International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2014): 5.611

Assessment of Nutritional Status using
Anthropometric Measurements in Relation to
Pregnancy Outcome among Southern Sudanese
Pregnant Mothers in Juba City,
University of Bahri - Khartoum, Sudan

Siham Mohamed Osman Gritly*, Dr. Nada Ali Bahafizalla®
Assistant Professor in the fields of Health and Nutrition, Khartoum Sudan

MD Dermatologist, Khartoum Sudan

Abstract: Maternal anthropometry has not yet received adequate attention in Sudan. The objectives are to evaluate the nutritional
status of pregnant mothers in Juba area through anthropometric measurements, and relate them to pregnancy outcomes, using height,
weight, mid upper arm circumference, biceps and triceps skin-fold thicknesses as indicators and to establish baseline data for future
investigations and guidelines in the fields of maternal health care and community development. The study design it is a cross-sectional
as well as longitudinal health facility- based study, carried out in Juba city. Methods the data consisted of interview guided by
questionnaires, and anthropometric measurements. Results The mean height 162.59 cm and the mean weight 62.11 kg. The mean mid
upper arm circumference was 25.11+2.81cm. The mean biceps and triceps were 7.95+5.57mm and 13.97+7.14mm respectively. The mean
maternal weight gain was 1.63+0.48kg/month. The mean birth weight was 2.89+0.49kg and the frequency of LBW (<2.5 kg) was found
to be very high (38.3%). The highest birth weight found among Mundari tribe (3.1+0.4kg). Conclusion; Strong significant association
was found between birth weight and maternal height, maternal weight, mid upper arm circumference, triceps skin-fold thickness

(p<0.05).
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1. Background

Pregnancy is one of the most marvelous events and complex
processes which occur among human beings. Since the
prehistoric ages, people have paid a lot of care and attention
to pregnancy and its related aspects. It is a natural process
for living organisms to reproduce. The female reproductive
organs are the site of reproduction. During the period of
pregnancy numerous physiological changes occur in the
mother.

Current maternal nutritional status, as measured by weight
gain during pregnancy, may influence preterm delivery and
gestation duration [1]. An analysis of study in 20 countries
during and after pregnancy indicated that maternal weight
gain and body composition are associated with the newborn
birth weight and the influence of the birth weight on infant
mortality [2]. Other study conducted in Brazil evaluated
weight gain during pregnancy suggested that more effective
means of managing weight gain during pregnancy are
necessary to overcome the risk of obesity during pregnancy,
and thus reduce the incidence of pre-eclamcia [3]. Siega-Riz,
et al (1994) [4] found that women underweight before
pregnancy (body mass index less than 19.8) had the greatest
risk of delivering preterm. They concluded that weight
monitoring during pregnancy continues to have clinical
applications for the prediction of poor birth outcomes.

WHO, (1995) [5] suggested that the most widespread use of
anthropometric measurements during pregnancy has been in

evaluating the risk of fetal growth retardation and selecting
women or populations for nutritional interventions aimed at
improving fetal growth or prolonging gestation. It was also
proposed that assessment during pregnancy is based on
height, weight, mid-upper arm circumference and skin-fold
thickness and that they might reflect past events, predict
future events and indicate current nutritional status. They are
also useful as indicators for concurrent socioeconomic
inequity, risk, or response to an intervention, or predict
which individuals will benefit from an intervention. The
usefulness of using these indicators is suitable to clinical
application, program implementation and management,
policy and planning [6,7, 8, 9, 10, 11].

