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Abstract

Objective: Birth weights are determined by several factors, including 
seasonal changes in host behavior, environmental and maternal factors. 
Human birth seasonality can impact on the pattern of diseases and demand on 
the health system. The objective of this retrospective study was to review the 
pattern of birth weight of babies born in a community health centre over a period 
of four years. 

Materials and Methods: A four year retrospective study of live singleton 
births at Fajikunda Health centre from 2007 to 2010. Data that included birth 
weight, gender, age and parity of mother were obtained from the records of the 
health centre. Statistical analyses were done using random effects model.

Results: There were 8521 live singletons births over the four years, 4402 
(51.7%) males and 4119 (48.3%) females. The proportion of low birth weight 
(<2500 g) in the population was less than 5% of the total singleton births per year. 
Strong evidence of monthly variation in birth weight was found after adjusting for 
year, parity, gender, mother`s age and date of birth (month/ year) specific error 
terms (p<0.0001). Birth weight was higher from May to September and reached 
peak in May to July. The average birth weight declined progressively over the 
four years (p<0.001): from 2007 to 2008 (p=0.99), 2008 to 2009 (p=0.03) and 
from 2009 to 2010 (p=0.06). Birth weight increased by 127.3 (95% CI: 107.2; 
147.6) g per unit increase in parity up to the 5th and the decreased (p<0.0001). 
Average birth weight of female babies was 114.1 (93.3; 135.0) g lower than the 
males (p<0.0001). Mother’s age was not associated with birth weight.

Conclusion: We have observed a progressive decline of birth weight with a 
striking seasonal variation in The Gambia. Further understanding of the reasons 
behind these changes is required to guide programmes and interventions. 
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2500g [12-14]. Babies born with weight ≥4000g are associated with 
birth injuries, hypoglycemia resulting in neurological insults [15-17] .

In high income countries, the mean birth weight and proportion 
of macrosomia (≥ 4000g) have been on the increase. These constituted 
about 6- 10% of all deliveries, with a yearly increase in birth weight 
ranging from 1- 5g as reported in National data from Norway, 
Sweden, Denmark, USA and Canada [18-30]. The observed increase 
in birth weight and macrosomia have been associated with high Body 
Mass Index (BMI), pregnancy weight gain, inter- pregnancy weight 
changes, increasing maternal age and parity, and reduced maternal 
smoking [18,19,26,31-34]. 

Studies conducted in the developing countries showed lower 
pregnancy weight gains and lower birth weights in babies born to 
mothers whose third trimester occurred in hungry (nutritionally 
adverse) season [13,35] . 

The birth weight in the rural areas of The Gambia has previously 
been determined [7], but an equivalent in the urban area has not until 
now. The birth weight of an individual is one of the known risk factors 

Introduction 
Human populations in different settings show patterns of seasonal 

variation in reproduction that is reflected typically in the variation of 
birth rates [1]. The key features of birth seasonality are in the rate of 
birth, the phase or season of birth, and the birth weight. The season 
of birth can impact on the subsequent pattern of diseases during the 
life time [2,3]. The influence of season on pregnancy outcome is likely 
through a number of factors including human activities/behavior, 
nutritional pattern, and disease prevalence. The dry season, a period 
of decreased maternal labor and abundant food stored from previous 
harvest season, is characterized by favorable pregnancy outcomes as 
evidenced by birth weights well above 3000 g and maternal weight 
gains (>0.5 kg/week) comparable to industrialized countries [4-8]. 

The weight of a baby at birth is an important outcome of 
pregnancy and a very important factor that subsequently determines 
infant and childhood morbidity and mortality [9-11]. Increased 
episodes of diarrhea, pneumonia within the first five years of life and 
early onset stunting have been associated with birth weight less than 
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predicting the occurrence of communicable and non-communicable 
diseases in childhood and beyond [36-41]. A study of the birth weight 
of newborn in our environment is critical to our health care planning 
in preparedness for the evolution of diseases thought to be alien in 
our context in adulthood and beyond. This will equally afford the 
opportunity to determine the mean birth weight in the urban area 
as a comparator to what is already known in the rural setting in The 
Gambia. The knowledge from this study will contribute to determining 
the mean birth weight from different parts of the world, particularly 
the developing world, prompting investigations into potential causes 
for changes and seasonal variability in The Gambia. Therefore, a more 
detailed understanding of the pattern of birth rate and birth weight is 
needed to guide maternal and child health programmes and practices, 
as well as predict the associated consequences in the future. 

