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SUMMARY: The objective of this work was to study the effect of high altitude on full term birth weight, body shape and body
composition of newborn infants. Twenty five healthy pregnant Saudi women and their healthy newborns from high altitud&@2850-31
m) and equal numbers from low altitude (500 m). For each pregnant woman haemoglobin concentration, haematocrit value and blood
pressures were measured and recorded immediately after admission to hospital for delivery. Fetal haemoglobin concentration and
haematocrit value were determined immediately after delivery. Determination of the newborn’s body shape and compositida were ma
from anthropometric measurements which were performed two hours after delivery. Placental weight was determined imnediately aft
its delivery. Placentae were then examined histologically. Compared with their respectives from lowland, the pregnantwaigén fro
altitude and their placentae showed haemotogical and histological changes suggestive of maternal and placental hypesiya respecti
There was no haematological evidence suggesting that the high altitude fetuses experienced a greater degree of hypbaiadidutero
the low altitude fetuses. Compared with lowland newborns highland newborns were significantly lighter but fatter and ficarlgigni
greater head circumference: birth weight ratios and abdominal circumferences. These differences in body physique betmeen high a
lowland neoborns appeared to be mainly secondary to placental hypoxia resulting from maternal hypoxia which in turn vegs caused
high altitude hypoxia. The altered body physique at birth due to high altitude hypoxia appeared to be not mediated loyxigtakityp
possibly by other mechanisms induced by placental hypoxia.

KEY WORDS: High altitude; Birth weight; Body shape; Body composition.

