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ABSTRACT

This study aimed to investigate the patterns ofdodm’s growth and to fit an appropriate statisticaodel for
children’s growth in South of Thailand. The studgliuded 1,061 children from at birth in the prosipee cohort
study conducted in Thepa district in Songkhla progj Thailand. Linear regression model by takingipeocal
weight gain was used to analyze the weight gaithatfirst year of life base on feeding types atdagé days, 3
months, 6 months and 12 months as breast, mixedaitié feeding. Feeding type was significant aisged with
weight gain in the first years of life. Weight gamnboth boys and girls fed with formula feedingage 21 days, 6
and 12 months were significantly higher than weigdin in breast milk and mixed method. Weight deth with
mixed methods at aged 3 months was significangketi weight gain of breast milk and formula feediagboth
boys and girls. There was statistical associatietwzen type of feeding for one year with weightlaidht gain at
aged 1, 3, 5 and 8.5 years. The height gain of boyged 1, 3 and 5 years and girls at aged 3.8, &5 years fed
by breast milk for one year were significantly lowlan height gain by breast feeding and mixed wath Infant
feeding type is significant factor for determiniwgight gain at first year of life. Implementatidretknowledge of
nutrition in infant feeding methods for mothers wddoe emphasized.
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INTRODUCTION

A child’s growth is an important indicator for mémiing population nutritional status and health;1€4,2]. The
insufficient nutrition during the first few yeard 6fe delayed the child’'s growth [3]. As malnutdh affects
physical growth, there may be a substantial gapvdxst children growth rates in developed and deweipp
countries. In developed countries, the overweiglat major problem and the malnutrition is rare Malnutrition or
underweight as a major public health problem amohigdren in developing countries can affect physiaad
intellectual growth and is also considered as anntaiuse of child morbidity and mortality five yeao§ age,
accounts for at least half of all childhood deatbrldwide [5,6]. It is also recognized as the unglad cause of
related deaths of childhood disease such as measéeehea, and acute respiratory infectious dies€45,6]. The
main consequences of malnutrition have been exgla@ms growth failure, impaired intellectual and gibal
development, lower resistances to infection anth mgidence rate of some chronic disease [5]. Maggdt affects
human performance and decreases the populatioivaliand enhance the economic burden [7,8]
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Malnutrition and stunting in children is curren#lyserious public health concern in many count@sldren with a
weight-for-height ratio more than three standardiat®ons (SD) below the mean based on WHO standdraid
higher risk of death than children with weight-fogight above SD below the mean. The situation eftlitrition of
Thai children in the period of the Eleventh NatibBEaonomic and Social Development plan 2007-201hébthat
in 2009, 4% of children aged 0-72 months in thetBaumd 4.3% in the North of Thailand were undenke[g].
Thus, the aims of this study were to investigatephtterns of growth for children aged 0-8.5 y@arthe South of
Thailand and to fit an appropriate statistical moie analyzing child growth from weight and heigbt Thai
children aged 0-8.5 years in the prospective cadtardy in the South of Thailand.

MATERIALSAND METHODS

Data sour ces

Children’ growth records from a cohort of 1,061 Idtén from the Thepa district in the Songkla preenof
Southern Thailand was obtained from The Prospe@ivieort Study of Thai Children (PCTC). These datavigle
information on age, gender, infant feeding typewation period, and weight and height of the itdaffhe PCTC
in Thepa district is an observational communityesastudy designed to follow birth cohorts from abihe 28'to
38" gestational week onwards, which was performed bysipfans and specially trained research assistaiis.
children were followed up since their birth in 2Q@18.5 years in 2011. Their weights and heighteeweeasured at
birth and at ages 1,3, 5 and 8.5 years, respegtiVéle feeding types of children at aged 21 day$ 8 and 12
months were taken noted by mothers or caregivers.

