between the groups appear to be significant at
each week except week 1 where the test statistic was indeterminate (§). For

Sn, there is no apparent difference at any time period.



Table 8.1(a): The values of the =" test statistic (3.2) for testing Ho : M; =

M, for a given week For trace and (based on 1
data).
Trace Elements Ultratrace Elements
Mn Co Mo Ni Sn.
wk1 | 3.22202 | -3.304362 | 1.616899 | 2.484899 ind -0.4289783
wk 2 | 2.608291 | -X.341041 | 1.925039 | -0.2680191 | 2.698 0
wk 3 | 2.049371 | -0.7773048 | 0.6181895 | 0.5710875 2.698 0.553014
wk 4 | 2.289925 0 0 -0.6487321 | 2.612327 | -0.7904583
wk 5 | 2.726551 0 0 0.7407319 | 3.483103 | 0.4328899
wk 6 | 1.710021 -2.698 3.753503 | -2.122301 | 2.612327 | 0.1321111
wk 7 | 1.372717 | -2.431944 | 1.102397 | 0.2715604 | 2.459425 | -1.462838
wk 8 | 1.908318 | 2:612327 | 2.431944 | -2.612327 | 2.612327 0.442415
wk 12 | 1.815556 0 3.504805 | -1.739196 | 2.336537 | -1.386031

‘When possible outliiers are removed, the median differences appear to be

similar to the case described above, where all data points remain in the analy-

sis. For the case when: outliers are excluded the test statistic has, however,

2 indeterminate values: for Pb.
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Table 3.1(b): The values of the z* test statistic (3.2) for testing Hy : M; =
M, for a given week for trace and ultratrace elements (outliers excluded).

Trace Elements Ul Elements
Mn Co Mo Ni Pb Sn
wk 1 3.25088 | -3.234788 | 2.089862 [ 1.513214 ind -0.8850812
wk 2 | 2.194718 | -2.940077 | 1.25806 | -2.344525 ind 0
wk3 | 1.83414 | 0.767158 | 2.190439 | 0.2327054 | 2.612327 0
wkd | 2457447 0 0 1.664419 | 2.612327 0
wk 5 |2.631189 | -1.160012 | 2.612327 | -0.6820365 | 3.647917 | 0.3625329
wk6 | 1.99087 | -2.698 |3.385963 | -2.736793 | 2.523748 | 0.1315045
wk 7 | 1.719475 | -2.237063 | 1.773229 0 2.459425 | -0.7920271
wk 8 |1.640973 | 2.612327 | 2.336537 | -2.336537 | 2.523748 | -1.858703
wk 12 | 1.815556 0 3.504805 | -1.653222 | 2.237063 | -1.386031
3.1.2 Median Test Based on Jacknifed Dispersion Es-

timate

In order to construct the ad-hoc median test in the previous section, we

the di

for the diffe

in medians in an ad-hoc fashion.

‘While this computation for the dispersion appears to be reasonable, there

are other methods for calculating the dispersion of this type of asymmetric

data. The jacknife dispersion estimate is a well known technique to compute

such dispersions.

In this section we use the jacknife procedure to calculate the dispersion of

the median m; for the i (i = 1,2) group as follows where i = 1 refers to the
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full-term mothers and 7 = 2 refers to the pre-term mothers. This procedure
involves deleting the 7 observation from the data and recalculating the
parameter of interest (the median for the non-normal minerals) based on
the remaining n; — 1 observations. Let m;, denote this median yielding the

average of the n; recalculated medians for the i group as

myy = (3.3)
Next, for j = 1,...,n;, construct the n; pseudo-values im;; given by
My = mi— (n —1)(mug) —ma) (3-4)

where m; is the median of the complete data set of the 7, group, yielding

the average of i's as

e
(3 ma — nim)
=

= nm; — (i — my). (3.5)

Now the jacknife dispersion estimate (cf. Effron and Gong (1983)) of m; is

22



defined as
Vi) = m(n,-l) Z(mq i)?

= d,(n =3 _Z(m; = (n: = 1)(mag) — ma) — marmi + (s — Dmy)*

= n‘(n_m E((1 ) (magy — magy))®

= "‘T J_;(m«-u) —miy). (36)

In the manner similar to that of (3.2), the test statistic for testing whether
the population median, M;, of the full-term group is equal to the population

median, My, of the pre-term group, ie. Ho: My = My, is given by

37

where V(m;) for i = 1,2 is given by (3.6). This statistic is treated as a
normal test statistic, that is, z* ~ N(0,1).

‘We apply this procedure to all trace and ultratrace elements and report
the results in Tables 3.2(a) and 3.2(b). The results in Table 3.2(a) are based
on all data values while the results in Table 3.2(b) are based on the data

after the removal of the outliers.

23



It is clear from Table 3.2(a) that in general, there exist significant dif-
ferences between the gestation groups for Mn, while there is no difference
between gestation groups for Co, Mo and Sn. For Ni, there is initially a
significant difference between the groups but as time progresses, the differ-
ence becomes insignificant. For Pb, no differences between the full-term and

pre-term groups are while diffe become signi during the

latter weeks. As before ‘ind’ indicates an indeterminate value, 2, while ‘inf’
indicates an infinite value.
Table 3.2(a): The values of the z* test statistic (3.7) for testing Hp : M; =

M, for a given week for trace and ultratrace elements (based on complete
data).