INTRODUCTION

Low baby weight at birth is a risk factor for manywith increasing altitude is reconfirmed in the southwestern
diseases in adulthood including cardiovascular diseasasights of the Kingdom of Saudi Arabia (Khagichl, 1997).
(Rich-Edwardset al,1997) type 2 diabetes (Frayling & However, no attempt has been made to describe the body
Hattersley, 2001), liver disease (Donma & Donma, 20033hape and determine the body composition of newborns at
stroke (Martynet al, 1996) and metabolic syndromehigh altitude areas of southwestern Saudi Arabia (2850-3100
(Visentinet al, 2014). However, other studies have showm) where both environmental factors and population
that newborns with disproportionate or asymmetric growtjenotypes differ from other studied areas. The present study
retardation resulting from alteration in body compositionwas, therefore, undertaken to:
during pregnancy are more prone to diseases in adulthood
than newborns with symmetrical small body weight (Dash&-Describe the body shape and determine the body
etal, 2000). Hypobaric hypoxia resulting from high altitudecomposition of newborn infants at high altitude and compa-
has been recognized as one of the principle causative fag®them with their counterparts born at low altitude.
of small baby size at birth (Julisat al, 2008). Also the
incidence of diseases associated with foetal growth restrictibnDetermine any possible relationship of the indices of body
such as pre-eclampsia is higher at high altitude than at lehape and body composition at birth to maternal
altitude (Keyeset al, 2003). The decline in birth weight haemoglobin concentrations and haematocrit values at the
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end of gestation, placental morphology (placental weightolter (J.T.). Immediately after normal spontaneous vaginal
incidences of syncytial knots and cytotrophoblastic cells anmtlivery of any baby in the two groups a cord blood sample
foetal capillary numbers) and fetal haemoglobinvas taken for determination of haemoglobin concentration
concentrations and haematocrit values at birth. and haematocrit value using Colter (J.T.). For each newborn
in the two groups anthropometric measurements including
Changes in maternal haemoglobin concentration amekight, length, body circumferences and skinfold thicknesses
haematocrit value at the end of gestation, placentakre performed using standard methods and at standard sites
morphology and foetal haemoglobin concentration an@elliffe, 1966) two hours after delivery. The equipments used
haemotocrit value at birth were used as indicators for theere of well-tested design and calibrated at frequent
degree of maternal, placental and fetal hypoxia respectivelytervals. Body weight was measured and recorded to the
nearest 0.01 Kg using an infant’s beam balance. All newborns
were weighed naked. Crown-heel length was measured
MATERIAL AND METHOD using an infant's board with the infant lying flat and legs
extended and recorded to the nearest 0.1 cm. All
circumferences were measured using an inelastic tape and
This study was carried out at high and low altitudeecorded to the nearest 0.1 cm. The greatest head
areas of Aseer province in the Southwestern part of tkesccumference was measured by placing the tape firmly
Kingdom of Saudi Arabia. At high altitude, Abha Cityaround the frontal bones, just superior to the supra-orbital
(altitude 3000,barometric pressure 550 mmHg) was selectedges, passed around the head at the same level on each
for the study. For comparison, Mohayel City at low altitudside and laid over the maximum occipital prominence at the
(altitude 500 m, barometric pressure 720 mmHg) wdsack. Waist circumference was measured at the mid-point
selected. The permanent residents in the two cities are racialtween the bottom of the rib cage and above the top of the
homogenous. All are Arabs and Saudi nationals. Mealiac crest with the tape placed perpendicular to the mid-
chicken and rice constitute the major dietary items faxillary line in mid inspiration. All skinfold thicknesses were
residents in the two cities. Primary health care in Aseereasured with Harpenden skinfold caliper on the right side
province is provided through a widespread network of 208 the body andecorded to nearest 0.1 mm. The skinfold
primary health care centres (PHC). Each centre has a weler the biceps muscle was taken upon the front of the arm
defined catchment area and population. Secondary amidway between the acromion process of the right scapula
tertiary care services in the province are provided throughaad the olecranon process of the right ulna. Triceps skinfold
network of 15 hospitals. was taken up at the back of the arm also midway between the
acromion process of the right scapula and the olecranon process
Subjects were recruited from pregnant women whaf the right ulna. Subscapular skinfold was taken up just below
attended Abha Maternity Hospital and Mohayel Generaind lateral to the angle of the right scapula and suprailiac
Hospital for delivery. The inclusion criteria for the studyskinfold was taken up just above the right iliac crest. Head
included pregnant Saudi women aged 18-35 years, gravitlecumference: Birth weight ratios were computed from head
two to gravida four, with known gestational age by datesrcumference (cm) and birth weight (kg).
and/or ultrasound, born and in permanent residence in the
designated study areas. The exclusion criteria were any  Estimates of fat mass (FM) were made from the
disease during pregnancy, bleeding in pregnancy, multipd&infold measurements using the equation derived by
pregnancies, poor antenatal attendance, smokers, perin&ehmelzle & Fusch (2002):
or postnatal detection of congenital malformations and post-
term pregnancies or any discrepancy in gestational ageFat mass (FM) in grams = 68.3 SFT0162-L.172.8
between dates and ultrasound. The subjects who satisfied
the above mentioned criteria were twenty five pregnai¥here:
women from Abha City and an equal number from Mohayel
City. Immediately after admission to hospital for deliveryy SFT = Sum of the 4 skinfold measurements (mm), L =
the blood pressures for each subject at high and low altitudesown—heel length (cm).
were measured in a lying position by a well trained nurse
using mercury sphygmomanometer. Three readings at 5  The total body fat expressed as percentage of body
minutes intervals were taken and the mean was recordaaight (percentage of fat) and the total body fat free mass
Diastolic blood pressure was taken at Kortkoff phase V. &xpressed as percentage of body weight (percentage of fat
venous blood sample was then taken for determination fofe mass) were then calculated. The following equations
haemoglobin concentration and haematocrit value usingere used:
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RESULTS
Percentage of fat — - (X9) X100
Birth weight (Kg))
Percentage of fat free mass = 100 - percentage of fat This study was confined to young pregnant women