The outcomes of interest in this study were theghteand height gain at aged 1, 3, 5 and 8.5 ydateahildren in
the PCTC study. These outcomes were used to contipargrowth pattern of children who were given efiéint
types of feeding methods. The determinants inghidy are feeding methods at aged 21days, 3, @2anmdonths.
Infant feeding methods are divided in to 3 groupsast-feed, formula-feed and mixed-feed.

Statistical analysis

Linear regression model

Linear models were used to compare the weight gaihheight gain of the children who were fed défety. Since
weight gain and height gain are continuous outcoanelsthe determinant is feeding types at 21 day&,abd 12
months, the linear regression model was fitted. Mbeel takes the form

Yi = Hta; @

Whereyiis weight or height gain is the overall effectzi is the effects of infant feeding types. Since the
assumption of linearity of the linear model was m&t, weight gain was transformed by taking reaptaveight
gain as the following form.

1

= 2
Yi wt 2)

The model was applied for boys and girls with fegdiluration at 21 days, 3, and 12 months separaelyfidence
interval obtained by using sum contrast to commgamnmeans within each factors with the overall mean.
advantage of these confidence intervals is that finevide a simple criterion for classifying lewa the factor into
three groups according to whether each correspgratinfidence intervals exceeds, crosses, or isabide overall
mean. Coefficients from linear regression modelensibstituted in the equation (1) and converted bade the
weight gain or height. The 95% confidence intengdlgveight gain or height were also calculated. Thb of these
values were used to create the 95% CI plot. Alisical modeling and graphical displays were genied using R
statistical software.

RESULTS

This study included 1,061 children from Thepa disin Songkhla province of Thailand. Table 1 skdhe mean
and SD of weight and length/height at age 0-8.5syea
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Table 1: Mean and SD of weight and length/height at age 0-8.5 years

Variables Boys(mean+SD)  Girls(meant+SD)  P-value

Weight (kilograms)

Below 1 year 3.1+05 2.9+05 <0.001

1 year 89+1.1 8.4+1.1 <0.001

3 years 12.8+1.8 12.6+2.1 0.058

5 years 16.1+£2.7 15.9+2.8 0.564

8.5 years 23.5+54 23.945.6 0.192
Height (centimeters)

Below 1 yea 49.8+2.! 49.34+2.(  <0.00!

1 year 73.6+2.8 72.18+2.7  <0.001

3 years 91.2+3.8 90.25+3.6  <0.001

5 year 104.1+4. 103.65+4.. 0.0€1

8.5 years 123.4+5.5 123.4745.7 0.788

The distribution of feeding type for boys and gil® shown in Table 2. At aged 21 days, boys wedebfy breast
milk 52.3% and mixed methods 43.9% whereas girlevied by breast milk 57.1% and mixed methods 38 886
aged 3 months, 42.7% of boys and 50.1% of girleevied by breast milk. At aged 6 months, 48% of baryd 50.7%
girls were fed by breast milk. Lastly, 42.1% of band 50.7% of girls were fed by breast milk atdagi2 months.

Table 2: Distribution of feeding methods at four duration times by gender

Variables Boys(n=548) Girl (n=513) P-value
Number (%)  Number (%)

Breast feeding at 21 days 0.333
Breast feeding 287(52.37) 293(57.12)
Mixed feeding 241(43.98) 199(38.79)
Formula feeding 18(3.28) 20(3.90)
Unknown 2(0.36) 1(0.19)

Breast feeding at 3 months <0.00:
Breast feeding 234(42.70) 257(50.10)
Mixed feeding 236(43.07) 188(36.65)
Formula feedin 75(13.69 65(12.67
Unknown 3(0.55) 3(0.58)

Breast feeding at 6 months <0.001
Breast feeding 263(47.99) 260(50.68)
Mixed feeding 164(29.93) 138(26.90)
Formula feeding 118(21.53) 109(21.25)
Unknown 3(0.55) 6(1.17)

Breast feeding at 12 months <0.001
Breast feeding 231(42.15) 237(46.20)
Mixed feeding 151(27.38) 132(25.73)
Formula feeding 161(29.38) 140(27.29)
Unknown 5(0.91) 4(0.78)