Trace Elements Ultratrace Elements
Mn Co Mo Ni Sn
wk 1 | 10.01735 | -0.6255432 0 3.365081 ind -0.4581362
wk 2 1.3789 | -0.2581989 inf -0.06793129 | 0.2581989 0
wk 3 | 2.460372 | -0.2236702 | 0.895443 | 0.3669207 inf 1.290994
wk 4 2.45385 ind 0.2581989 | -0.2254907 | 1.071429 | -0.2314998
wk 5 | 4.426267 0 0 0.2223504 | 4.285714 | 0.5576846
wk 6 | 4.426267 -inf inf -0.8906409 | 3.214286 | 0.06443289
wk 7 | 0.689644 -inf 1.071429 | 0.1457983 inf -1.535036
wk 8 | 4.718893 inf 1.158132 | -1.143005 3.214286 | 0.2778941
wk 12 | 2.412091 ind inf -1.842813 inf -0.9438798

When possible outliers are removed, the median differences appear to be
similar to the case with all data points, except that for Ni now the difference
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appears to be insignificant at week 1.

Table 3.2(b): The values of the 2" test statistic (3.7) for testing Hy : M; =
M, for a given week for trace and ultratrace elements (excluding outliers).

Trace Elements C Elements

Mn Co Mo Ni Pb Sn
wk 1 [4.178565 | -0.8536101 inf 0.774101 ind -0.5549638
wk 2 | 1.468837 | -1.071429 | 0.4371401 | -1.237437 0 0
wk 3 | 2.353408 | 0.2265278 | 0.7173927 | 0.1121936 | 2.142857 0
wk 4 | 2.267787 ind 2.45385 | 0.3958195 | 1.071429 0
wk 5 | 4.160251 | -0.2773501 | 1.158132 |-0.1309861 | 1.196747 | 0.282076
wk 6 | 3.663292 -inf 0.8320503 | -1.152377 | 1.38675 | 0.04952246
wk 7 | 1.456986 -inf 0.8320503 0 inf -0.4062173
wk 8 | 1.994578 inf inf -1.507557 | 1.38675 | -0.6581452
wk 12 | 2.412091 0 inf -1.01083 inf -0.9438798

3.1.3 A Permutation Test

The well known permutation test consists of forming n* = n; x ns differences

dj = y; —yj for j = 1,.,n" with jy = 1,..,ny  and  Jp = 1,...,m,
and where yj, is the jis observation in the full-term group and yj, is the
Jan observation in the pre-term group. If the median of the n* differences is
significantly different from zero then the difference between the two gestation
periods will be significant. When using this approach, the dispersion of the
n* differences are estimated by using the median absolute deviation (MAD)

and also by using a Kernal-density based dispersion estimate.
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Dispersion Estimate by MAD

This method uses the same procedure as in the ad-hoc test for calculating
the dispersion of the differences between two medians.

Let d = {dy, ..., dn-} be a set of n* differences and mq the median of d;,

1,

,-yn". Then the MAD as an estimate of the dispersion is given by

s = Medld; —mq|

= . 3.8
0.6745 = @8

Now, we define the normal test statistic as:

g DMy (39)

for testing the Ho : My = 0, where M, is the population median correspond-
ing to my.

We apply this procedure to all trace and ultratrace elements and sum-
marize the results in Tables 3.3(a) and 3.3(b). Table 3.3(a) values contain
all data values while Table 3.3(b) have the outliers removed. It is clear from
Table 3.3(a) that generally, for Mn and Mo, significant differences occur be-

tween the full-term group and pre-term group at each time period. For Co,



the difference between the gestation groups appear to be significant only for
week 1. For Ni, significant differences exist during the earlier weeks but the

appears to be insigni for the the latter weeks. For Pb, there

is no difference between full-term and pre-term groups during the early 2
weeks, but differences appear to be significant for the rest of the weeks. For

Sn, however, the di appear to be signi at the beginning as well

as at the end, there being no differences in the middle.

Table 3.3(a): The values of the 2* test statistic (3.9) for testing Ho : My =
for a given week for trace and ultratrace elements (based on complete data).

Trace Elements Ultratrace Elements

Mn Co Mo Ni Pb Sn
wk 1 |12.11043 | -13.62423 | 9.082821 | 4.007127 0 -3.892638
wk 2 | 8.242526 0 6.181895 0 0 -2.392991
wk 3 |7.272817 0 6.181895 | 2.472758 | 12.36379 0
wk 4 | 5.224655 0 5.224655 0 5.224655 | -0.6332915
wk 5 | 6.530818 0 0 0 3.483103 -1.89987
wk 6 | 3.483103 0 5.224655 | -0.2430072 | 3.483103 | -1.099927
wk 7 | 1.046542 0 4.70944 | 0.8562618 | 9.41888 -3.853178
wk 8 4.70944 0 0 -2.018331 | 4.70944 -2.173588
wk 12 | 4.285059 0 8.094 0 8.094 -4.047

When possible outliers are removed, the median differences appear to be

similar to the case, except for Sn, with all data points in the analysis. For
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Sn, the diffe

appear to be si

for almost all weeks.

Table 3.3(b): The values of the z* test statistic (3.9) for testing Hy : My =0
for a given week for trace and ultratrace elements (outliers excluded).