Justification:

Although all effort from different national and international
bodies in Sudan and southern Sudan oriented their attempt
towards improving, the health of mother and child but the
aims not achieved, according to the statistical data revealed
by Sudan Federal Ministry of Health (2005) [12]. This is
might be due to some of natural disasters, non-natural
disasters and out control environmental factors. Sudan still
suffers a decline in the field of health services as well as
social wellbeing. There has been deterioration in economy,
national health services and education. Nevertheless Sudan
with its two parts have much concern for the maternal health
but still there are lack for the essential health care services
mainly in rural areas according to Sudan Federal Ministry of
Health 2005 [12].
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There is lack of reliable information concerning
relationships between anthropometric measurements and
pregnancy outcomes in Sudan and the southern Sudan in
particular. Adequate attention for identifying mothers at risk
for developing small babies are lacking in Sudan. Few
studies have dealt with the effect of various factors on
maternal weight and birth weight and socio-cultural aspects
in Sudan [13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23]. However,
there is a great need to carry out studies regarding
anthropometric measurements in relation to infant weight.
The WHO Collaborative Study on Maternal Anthropometry
and Pregnancy Outcomes (1997) [24] showed that birth
weights between 3.1 and 3.6 kg, with a mean of 3.3 kg, were
associated with the optimal ratio of good foetal and maternal
outcomes.

2. Material & Methods

Anthropometrics measurements techniques:-
Cross-sectional maternal anthropometric measurements were
taken from a total number of 300 pregnant women upon
their consent. Those were weight, height, mid upper arm
circumference, biceps and triceps skin-fold thickness. The
researcher has taken all the measurements.

Weight and height were used to calculate body mass index.
Mid upper arm circumference, triceps and biceps skin-fold
thickness are used to calculate; Total Upper Arm Area, Mid
Upper Arm Muscle Area, Mid Upper Fat Area, Arm Fat
Index, Bone-Muscle Area. Fat mass and fat free mass were
also calculated [25, 26, 27]

1- Heights

Heights of the mothers were taking during the time of data
collection using plastic measurement. Pregnant women were
asked to remove their shoes and her head and buttocks to the
wall. All heights were recorded in the questionnaire sheet.

2-Weight of mother

Two measurements of weight have been recorded. Previous
weight from the health record including weeks of gestation
was observed. The second weight measurements have been
taken during the interview by the researcher using balance
beam scales. Weeks of gestation have been registered at the
time of interview. Balance beam scale was placed in a hard
and flat floor surface. At the beginning of each examination
the scale was balanced to zero, using standardized weights to
check up the scale and make any necessary corrections.
Women were asked to remove their shoes, heavy handbags,
and other heavy outer garments, and to stand in the center of
the platform and to look straight.

3-Biceps and Triceps skin fold-thickness

Biceps and Triceps skin fold-thickness provide an estimate
of the thickness of subcutaneous fat or amount of stored fat.
Measurements have been done by the researcher using John
Bull Caliper (British indicator limited). This was done by
gripping the skin about 1cm above the selected site and the
calipers applied below this site, the grip is removed and the
measurement was been taken, the caliper was then removed.

4-Mid Upper Arm Circumferences

This measurement has been taken by the researcher, using
flexible but not stretchable measuring tape. MUAC
measured at the mid-point of the upper arm between the
shoulder and elbow (inferior tip of the olecranon). The
measurement was taken to estimate; Total Upper Arm Area,
Mid Upper Arm Muscle Area, Mid Upper Fat Area, Arm Fat
Index, Bone-Muscle Area. Fat mass and fat free mass.

Formulas used,;

For more information on lean mass and fat mass reserves we
used Total Upper Arm Area, Mid Upper Arm Muscle Area,
Mid Upper Fat Area, Arm Fat Index, Bone-Muscle Area, Fat
Mass and Total Fat Free Mass were used with other
variables to assess nutritional status using the following
equations; [25,26, 27, 8,7].

1-Total Upper Arm Area= MUAC2 / 4x 3.14 [8]

2-Mid Upper Arm Muscle Area= {MUAC-(3.14 xTriceps)}2
/ (4x3.14) — 6.5 [7]

3-Mid Upper Arm Fat Area =Total Upper Arm Area — Mid
Upper Arm Muscle Area [7]

4-Arm Fat Index (%) = (Mid Upper Arm Area / Total Arm
Area) x100 [7]

5-Bone Muscle Area= 1/4x3.14 {MUAC- (3.14/2)(Triceps +
Biceps)}2 [27]

6-Fat Free Mass = (0.287xWeight"kg") + (9.74xHeight"msq)
[25]

7-Fat Mass = Weight of mother- Fat Free Mass [25].

