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Abstract This study examines the prevalence of low birth weight (LBW) among infants and its association with
maternal risk factors in Manhyia District Hospital of Kumasi Metropolis in Ghana. Thiswas a facility study based on a
cross sectionalstudy from the maternity ward of the hospital. A sample of 1,200women within the reproductive age (15 - 49
years) across the district and beyond between 2010 and 2012 were selected from a total delivery of 24,025 for the survey.
In this study, a multiple logistic regression was used to determine the relationship of maternal risk factors and low birth
weight.The estimated LBW prevalence was 21.1% which is comparable to other developing countries and higher than other
parts of the worldespecially among the developed countries. This stands to reason that the rate indicates a public health
problem (ACC/SCN, 2000). The factors observed to be highly significantly associated with LBW included Antenatal Care
(p-value =0.0040), Haemoglobin level (anaemia) (p-value =0.0020),Residence (p-value =0.0000) and Fetal infection
(p-value=<0.0000) There is also risk for maternal age (p-value=0.0160. All other variables considered such as gestational
age, weight, height, and babys’ sex were not significant (p-values > 0.05). In a nutshell, fetal infection, haemoglobin level
(anaemia in pregnancy), antenatal care and residence are highly significantly risk factors associated with LBW at the
hospital. Early/late maternal age also showed some level of significance with LBW. Gestational age, height weight, and
babys’ sexamong others were however not significant.
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Low birth weight infants are those who weigh less than
2.5 kg at birth and it usually happen with pre-term birth. A
pre-term birth is defined as birth before 37 weeks of
gestation. Half of all perinatal and one third of all infant
deaths are directly or indirectly related to LBW[4]. A
child’s birth weight or size at birth is an important indicator
of'the child’s vulnerability to the risk of childhood illnesses
and the chances of survival. Children whose birth weight is
less than 2.5 kilograms, or children reported to be “very
small” or “smaller than average” are considered to be small
or of low birth weight and have a higher risk of early
childhood death. Those who survive have impaired immune
function and increased risk of disease are likely to remain
undernourished, with reduced muscle strenght throughout
their lives, and may suffer a higher incidence of diabetes
and heart disease later in life[3, 32]. Children born
underweight also tend to have a lower 1Q and cognitive
disabilities, affecting their performance in school and their
job opportunities as adults[5, 14].The increase in survival
rates of LBW infants leads to increasing health care costs
due to extensive hospital stays. It is estimated that
extremely LBW babies are up to six times as costly as

1. Introduction

Childbirth all over the world comes with joy not only for
the new-borns’ parents but the family at large. It attracts
attention fromboth close relations and community members.
Typically in Ghana, the family members, especially the
women clad themselves in white clothing from headgear to
footwear. However, the course of pregnancy is not given
such needed attention. The onus lies solely with the woman
who is pregnant despite the fact that scientific literature has
indicated that the outcome of pregnancy depends on both
external and internal factors experienced by the pregnant
woman([1].

Birth weight is an important indicator of reproductive
health and general health status of population. Low birth
weight (LBW) continues to remain a major public health
problem worldwide especially in the developing countries.
It is considered the single most important predictor of infant
mortality, especially deaths within the first month of life
[1, 2].
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normal weight babies (Chang, 2003; Klingenberg et al;
2003).
Pre-term delivery of low birth weight infants (PLBW) is
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on the increase and gradually becoming an important
problem in both developing and developed countries. In
spite of consistent efforts to improve the quality of maternal
and child health, more than 20 million infants in the world
(15.5% of all births) are born with low birth weight[4].
Ninety-five per cent of them are in developing countries
with the rate of low birth weight in developing countries
being more than double that of developed countries (16.5%
and 7% respectively). In Sub- Saharan Africa, the rate is
around 15%[35].

