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Summary. Four hundred and sixty-five pregnant women and their newborn
babies were studied at a maternal and child health training institute in
Dhaka, Bangladesh, between July 2002 and June 2003 with the objective of
(1) examining the relationship between birth weight and maternal factors,
and, if there was a dose–response relationship between quality of antenatal
care and birth weight, (2) predicting the number of antenatal visits required
for women with different significant characteristics to reduce the incidence of
low-birth-weight babies. The study revealed that 23·2% of the babies were of
low birth weight according to the WHO cut-off point of <2500 g. Mean birth
weight was 2674·19�425·31 g. A low birth weight was more common in
younger (<20 years) and older (R30 years) mothers, the low-income group
and those with little or no education. The mean birth weight of the babies
increased with an increase in quality of antenatal care. The babies of the
mothers who had 6+ antenatal visits were found to be 727·26 g heavier than
those who had 1–3 visits and 325·88 g heavier than those who had 4–5 visits.
No significant relationship was found between number of conception,
birth-to-conception interval, BMI at first visit, sex of the newborn and birth
weight. Further, from multiple regression analysis (stepwise), it was revealed
that number of antenatal visits, educational level of the mother and per capita
yearly income had independent effects on birth weight after controlling the
effect of each variable. Using multiple regression analysis, the estimated
number of antenatal visits required to reduce the incidence of low-birth-
weight babies for women with no education and below-average per capita
income status was 6; the number required for women with no education and
above-average per capita income status was 5; and that for women with
education and with any category of income status was 4 visits. So there is a
need to stratify women according to their income and educational status so
that, along with other measures, the required number of antenatal visits can
be estimated beforehand to reduce the incidence of low-birth-weight babies.
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Introduction

The World Health Organization has defined low birth weight as birth weight less then
2500 g at birth irrespective of gestational age. Birth weight is the single most
important determinant of survival, subsequent growth and development of a child. A
low birth weight carries a five times greater risk of dying in the perinatal period and
three times greater risk of dying in infancy (Singh, 1991). There is now extensive
evidence from many countries that conditions before birth and in early childhood
have an influence in adult life. For example, low birth weight is now known to be
associated with increased rates of high blood pressure, heart disease, stroke and
diabetes (Barker, 2004). In developing countries, there are more babies with poor
growth resulting in more diabetic, hypertensive and coronary heart disease patients.
Moreover, with the demographic transition increasing life expectancy at birth, these
countries are going to face an increased burden of chronic diseases.

The causes of low birth weight are complex and multi-factorial. It is influenced by
maternal characteristics, including age, parity, marital status, BMI, educational
attainment, social history and antenatal care visits (Herbert et al., 2001). Many
studies have demonstrated an association between lack of antenatal care and adverse
pregnancy outcomes such as maternal mortality, perinatal mortality, low birth weight
and premature delivery (Ahmed & Das, 1992; Fawcus et al., 1996; Hollander, 1997;
Mohsin et al., 2006). In 2006, White et al. recommended that prenatal care should
focus on providing health education and advice to pregnant women (White et al.,
2006). Moreover, those women who received most prenatal care procedures were
more likely to have a skilled institutional delivery (Barber, 2006).

Antenatal care is recognized as an essential element for the screening, primary or
secondary prevention and treatment of pregnancy complications. In Bangladesh, the
factors that are considered to affect birth weight are biological and service related.
Among these factors maternal undernutrition, teenage pregnancy, poor antenatal care
and nutrition education may play crucial roles in causing low birth weight.

Early entry to antenatal care (ANC) is important for early detection and treatment
of adverse pregnancy-related outcomes. The World Health Organization (WHO)
recommends that pregnant women in developing countries seek ANC within the first
4 months of pregnancy (WHO, 1994). In developed countries such as the United
Kingdom and the United States, ANC is recommended to start within the first 12
weeks of pregnancy (American Academy of Pediatrics, 2002). Forty-one per cent of
Australian women start ANC after 12 weeks of gestation (Lieu Thuy Thi Trinh &
Rubin, 2006).