3. Result

This study was designed to determine the nutritional status
of pregnant mothers and pregnancy outcome by using
anthropometric techniques. Three hundred pregnant southern
women in their second and third trimesters participated in
this study after their consent. Data collected from three
places, the main hospital (Juba Teaching Hospital) and two
other health centers around the area (Kattwor and Kuwait).
Infant birth weights were obtained from only 257 in which
14 of the deliveries were twins. Twins' birth weights were
excluded from the calculations of birth weight, consequently
only 243 infant weights included in the final data analysis.
The results of this longitudinal as well as cross sectional
study were presented in tables and charts using SPSS.
Results were represented in tables and graphs

Table 1: Socio-demographic profile
Name Of Hospital & Health Centers

Juba hospital 200 | 66.7
Kattwor health centre 69 23
Kuwait health centre 31 |10.3

Total 300 | 100
Weeks of gestation No %

12-25 weeks (mothers in the second trimesters) | 127 | 42.3
26-37-40weeks (mothers in the third trimesters) | 173 | 57.7
Total 300 | 100
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Table 1 describes the general information of the samples.
The majorities of samples were from the main hospital in
Juba city (66.7%) where 23% and 10.3% were randomly
chosen from Kattwor and Kuwait health centers. About
42.3 % of mothers examined were in their second trimesters
and about 57.7 % were in their third trimesters as shown in
the above table (table A-1).

Table (3): Live birth weights

Birth Weight (k) No % Mean| SD
Less than 2.50 kg 93 38.3

2.50 -3.99 kg 145 | 59.7
More than 3.99 kg 5 2.0

Total live birth | 243 | 81% | 2.89 | .496

Up to 59.7% of mothers delivered babies weighing 2.5-3.99
kg. And 38.3% gave birth to babies weighing less than 2.5
(low birth weight). Up to 2 % delivered babies weighing
more than 3.99 kg. Over weight babies were noted. The
mean birth weight was 2.89+.496 kg (table 3).
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Figure 1: Distribution of birth weight

Table 4: Anthropometrics measurement of pregnant
mothers in Juba city

Anthropometric measurements No |% |Mean |SD
Maternal height

Less Than 148 cm* 3 3.3 |162.59| 7.50
148 cm More Than 297 |96.7
Maternal weight

<45 kg 3 3.3 [ 62.11{10.53
>45 kg 297 | 96.7
Mid upper arm circumference (cm)

Under weight <23.3 cm 84 | 28
Normal weight 23.3-25 cm 94 |31.3]2511|281
Over weight >25 cm 122 | 40.7
Triceps skin-fold thickness (mm) 300 | 100 |13.97|7.14
Biceps skin-fold thickness (mm) 300 | 100 | 7.95 | 5.57
Table 4 describes the different anthropometric

measurements. The majority (96.7%) of pregnhant mothers'
heights were found to be more than 148 cm with a mean of
162.59+7.50 cm. the weight mean 62.11+10.53kg. The
mean MUAC was 25.11+2.81. The majority of mothers
(59%, no=178 with mean of 23.3) had MUAC less than
25cm. Using the mean of mid upper arm circumference of
the group with less than 25cm we identified new cut-off for
this group. <23.3 under normal cut-off (28%), 23.3-25
within the normal range (31.3%), and more than 25cm
were identified as over nutrition (40.7%). The mean
average of biceps was 7.95+5.07mm and the mean of
triceps was found to be 13.97+7.14 mm.