1.1. Maternal Anthropometry and Pregnancy Outcome

The causes of low birth weight are complex and
interdependent, but the anthropometry of the mother and
her nutritional intake are thought to be among the most
important. Pre-pregnancy weight, body mass index (BMI)
and gestational weight gain all have strong, positive effects
on foetal growth suggesting that energy balance is an
important determinant of birth outcomes[34,40]. The WHO
collaborative study on maternal anthropometry and
pregnancy outcomes, using data from 111,000 women from
across the world reported that mothers in the lowest quartile
of pre-pregnancy weight carried an elevated risk of
Intrauterine Growth Retardation (IUGR) and LBW of 2.55
(95% CI 2.3, 2.7) and 2.38 (95% CI 2.1, 2.5) respectively,
compared to the upper quartile. Attained maternal weight at
20, 28 or 36 week of gestation showed even higher odds
ratios for IUGR of 2.77, 3.03 and 3.09 respectively when
women were compared between quartiles of highest to
lowest attained weight. This is possibly because it considers
weight gain in pregnancy including that of the foetus.
Women in the lowest quartile for both pre-pregnancy
weight and weight gain during pregnancy were found to be
at highest risk (up to week 20, O R 5.6; up to week 36, O R
5.6) of producing an I[UGR infant[40].

1.2. Effect of Socio-economic Status

Studies worldwide have examined the effect of
socio-economic status (SES) indicators, including maternal
education, on birth weight and IUGR. Matemal illiteracy
and low SES have been shown to be major risk factors for
IUGR[11, 25]. In the developing world, lacking proper
health systems and resources, the level of maternal
education may be of prime importance in the determination
of'health outcomes of mothers and their infants and children.
In the Bangalore cohort study, a decreasing trend of [UGR
was observed with an increase in maternal education,
ranging from 46 per cent in women who had no schooling
to 19 per cent in women who had a post-graduate education
(T. Sarah, unpublished observations). In addition, the odds
of IUGR for women with a high school education or below
was 1.5 (95% CI: 1.04, 2.17) when compared to those with
pre-university  education, thereby underlining the
importance of maternal education in determining a host of
health-related behaviour/ practices. It is important to
understand that while achieving the universal primary

education is laudable for Ghana, promoting education to
higher levels should be the ultimate goal. Factors relating to
the care of women, environmental hygiene and sanitation,
household food security, and poverty are all likely to
operate simultaneously with a low level o f maternal literacy
in the aetiology of low birth weight and IUGR.

In Ghana, the issue of birth weight and factors
influencing it has not received much needed attention. This
should be an issue of public health concermn as a nation
because birth weight is a strong predictor of an individual
baby’s survival and a person’s personality[9, 10]. The
recommended weight at birth should be in the range of
2.5kg to 4.0kg[12]. From 1998 to 2004, Ghana recorded
higher LBW cases of 16% compared to the average of 14%
for sub-Saharan Africa[15]. The 2006 MICS reportt,
however, found the prevalence rate to be 9.1%. The
difficulty is that only 2 in 5 babies were weighed at
birth[14]. Though the major and primary determinant of
birth weight is gestational age[l7, 19], there are other
secondary factors that also bear, either directly or indirectly,
on determining the weight of a baby at birth. These are
maternal age, maternal weight gain, pre-pregnancy weight,
maternal height, parity, marital status, placental malfunction,
smoking, heredity, gender of baby, working hours, and
various socio-economic factors[16, 20, 21, 22]. In
developing countries, the major determinants of LBW
babies are racial origin, nutrition, low pre-pregnancy weight,
short maternal stature, and malaria[23]. A World Health
Organization Collaborative Study of Maternal Anthropomet
ry and Pregnancy Outcomes reported that weight gained at
5 or 7 lunar months was the most practical screening for
LBW and IUGR][25]. The reduction of the incidence of low
birth weight also forms an important component of the
Millennium Development Goals (MDGs) on child health.
Activities towards the achievement of the MDGs will need
to ensure a healthy start in life by making certain that
women commence pregnancy healthy and well nourished,
and go through pregnancy and childbirth safely[13]. Low
birth weight is, therefore, an important indicator for
monitoring progress towards these internationally agreed -
upon goals. Earlier works stated the birth weight of infants
in Ghana ranged from 2.00 kg to 3.00 kg[28, 29].W ith this
background and fortified by the fact that limited number of
such facility based prospective studies are available, we
undertake the present study to define the extent of LBW
problem in Ghana and investigate the martenal risk factors
associated with this condition using the Manhyia district
hospital in the Kumasi Metropolis of Ashanti Region as a
case study.