In Bangladesh traditionally, fourteen ANC visits are recommended for each
pregnancy – the recommendation of the British Government in 1930 (Great Britain
Ministry of Health, 1930). In France, the average is four visits, and it is fourteen in
Sweden (International Children Center, 1983). The number of recommended visits is
three to four in Switzerland, and fourteen in Finland and Norway (Blondel et al.,
1985). In 1989 in the United States, an expert panel on the components of the
antenatal care programme recommended nine visits for low-risk nulliparous women
(Donar et al., 1990). Several studies in Europe, Africa and the US have compared the
traditional visit schedule with a reduced visit schedule. Although these studies varied
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in number of reduced visits, research design and participant demographics, they found
no statistically significant differences in perinatal outcomes between women following
a reduced-frequency schedule of approximately eight visits and those attending
prenatal care for the more traditional fourteen visits (Mcduffie et al., 1996; Munjanja
et al., 1996; Berglun & Lindmark, 1997; Walker & Koniak-Griffin, 1997).

The World Health Organization recently recommended a reduction in the number
of ANC visits in developed countries because of evidence suggesting that having fewer
ANC visits does not affect the outcomes of care, other than women’s satisfaction
levels (Carroli et al., 2001).

Quality maternal care is also important in preventing newborn deaths and
morbidity. The adequacy of prenatal care can be assessed by examining two
components: (a) the timing and quantity of visits, and (b) the quality of health
services. A WHO technical working group committee has recommended a minimum
of four antenatal visits for a woman with a normal pregnancy. They have also set the
standard for quality of antenatal care.

In Bangladesh several other studies have analysed the relationship between birth
weight and antenatal care but only a few have recommended a specific number of
antenatal care visits required for a reduction in incidence of low birth weight.
Rahman et al. (1997) recommended ten antenatal check-ups starting from 10 weeks
of pregnancy according to the ‘Rule of Ten’ model of antenatal care. Akhter et al.
(1996) considered that all pregnant women should have a minimum of four antenatal
visits (of at least 20 minutes duration) for prevention and early detection and
management of complications. Balachet (1988) and Ahmed & Das (1992) recom-
mended three visits to reduce low birth weight. The Ministry of Health and Family
Welfare, Bangladesh, in its guidelines for antenatal care, recommended a minimum of
three visits for a fruitful pregnancy outcome. But Sen and colleagues, in a
retrospective analysis of births in Singapore, stated that a schedule of three visits per
pregnancy would miss 16% of significant complications (Sen et al., 1991).

So there is insufficient recent information about the quality of antenatal care visits
provided, average number of antenatal visits and the relationship between the two
and incidence of low birth weight. This study assesses the impact of quality of
antenatal care and number of antenatal visits on the incidence of low birth weight in
Bangladesh with the intention of determining the optimal number of antenatal visits
to produce maximal reduction in incidence of low birth weight.

Operational definitions of the variables

Antenatal care: documented (by antenatal card) antenatal visits for health checks
as per WHO guidelines, in Azimpur Maternal and Child Health Training Institute
(AMCHTI) or other identified institutes.

Dose–response relationship: relationship between level of quality of antenatal care
and number of antenatal visits (as level of exposure) and birth weight (as response).

Quality of antenatal care: only process quality was taken into account. The records
of the activities done by the providers (physicians and midwives) were audited from
the ANC card of the study participants. Also, the mothers were interviewed for their
knowledge on antenatal advice and danger signs that were provided to them by the
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ANC providers. The following activities were looked for, i.e. whether or not they had
been taken/done, on the ANC card: (1) personal history; (2) previous obstetric
history; (3) present medical history; (4) menstrual history; (5) physical examination;
(6) obstetric examination; (7) haemoglobin measurement; (8) urine analysis for
albumin and sugar; (9) tetanus toxoid (TT) administered; (10) explaining danger signs
to the patient; (11) providing pregnancy-related advice to the patient.