Table 5: Distribution of some of the calculated anthropometric indices according to trimesters

Variables Second trimester Third trimester Total
Mean SD Mean SD Mean SD
Total Upper Arm Area (cm? 50.49 10.97 51.09 12.40 50.83 11.7
Mid Upper Arm Muscle Area (cm?)|  28.06 8.87 28.25 7.59 28.17 8.1
Mid Upper Fat Area (cm?) 22.43 7.73 22.83 9.92 22.66 9.03
Arm Fat Index (%) 44.58 12.34 43.95 11.38 44.21 11.7
Fat Free Mass (kg) 33.58 3.36 33.72 3.42 33.66 3.40
Fat mass (kg) 28.26 7.2 28.57 7.24 28.44 7.21
Bone muscle area 6.27 10.59 3.47 20.78 4.68 17.2

Table 5 describes means and standard deviation of some of
anthropometric variables. Those variables are Total Upper
Arm Area (mean50.83+11.7cm?, Mid Upper Arm Muscle
Area  (28.17+8.1cm%), Mid  Upper Fat Area
(22.66+0.03cm?) Arm Fat Index (44.21%=11.7), Fat Mass

(18.4+6.8kg) and Total Fat Free Mass (43.63+4.54kg). the
calculated values indicate the body composition and to
provide more information about energy and muscle protein.
From the above observations we found increase of values
of these variables during third trimester where as bone
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muscle area and upper arm fat index show decreased
during the third trimester.

Table 6: Correlations between infant weight and
anthropometric indices

Anthropometric Measurements birth weight
R P_value
Maternal Height .205 .001
\Weight of Mother .382 .000
Midd Upper Arm Circumference 437 .000
Triceps .348 .000
Biceps .283 .011

*Correlation Significant in 0.05 level
** High Correlation Significant in 0.01 level

Table 6 shows strong positive correlation between infant
birth weight and maternal height (r=.205, p<0.01) maternal
weight (r=.382, p<0.01), mid upper arm circumference
(r=.437, p<0.01), triceps (r=.348, p<0.01) and biceps
(r=.283, p<0.05) skin fold thickness. This result shows the
importance of using anthropometrics during pregnancy for
quick nutritional status assessment to identify women at
risk for appropriate intervention.

Table 7: Classification of birth weight according to the mid
upper arm circumference values;

Variable No % Mean birth | SD
weight
Mid upper arm circumference
Under weight <23.3 cm 69 | 28.39 2.65 427
Normal weight 23.3-25cm | 76 | 31.27 2.83 432
Over weight >25 cm 98 | 40.32 3.11 487

Table 7 shows the relation between different mid upper arm
circumference values and birth weight, with MUAC less
than 23.3 cm the birth weight is 2.65+0.42 kg. with MUAC
more than 25 c¢cm the birth weight is 3.11+0.48 kg (total
examined n=243 live birth).

Table 8: Correlation between birth weight and body
composition of the mother as calculated from mid upper
arm circumference, biceps and triceps skin-fold thicknesses

Variables Infant birth weight

R P Value
Total upper arm area (cm?) 429 .000
Mid Upper Arm Muscle Area (cm?) 248 .000
Mid Upper Fat Area (cm?) 345 .000
Arm Fat Index (%) .099 125
Bone-Muscle area (cm?) -.246 .000
Fat Mass (kg) .325 .000
Fat Free Mass (kg) .303 .000

*Correlation Significant in 0.05 level

** High Correlation Significant in 0.01 level

Positive correlation was observed between infant birth
weight and total arm upper area (r=.429, p<.01), mid upper
arm muscle area (p<.001), mid upper arm fat area (p<.001),
fat mass and fat free mass at p<.001, while no correlation
was observed between infant birth weight and percentage of
upper arm fat on the other hand negative association was
observed between infant weight and bone-muscle area (table
8). Estimation of the arm fat index, or percent fat area is
used for providing additional estimation of maternal fats.
While mid upper arm muscle circumference and mid upper
arm muscle area can predict changes in total muscle mass
and therefore protein nutritional status or lean body mass.
The fat free mass can provide an estimation of muscle
protein reserve of the body.