2. Subjects and Methods

This was a cross sectional facility study. The hospital
serves the entire Manhyia district with a female population
of about 486,327 (GSS, 2010 Ghana Population and
Housing Census) and beyond.Subjects were selected from
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over 24,025women who delivered at the matemity ward of
the hospital. The subjects were all women who delivered at
Manhyia hospital within the years 2010 and 2012. One
thousand two hundred (1,200) who delivered at the hospital
during 2010 and 2012 were sampled. The selection
procedure was systematic randomsampling froma frame of
folders for the women who delivered at the facility in the
years under study.

In our study, we excluded all stillbirths and multiple
births that occurred during these years. Only singleton
births and live births were included. Relevant information
related to maternal factors, namely; age, socio-economic
factors, antenatal services, residence/location (urban, rural),
gestational age, haemoglobin levels, placental malfunction,
weight, height, mothers’ education, fetal infection, babys’
sex among others were studied. The information were then
captured and analysed using SPSS 17 software.The World
Health Organization definition of LBW was used. i.e., birth
weight less than 2.5 kg to delineate between normal birth
weight and LBW.

2.1. Model S pecification

The following generalized linear logistic model was used
m=log—) = XB+ ¢ (1)

Where m links the linear function to log (ﬁ) The

link is not a linear function, p isthe probability of LBW,
X is the model matrix including mother’s age, educational
level, antenatal care, haemoglobin level of mother,
gestational age, and sex of baby. The matrix also includes
geographical location, such as ethnic background and
whether the respondent is from rural or urban environment;
B is the vector of parameters, and ¢ is the vector of
residuals. The Fisher scoring method was applied (SAS,
2007) to obtain Maximum Likelihood estimates of 8. The
overall goodness of fit is derived from the Likelihood Ratio
Test of the hypothesis Hy.c(8)=0 where a comparison is
made between the full model and the model that contains
only the intercept (Hilbe and Greene, 2008). Therefore it is a
test for global null hypothesis of the elements of the solution
vector.

2.2. Goodness of Fit Test

For basic inference about coefficients in the model the
standard trinity of Likelihood-based tests, Likelihood ratio,
Wald and Lagrange Multiplier (LM), are easily computed.
For testing a hypothesis, linear or nonlinear, of the form;

Hy, c(8)=0 )

The likelihood-ratio statistic is the obvious choice. This
requires estimation of 8 subject to the restrictions ofthe null
hypothesis, for example subject to the exclusions of a null
hypothesis that states that certain variables should have zero
coefficients. That is, they should not appear in the model.

Then the likelihood-ratio statistic;

X2[J] = 2(logL — logL,) (3)
where logL is the log-likelihood computed using the full or
unrestricted estimator, logL, is the counterpart based on
the restricted estimator and the degrees of freedom J, the
number of restrictions.Each predictor, including the constant,
can have a calculated Wald Statistic defined as

18/ SEB)I, (4)
which is distributeda X?. [B; /SE(ﬁj)]Z defines both the zort
statistic, respectively distributed as t or normal. For
computation of Wald Statistics, one needs the asymptotic
covariance matrix of the coefficients.