Weight and Height for age growth patterns of boys and girlsfor each feeding type

Figure 1 is a line plot showing the weight and heifpr age pattern of boys and girls. The greydiim&icate the
weight and height for age pattern of the boys ainld ghile the average weight-for-age of boys feihweither

breast, formula or mixed (i.e. both) are shown ly black, green and red lines, respectively. Tipeleft graph

shows the weight-for-age pattern of boys. The maysitd increase in weight-for-age occurred durirgyfitst year of
life followed by a more steady increase. The lowastrage weight-for-age occurred for boys werelfgdreast
feeding whereas the highest average weight-foff@geoys were fed by formula feeding. After thesfiyear of life,
the weight-for-age of boys who fed with formuladée®y more increased rapidly than other two grodjpe highest
mean weight-for-age gain at each measurement ticoareed for the boys who were fed by formula fegdim

infancy. The top right graph shows that the hefghiage pattern for boys steadily increased regaslbf the type
of feeding. Again, the mean height-for- age gairbofs fed by breast, formula and mixed feedingsir@wn in

black, green and red lines, respectively. The magstl increased in height-for- age gain occurreth@nfirst year. In
the first year, the mean height-for-age gain ofbalys were the same, however, boys fed by formath dilightly

height-for-age gain than other groups and thiseimge was greatest between the first and thircsyafdife. The
increase in height-for- age gain tended to be #meesfor boys from each feeding type after the afdsur years.
After the age of one year, boys fed by formula thedgreatest average height-for-age gain on avefali@ved by

mixed feeding and formula feeding had the lowestage height-for-age gain.
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The bottom left graph shows a similar pattern irigiefor-age gain for of girl separated by typefeéding as for
boys. The average weight-for-age gain of breastydéita and mixed feeding are again shown in blaokeig and red
lines, respectively. The most rapid increase irgivefor-age occurred in the first year. Girls fedfbrmula feeding
had the highest average weight-for-age gain wheateatowest average weight-for-age gain was frors ged by
breast feeding. The increase in average weigh&dergain appears less rapid increased after 3 f@agils who
fed by breast feeding compare to the other feetipgs. The bottom right figure shows that the hefghage
pattern for girls steadily increased regardlesheftype of feeding. Again, the mean height-fore ggin of girls fed
by breast, formula and mixed feeding are showraoky green and red lines, respectively. The masidrincreased
in height-for-age gain occurred in the first ydarthe first year, the mean height-for-age gairalbfgirls were the
same, however, girls fed by formula had slightlyghefor-age gain than other groups and this iaseewas
greatest between the first and third years of lifae increase in height-for-age gain of girls tsh¢b be the same in
all feeding type after the ages of four years. Afitee aged 1 year, girls were fed by formula haddfeatest average
height-for-age gain, followed by mixed feeding @he lowest average height-for-age gain was breastifig.

Woeight for Age of boy

Weight gain (kg)

Height for Age of boy

Height gain {cm)

500 Feeding type 1007 Feeding type
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Figure1: Lineplot for weight for age of boy (top left), height for age of boy (top right), weight for age of girl (bottom left) and height for
age of girl (bottom right) for each feeding type (breast, bottle and mixed).
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Weight gains of boy and girl in thefirst year of life
The residual plots of weight gain at 1 year of laogl girl with infant feeding duration at age 21 €18y 6, and 12
month from linear regression model by taking remgat weight gain were showed in the figure below.