4. Discussion

Anthropometric measurements were used in this study to
assess body composition and pregnancy outcome of mothers
in Juba area and relate them to birth weight. The
anthropometric measurements used in this study were;
height, weight, BMI, weight gain, mid upper arm
circumferences, biceps and triceps skin-fold thicknesses in
addition to other anthropometric indices calculated from mid
upper arm circumference, triceps and biceps skin-fold
thickness. All these variables were used as indicators for
birth weight and mothers' nutritional status.

Height &Weight

The majority of mothers in this study had height more than
145 cm (96.7%) with the mean of 162.59+7.50 cm which
were more than the suggested cut-off point proposed by
WHO for normal height. The results indicate that the
majority of mothers have normal height for normal
pregnancy (Table B1-1). Makki, (2000) [13] found the mean
height of pregnant mothers in Omdurman was 160+7.77cm.
When compared with our result we found that the mothers
was taller than the above study. A study in Tanzania
suggested that maternal stature under 150 cm is associated
with an increased risk of obstructed labor [28]. On the other
hand [29, 30], indicated that height of =160 cm or less might
indicate risk of cesarean delivery.

The majority of mothers (77.7%) had weight more than 54
kg. The mean weight was 62.11+10.53kg during the second
trimester was 61.84+10.49kg and that during third trimester
was 62.29+10.57 kg. A study in Omderman [13] showed
mean weight among pregnant mothers during second and
third trimesters were 58.5+ 9.27 kg and 61.5+9.63 kg
respectively. Comparison may not be easy because of
heterogeneity of the samples and socio-economic
differences.

Mid upper arm circumference and skin-fold thicknesses

The average total mean of mid upper arm circumference
(MUAC) among the studied group was 25.11+2.81 cm. The
majority of mother (59 %) had mid upper arm circumference
more than 25 cm. about 31% of mothers had MUAC
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between 23.5-25 cm and 28% had MUAC less than 23.5 cm.
It is concluded that the prevalence of under nourished
mother are high (28%).

Table 4 described birth weight according to different MUAC
values. MUAC less than 23.5 cm, the birth weight was
2.65+0.42 kg, MUAC between 23.5-25 cm the birth weight
was 2.83+0.43 kg and MUAC more than 25 cm the birth
weight was found to be 3.11+0.48kg. We suggested that
MUAC more 25cm could be best indicator for predicting
birth weight among the pregnant mothers. Mothers with
MUAC more than 25cm delivered babies weighing more
than 3 kg. James et al, (1994) [31] suggested that MUAC
values of 22.0 cm in women are useful cut-off points for
simple screening of nutritional status. Mid upper arm
circumferences is an indicator of fat and muscles in the
upper arm. It can also be used as measurement of body
protein [7]. MUAC Cut-off points have been suggested by
different studies for prediction of pregnancy outcomes as in
Bangladesh <22.5cm MUAC was associated with Neonatal
morbidity, Brazil <23.5cm (Low birth weight), Chile 24cm
(IUGR), Guatemala <22.5 cm (Low birth weight) (WHO,
1996) [32].

Skin-Fold Thickness

This study found the mean value of biceps skin fold
thickness was 7.95+5.07mm and the mean of triceps was
found to be 13.97+7.14 mm. A study in Cleveland, Ohio
USA, found that during late gestation the biceps skin fold
thickness were 8.6£5.1mm and triceps 18.8+4.7mm [33].
The biceps and triceps skin-fold thicknesses mean values
were below the above values suggested by some researchers.

Mohanty et al (2006) [34] indicated that anthropometric
indicators are useful predictors of low birth weight (LBW).
Positive correlations were observed among maternal weight.
Maternal height, maternal mid-arm circumference and
maternal body mass index were all correlated with birth
weight during both second and third trimesters. They
concluded that the most sensitive indicators for prediction of
LBW were maternal weight below 45 kg, followed by
maternal mid-arm circumference less than 22.5 cm, maternal
height below 152 cm and maternal body mass index less 20
kg/m2.