) . ranging in age from 18-35 years and their newborns. Table |
Immediately after the delivery of each placentagnows the clinical data pertaining to the pregnancies at high
placental weight was measured using Sartorius precision R Jow altitudes. There were no significant differences in
lance and recorded to the nearest 0.5 g. Placentae were N mean maternal age and gestational age between high
fixed in 10 % buffered formalin solution. Samples for histologynd 1owland pregnant women. The mean haemoglobin
were taken from the periphery and centre using a transe@incentration, haematocrit value, systolic and diastolic blood
sampling line which always passes through the cord insertigessures were significantly higher at high altitude than low
point (Junaidet al, 2014). All samples were washed ing|tityde. The mean fetal haemoglobin concentration and
phosphate buffer saline (PBS) and fixed overnight in neutrghematocrit value were nearly the same in infants born at
buffered formalin. Fixed samples were then dissected into 1IQ|'gh altitude (16.81.9gm / dl and 5346.5 % respectively)
15 small pieces which were merged randomly in a cassef{g in infants born at low altitude (1885 gm/dl and
prior to wax embedding to ensure physical randomization b g4 9 o4 respectively). (P < 0.9 for both).Table Il
the tissue architecture as described by Strieget (1982). gemonstrates the physical characteristics and body
Five mm wide sections from each block of randomly orientategomposition of babies born at high and low altitudes. Babies
were cut from each slice and stained by Hematoxylin and EogjBn at high altitude were found to be significantly lighter
(H&E) for identification of cytotrophoblastic cells and syncytialang slightly but insignificantly shorter than their counterparts
knots, respectively. Cytotrophoblastic cells and syncytial knoggyrn at low altitude (P<0.04 and <0.07 respectively). The
were counted in 40 terminal villi from 40 different, butmean head and waist circumferences were significantly
randomly selected, fields in each section stained by H&freater at high altitude than at low altitude (P <0.001 and <
Histological identification of syncytial knots and theg 0o2 respectively). No significant differences in biceps
cytotrophoblastic cells was done according to Fox (1964). TRginfold thickness was noticed between babies born at high
number of villi with cytotrophoblastic cells and syncytial knot$y g |ow altitudes. The mean triceps, subscapular and
were recorded and the results expressed as percentage of tgfglyailiac skinfold thicknesses were significantly greater at
The fetal capillaries were counted in 40 terminal villi from 4Gyigh altitude than at low altitude (P <0.01, <0.001 and <0.001
different, but randomly selected, fields in each section stain?égpectivew)_ The head circumference (cm): birth weight
by H&E and expressed as number. (kg) ratio was significantly greater at high altitude than at
o ] ) low altitude (P <0.001). The body fat expressed as percentage
Statistical Analysis The collected data were compiled ancyf body weight (percentage of fat) was significantly greater
fed into IBM computer. SPSS version 20 (IBM Corp.,Armonkamong highland newborn babies than lowland newborn
N. Y.) was used for standard statistical analysis. Descriptiygpies. When the percentage of fat free mass was considered,

data are presented as mean +/- standard deviationspphosite trend was noticed between high and lowland
percentages. The student T-test and Z-/ test were used to Ca@\wborn babies.

pare between two means and two percentages respectively.

Spearman’s correlation coefficient was used to test for A summary of the macro and microscopic findings
association between two variables. P values < 0.05 wefgen in placentae are presented in Figure 1. Placental weight,
considered significant. although greater at high altitude compared to low altitude,

Table I. Mean values and standard deviations of the means (SD) of the clinical data pertaining to pregnancies
at high and low altitudes.

High altitude Low altitude
_ (n=25)  (n=25) P value
Mean SD Mean SD

Maternal age (years) 26.0 4.0 25.4 35 NS
Number of deliveries 3.0 0.75 2.8 0.74 NS
Gestational age (weeks) 39.2 0.9 39.1 1.2 NS
Haemoglobin concentration (g/dl) 12.3 1.2 10.8 1.6 <0.01
Haematocrit (%) 41.0 43 36.8 6.3 <0.001
Systolic blood pressure(mmHg) 117.9 10.1 100 6.5 <0.001
Diastolic blood pressure(mmHg) 68.8 54 66.0 38 <0.04

NS - Not significant
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Table Il. Mean Values and standard deviations of the means (SD) of body measurements and composition of newborn balpiés at high
low altitudes.