Frequency of antenatal visits: though quantity is an integral part of quality, the
study analyses the two separately as the independent variable for this component.

Premature baby: baby born before 37 weeks of pregnancy.
Post-mature baby: baby born 14 days after expected date of delivery.
Body mass index (BMI) at pre-delivery stage: this was taken for all women who

came for full-term delivery. Height and weight were measured again, although height
was recorded on the ANC card. Hence pre-delivery BMI is taken at the same time
for all women.

Number of antenatal care visits: as recorded on the ANC card.
Azimpur Maternal and Child Health Training Institute and antenatal care: This

study was carried out at the Azimpur Maternal and Child Health Training Institute.
This is the only nationalized training institute working in this area since 1958. A large
number of pregnant women from different socio-demographic backgrounds receive
regular, cost-free antenatal care from here. Physicians and trained midwives are used
to provide antenatal care, as well as delivery, in the facility. Prospective mothers are
enlisted first by a midwife, then personal, previous obstetric, present obstetric, medical
and menstrual history are taken from them and recorded on their ANC cards. Height,
weight and blood pressure are measured and clinical tests for jaundice and anaemia
are done. Finally physicians conduct obstetric examinations and confirm some of the
physical examinations. They record blood pressure, pulse rate, fundal height, fetal
movement and fetal heart sound. Meanwhile women are sent for haemoglobin
measurement, blood grouping, a VDRL (venereal disease research laboratory) test,
urine analysis for albumin and sugar, on the first day, day of admission for delivery
or on development of any complications. In the case of high-risk mothers, an
ultrasound test is recommended and done in the centre at a reduced cost. Tetanus
toxoid is given in certain doses accordingly by another midwife. Every day there is a
45-minute health education session for prospective mothers on antenatal health
activities and the danger signs of pregnancy. Prospective mothers of any duration of
pregnancy have to attend the health education session on each visit. All information
is filed away carefully. Mothers come from Dhaka City and nearby as they know they
will receive a good service. The centre was chosen for this research because of the
above criteria, and also because of the high number of deliveries performed, 400–500
babies a month on average.

Data and Methods

The estimated sample size required for the study was calculated by using the following
formula:

n=Z1
2�f/2[P(1�P)/d2],
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where P is the specific anticipated population proportion having a specific number of
visits with a 95% confidence level (Z1�f) and 5% specified absolute precision (d)
(Lwanga & Lemeshow, 1991). As there are different statistics on antenatal visits
in Bangladesh available in the literature (BDHS 2004), ranging from 1 to 9, a
specific number is taken primarily and the expected sample size is estimated (see
Table 1).

There were 1467 births during the study period in AMCHTI; of these 56 had no
ANC card, 109 were born prematurely, 17 were still-born, 27 mothers had diabetes
mellitus, 9 had multiple pregnancies, 642 had Caesarean sections and 142 left just
after delivery.

The estimated highest sample size was 369. Thus 465 respondents fitted the
selection criteria of the study. Inclusion criteria for the mothers were: (1) had given
birth to a live-birth singleton infant; and (2) had a normal vaginal delivery. Exclusion
criteria for the mothers were: (1) non-antenatal care card holder; (2) had given birth
to a premature baby; (3) had given birth to a still-born baby; (4) had any medical
complication while pregnant (e.g. diabetes mellitus, heart disease, chronic lung
disease, jaundice); (5) eclamptic and pre-eclamptic subjects; (6) multiple pregnancy; (7)
Caesarian section case; (8) congenital abnormal baby; (9) post-mature baby.

The socioeconomic status of the mothers of antenatal card holders was poor; they
were either street beggars or recently migrated people.

Mothers were interviewed in person using structured interview forms to determine
their socioeconomic characteristics, obstetric history and knowledge of antenatal
advice and danger signs of pregnancy. Record review format was used for reviewing
antenatal care cards. Maternal anthropometrical measurements were taken from the
records using a structured checklist. Spring type weighing scales were used to measure
babies’ birth weights within 24 hours of delivery.