Derived Anthropometric Indices

For additional information of pregnant body composition for
fat mass and muscle protein reserves we used mid upper arm
circumference, biceps and triceps skin-fold thickness to
calculate other anthropometric indices. We found that the
mean of total upper arm area 50.83+11.7cm2, mid upper arm
muscle area (28.17+8.1cm2), mid upper fat area
(22.66+0.03cm2,) arm fat index (44.21%+11.7), muscle
bone area 4.68+17.2, fat mass (18.4+6.8kg) and fat free
mass (43.63+4.54kg). The arm muscle area is suggested as a
good indicator for the lean body mass and thus for the
skeletal protein reserves. There are limited studies in Sudan
for the variables above during pregnancy so these data might
be useful as an standard values for future investigations.

Different anthropometric indices in relation to trimesters
revealed that during second and third trimesters the values of
mid upper arm muscle area (MUAMA), mid upper arm fat
area (MUAFA), mid upper arm area (MUAA), arm fat index,
bone muscle area, fat mass and fat free mass were similar.
The above comparison of maternal body composition in the
second and third trimesters indicate that the pregnancy
demands did not significantly affect either the muscles or fat
stores, These variables were used to provide more
information about energy and muscle protein. However,
previous studies of [7, 33 , 34, 27] and more others studied
the usefulness of anthropometric and derived anthropometric
measurements in assessing fat mass and fat free mass
(nutritional status).

Birth weight findings

The mean birth weight is found to be 2.89+0.49 kg among
pregnhant mothers in Juba city (two hundred and forty three
live births). This mean birth weight was lower than that
found in the two previous studies carried out in Omdurman
city which reported a mean birth weight of 3.02+0.49 kg for
both genders [13], and 3.2+.48 kg [36]. Another study in
Bengalee found that the birth weight was 2.59+0.371 kg.
Among boys, mean birth weight was 2.65+0.362 kg, while
among girls it was 2.51+0.367 kg [37]. Other study
suggested that LBW is strongly associated with infant
mortality, especially among neonate [38]. There is some
indication that it is also related to preschool mortality rates
(1-4 years). Using <2.5 kg in full-term infant as cut off
points for low birth weight we concluded that, the
prevalence of low birth weight (LBW) is very high among
the pregnant mothers in this study (38.3%). Effort should be
directed towards improving the health and nutritional status
of this and similar groups of mothers as part of national
policies.

5. Conclusions

e The mother's height showed significant correlation with
infant birth weight at p< 0.01 level. The majority of
mother (96%) had height more than the height recognized
by World Health Organization.

o Mid upper arm circumference, biceps, and triceps showed
strong positive correlation with birth weight which
confirms conclusion no. 6. The strongest correlation was
found with mid upper arm circumference.

o High prevalence of malnourished mothers was observed.
Under weight mother with body mass index (23.1kg/m2)
during second trimester< was (62.2%), and during third
trimester was (78%).

13-Multiple linear regression analysis was used to estimate

the magnitude of the effect of all variables at one time on

pregnancy outcome (birth weight). The strongest indicative
variables were found to be the mid upper arm circumference.
total arm upper area (r=.429, p<.01), mid upper arm muscle
area (p<.001), mid upper arm fat area (p<.001), fat mass and
fat free mass at p<.001, while no correlation was observed
between infant birth weight and percentage of upper arm fat
on the other hand negative association was observed
between infant weight and bone-muscle area. Estimation of
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the arm fat index, or percent fat area is used for providing
additional estimation of maternal fats. While mid upper arm
muscle circumference and mid upper arm muscle area can
predict changes in total muscle mass and therefore protein
nutritional status or lean body mass. The fat free mass can
provide an estimation of muscle protein reserve of the body.
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