Trace Elements Ultratrace Elements
Mn Co Mo Ni Sn

wk 1 [9.396211 |-12.93915 | 8.811631 | 5.060831 ind -5.286979
wk 2 | 4.336975 0 10.6006 0 0 -2.177835
wk 3 | 4.489195 0 5.500381 | 2.165661 | 10.44931 2.081136
wk4 |4.326425 0 5.224655 0 9.774434 | 2018331
wk 5 | 5.383996 0 0 0 4.70944 -1.096062
wk 6 | 7.706356 0 4.7215 -1.5975 | 1.954887 | -2.288889
wk 7 | 1.748504 0 9.099502 0 9.41888 -3.906152
wk 8 | 4.032923 0 0 -2.214119 | 4.37126 -6.937714
wk 12 | 4.285059 0 11.62412 0 7.074216 -4.047

Kernal-density Based Dispersion Estimate

It is well-known that the sample median is asymptotically normally distrib-

uted with mean My and dispersion

V(ma)

1
An*{f(ma)}?

(3.10)

where Mj is the median corresponding to my, and f(my) is the density of

the median mq (cf. Venables and Ripley (1996)). Now, to estimate V/(my),

one needs to estimate f(m,). This density f(ma) may be estimated by using
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a Kernel-density smoother of the form
5 15 =gl
ftmg = 15k (%), B
=1

where K(.) is a fixed Kernal and b is a suitable a bandwidth. The bandwidth
b is to be chosen approximately as to smooth the data but not to smooth
real peaks. By default S-Plus uses a width b equal to
i) = iy
2(1 +logyn*)’

‘Where d(;) and d(-) are the minima and maxima of the sample differences
di, .., dy- Tespectively. In (3.11), the Kernal K is normally chosen to be a
probability density function such as normal, rectangular, and cosine. Note
that we have used the normal density function for X as it is chosen by default
in S-plus (cf. p136, Venables and Ripley (1996)). Now, similar to (3.9), we

use the normal test statistic

(3.12)

for testing the Ho : My = 0.



We apply this procedure to all trace and ultratrace elements and sum-

marize the results in Tables 3.4(a) and 3.4(b). The results in Table 3.4(a)

contain all data values while the results in Table 3.4(b) have been computed

after the outliers are removed. From Table 3.4(a) it is clear that the results

are the same as the previous method, where dispersion is estimated by MAD.

Table 3.4(a): The values of the 2* test statistic (3.12) for testing Ho : My =
0 for a given week for trace and ultratrace elements (based on complete data).

Trace Elements Ul Elements
Mn Co Mo Ni Pb Sn
wk 1 | 8278198 |-5.538833 | 7.745976 | 3.843176 0 -3.882906
wk 2 | 6.549037 0 3.153925 0 0 -2.824778
wk 3 | 6.000034 0 3.690489 | 2.171564 | 12.7715 0
wk4 | 3.877602 0 4.64771 0 4.96724 | -0.6799627
wk § 4.930224 0 0 0 2.572339 | -1.465165
wk 6 | 2.128531 0 3.59976 | -0.3322144 | 2.674456 | -1.545367
wk 7 | 0.9389233 0 3.69814 | 0.8318205 | 7.692131 | -3.282236
wk 8 3.633175 0 0 -2.026274 | 1.92837 -2.035035
wk 12 | 1.648813 0 8.04388 0 8.802648 | -3.409725

‘When possible outliers are removed, the median differences appear to be

similar to the case with all data points in the analysis.
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Table 3.4(b): The values of the 2 test statistic (3.12) for testing Ho : My =
0 for a given week for trace and ultratrace elements (outliers excluded).

Trace Elements

Ultratrace Elements

Mn Co Mo Ni Sno
wk 1 [6.515692 | -10.99779 | 8.013562 | 2.040107 0 -4.86795
wk 2 | 2.626773 0 26.114 0 0 -2.672203
wk 3 |2904784 0 9.367578 | 2.083484 | 23.5484 1.610829
wk 4 | 3.346704 0 4.64771 0 9.621017 2.233526
wk 5 |2.728461 0 0 0 5.5883 -1.355917
wk 6 |8.260567 0 10.93883 | -1.539641 | 1.640676 | -3.453277
wk 7 | 1.287393 0 6.053874 0 7.692131 | -2.920783
wk 8 | 2991312 0 [ -2.223285 | 3.766999 | -8.478726
wk 12 | 1.648813 0 44.8092 0 22.94916 | -3.409725

3.2 Tests for Gestation Effects for all Weeks

Combined: A “Working” Independence

Approach

In the previous section, we have tested the difference in minerals between the

full-term and pre-term groups for a given week. Most of the tests indicated

that for Mn and Pb, there were significant differences at any given week. In

this section, we are interested to see whether these differences remain when

the data are combined together for all weeks. In the same token, we are

also interested to see what happens to the other minerals. For the purpose,
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for each of the minerals, we combine the data for all 8 weeks together and
then develop suitable tests to examine whether there is any overall significant
difference in minerals between the full-term and pre-term groups. We use 3
different tests for testing such hypotheses, that is, there is an overall difference
between the gestation groups. These tests are: (1) an ad-hoc median test, (2)
weighted ad-hoc median test based on 8 strata due to eight time periods, and
(3) the ad-hoc median test when dispersion is computed based on delete-1
strata jacknife. Note that in all three tests, it will be assumed that the data
for different weeks are independent even though they are actually correlated,
the correlation structure being unknown. This approach is referred to as the

“working” independence approach for inferences about correlated data.