Weight gain: feeding type 21 days Weight gain: feeding type 3 months
Sample Quantiles Sample Quantiles
o o
4r 4f
2 2
0 0
2 2
30 -2 4 0 1 2 3 300204 0 1 2 3
Theoretical Quantiles Theoretical Quantiles
Weight gain: feeding type 6 months Weight gain: feeding type 12 months
Sample Quantiles Sample Quantiles
= o
4r 4
P 2
0 0
-2 -2
30 -2 4 0 1 2 3 300204 0 1 2 3
Theoretical Quantiles Theoretical Quantiles

Figure 2: Residual plotsfrom four weight gain models at age 1 year for boyson infant feeding type durations

315



ApiradeeLim et al Int J Med Res Health Sci. 2016, 5(12):311-324

Weight gain: feeding type 21 days Weight gain: feeding type 3 months
Sample Quantiles Sample Quantiles
4F e

3

-3 2 -1 0 1 2 3 -3 2 -1 0 1 2 3
Theoretical Quantiles Theoretical Quantiles

Weight gain: feeding type 6 months Weight gain: feeding type 12 months
Sample Quantiles Sample Quantiles

al o
3

3 -3 -2 A 0 1 2 3 -3 2 A 0 1 P 3

Theoretical Quantiles Theoretical Quantiles

Figure 3: Residual plotsfrom four weight gain models at age 1 year for girls on infant feeding type durations

Figures 2 and 3 show plots of residuals versus abguartiles. Linear regression model of the rampt weight
gain is an appropriate transformation method fodeting weight gain over the first year of life footh gender on
infant feeding type durations. This model had atadap fit with the data.

Figure 4 and 5 show the graph of the 95% confidéntegvals of average weight gain over the firsaryef life of
boy and girl for each feeding type (breast, mixasmula feeding) recorded at four different timg24 @ays, 3, 6, 12
months) estimated by simple linear model. The mizbntal line in each graph represents the ovenakhn weight
gain of both boys and girls over the first yealifef. The results show that infant feeding typeged 21 days, 3, 6,
and 12 months were statistically significant assteal with weight gain over the first year of lif#eight gain of
boys and girls fed with breast milk at age 21 d&ys6é and 12 months were statistically significkower than
overall mean. Weight gain of both boys and girts fiéth mixed methods at aged 6 and 12 months watistcally
significant higher than overall mean. Weight gain lhoth boys and girls fed with formula milk at dg& months
were statistically significant higher than overakan.
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Figure 4: Plots of means and 95% confidence intervals of mean weight gains of boys by type of feeding of theinfant at four different time
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Figure5: Plots of meansand 95% confidence intervals of mean weight gain of girlsby type of feeding of theinfant at four different time
periods.

Height gain of boysand girlsin thefirst year of life

Figure 6 shows the residual plots of height gaid gear of boys and girls with infant feeding dioatat age 21
days 3, 6, and 12 months from linear regressionainod
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Figure 6: Residual plotsfrom four height gain modelsat age 1 year for boyson infant feeding type durations
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Figure 7: Residual plotsfrom four height gain models at age 1 year for girlson infant feeding type durations

Figure 6 and 7 show plots of residuals versus nbguartiles. Linear regression model is an appadpriethod for
modeling height gain over the first year of life twoys and girls on infant feeding type duratiofisis model had
acceptable fit with the data.

Figures 8 and 9 show the graph of the 95% confidémtervals of average height gain over the fiesiryof life of
boy and girl for each feeding type recorded ar fdifferent times (21 days, 3, 6, 12 months) estaday simple
linear model. The red horizontal line in each grappresents the overall mean height gain of bots lamd girls
over the first year of life. The results show thays fed by breast milk at aged 3 months had Idweaght gain than
overall mean and fed by formula milk at aged 12 thetad higher height gain than overall mean.
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Figure 8: Plots of meansand 95% confidence intervals of mean height gain of boys by type of feeding of theinfant at four different time
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Figure 9: Plots of meansand 95% confidence intervals of mean height gain of girlsby type of feeding of theinfant at four different time
periods
DISCUSSION

In the first year of life, infant feeding type dtican at aged 21 days, 3, 6 and 12 months weresstadi significantly
associated with weight gain for both boys and gi&ight gain fed with breast milk at aged 21 d&s6 and 12
months were statistically significant lower tharemll mean whereas weight gain of both boys anid éd with

mixed methods at aged 21 and 3 months and thoseifiedormula milk at aged 6 and 12 months werdistiaally

significant higher than overall mean.