3. Empirical Results

Out of the total of 1,200 mothers sampled, 153 gave birth
to babies who weighed less than 2.5 kg., giving the LBW
prevalence in this study as21.1% (from our sample of
non-missing weights). Table 1 provides a descriptive view
of the different categories. Mothers who are anaemic are
more likely to give birth to low birth weight babies than non
anaemic mothers (25.0% versus 18.6%). Women from rural
households, those who are not working or studying or into
petty trading and those who have a maximum of secondary
school education are more likely than more advantaged
women to give birth to children of low birth weight. For
example, the proportion of low birth weight among women
who have a maximum of secondary school education is
90.1%, compared to 9.9% of women who have tertiary level
education. Women in rural households are likely to give
birth to children of low birth weight compared to those in
urban households (34.9% versus 19.2%). Women who have
assured or permanent jobs are more likely to give birth to
normal weight children compared to children whose
mothers are unemployed or do not have permanent jobs or
are schooling. The rate is however quite predominant
amongs women who are unemployed. The possibility of
giving birth to  children of low birth weight among women
who do not attend antenatal care is higher than those who
receive antenatal care even once (29.0% versus 20.4%). The
results also show that male children are likely to have LBW
than female children at birth (64% versus 36%). Women
who are short have a high risk of giving birth to LBW
children than those who are tall. Further more, women who
are lessthan 24 years or above 35 years have highest
proportion of children weighing less than 2.5 kg. Table 2
depicts the results of multivariate logistic analysis of
maternal factors associated with LBW. The factors
observed to be highly significantlyassociated with LBW

includefetal  infection  (p-value=0.0000), residence
(p-value=0.0000), haemoglobin level (p-value=0.0020)
antenatal care  (p-value=0.0040) andmothers’ age

(p-value=0.0160).
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Table 1. Descriptive statistics of the study population