3.2.1 Ad-hoc Test

This procedure is equivalent to the ad-hoc test discussed earlier in Section
3.1.1. The difference between the earlier test and the present test is that here
observations for all weeks are combined together under both the full-term
and pre-term groups, whereas in the earlier test, the observations for a given
week are used to test the median difference between two groups, namely

full-term and pre-term groups.
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For a particular minerdl, let y;;; be the mineral concentration in the milk

of the juu(j = 1,2, ..., nit) mother of the 4

1,2) group at time t. Here
group 1 will refer to the full-term mothers and group 2 will refer to the pre-
term mothers as before. Also let y; be a set of observations containing the

mineral concentrations for the entire i,, group, that is,

¥ = {¥at, o Yinar 1, -

Next suppose that s; measures the dispersion of the entire Zf;l ni observa-

tions in y; and m; is the median of these observations. That is,

— Med(yie—mal)

e T (3.13)

The dispersion in (3.13) is now used to construct a ad-hoc normal test

statistic given by

(3.14)

where ny = $F, ny; and np = £ na which may be used to test the null

hypothesis whether the population median, M;, of the full-term group is
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equal to the population median, M, of the pre-term group.
We apply this procedure to all trace and ultratrace elements and summa-
rize the results in Table 3.5.

Table 3.5: The values of the 2* test statistic (3.14) for testing Ho : My = M;
for trace and ultratrace elements.

Trace Elements Ultratrace Elements
Mo [Co| Mo N Pb_ | _ Sn
5.845948 | 0 | -2.734795 319479 [ 7.510914 | 0

This test procedure indicates that a significant difference exists between
the full-term group and pre-term group for Mn, Mo, and Pb while no dif-
ference exist between the full-term group and pre-term group for Co, Ni,
and Sn. This conclusion is almost in agreement (except for Mo) with the

conclusions made in Section 3.1 for individual weeks.

3.2.2 Weighted Ad-hoc Test

The ad-hoc median in the last section does not take into consideration the
variability of the observations in individual weeks, which rather took into
account the dispersion of all the observations for all weeks combined. In
this section, we consider that the observations in a given week form a strata

and use the strata dispersion as its weight and then compute the stratified
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medians.

Assuming time periods are independent, for a particular mineral we let
yije be the ji, observation in the t,, week for the i, gestation group and,
4 the median of t,, week for the i, gestation group. Here also, group 1
will refer to the full-term mothers and group 2 will refer to the pre-term

mothers. Now for given i(i = 1,2) and ¢(¢ = 1,...,8), we define the median

absolute deviation of n; observations from their median m;, as

Med(lysje — ma|)

s = ST (3.15)
Next, we define the weighted median as
m = (3.16)
where
Wy X x
by
with

w.-z=;k‘2~ and Y wx=k) Z=1
it it



and

[ DR AR -
> “TELE L

Suppose that we now estimate the variance of m; as

= mzw"(’"ﬂ)
= ZW?:V("M)
=
s
= Y Wiy walmy —mi)?
el

= S ulodgeatd. @)
2

The variance in (3.17) is now used in a natural way to construct a weighted

ad-hoc normal teststatistic given by

My —y

(3.18)

5T v

which may be used to test the null hypothesis whether the population weighted
median, M7, of the full-term group is equal to the population weighted me-

dian, M3, of the pre-term group.
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We apply this procedure to all trace and ultratrace elements and summa-

rize the results in Table 3.6.

Table 3.6: The values of the z* test statistic (3.18) for testing Hy : M; = M;
for trace and ultratrace elements.

Trace Elements Ultratrace Elements
Mn | Co [Mo [ Ni [ Pb] Su
8.438713 | ind | ind [ ind [ind | 0.7022064

The weighted ad-hoc test indicates that a significant difference exists
between the full-term group and pre-term group for Mn but not for any
other minerals. The values of the test statistic for most of the other minerals
are written as ‘ind’ indicating that at least one of the s;’s equal zero creating
a weight which is undefined. The above problem of obtaining z*=ind may
be solved by simply ensuring none of the si's equal zero.

A simplistic solution to this problem is to give all medians equal weight
of 3. We apply this idea of equal weights to all trace and ultratrace elements

and summarize the results in Table 3.7.
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Table 3.7: The values of the 2* test statistic (3.18) for testing Ho : M; =
M;3, using a constant weight of §, for trace and ultratrace elements.

Trace Elements Ultratrace Elements
Sn
26248

To i
4399 | 0.7009566 | 3.906078

‘When the weighted ad-hoc test statistic is computed using equal weights
of §, a difference exists for both Mn and Pb. The results in Table 3.7 are in

agreement with those in 3.5.

3.2.3 Comparison of Median When Dispersion is Com-
puted by Delete-1 Group Jacknife Technique.

In Section 3.1.2, we have already studied a jacknife technique based on delet-
ing individual data values in order to estimate the dispersion of a set of data.
The jacknife procedure may be extended to estimate the dispersion by delet-

ing one stratum at a time, where the stratum correspond to T' = 1,2,...,8

weeks. More specifically, within each gestation period we delete one group
at a time and calculate the median of the remaining T — 1 = 7 strata.
Therefore we define m; as the median of the full-term group and myg as

the recalculated median of full-term group when the #;; stratum is deleted.
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The averages of the T recalculated medians for each gestation period may

be denoted as:
T 2
—— ET’"Q (3.19)

where as before ¢ = 1 represents the full-term group and i = 2 represents
the pre—term group.
Along the lines with the Jacknife procedure described in Section 3.1.2 the

dispersion for the iy, gestation group is now given by
; T—1Z 5
Vim) = —5= L (mig —muy)?, (3.20)
=

yielding the test statistic

. my —my

5T v

This test statistic is then used to determine whether differences exist between

(3.21)

the population median ,M,, of the full-term group and the population me-

dian, My, of the pre-term group. We apply this procedure to all trace and
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elements and ize the results in Table 3.8.

Table 3.8: The values of the z* test statistic (3.21) for testing Hy : M; = M,
for trace and ultratrace elements.