After collection, data were checked, verified, cleaned, edited and entered into the
SPSS PC program on the computer. Simple descriptive analysis, �2 test, analysis of
variance and simple and multiple regression tests were carried out.

The one-way ANOVA procedure was performed to test whether there is a
difference in the mean birth weight among three levels of quality of care received by
the mothers. Simple regression analysis assumed the relationship between number of
antenatal visits and birth weight. Here the number of antenatal visits was used to
predict birth weight. The simple linear equation is Y=a+bX, where a is the intercept
value on the Y axis and b is the regression coefficient or slope factor. The slope b tells

Table 1. Number of antenatal care visits, BDHS 2004

Number of visits % Sample size (n)

1 26 288
2 40 369
3 12 138
4 10·5 138
7–9 35 350
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us the increase in X. Here, mean birth weight increased by 149·74 g for each increase
of one antenatal visit. The adjusted R2 indicates the percentage of the variance of
birth weight explained by number of antenatal visits. The R2 tends to be an optimistic
estimate of how well the model fits the population and adjusted R2 (R2

a) more closely
reflects the goodness-of-fit of the model and is calculated as:

R2
a � R2 �

P�1 � R2�

N � p � 1
,

where p is the number of independent variables in the equation (1 in this example).
In the multiple regression analysis, prediction of the birth weight of the newborn

is done from the significant independent factors that came from the bivariate analysis.
The regression equation is:

Y=a+B1X1+B2X2+ . . . . . . . . . . . . . . +BKXK,

where Y is the predicted value of the birth weight (dependent variable), a is the
intercept (the value of Y when all the Xs are zero), the Xs represent the various
independent variables and Bs are the regression coefficients for four independent
variables. In this multiple regression example,

Predicted birth weight=a+ Bno. visits (number of antenatal visit)+ Beducation(education)+
Bincome(income).

The birth weight of the baby is obtained by substituting number of visits and
educational and income levels of the mother.

In stepwise regression the equation starts out empty and independent variables are
added one at a time if they meet statistical criteria (p<0·050) after controlling all the
previous independent variables.

Scoring plan

A scoring plan was made for the measurement of quality of antenatal care. For
each element of the quality item recorded a score of 1 was given if the element was
fulfilled, and a score of 0 if not. The total score obtained for each quality item was
expressed as a percentage of the maximum obtainable score. The level of quality of
antenatal care for each visit was measured and an average of these levels plus
percentage scoring for provision of pregnancy-related advice and explaining danger
signs to the mother reflected the overall quality of antenatal care. Finally quality of
antenatal care was graded as follows: mean+1 SD above=good; mean�1 SD=
average; mean�1 SD=poor.

Results

Four hundred and sixty-five singleton life births out of a total of 1467 births during
the study period were studied. Birth weight was categorized as <2500 g and R2500 g
and designated as low birth weight and normal birth weight respectively according to
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the WHO cut-off point. Rate of occurrence of low birth weight was 23·2 in one
hundred live normal births. Quality of antenatal care ranged from 45·61% to 76·51%
with a mean of 59·97% and SD of�7·08. Most births belonged to the average group
(n=320, 68·8%). Number of ANC visits attended was grouped into <4 visits and
R4 visits and it was found that 72·7% of mothers attended 4 or more visits, with a
mean of 4·82 visits (SD�2·19) (Table 2).

Mother’s gestational duration at their first antenatal visit was given as within 1st
trimester, 2nd trimester and 3rd trimester; 57·65 % of women (n=268) made their first
visit during their 2nd trimester (within 12–24 weeks of pregnancy). The mean duration
of gestation at first visit was 21·03 weeks of pregnancy with a range of 8–37 weeks
and standard error of 0·25 (Table 2).