Weight at birth
" >=2 .5k Prev.of r/factor
Indicator <25(1§§))aow) (nma;b’) No (%) OR(CI) ¢ and p-value
()
Haemoglobin le vel (anaemia)
<=11.0 g/dl 116 (24.9) 349 (75.1) 465 (38.75) OR=1.338(1.076,1.665)
>11.0 g/dl 137 (18.6) (81.4) 598 735 (61.25) OR=0.922(0.866,0.982)
Total 253 (21.1) 947 (78.9) 1200 (100) ¥*=6.809 df=1, p-value=0.009
Mothers’ age
<24 84 (20.0) 336 (80.0) 420 (35)
25-29 33(19.2) 139 (80.8) 172 (14.33)
30—34 31(15.4) 170 (84.6) 201 (16.75)
35+ 105 (25.8) 302 (74.2) 407 (33.92)
Total 253 (21.1) 947 (78.9) 1200 (100) ¥*=9.978 df=3, p-value=0.019
Fe tal infe ction
Present 11 (18.0) 50 (82.0) 61 (5.08) OR=0.849(0.491,1.466)
Not present 245 (21.2) 897 (78.8) 1139 (94.92) OR=1.041(0.922,1.175)
Total 253 (21.1) 947 (78.9) 1200 (100) $*=0.359 df=1, p-value=0.549
Residen ce
Urban 202 (19.2) 852 (80.8) 1054 (87.83) OR=0.549(0.426,0.707)
Rural 51(34.9) 95 (65.1) 146 (12.17) OR=0.956(0.902,1.014)
Total 253 (21.1) 947(78.9) 1200 (100) $’=19.159 df=1, p-value=0.000
Antenatal care
Received 224 (204) 876 (79.6) 1100 (91.6) OR=0.702(0.506,0.975)
Did not receive (29.0) 29 71 (71.0) 100 (8.33) OR=1.122(0.986,1.276)
Total 253 (21.1) 947 (78.9) 1200 (100) 1*=4.109 df=1 p-value=0.043
Height
<=50 173 (20.6) 665 (794) 838 (69.83)
51-54 59 (19.7) 241 (80.3) 300 (25)
55-57 17 (34) 33 (66.0) 50(4.17)
>5.7 4 (33.3) 8 (66.7) 12(1)
Total 253 (21.1) 947 (78.9) 1200 (100) 1=14.626 df=16, p-value=0.552
Educational le vel
No education 52(23.3) 171 (76.7) 223 (18.58)
Primary 110 (20.2) 435 (79.8) 545 (4542)
Secondary 66 (21.7) 238 (78.3) 304 (25.33)
Tertiary 25 (19.5) 103 (80.5) 128 (10.67)
Total 253 (21.1) 947 (78.9) 1200 (100) $*=1.192 df=3, p-value=0.755
Em ployment type
Student 45 (20.7) 172 (79.3) 217 (18.08)
Trading 84 (22.0) 298 (78.0) 382 (31.83)
Unemployed 91 (23.5) 296 (76.5) 387 (32.25)
Public service 33 (15.4) 181 (84.6) 214 (17.83)
Total 253 (21.1) 947 (78.9) 1200 (100) ¥*=5.703 df=3, p-value=0.127
Maternal disease
Present 25 (18.0) (82.0) 114 139 (11.58) 0.837(0.576,1.216)
Not present 228 (21.5) (78.5) 833 1061 (88.42) 1.045(0.960,1.136)
Total 253 (21.1) 947 (78.9) 1200 (100) ¥*=0.907 df=1, p-value=0.341
Babys’ sex
Male 162 (22.5) 558 (77.5) 720 (60) 1.187(0.944,1.493)
Female 91 (19.0) 389 (81.0) 480 (40) 0.956(0.902,1.014)
Total 253 (21.1) 947 (78.9) 1200 (100) ¥*=2.170 df=1, p-value=0.141
Baby defects
Present 35(25.5) 102 (75.5) 137 (1142) 1.246(0.914,1.697)
Not present 218 (20.5) 845 (79.5) 1063 (88.58) 0.937(0.845,1.038)
Total 253 (21.1) 947 (78.9) 1200 (100) ¥’=1852 df=1, p-value=0.341
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Nutriti onal status
Good 153 (21.2) 568 (78.8) 721 (60.08) OR=1.016(0.812,1.272)
Poor 100 (20.9) 379 (79.1) 479 (39.92) OR=0.996(0.938,1.057)
Total 253 (21.1) 947 (78.9) 1200 (100) ¥*=0.020 df=1, p-value=0.886
Key: (OR: odd ratio, CI: 95% confidence interval in bracket, P-value ifless than 0.05 then there was a statistically significant di fference between or among
variables)
Table 2. Matemal Risk Factors for LBW — Multiple Logistic Regression
95% Wald Confidence Hypothesis Test 95% Wald Confidence
Parameter B Std. Interval Exp(B) Interval for Exp(B)
EBrror |, U Wald df Si L U
ower pper Chi-Square ig. ower pper
(Intercept) -2.233 .8468 -3.893 -.574 6.957 1 .008 .107 .020 .563
Age .100 0416 .019 182 5.829 1 .016 1.106 1.019 1.199
Height 148 .0822 -.013 .309 3240 1 .072 1.159 .987 1.362
Weight -.005 .0046 -.014 .004 1.010 1 315 .995 .987 1.004
Education | =1 | 0596 -.159 075 498 1 480 | 959 853 1078
Levels
Employment -.049 .0541 -.155 .057 .827 1 .363 .952 .856 1.059
HB Levels -.326 .1069 -.536 -.116 9.300 1 .002 722 .585 .890
An(t:e:;:tal 1490 1720 153 827 8.117 1 .004 1.632 1.165 2287
Residence .789 1418 Sl 1.067 30.924 1 .000 2.200 1.666 2905
Gestation -.003 .0127 -.028 .022 .057 1 811 .997 .972 1.022
Babys’ Sex -.163 1110 -.381 .054 2.167 1 141 .849 .683 1.056
. Feta'l 22.343 .2520 21.849 22.837 7862248 1 .000 5.053E9 3.084E9 8.281E9
infection
Nutritional “} = o0 1 1101 -293 138 497 1 481 925 746 1.148
status
Scale 1 0

Confounder control by mnultiple logistic regression
analysis revealed that significance factors (in descending
order of odds ratio) were fetal infection, residence,
haemoglobin level, antenatal care and and maternal age
(table 2). The effect of residence, antenatal care and
early/late maternal age confirms the study in Ghana by
Oforiet al[28].