Materials and Methods
This was a retrospective study at the Fajikunda Health Center 

(Western Region, The Gambia) for the years 2007 to 2010. This 
health centre is one of the six major health centers in the country, and 
provides primary health care for a catchment area that comprises of 
10 settlements located around the health centre with a population of 
about 200,000 (2003 national census). The health center runs regular 
under-5 welfare clinics, antenatal clinics with Voluntary Counseling 
and Testing (VCT) for HIV and treats acute illnesses for both adults 
and children. It has 16 beds for admission of acute pediatric and adult 
cases, a delivery ward of 5 beds and a standby 24- hour ambulance 
services for transportation of severe or complicated cases to the only 
tertiary health facility that is about 20 km south of the health center. 
During the period of the study the health center was being run by an 
average of 19 registered nurses/ midwives and 12 nurse attendants. 
The most experienced nurse was in charge as no doctor was assigned.  

Participants` data were obtained from the birth registers and 
independently entered into an open access spreadsheet by two 
trained nurse/ field workers and verified. Data on singleton live births 
were used for the purpose of analysis in this study. Twins and infants 
(singleton) with missing data on birth weight, gender, maternal age 
and parity were excluded. All weights were measured using TANITA 

BD-585 digital baby scale with maximum capacity of 20kg and 
readability of 10g, manufactured by TANITA Corporation Tokyo, 
Japan. The scale was regularly calibrated by the nurse/ midwives 
twice daily for the purpose of consistency of measurements, using 
a standard weight. The birth weight was reported in kilograms but 
for the purpose of analysis this was reverted to grams. Information 
on gestational age in completed weeks as determined by the first day 
of the last menstrual period or ultrasound in early pregnancy was 
generally unavailable because of the high illiteracy rate of the mothers 
and lack of required equipment at the facility. Maturity scoring of the 
newborns was also not routinely done at the facility. Maternal age was 
documented in years and the birth order (parity) was calculated from 
the number of previous live births of the mothers.

Statistical Methods
Statistical analyses were carried out using STATA 12.1.  A 

descriptive analysis was performed with the use of chi-square test 
or Kruskal- Wallis test where applicable. We fitted a random effects 
model with date of birth (month/ year) as cluster to assess the seasonal 
variations in birth weight. Babies born in the same month of the same 
year belonged to the same cluster. Each month/ year of birth had its 
own error component, which remained constant across births within 
that date. Month and year were categorical, parity was continuous, 
quadratic term of parity, gender and age as continuous were used as 
explanatory variables. Mothers with parity higher or equal to 6 were 
pooled together because very few mothers (less than 1%) had parity 
higher than 6. Parity in the following: 0, 1, 2, 3, 4, 5, and 6 or above was 
used as continuous variable in the model but the ungrouped parity 
(0 to 12) was used for descriptive purpose. Restricted Maximum 
Likelihood (REML) estimation method was used to fit the random 
effects model. We used contrast with Bonferroni`s correction to 
assess the yearly variation in birth weight. 

Results 
Birth counts and maternal characteristics 

A total of 8995 births were observed during the study period, with 
the following data missing;  parity 19 (0.2%), maternal age 53 (0.6%), 

2007 2008 2009 2010 Total p
Births

Number of births 2442 (100) 2251 (100) 2079 (100) 2221 (100) 8995 (100)
Number of singleton live births, n (%) 2309 (95.6) 2132 (94.7) 1948 (93.7) 2132 (96.0) 8521 (94.8) 0.008a

Singleton live births characteristics
Mean birth weight in grams (SD)c 3344 (513) 3342 (527) 3289 (506) 3250 (478) 3308 (508) 0.0001b

Birth weight group
< 2500 g 80 (3.5) 99 (4.6) 93 (4.8) 80 (3.8) 352 (4.1)

<0.0001a
2500 g - 2999 g 309 (13.4) 252 (11.8) 285 (14.6) 357 (16.7) 1203 (14.1)
3000 g – 3499 g 814 (35.3) 754 (35.4) 763 (39.2) 858 (40.2) 3189 (37.4)
3500 g – 3999 g 823 (35.6) 749 (35.1) 618 (31.7) 670 (31.4) 2860 (33.6)

≥ 4000 g 283 (12.3) 278 (13.1) 189 (9.7) 167 (7.8) 917 (10.8)
Mean mothers age (SD) 24.9 (5.3) 24.7 (5.2) 25.7 (5.5) 25.7 (5.6) 25.2 (5.4) 0.0001b

Mean mothers parity (SD) 2.0 (1.7) 2.0 (1.7) 2.1 (1.8) 2.2 (1.8) 2.1 (1.7) 0.0001b

Newborns gender, n (%)
Female 1152 (49.9) 1009 (47.3) 945 (48.5) 1013 (47.5) 4119 (48.3) 0.30a

Male 1157 (50.1) 1123 (52.7) 1003 (51.5) 1119 (52.5) 4402 (51.7)
Season

Dry (January-May and November-December) 1378 (59.7) 1313 (61.6) 1253 (64.3) 1298 (60.9) 5242 (61.5) 0.02a
Wet (June-October) 931 (40.3) 819 (38.4) 695 (35.7) 834 (39.1) 3279 (38.5)

Table 1: Yearly singleton births, mean birth weight, gender, maternal age and parity with season.