High altitude Low altitude
_ (n=25)  (n=25) P value
Mean SD Mean SD
Birth weight (Kg) 2.9 0.3 3.1 04 <0.04
Birth length (cm) 49.1 1.7 50.4 32 NS
Head circumference (cm) 345 1.0 329 1.6 <0.001
Waist circumference (cm) 30.3 1.3 28.6 2.2 <0.002
Biceps skin fold (mm) 4.4 0.8 4.2 1.2 NS
Triceps skin fold (mm) 4.6 0.8 3.9 0.9 <0.01
Subscapular skin fold (mm) 4.5 0.6 3.8 0.9 <0.001
Suprailiac skin fold (mm) 4.6 0.8 34 0.8 <0.001
Head circumference : birth weight ratio(cm:kg) 11.9 0.012 10.6 0.16 <0.001
Percentage of fat (%) 18.3 29 143 35 <0.001
Percentage of free fat mass (%) 81.7 29 85.7 35 < 0.001
NS - Not significant.
the difference was not statistically significant. Histological At both high and low altitudes maternal haemoglobin,

examination revealed that the incidences of villi witthaematocrit, systolic and diastolic blood pressures on one hand
syncytial knots and that of cytotrophoblastic cells wershowed positive but insignificant associations with placental
significantly greater at high altitude compared to low altitudaveight and positive significant correlations with incidences of
In addition, there was a significant rise in the number alyncytial knots and cytotrophoblastic cells and number of
capillary lumina at high altitude compared to low altitudecapillary lumina on the other hand (Table Ill) (maternal
Figure | shows photomicrographs of H & E stained placenthhemoglobin and haematocrit were used as indicators for ma-
tissues from high and low altitude. ternal hypoxia and placental weight and incidencsgmdytial

Table 1lI: Intercorrelations between maternal haemoglobin, haematocrit, blood pressures and placental weight, incidecydéd of syn
knots, cystotrophoblastic cells, number of foetal capillaries.

Placental weight Incidence of Syncytial Incidence of No of capillaries
r r r r
Maternal haemoglobin +0.11 (NS) +0.42%* +0.43** 0.39%*
Maternal haematocrit +0.10 (NS) +0.33* +0.35% 0.29%*
Systolic blood pressure +0.04 (NS) +0.73%* +0.73%* 0.67*
Diastolic blood pressure +0.23 (NS) +0.30* +0.31* +0.30*

r = Spearman’s correlation coefficient, *: P<0.05, **:P<0.01, NS :Not significant.

R High altitude
[ JLow altitude

P<0.07 P<0.001 P<0.001
o, I 1 w0y T 1 600 -
500 - —} = _: <E 500 P<0.001
g N ]
70 NN
400 \ 400 i
7)) o 604 5 \ .
= 0 N | % ., | N £ 0 | \\\ Fig. 1. A summary of the macro and
8 - \ § & \ microscopic findings in placentae
O 50 | N - N 200 | § (meant standard deviation).
100 + § ot § 100 §
§ 10 \ \
o I o , o LR
placenal weight Syncytial knots (%) Cystotrophoblastic number of
cells (%) capillaries
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knots and cytotrophoblastic cells and fetal capillary numbéirth weight, birth length percentage of fat free mass and
were used as indicators for placental hypoxia). Placental weigftsitive significant association with head circumference: birth
did not show any significant associations with birth weightveight ratio, abdominal circumference and percentage of fat
indices of foetal body shape (length, head circumference: bidh the other hand (Table IV).

weight ratio and abdominal circumference) or indices of body

composition (percentage of body fat and percentage of fatfree  No significant associations existed between fetal
mass) while the incidences of syncytial knots and that bemoglobin and haematocrit on one hand and birth weight,
cytotrophoblastic cells and the number of capillary lumina oimdices of fetal body shape and indices of body composition
one hand showed negative and significant correlations wittm the other hand (Not shown on the table).

Table IV. Intercorrelation between birth weight, birth shape indices, body composition indices adverse and placental
weight, incidences of syncytial knots, cytotrophoblastic cells, number of foetal capillaries.

Incidence of Incidence of No of
Syncytial knots cystotrophoblasts capillaries
r r r
Birth weight (kg) -0.33* -0.33%* -0.34%
Birth length (cm) -0.32%* -0.31%* -0.32%
Head circumference +0.46** +0.46** +0.42%*
Waist circumference (cm)
Head circumference/Birth weight (cm/kg) +0.38** +0.38** +0.31*
Percentage of fat (%) +0.56** +0.56%** +0.56
Percentage of fat free mass +0.48** +0.47** +0.46**
-0.47** -0.48** -046**

r = Spearman’s correlation coefficient, *: P<0.05, **:P<0.01, NS :Not significant.