4. Discussion

Findings from this study show that most ofthe womenwho
gave birth at the Manhyia district hospital were in the less
than 24and 35+ year age group. This was responsible for the
highest proportion of low birth weight infants. The
percentage oflowbirth weight observed in this study (21.1%)
is similar to that reported in the Fastern Africa countries[37].

The 21.1% prevalence of low birth weight (mean =
2.000 £0.012 ) and the normal mean birth weight of
4.0124+0.062kg.observed in this study is comparable to
other studies in the developing world[26]. The missing link
is that few mothers in Ghana give birth at health facilities
and hence their babies are not weighed at birth. The
descriptive statistics show that mothers in rural areas tend to
give birth to low birth weight children than women who live
in urban areas. Fetal infection is found to be a risk factor for
low birth weight as mothers who had this condition gave
birth to LBW babies compared to mothers without the
condition.The results also show that male children are likely
to have LBW than female children at birth (64% versus

36%). Again, women who have higher education tend to
give birth to normal birth weight babies than women who
are not educated or have low levels of education. Women
who are into full time employment are more likely to
produce normal birth weight babies than those who are
unemployed or into casual work. Women who receive
antenatal care services even once tend to give birth to
normal weight babies than those who receive no antenatal
services. (29.0% and 20.4%) respectively. Short women
have a high risk of giving birth to LBW children than those
who are tallThe association of haemoglobin Ilevel
(anaemia), antenatal care, residence, fetal infection and
maternal age with low birth weight observed in this study
has also been reported from other developed and developing
countries. The prevalence of LBW which ishigher than the
15% threshold, should be a source of worry to the district
and the metropolis as a whole in that other studies for
instance Ofori et al[28] indicate that a lot of pregnant
mothers do not give birth at health facilities and as such
their babies are not weighed at birth.

Looking at the length of confidence interval of estimated
odds (table 1), we find that haemoglobin levels is estimated
with 95% confidence having the shortest interval length. In
the descriptive analysis, the prevalence of low birth weight
among the rural mothers are 0.956 times higher than that of
the urban mothers. The prevalence of LBW among mothers
who did not receive antenatal care is 1.122 times higher
than those who received antenatal care. On the other hand,
LBW observed among women within 25 — 34 age group is
1.106 better than those within <24 years and 35+ years.
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Again, the prevalence of LBW among anaemic mothers is
1.338 times higher than non anaemic mothers.

The risk of delivering LBW was higher in women who
had no or low education, poor economic status (or
unemployed), live in rural areas, received no antenatal care,
under 24 years and above 35 years, had fetal infection and
were anaemic.

5. Conclusions

The results of this study suggest that for reducing LBW,
the strategy needs to focus attention on nutrition education
to facilitate better weight gain during pregnancyfocusing
more on the girl-child education, regular antenatal care
visits and discouraging teenage and old age pregnancy as
well as formulating policies that will reduce poverty among
rural women and creating more jobs. The girl child
education policy must also be given all the needed
resources it requires to achieve the desired set targets.
Frequent checks for any fetal infection and haemoglobin
levels on women who attend antenatal care (ANC) must be
stepped up for early detection of fetal infection /
complications and prevention of anaemia. Free ANC
services must be provided for all pregnant women to
encourage regularattendance to health facilities even
whether they are on National Health Insurance Scheme or
not.

The low variability in birth weight that was explained by
independent variables used in all the regression models
suggests that there were some confounding factors not
accounted for. Within the limits of this research however,
fetal infection, antenatal care, haemoglobin level (anaemia),
maternal age and residence contributed significantly in
predicting birth weight at Manhyia district hospital in the
Kumasi metropolis.
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