Number of conception (gravida) was categorized into 1st conception, 2nd or 3rd
conception and 4th or more conception. More women were in the 1st group (n=226,
48·6%) than in the other groups (Table 2). Only 7·7% (36) had 4th or more
pregnancy. There was a mean number of pregnancies of 1·81, ranging from 1 to 6 and
standard error of 4·71#10�2. The mean number of conceptions in women of R30
years of age was 2·07, with a range of 1 to 6.

Table 2. Frequency distribution of variables

Variable Frequency Percentage

Birth weight (N=465)
%2499 g 108 23·2
R2500 g 357 76·8

(Mean=2674·20 g, SD= �425·31, SE=19·72)
Level of quality of antenatal care (N=465)

%51·89 68 14·6
51·90–67·04 320 68·8
%67·05 77 16·6

(Mean=59·97, SD= �7·08, Range=45·61–76·51; SE=0·33)
Number of antenatal visits (N=465)

<4 127 27·3
R4 338 72·7

(Mean=4·82, Median=5, SD= �2·19, Range=1–10, SE=0·10)
Gestational duration when 1st visit happens (N=465)

<12 weeks 91 19·6
12–24 weeks 268 57·6
<24 weeks 106 22·8

(Mean=21·03, SD= �5·46, Range=8–37, SE=0·25)
Number of conception (N=465)

1st 226 48·6
2nd–3rd 203 43·7
4th or more 36 7·7

(Mean=1·81, SD= �1·01, Range=1–6, SE=4·71#10�2)
Number of conceptions in mothers R30 years (N=148)
(Mean=2·07, SD= �1·41, Range=1–6, SE=0·12)
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The mean age of the mothers with underweight babies (29·83�5·36) was
significantly higher than that of the mothers of normal-weight babies (25·62�3·98)
(t=7·554, p=0·001) (Table 3). Mean birth weight was below 2500 g in both %19
(2150 g) and R30 and above (2415·54 g) age group. This difference in birth weight
among different age group mothers was significant (F=44·890, p=0·000) (Fig. 1).

Mothers who delivered normal-weight babies had a significantly (t= �7619,
p=0·001) higher monthly family income (8983·19 taka) than those delivering
underweight babies (5297·22 taka) (Table 3).

Mean pre-delivery BMI was significantly (t= �4·880, p=0·001) higher in mothers
with normal-weight babies (22·73�1·9) than those with underweight babies
(21·72�1·87) (Table 3). But there was no significant difference in BMI at first ANC
visit between mothers of underweight and normal-weight babies (t=1·806, p=0·072)
(Table 3).

Mean number of conception (gravida) was slightly higher in mothers with
underweight babies (1·96�1·44) than in those with normal-weight babies (1·76�·84),
but this was not significant (t=1·381, p=0·170). Similarly, a non-significant difference
was found for mean birth-to-conception interval and birth weight (t= �1·248,
p=0·213) (Table 3).

Level of educational attainment of the mother was graded into six groups from
‘no education’ to ‘masters’. Mothers with normal-weight babies had significantly
(�2=181·073, df=5, p=0·001) higher education than those with underweight babies
(Table 4). There is a significant gradual increment of mean birth weight as education
level increases from no education to Higher Secondary Certificate and above (Fig. 2).

The association between sex of newborn and birth weight was not significant
(�2=4·216, df=1, p=0·051) (Table 4). Variance analysis showed a significant difference
(f=59·97, p=0·001) in mean birth weight among the different grade of quality of
antenatal care. There was significant heterogeneity between means. There was 358·01 g

Table 3. Maternal factors and birth weight of newborn babies

Birth weight
(g) No. Mean SD t value p

Age <2500 108 29·83 5·36 7·554 0·001
R2500 357 25·62 3·98

Income (taka) <2500 108 5297·22 4130·54 �7619 0·001
R2500 357 8983·19 5219·26

BMI on 1st visit <2500 108 20·68 1·86 1·81 0·072
R2500 357 20·34 1·69

BMI at pre-delivery stage <2500 108 21·72 1·88 �4·88 0·001
R2500 357 22·73 1·88

Gravida <2500 108 1·96 1·44 1·38 0·170
R2500 357 1·76 0·84

Birth-to-conception interval
(months)

<2500 44 23·55 16·84 �1·25 0·213
R2500 195 27·52 19·51
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more weight when the grade of quality turned to average from poor, and 333·94 g
more when it turned to good from average (Table 5).