0 x Pk M, . o s :
Fig. 2. Photomicrograph of placental tissue from high altitude (A) and low altitude (B) with syncytial knots (arrowheadghobiastic
cells (small arrows) and foetal capillaries (big arrows). H&E -stained sections.

. B . oo .«

DISCUSSION

In this study babies born at high altitude were foun#ith previous published work on the same population
to be significantly lighter but relatively fatter when comparedKhalid et al) and appeared to be altitude dependent rather
with their counterparts born at low altitude. The reduceian due to differences in other factors acting to reduce birth
birth weight reported for high altitude babies is in agreemeWeight, such as maternal health, age, socioeconomic
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conditions, parity, gestational age, pregravid and gravid BMtom other parts of the world (Ballew & Haas 1986), but
smoking, pre-natal care visits and female newborn- singgonsistent with other investigators who reported either
such factors did not differ between the two altitudes (seeduced fatness at high altitude (Gadaral, 2001) or no
method) or did not relate to reduction in birth weight (Jensenignificant difference (Schwartet al., 2013). The
& Moore 1997). discrepancies may be the result of variation in altitudinal
levels and ethnicity of the mother as well as technical
The mechanism by which high altitude hypoxia cauproblems associated with indirect methods that have been
ses decrease in birth weight is not exactly known. Howeversed to evaluate body fat in newborns. Furthermore, most if
it has been suggested by earlier investigators to be duenti all of the investigators in the field used either skinfold
direct effect of a reduced oxygen tension on fetal mitotimeasurements or fetal biometry to assess only subcutaneous
rate (Malaspinat al, 1971). However, recently Zamudid fat and did not consider deeper fat deposits which could re-
al. (2010) argued that the reduction in fetal growth due tate differently to birth weight. In this study all the percentage
high altitude hypoxia is mediated not by limitation on oxygenf fat was found to be significantly greater at high altitude
availability but foetal hypoglycemia. More recently Ywetg than at low altitude. It follows, therefore, that the low birth
al. (2012) suggested that the reduced uterine artery bloagight measured in Saudi newborn infants at high altitude
flow which occurs during high altitude hypoxia may invokeesulted mainly from reduced percentage of fat free mass
the involvement of intervening factors, such as ischaemimahich was found to be significantly lower at high altitude
perfusion injury and/or oxidative stress which stimulate theompared to low altitude.
unfolded protein response and actively decrease fetal growth.
The increased fatness and decreased fat free mass
Fetal growth is regulated mainly by the delivery ofimong high altitude newborns compared to low altitude
oxygen and nutrients mainly glucose to the foetus via marfants, observed in this study, appeared to be secondary to
ternal uteroplacental circulation. In this study, we did nqilacental hypoxia resulting from maternal hypoxia which
find any indication that the high altitude foetus experiencad turn was caused by high altitude hypoxia. There is positive
a greater degree of hypoxia in utero than does the low altituaied significant relationship between the indices for mater-
fetus. The mean fetal heamoglobin concentration amdl hypoxia on one hand and placental hypoxia on the other
haematocrit value at birth were nearly the same in low ahdnd. In turn, there is positive and significant association
high altitude newborns. Therefore reduced birth weightetween placental hypoxia and percentage of fat and negative
reported for Saudi high altitude babies appeared to be rawtd significant correlations with percentage of fat free mass.
mediated by fetal hypoxia, but possibly by other mechanisrat accretion occurs primarily in the last trimester of
induced by placental hypoxia. Whatever mechanisigestation (Herrera & Amusquivar, 2000). It is quite possible,
involved the end result appeared to be reduction in the overhkerefore, during this period of gestation the Saudi high land
energy production by the high altitude foetesus compareéwborn diverted energy for more fat accretion to safeguard
to low altitude ones. Under these adverse intrauterirmgainst extrauterine hypothermia and hypoglycemia which
environments, the high altitude fetus appeared to maximiaee known to occur in newborns with low birth weight
its survival chance by diverting the energy to vital organ@®/icintire et al,, 1999).
such as the brain (Godfrey & Barker, 2001) and channeling
substrate away from relatively less vital organs such as In conclusion, the determination of body shape and
skeletal muscles and viscera. The former was evident by thedy composition at birth, in this study, revealed that the
increase in the head circumference: birth weight ratio asthallness of Saudi high altitude newborn infants compared
the latter by the decrease in fat free mass among Saudi hightheir counterparts born at low altitude was not
land neoborns compared to lowland newborns. This type j@foportional. The high altitude newborns were on average
asymmetric growth retardation has been reported befd80 g smaller and 1.3 cm shorter, have higher head
Giussaniet al (2001) and was found to be associated witbircumference: birth weight ratio, greater abdominal
stroke in adulthood (Martyet al). This may be taken to circumference, and lower fat free mass and higher fat mass.
indicate that Saudi babies born at high altitude are more siiierefore, in effect, they are born obese if obesity is to be
ceptible to stroke in adulthood than their counterparts bodefined as excess of body fat. However, the excess body fat
at low altitude. deposited during the late intrauterine life might persists and
become manifest as adiposity increase during childhood.
Our finding of relative fathness among Saudi high
altitude newborns compared to low altitude ones is A limitation to this study is that the equation used for
particularly striking in view of their low birth weight and estimation of total body fat was derived from study on white
shorter length. However, it is consistent with previous reporitsfants. However, the equation was used for both high and