Table 1 Describes the yearly birth counts from 2007 to 2010, and includes the mean birth weight, gender proportion of new births per year, number of births per birth 
weight category and season of delivery
aChi-square test.
bKruskal-Wallis test.
cStandard deviation
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newborn gender 63 (0.7%), birth weight 39 (0.4%). The number of 
still births and multiple births over the four year of study were 151 
(1.7%) and 146 (1.6%) respectively. As shown in Table 1, the total 
singleton live births over the 4 year period studied was 8521 (94.8%), 
and the yearly proportion of singleton live births ranged from 93.7% 
to 96.0%.

There were a total of 4402 male and 4119 female singleton live 
births in the cohort. The proportion of males remained slightly higher 
than females throughout the four year period at an average of 51.7% 
(Table 1). The mean maternal age over the 4 year period increased 
from 24.9 in 2007 to 25.7 in 2010 (p< 0.0001).The mean (± S.D.) parity 
was on average 2.1 (±1.7) over the 4 year period and did not change 
substantially, although there was evidence of overall difference over 
the years (p<0.0001). The mean birth weight increased non-linearly 
with parity (Figure 1).The mean (± S.D.) birth weight over the four 
year period was 3308 (± 508)g and there was strong evidence of 
variation in the mean birth weight between years (p=0.0001). 

The proportions of low birth weights (<2500 g) in the population 
of the singleton births per year were (3.5%, 4.6%, 4.8% and 3.8% from 
2007 to 2010, respectively). Over the four years, 10.7% of singleton 
live births had birth weight 4000g and above (macrosomia), with the 
lowest proportions observed in 2010 at 7.8% and highest in 2008 at 
13.1% (Table 1). 

Multivariable analysis for seasonal variations of birth 
weight:  

After adjusting for month, parity, gender, and mother`s age 
specific error terms, there was strong evidence of variation in birth 
weight over the years (p<0.0001), (Table 2). Using the contrasts with 
Bonferroni`s correction (Table not shown), there was no evidence of 
variation in birth weight from 2007 to 2008 (p=0.99) but there were 
some evidence of decrease in birth weight from 2008 to 2009 (p=0.03) 
and from 2009 to 2010 (p=0.06).

There was strong evidence of monthly variation in birth weight 
after adjusting for year, parity, gender, mother`s age and date of birth 
(month/ year) specific error terms (p<0.0001), (Table 2). Birth weight 
was higher from May to September and reached peak in May to July 
(Figure 2 & Table 2).

The mothers’ parity was classified from 0 to 6 and above 
Controlling for month, year, gender, mother`s age and date of birth 

(month/ year) specific error terms, birth weight increased by 127.3 
(95% CI: 107.2; 147.6) g per unit increase in parity up to the fifth 
parity then decreased (p<0.0001), (Figure 1 & Table 2). As shown in 
Table 2, there was no evidence of association between mother`s age 
and birth weight after adjusting for month, year, parity, gender, and 
date of birth (month/ year) specific error terms (p=0.50), but female 
birth weight was 114.1 (93.3; 135.0) g lower than the average males 
(p<0.0001). 

Discussion
This study found that amongst 8521 singleton live births delivered 

at Fajikunda health centre during the period of 2007 to 2010, the mean 
birth weight was 3308g (S.D. ± 508g), higher than that reported in 
Lesotho, Nigeria, India [42-44], but was comparable to that described 
in the developed world [45]. 

Although the mean birth weight over the four year period is 
comparable to that seen in developed countries [23,24,45], there was 
a decreasing trend in the mean birth weight over years. The reason 
for this is not exactly known, but could be related to environmental/ 
climatic changes and/ or the global economic down turn leading to 
poor maternal nutrition and antenatal care. Maternal nutrition and 
antenatal care are major factors that impact on the fetal outcome, of 
which birth weight is a major parameter [12]. 

We observed that the average maternal age at delivery increased 
over the period of study. This trend might be explained by increasing 
female education with time in the population. Increase in female 
education will lead to relatively late marriages and increased use of 
family planning methods for child spacing. These will contribute to a 
gradual shift from young to older women still having babies.