Boys fed by breast milk at aged 3 months had Idvegght gain than overall mean and fed by formullkk mi aged
12 months had higher height gain than overall méégight gain of boys and girls at aged 1, 3, 5 &&dyears fed
by breast milk were statistically significant lowigran overall mean. Both of boys and girls who wie with

mixed milk had significantly higher height gain thaverall mean at aged 3, 5 and 12 years. Heightafeboys at
aged 1, 3 and 5 years and girls at aged 3, 5, &hge@rs fed by breast milk were statistically gigant lower than
overall mean.

This study provides information on weight gain dr&ight gain of children at aged 1-8.5 years in ezatkgory of
infant feeding type in different durations. Feedingnfancy at aged 21 days, 3, 6 and 12 monthsskatsstically
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significant associated with weight gain in thetfiysar of life. The lower weight gain for childréed by breast milk
alone agrees with similar study [10]. This mayrfmemal, because breastfed babies do not grow almgame
growth curves as formula fed babies, and it mayeapghat they grow too slowly. In fact, babies wiere fed by
formula feeding had growth too quickly [10]. Ovéetfirst year of life to aged 8.5 years, babies wieoe fed with
breast feeding had significantly lower weight géian overall mean. These findings were consistétht rgsults of
various studies. For example, study showed thaethas a little difference in growth between brdadt and
formula-fed infants [11]. However, from about 2 rtfmof age to the end of the first year of lifenfala-fed infants
gained weight more rapidly than breast-fed infaisother study presented growth of breast-fed amchdila-fed
infants compared with national growth references$tui children [12]. The result from this study sleml that Thai
children at birth to 6 months who were fed by bteag8k and bottle milk had similar mean weight. Téafter
breast-fed infants had lower weight than formulkedfag infants with significant difference at 9-12mths in boy
infants and at 12 months in girl infants (p < 0.08)contrast, study found that healthy breastifddnts tended to
grow more rapidly than their formula-fed peerstie first 2-3 months of life and less rapidly fronta312 months
[13]. Although our study revealed that that weighin was higher in formula feeding than breastifeggdnd mixed
methods, these findings should generalize withicauThe breastfeeding provide various antibodaeglie babies
to fight with disease compared to formula feedg.it is always recommended for babies for bresetihg.

Furthermore, feeding types in infancy was not digaintly associated with height gain of childretu®@es showed
mixed results, in some studies, the height gain lsasr among breast-fed infants, whereas in otttersee was no
significant difference in linear growth betweendieg groups [14].

In the present study, breast feeding in first yeat significantly lower weight gain at aged 1, &l 8.5 years than
overall mean. Further, children who were fed byetixnethods had significantly higher weight gaiagéd 1, 3, 5
and 8.5 years than overall mean. Height gain offi lp@inder who were fed by breast milk had signifigalower
than average height gain at aged 1, 3, 5 and &g yer boys and at aged 3, 5 and 8.5 years fts. ¢ilowever,
these findings were not consistent with study [0 found that the duration of breast-feeding wasitively
associated with growth in length. The longer thddcen were breast-fed, the faster they grew dutioth the
second and third years of life. However, there masssociation between growth in weight and dunadiobreast-
feeding in rural Senegalese toddlers [15]. Anotitady reported that there was no significant défifiee in height,
weight and body mass index (BMI) in adolescents Wwad been breast-fed compared with those who hatesm
breast-fed [16]. However, by the time these adeetschad reached adulthood, those who had beestifegawvere
significantly taller than those who had not beesalt-fed (standing height, P = 0.013; leg length,(F035).

In conclusion, infant feeding type is a significéattor for determining weight gain at first yedtife in both boys
and girls. Implementation the knowledge of nutritio infant feeding methods for mothers should ipleasized.
Other factors influence growth of children shoutibcluded in further studies such as maternal fomusumption
and maternal smoking during pregnancy. Variousssigdl methods should be applied for investigatimg patterns
of child growth.
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