The number of antenatal visits has a significant (p=0·001) effect on birth weight
(linear regression equation: 1956·403+149·006#no. of visits; F=662·74, R2=0·588).
Thus there is a possibility of a 149·006 g increase in weight of the newborn for an
increase of one antenatal visit. The adjusted R2 indicates that nearly 58% of the
variance of weight was explained by number of antenatal visits.

Multiple regression analysis (stepwise) was carried out to observe which individual
variable or combination of variables explain the variation of birth weight maximally.
In the model, number of antenatal visits attended by the mother, quality of antenatal
care, age of the mother, education and per capita monthly income were included as
independent variables and birth weight of the newborn was considered as the
dependent variable. Fifty eight per cent of the variation was explained by the number
of antenatal visits, education 61% and per capita income per month 62%. Age of the
mother and quality of antenatal care were excluded as they did not follow the criteria
(Table 6).

Fig. 1. Age of the mother and mean birth weight of baby.
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Discussion

This study was done on 465 mother–baby pairs to assess (i) the relationship between
birth weight and different maternal factors and (ii) the dose–response relationship of

Table 4. Socio-demographic factors and birth weight of the newborn babies

Variable

n (%)

Test statistics
Birth weight

<2500 g
Birth weight

R2500 g Total

Education of mother �2=181·07, df=5, p=0·001
None 66 (14·2) 24 (5·2) 90 (19·4)
Primary 33 (7·1) 94 (20·2) 127 (27·3)
SSC 5 (1·1) 82 (17·6) 87 (18·7)
HSC 2 (0·4) 54 (11·6) 56 (12)
BA 1 (0·2) 49 (10·5) 50 (10·8)
MA 1 (0·2) 54 (11·6) 55 (11·8)

Sex of baby
Male 45 (9·7) 187 (40·2) 232 (49·9) �2=4·216, df=1, p=0·051
Female 63 13·5) 170 (36·6) 233 (50·1)

SSC, secondary school certificate; HSC, higher school certificate; BA, bachelors degree; MA,
masters degree.

Fig. 2. Mother’s educational level and birth weight. Sample sizes: uneducated, 90;
primary, 127; SSC, 87; HSC, 56; BA, 50; MA, 55. F=71·604; p=0·000.

330 S. Khatun and M. Rahman

https://doi.org/10.1017/S0021932007002532 Published online by Cambridge University Press

https://doi.org/10.1017/S0021932007002532


quality of antenatal care and number of antenatal visits with birth weight. An
observational study design was chosen because it is relatively simple to carry out,
inexpensive and allows the study of multiple risk factors.

The literature is replete with studies dealing with risk factors for low birth weight,
but unanimity cannot be reached for two reasons. Firstly, the risk factors are not
universally applicable (Anderson et al., 1984). Secondly, the methodologies used by
researchers are not uniform. Basically, two methodologies have been used: evaluation
of the effect of factors (in isolation) through cross-tabulations, or utilizing statistical
techniques to control for confounding variables. The latter is more likely to give a
better indication of the contribution to low birth weight for each of the various risk
factors (Dougherty & Jones, 1982). The current study’s results are discussed with
reference to studies utilizing both methodologies.