Trace Elements Ultratrace Elements
Ma_[Co] Mo A Pb_ [ Su
6.110101 | 0 | -0.693688 | -0.1553178 | 2.285714 | 0
This test indi that a signil i exists between gestation

periods for Mn and Pb but their is no differences for Co, Mo, Ni, and Sn.
Thus, all the techniques used in this section provide similar results about the

difference in gestation effects.
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Chapter 4

Gestational Effects: TIME AS

A NON-SPECIFIC FACTOR

In the previous chapter, we tested the difference between mineral concentra-
tions in the milk of full-term mothers and pre-term mothers for individual
weeks as well as for all the weeks combined. In the former case, as the ges-
tation effects were compared at a specific time point, time was naturally a
specific factor. In the latter case, the mothers at a given week were assumed
to constitute a stratum, and the overall gestation effects were compared based
on such stratified data. There, time was considered as a specific factor.

In this chapter we also study the difference between the two groups
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but here the minerals of a mother recorded over the weeks are assumed
to form a cluster under the selected mothers. Let there be J; mothers in
the 4 group (¢ = 1,2) and suppose that the milk was collected from the

Ju (7 = 1,2,..., J7) mother for a period of nj; weeks. Consequently, these

nj; observations for the ji, mother will be correlated. Here the correlations
among the observations collected over the period will be taken into account
in testing the difference between the gestational effects of the two groups.
Thus, time will not play any role as a specific factor. In other words, we
will refer to “time” as a non-specific factor. Note that as in Section 3.2 of
the previous chapter, yi;; will refer to the mineral concentration collected at
the ;4 period from the ji, mother and the 7 group. Thus, in terms of the

notation of Chapter 3, we have J; = ©7_, ny, but we now use t = 1,2, ..., njj,

to refer nj; minerals recorded under the jis (j ..y J}) mother of the i
(i = 1,2) group. Further note that in this chapter, we include all observa-
tions that were available for analysis, that is, we do not put extra effort to

find and discard any outliers.
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4.1 Delete-1 Cluster/Mother Jacknifing

In this section we develop a normal test statistic based on the Jacknife proce-
dure discussed in Section 3.2.3. The difference here is that mothers constitute
the strata. For a particular mineral, let m; be the median of the iy group
and my(;) be the recalculated median of the iy group when the ji cluster is
deleted. Then the average of the recalculated medians for the iy group is

given by

mi) = (41)
where its jacknife dispersion is calculated as
Vim) = : ];l(m.'(j) —mi))% (4.2)
As in the last chapter, we now use the test statistic
z = (4.3)

VV(m) + V(m,
to test the Ho : My = My, where M, and M, are the unknown population
medians for the full-term and pre-term groups respectively. Once again we
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treat the test statistic as a normal statistic. We note, however, that although
m; and m; are the same sample medians as in the last chapter, their estimate
of their variances are not the same. In the previous chapter, the variances
were estimated by delete-1 stratum technique or by other means, but here
the variances are computed by delete-1 mother/cluster technique, which are
generally different.

When the test (4.3) was applied to the data, we found the z values as
recorded in Table 4.1.

Table 4.1: The values of the z test statistic (4.3) with all mothers in-
cluded in the analysis.

Trace Elements Ultratrace Elements
Group Mn  [Co | o | f | n
z 2603343 | 0 |-0.5781516 | -0.1670626 | 1.070529 | -0.1601622

The results in Table 4.1 indicates a significant difference between the
pre-term and full-term groups for Mn but not for any other minerals.

Note that the nj; observations under the ji» mother may or may not be
consecutive. In order to compare the results of this section with the results
of the next section, we also consider the case, where the observations were
available for at least three consecutive weeks. The application of (4.3) to
such data yields the results in Table 4.2.
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Table 4.2: The values of the z test statistic (4.3) when only mothers
with at least three consecutive weeks are included in the .analysis.

Trace Elements Ultratrace Elements

Group [ Mm_[Co| Mo Pb So
= | 3.461248 | 0 | -0.3768427 | -0.08583691 | 1.792843 0

‘When using the minerals of the mothers only for the -consecutive weeks,
one obtains the z values as in Table 4.2 which only indicates that a significant
difference exits for Mn but not for the other minerals. This is the same

conclusion as when we considered all observations in the analysis.

4.2 Ad-hoc Median and Mean Tests: TIME

AS A NON-SPECIFIC FACTOR

4.2.1 Modeling Gestation Effects

As mentioned earlier, in this section we consider only wonsecutive obser-
vations recorded for the jis mother. Also suppose that, irrespective of the
distributional pattern of the data, the data collected over the consecutive pe-

riods follow the AR(1) (autoregressive function of order 1) type relationship
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given by

Yige = B+ Gilije-1 + e (4.4)

where i and j are fixed and ¢ = 1,2,..,nj;. In (4.4) we assume that for

with median

a given i, €;¢’s are identically and i

(Med) 0 and dispersion (Disp) oZ, for all j

;- Here

o? is not necessarily the variance of the errors.

By using the recurrence relation (4.4), one may express yije as

ny-1 . g
Yiit =00 2 04+ b7 Yiaongy + D B (4.5)
=0 =0
As |¢:] < 1, for large cluster size (nj; — 00), it now follows that

Med{y:;e; = Oo(l+ it o+ +..)

Oio(1— )™ (4.6)

and

Disp(yise) = Disp(eije + icije—r + GFesjun + )
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= of +gfol + (#1)°0% + ()% + ...