1114



KHALID, M. E. M.; AHMED, H. S.; OSMAN, O. M. & ALHASHEM, F. H.  The relationship of birth weight, body shape and body composition at birth to altitude in Saudi Arabia.
Int. J. Morphol., 34(3)1109-1116, 2016.

low altitude groups to test for relative fatness and not f&«<CKNOWLEDGEMENTS

accurate estimation of body fat. It appears that there is a

need for local studies - using imaging techniques - among
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MOHAMMED E.M. KHALID, HUMEDA S. AHMED, OSAMA M. OSMAN, FAHAID HASSAN AL HASHEM. Relacion de la
altitud con el peso al nacer, la forma del cuerpo y la composicién corporal en nacimientos en ArabidrSaliditarphol., 34(3)1109-
1116, 2016.

El objetivo de este trabajo fue estudiar el efecto de altura elevada en el peso al nacer a término, la forma del cuerpo y la
composicién corporal de los recién nacidos. Se estudiaron veinticinco mujeres saudies, embarazadas sanas y sus reciés,rieidos s
una zona de gran altura (2850 - 3150 m) y un numero igual de una zona de baja altitud (500 m). Las concentraciones calyemoglobi
los valores de hematocrito de las mujeres embarazadas fueron medidas y registradas inmediatamente después de la gitaision al hos
para el parto. La concentracion de hemoglobina fetal y el valor del hematocrito se determinaron inmediatamente despuésslel part
determinaciones de la forma y composicion del cuerpo del recién nacido se realizaron a partir de mediciones antroporétesas dos
después del parto. El peso de la placenta se determiné inmediatamente después de su expulsion. Las placentas fueron examinada
histolégicamente. En comparacién con sus pares de areas de baja altura, las mujeres embarazadas de gran altura y stugstacenta mo
cambios hematololdgicos e histoldgicos indicativos de hipoxia maternay placentaria, respectivamente. No hubo eviderdgachematol
lo que sugiere que los fetos de zonas de gran altura experimentaron un mayor grado de hipoxia en el Utero, que loa fdtasade baj
En comparacion con los recién nacidos de las tierras bajas de la montafia, los recién nacidos fueron significativameantesmpésolivi
mas obesos, y se registraro la circunferencia de la cabeza: se relaciond el peso al nacer y la circunferencia abdafifiereh&asas
en la constitucion corporal entre neonatos de alturas elevadas y bajas parecian ser principalmente secundarias adartgixj@pla
consecuencia de la hipoxia materna, que a su vez fue causada por la hipoxia de la altura. La composicion corporalraité¥ada del
nacido por hipoxia de altura, parecia no estar mediado por la hipoxia fetal, por el contrario estarian producidos pgsisletnente
mecanismos inducidos por la hipoxia placentaria.

PALABRAS CLAVE: Gran altura; Peso al nacer; Forma del cuerpo; Composicion corporal.
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