The study found a mean birth weight of 2674·19 g (SD 425·31 g) and the rate of
occurrence of low birth weight was 23·2% among newborns during the study period.
Hosain et al. (2006) found a mean birth weight of 2961 g in rural Bangladesh in 2005.
Dhar et al. (2002) found a mean birth weight of 2889 g and a rate of low birth weight
rate of 15·18%. Karim & Mascie-Taylor (1997) found a low-birth-weight rate of 21%
and mean birth weight of 2860 g. Ahmed & Das (1992) found a mean birth weight
of 2667 g and low-birth-weight rate of 26·7%. This study applies an evaluation of
process to quality of antenatal care. The structural setting was assessed afterwards but
was not added for measurement of final level of quality of antenatal care. Because of
its complexity and elusive nature, the outcome was not assessed in this study. The
quality of antenatal care was assessed using a scoring system based on the record

Table 5. Quality of antenatal care and birth weight

Quality of antenatal care n Mean birth weight �SD F (p)

Poor 68 2313·24 285·94 59·97 (0·001)
Average 320 2671·25 400·76
Good 77 3005·19 361·24

Table 6. Multiple regression equations for estimating birth weight from significant
maternal factors

Multiple regression equations Adjusted R2 p value Confidence intervals

Y=1956·403+(149·006#no. ANC visits) 0·58 0·000 No. antenatal visits
137·63–160·38

Y=1880·936+(131·131#no. ANC visits)
+(200·350#education)

0·61 0·000 Education
130·18–270·51

Y=1880·885+(127·227#no. ANC visits)
+(158·716#education)+(102·444#income)

0·62 0·000 Income
0·005–0·015
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review of some elements of antenatal care and interviewing the mother for some
elements, as described in the Methods section. If it had been possible to cross-check
the mother’s interview answer and records then it would have been better. This was
one of the other limitations of the study. The scores obtained were used to classify
the quality of antenatal care into three categories, viz. good, average and poor. The
level of quality of antenatal care ranged from 45·61% to 76·51% with a mean score
of 59·97%. Dr Than Tun Sein in his study in Myanmar in 1998 (Than Tun Sein, 1998)
found that quality of antenatal care on performance of midwives ranged from 51%
to 79% and he concluded that the quality was satisfactory. In Sikosana et al.’s (1994)
study in Northern Matabeleland, the professional performance of health workers at
the rural health centre level was found to be unsatisfactory, though there was
consumer satisfaction with the antenatal care services: the mean score for quality of
antenatal care was 67% and the range was 46·7–88·3% (SD 7·48). So, there are very
similar results in all studies.

In this study, the mean number of antenatal visits and those who attended <4 visits
were exactly the same as in a study by NIPORT (BDHS, 2000), but higher in the case
of R4 visits. The mean number of weeks at which women had their first antenatal
care visit was 21·03 weeks. This is the same as the survey findings of NIPORT in
Bangladesh in 2001 (BDHS, 2001).

The average number of conception for mothers is less than that documented by
Khanum & Shahidullah (1996), but the numbers for the two other groups (2nd and
3rd gravida and R4) are similar to those of Naher et al. (1998).

In the present study mean birth weight was below 2500 g in extreme age groups
(%19 and R30 and above). This is in agreement with many similar studies, both in
developed (Canosa, 1989) and developing countries (Ahmed & Das, 1992; Karim &
Mascie-Taylor, 1997; Naher et al., 1998; Khan & Jamal, 2003).

Family income had a significant influence on birth weight of newborns, as found
in other studies in Bangladesh (Ahmed & Das, 1992; Karim & Mascie-Taylor; 1997;
Naher et al., 1998).

The relationship between pre-delivery BMI and birth weight is consistent with a
large number of studies in the West (Taren & Graven 1991; Bener et al., 1996) and
in developing (Villar & Belizan, 1982) and Gulf countries (Youssef et al., 1991),
though most of them used post-delivery BMI. But there was a negative correlation
between maternal BMI at 1st visit and birth weight in this and the studies of Hua
et al. (1996) and Osman et al. (2001).

Whilst younger women are more likely to be primiparous than older women, and
conversely, older women are more likely to be of the highest parity, primiparity and
multiparity are in some studies independent predictors of low birth weight. In this
study, when number of conception (gravida) was taken as the continuous variable, no
association was found between number of conception and birth weight, in contrast
with the studies of Khanum & Shahidullah (1996), Goodburn et al. (1994), Begum &
Barua (1996) and Nahar et al. (1998).