= -, @)

as, for example,

Med|diije—1
0.6745

207 (4.8)

Disp(¢i€ije-1) = [

Now, yi;: is the mineral content in the milk that was collected in the £y
week from the ji, mother of the 4, group and e;; is the #y element of the

75 X1 vector of disturbances ei; = (€71, - €6 - &3n;,)’ Where Med (e) = 0,

Disp(eij, af[,.;,. Now, after some matrix algebras, one may show that
Ui = (Yij1, - Yits - Yijny;) has the dispersion matrix 7A;;, where

ng—1

1 [ L R

is the nj; x n; non-singular matrix and ¢; is the parameter of the AR(1)

type process as indicated before.
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Ad-hoc Median Test

As under the present modeling, the median of the data for the iy group is
given by 6;0(1 — ¢;)~" (4.6), we now test the equality of the gestation effects
by testing the Hy : 019 = 6. For the purpose, we now require to estimate
030, which in turn requires the estimate of ¢;. As the data is asymmetric,
we now estimate this ¢; as follows which will be denoted by ¢;. In order
to compute ¢;, we first compute ¢}; for the jy cluster/mother under the iy,

group. The formula ¢}; is given by

[Med[(yije — m4) (Wigar — mas), t = 2, ..., n5])
[Med[(yije — mj)%,t = 1,2, .., njj]]

P = ) (4.9)
where m;; is the median of the j* cluster/mother in the i*" group.
Now by pooling these estimates of the J; mothers/clusters, we obtain ¢}

as given by

S Medl(vis— mo) Wiie-s = i) ¢ =2 il

#
S Med[(yige — mig), t =1,2,..,n3]]

4.10)

The results of ¢}, ¢ = 1,2 are given in Table 4.3 and show that the correlations

are generally different for full-term and pre-term groups, the correlations for
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Mn being far apart from the others.
Table 4.3: Lag 1 Correlation ¢}

Trace Elements Ul Elements
Group Ma [ Co | Mo | Ni | Pb | Su
Full-term (#7) | -0.050 | 0.214 | 0.194 | -0.303 | -0.210 -0.204
Pre-term (¢3) | 0.758 -0,239|7u.141|»o.u4o -0.133 -0.230

Now, turning back to the estimation of 6o, it follows from (4.6) that one

may estimate this parameter as

where w;;; is referred to as the weight for yse, which is actually the tu
element in wyj, where wy; = LAG' = (Wijt, oy Wijts -y Wiiny,). In (4.11), 6F
is the estimate of ¢; given by (4.10). We have computed the value of 6 by
(4.11) for both groups and for all minerals. The results are shown in Table

4.4.

Table 4.4: 6} (using ¢;)

Trace Elements Ul Elements
Group Mo | Co | Mo | Ni | Pb | S
Tullterm (65,,) | 13-650 | 0.786 | 1.612 | 10.424 | 2.42 | 14.448
pre—term (03,,) | 2.299 |1.239| 3 | 9.180 | 0 | 15.990
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Next, in order to construct a suitable test statistic for testing Hy : 610 =
B0, we now require to estimate the dispersion of 6 for (i = 1,2). Assuming
weights wij; are known, these estimates may be computed as

Disp(Med[wijetigei 4 = L, Jfit = 1,05
(Med[wije; ,j =1, S5t =1, n])?

Disp(8}y) = (1 - ¢})*

(4.12)

where Disp(Med[w;;eyi;t;

it = 1) is calculated using the

delete-1 cluster/mother Jacknifing technique. Finally by using (4.11) and

(4.12) we construct an ad-hoc normal test statistic given by

7=

(4.13)

y/Disp(#,) + Disp(63)

The values of z* computed by (4.13) are shown in Table 4.5.

Table 4.5: 2* (using ;)

Trace Elements Ultratrace Elements
Mn [Co] Mo [ Ni Pb | Sn
5.126 | -Inf [ -0.636 [ 0.227 [ 2.541 | -0.264

It is clear for the above table that the gestation effects are significantly

different between the pre-term and full-term groups for Mn and Pb. These
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results are in agreement with the results of the weighted ad-hoc median test
in Section 3.2.2 as well as with the results of the median test in Section
3.2.3, where the variances of the medians were calculated by delete-1 group

Jjacknife technique.

‘Weighted Average Method: A Large Cluster Size Approach

In this section, we pretend that our data is symmetric and the mean and

variance are stationary and follows the AR(1) model (4.4). Thus

E(ysze) = 60(1— )7, (414)

Viyge) =af(1—¢D)™, (4.15)

which appear to be similar to those given in (4.6) and (4.7) respectively.
Consequently, we estimate ¢;; by using the traditional time series approach
but taking the deviations of the observations from their median. The formula

for ¢, an estimate of ¢, is given by



(Wit — M) (Yo = mi5)
]l(yut —mij)? i ekl

ds =

Next by pooling the J; mother (cf. Quenouille (1958)) we obtain the overall

lag 1 correlation estimate given by

o B (yutn— miz) (Yije-1 — m,]). @17)
Tt et (Wige — miy)®

The results of ¢; (i = 1,2) are given in Table 4.6.

Table 4.6: Lag 1 Correlation &,

Trace Elements Ultratrace Elements
Group Mn Co Mo Ni Pb Sn
Full-term (¢,) | 0.003 | 0.040 | 0.099 |-0.010 | 0.240 0.020
Pre-term (¢;) | 0.054 | -0.026 | -0.014 | 0.260 | -0.025 0.137

The results in Table 4.6 shows that the correlations for all minerals are
insignificant except for Ni for the pre-term and Pb for the full-term.
As mentioned earlier, the gestation effect of the jy mother may be mea-

sured by 6j0. If we now assume that the indices of deterministic functions
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for all mothers are equal, say 69, then this constant index may be estimated

by using the weighted mean given by
) . . A R
6o = 1—4)( f,-,»A,;‘(cm)I‘-,-)“(E‘ LA (B)yg)  (418)
=1 =

where yi; = [Uijt, - Yiges s Vi | 2nd Iy is the nf; X 1 vector of unity,

yielding the values of fo as in Table 4.7.