Mean birth-to-conception interval was less in low-birth-weight babies, but this is
not significant. The result of the present study is in disagreement with many other
studies (Husaini, 1986; Elenice et al., 1988; Moller et al., 1989; Ahmed & Das, 1992).
One study showed similar findings: ‘no increased risk of low birth weight for short
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pregnancy intervals after adequate multivariate control for confounding’ (Papiernik &
Kaminski, 1974). This may be because it is not only the interval or the number of
conception but, specially, the nutritional factor that is responsible for the birth weight
of the baby. If a woman can regain her nutritional status before the conception of her
baby and maintain it for the next period, it may be possible for her to have a normal
weight baby.

Mother’s educational status has a large influence on the birth weight of the baby.
The present study is in common agreement with other studies that incidence of low
birth weight decreases as mother’s educational status increases. The present study also
shows that there is a gradual increment of mean birth weight as education level
increases from no education to Higher Secondary Certificate (HSC) and above. Many
other studies have shown similar findings (Karim & Mascie-Taylor, 1997; Naher
et al., 1998). But the opposite was found in the studies of Shusma et al. (1997) and
Herbert et al. (2001): they found no correlation between mother’s educational status
and birth weight of the baby.

Mean birth weight was almost the same for both male and female babies. The
finding is inconsistent with that of the study by Karim & Mascie-Taylor (1997).

A study by Nair et al. (2000) examined the dose–response relationship between
quality of antenatal care and birth weight. In that study quality was scored based on
the number of antenatal care visits, place of antenatal care, status of tetanus toxoid
immunization and iron and folic acid supplementation, recording of weight and blood
pressure during each visit and blood and urine examination. In AMCHT, a modified
WHO standard was used for antenatal care visits. In this study, along with some
other variables (details in Methods section), all of the above-mentioned variables were
taken, except place of antenatal care, because this was not relevant to this study, and
number of antenatal care visits was taken as an independent variable. A significant
dose–response relationship was found between quality of antenatal care and birth
weight, as was found by Nair et al. (2000). Because birth weight increases with
different ordinal grade of quality care, it is treated it as different doses.

The present study shows the positive effect of number of antenatal care visits on
birth weight. The regression equation shows that there is a significant dose–response
relationship between number of antenatal care visits and birth weight (for each extra
antenatal visit there is a 149·006 g increase in birth weight). This finding is consistent
with those of Desjardins & Hardwick (1999), Nobrega et al. (1989), Hasin & Begum
(1996), Bener et al. (1996) and Naher et al. (1998). But Moller et al. (1989),
Ramachandran (1989) and Youssuf et al. (1991) found opposite results. However,
Greenberg (1983) showed that the strength of association between antenatal care and
birth weight varies with different social group and is modified by social situation.

The number of antenatal visits required to reduce the probability of a low-birth-
weight baby for a woman with no education and below-average per capita income is
estimated to be 6 in the present study. It is 5 for a woman with no education and
above-average per capita income status, and 4 for a woman with education and at any
category of income status. No such prediction has been done previously in any of the
above-mentioned studies.

The above results clearly indicate that there are several interplaying factors that
lead to low-birth-weight babies. This study revealed six key factors: quality of
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antenatal care, number of antenatal visits, age of the mother, educational level of the
mother, per capita yearly income and pre-delivery BMI. There is a significant
dose–response relationship between quality of antenatal care and number of antenatal
visits with birth weight of the newborn. Furthermore, multiple regression analysis
using the forward method found the variables that had a significant independent effect
on weight of the newborn were: number of antenatal visits, educational level of the
mother and per capita yearly income. And from the equation obtained from multiple
regression analysis, there is a need to categorize women according to their income and
educational status so that, along with other measures, the predicted number of
antenatal visits can be estimated beforehand to get a normal-weight baby.
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