Table 4.7: 6y (using @)

Trace Elements Ultratrace Elements
Group Mn Co [ Mo Ni Pb Sn
Full-term (610) | 15.059 | 1.293 | 2.778 | 22.436 | 2.689 23.406
Pre-term (ém) 9.304 | 2.108 | 3.388 | 25.850 | 1.341 22.053

Next, the variance of 6, may be derived as

% " % " .
V(o) = (1—&)’(ZK,-A;,»‘(&-)L-,-)"Zl(dj F(B)V (i) A () Is)
= =

i
= (1= LAz @)Ly Mot (4.19)
=

where, following (4.12), 02 may be estimated as 62 = V(yie) (1 — ¢?). Since
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V (y:j:) may be computed by the formula given by

Sy Tk S (vt
Vi) = B (4.20)

we may use this to obtain the final estimate o? as

V(vize) (1 = 6), (4.21)

where ¢; is given by (4.17).
The above formulas are then used to compute an ad-hoc normal test

statistic given by

(4.22)

V(i) + V()

Now by applying z** test to the data for all minerals, we obtain the results

as in Table 4.8.

Table 4.8: z** (using @)

Trace Elements Ultratrace Elements
Mo | Co | Mo | Ni_| Pb | Sn
2" | 3.357 | 2457 | -1.338 | 0.530 | 2.618 | _ 0.326

The weighted mean method indi that a signi diffe exist
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between pre-term and full-term groups for elements Mn, Co and Pb. It is
interesting to observe that the results of Mn and Pb are the same as in the
previous section, but this test, unlike the test of the previous section, shows

a significant difference for Co.

Normal Type Variances

We further continue to compute the normal test statistic, 2***, but we now use
different formulas for the computation of the variance. We use the following

three different formulas:

Q1) = (4.23)
@) = (4.24)
5%(3) (4.25)
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and compute the ad-hoc median test statistic given by

1=1,23, (4.26)

where V(6i) is given by (4.19) with o7 estimated by (4.23), (4.24) and (4.25).

The values of 2*** computed by (4.26) are shown in Table 4.9.

Table 4.9: z*** (using ¢;)

Trace Elements Ultratrace Elements
Mn Co Mo Ni Pb Sn
2z™*(1) | 3.759 | -2.662 | -1.349 | -0.518 | 2.465 0.311
z***(2) | 4.001 | -2.966 | -1.543 | -0.617 | 2.800 0.337
z***(3) | 3.981 | -2.973 | -1.468 | -0.559 [ 2.649 0.328

Table 4.9 indicates that a significant difference exists between pre-term
and full-term groups for Mn, Co and Pb. These results are in agreement

with the results of the ad—hoc normal test discussed in the previous section.



Chapter 5

Gestation Effects of
Macrominerals: Time as a

Non-specific Factor

As mentioned earlier there are four important macrominerals in mothers milk
and they are: Ca, Mg, Rb and Sr. The longitudinal as well as gestational
effects of these minerals were studied by Sutradhar et. ol (1998). As far
as the distributional pattern is concerned, these minerals were found to be
normally distributed. Log transformation of the minerals was considered as

it is a special situation under Box-Cox transformation which Sutradhar et.
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al. (1998) did to determine the status of the distributions of the minerals.
Among these four minerals, Sutradhar et. al. (1998) concluded that there
were significant longitudinal changes in the concentrations of Ca, Mg and Rb,
but the gestation effect was significant only for Ca. In order to study the
gestational effects, these authors have, however, examined the significance of
the mean levels of the minerals at a given week. Thus, ‘time’ was considered
as a specific factor.

Note that in the i we have i the ion effects of

all the trace and ultratrace elements considering time as a specific as well
as non-specific factors. In the same token, in this chapter, we verify the

diffe of the four inerals between the two groups by

considering time as a non-specific factor.
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5.1 AR(1) Model and Estimates of the Nui-

sance Parameters

Recall from section 4.2.1 that the mineral concentration recorded over nj;

time points for the ji; mother in the iy group follow the AR(1) model

O + Gitije—1 + €sje- (5.1)

But, here €;’s are i and i i normally distri with

mean 0 and variance o?. As the distribution of the errors are known and
normal, in the next section we construct a partial score test due to Neyman
(1959). This test is developed for testing the mean level, that is Hy : 610 = 620
Thus ¢; and o? are considered to be nuisance parameters. This test is quite
simple to construct, as it does not require the maximum likelihood estimates
of the nuisance parameters, rather it requires consistent estimates for them.
In this section, we now provide the estimates for ¢; and o?.

Following Quenouille (1958), by pooling the information from all possible
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mothers, we now estimate ¢; as

(5.2)

‘where

3)

The values of &, an estimate of ¢, are recorded in Table 5.1.



Table 5.1: Lag 1 Correlation ¢;

Group Mg | Ca | Rb | Sr3
Full-term (¢,) | 0.303 | 0.170 | 0.442 | 0.111
Pre-term (¢,) | 0.134 | 0.124 | 0.159 | -0.021

Note that Sutradhar et. al. (1998) calculated this lag 1 parameter in
a loose fashion. More specifically, they computed the lag 1 correlation of
the mean concentrations instead of the actual observations. These values
were found to be 0.654, 0.562, 0.971 and 0.008 for the full-term group and
0.517, 0.024, 0.890 and 0.171 for the pre-term group, for Mg, Ca, Rb and
Sr#, respectively. Note, however, that the order of the magnitude of the
correlations are the same both here and in Sutradhar et. al. (1998).

Now we calculate o2 by using all three formulas given in (4.23), (4.24)
and (4.25). Further note that to test Hp : 6, = 6, = 6 (say), one may also
estimate 6 or put 6 = 0. We, however, choose to estimate 6 considering this

as a further nuisance parameter. The estimate is given by

A (81

= 5.4
175 (9915 i
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and the values of § are recorded in Table 5.2.

Table 5.2: 6 (using ¢;)

Group

Mg

Ca

Rb

Full-term (¢,) | 20.443
Pre-term (¢,)

25.900

236.759
218.168

0.372
0.581

5.2 Score Test for Mean Gestation Levels

In order to derive the score test, one requires to construct the score function

2., where [ is the log-likelihood function of the data. Here, following model

(5.1) the log-likelihood is defined as

logL = 1

Il
g
&
|
!

=

Thus the score function is given by

o _ 2

x~1

Iz
1%
7

9% j=1
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We further require, the second partial derivative of | with respect to 8, which

may be simplified as

(.7)

Now treat the estimates of the nuisance parameters computed in Section

5.1 as though they have been by imizing the likelil d function

under the null hypothesis. Consequently Neyman’s (1959) partial score test
statistic reduces to Rao’s (1948) efficient score test statistic which is given

by

L |
[
! l—
~

(5.8)

where 2 and L are given by (5.6) and (5.7) respectively and they are

evaluated at 8 = 8, o = 67 and ¢ = ¢;. The test statistic in (5.8) has a x*

distribution with 1 degree of freedom under the null hypothesis. The values

of the test statisti< are given in Table 5.3.
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Table 5.3: T (using ¢;)

Mg | Ca | Rb | Stf
1) [ 2.287 | 738.951 | 0.313 | 2.351
3.739 | 630.743 | 0.020 | 0.793
3) | 6.126 | 385.329 | 0.628 | 0.272

o |
1

In Table 5.3, T(1), T(2) and 7'(3) indicate that the test statistic T has
been computed by using &; from (4.23), (4.24) and (4.25) respectively. Now,
since T is approximately a x? distribution with one degree of freedom we
compare it with critical value x5, = 3.84. Therefore the test statistic
T, recorded in Table 4.3, from the score test, indicates that a significant
difference exists between full-term and pre-term groups for Ca but generally
no difference exist between groups for Mg, Rb, and Sr#. These results are in
general agreement with the results given in Sutradhar ef. al. (1998) when

time was treated as a specific factor.
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Chapter 6

Concluding Remarks

Longitudinal patterns of mineral concentrations in human milk are of prac-
tical importance. It is also of practical importance to know whether there

is any di in mineral ions in the milk of full-term mothers

and pre-term mothers, over time. This is because, as the amount of minerals
in the milk of full-term mothers may be considered as the standard measure,
one may determine the nutrient amounts that should be used for the prema-
ture born infant. As the study of the longitudinal patterns require the usage

of statistical tests in between the two groups, the dis-

tributional patterns have to be taken into account when deciding upon the

appropriate tests. The trace and ultratrace minerals in this practicum were
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found to have asymmetric distributions which required special considerations
when deciding upon proper statistical procedures.

‘When studying asymmetric distributions, the median is usually the pa-
rameter of interest and therefore appropriate statistical tests were used for
testing the equality of the medians of the two groups. The traditional median
tests, for example, those mentioned in Section 3.1.1 based on signs and/or
ranks of the observations and ignore the dispersion of the data. As a remedy,

in this i we have di d various istical tests which take the

dispersion of the data into account.

The tests were developed to study either weekly differences between the
mineral concentrations of the two groups or overall differences.

When mineral concentrations were studied for individual weeks we found
a significant difference between the pre-term and full-term groups in most
time periods for Mn and Pb. For Co, we found a significant difference only
for the first week. It was clear that in general, there were no significant
differences between the full-term and pre-term groups for Mo, Ni and Sn.
When the weeks were combined as a group it was again found that an overall
significant difference existed between the pre-term and full-term groups for

Mn and Pb but not for Co, Mo, Ni and Sn. The results of the tests were, fur-
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ther in with the ical analysis indi a good

of the test procedures.

The macrominerals (Mg, Ca, Rb and Sr) were studied in detail by Su-
tradhar ef. al. (1998) and therefore they were only discussed in brief. The
minerals Mg, Ca and Rb along with the transformation Sr¥ were found to be
symmetrically distributed. Therefore we performed a score test to test the
equality of the means of the mineral concentrations of the pre-term and the
full-term groups. Here an overall significant difference was found between
the pre-term and full-term groups for Mg but no significant differences were

found for minerals Ca, Rb, and Sr¥. These results are in agreement with

the graphical analysis and test rformed by dhar et. al.
(1998).
The results of the practicum should be useful for the Pediatric societies in

for the use of

order to prepare better
for the premature infants, on top of the milk they consume. The validity of
the nonparametric test procedures for more smaller samples could be tested
by conducting suitable simulation studies, which is beyond the scope of the

present practicum.
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Figure 2.1.1: Boxplots for Mn
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Figure 2.1.2: Boxplot, Histogram and g-q Plot for Mn
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Figure 2.2.1: Boxplots for Ni
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Figure 2.3.1: Boxplots for Mo
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Figure 2.3.2: Boxplot, Histogram and g-q Plots for Mo
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Figure 2.4.2: Boxplot, Histogram and g-q Plots for Co
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