The proportion of births in this study that were low birth weight 
(<2500 g) remained fairly constant over the four year period at less 
than 5% of births per year. This rate was lower than that observed in 
studies from different parts of Africa and Asia where the bulk of the 
low birth weight resides globally and compatible with what obtained 
in the industrialized areas of the world [45,46]. The proportion of low 
birth weight seen in this study could indicate the effects of malaria 
control programs in place and the possibility of regional differences 
within a country having some regions with higher percentage of low 
birth weight than the others. 
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Figure 1: Relationship between parity of mother and birth weight. Depicts the 
mean birth weights with maternal parity over the four year period. Figure 2: Pattern of Mean Birth weight from 2007 to 2010. Shows the average 

monthly birth weight over the four year period.
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Our observation of a significant difference of males weighing 
115g more than females on the average is consistent with most studies 
[47]. Other studies have found males heavier at birth by 126.4g in 
the developed country and 93.1g in the developing country [47]. It 
is thought that this difference in weight could be due to difference 
in level of sex hormone exposure in uteri at the point of sex 
differentiation [48].

The increasing birth weight with parity has been demonstrated 
in other studies with variable influence of increasing parity on mean 
birth weights; in Thailand from parity 0 to Parity 2+ [49], Indonesia 
till parity 3+ [50], Morocco till parity 4+ [51] and the Iraq till 7+ [52]. 

The reasons for the variations of birth weights with season are 
not very clear, particularly as pregnancy lasts over a period of nine 
months during which a number of factors would have contributed 
to the outcome. However, the temporal events with the number of 
deliveries and birth weight are likely to be related to the climatic, 
nutritional and socio-cultural activities. Nevertheless, seasonal 
variations in birth weight have been documented by several studies 
with heterogeneous results [4,5,7,8,53,54]. The factors implicated 
have been annual seasonal fluctuations in temperature, sunlight 
exposure, and humidity, social and economic variability [55-58].

Our study demonstrated an increase in birth weights during the 
months of May to September that coincides with the hunger (raining) 

season in contrast to what was obtained in a randomised controlled 
trial conducted in the rural setting in The Gambia [7], Burkina Faso 
[4] and Lesotho [12]. The difference between the findings in our study 
and those of others is likely due to the fact that these studies were 
in rural communities that are heavily dependent on direct farming 
proceeds for feeding. In contrast, our study population is in an 
urban area that has the opportunity of availability of food items in 
the market pooled from different regions, and therefore do not have 
much variation in food availability with season. There are likely to 
be a number of other factors that are yet unknown, which may be 
acting singly or in combination to cause the striking variations in 
birth weight observed with season. 

The absence of comprehensive socio- demographic characteristics 
and pre-pregnancy weights, the malaria morbidity and mortality 
pattern of the mothers in this study, the gestational age of the 
newborn at birth, data from other clinics and the retrospective nature 
of the data used are limitations to this study. However, the observed 
repetitiveness of the findings over the study period of four years was a 
strong compelling factor that led credence to this study and set a good 
platform for future study, which with appropriate study design could 
validate our findings and unravel the factors responsible.

In conclusion, we have observed a progressive decline of birth 
weight over the four year period of study, and importantly a striking 
variation of birth weight with seasons of the year in The Gambia. 

Estimated effect on mean birth weight in grams (95% CI) p

Fixed effects component

Intercept Month (Ref: January) 3179.7 (3097.1; 3262.3) <0.0001

February 31.8 (-44.1; 107.6) 0.41

March 28.6 (-46.1; 103.3) 0.45

April 16.0 (-60.5; 92.5) 0.68

May 120.7 (42.3; 199.0) 0.003

June 153.2 (72.6; 233.8) <0.001

July 152.0 (70.2; 233.9) <0.001

August 110.5 (32.2; 188.9) 0.006

September 73.6 (-0.5; 147.6) 0.05

October 36.2 (-37.7; 110.1) 0.34

November -18.5 (-93.2; 56.3) 0.63

December 4.3 (-70.6; 79.1) 0.91

Year (Ref.: 2007)

2008 -1.9 (-46.4; 42.6) 0.93

2009 -62.2 (-107.4; -17.0) 0.007

2010 -115.9 (-160.4; -71.4) <0.0001

Parity 127.3 (107.2; 147.6) <0.0001

Parity squared -15.1 (-18.7; -11.6) <0.0001

Gender (Ref.: Male)

Female -114.1 (-135.0; -93.3) <0.0001

Mothers age 0.9 (-1.8; 3.7) 0.50

Random effects component
Standard deviation of random intercept 41.7 (27.2; 64.0) -

Standard deviation of residuals 489.1 (481.8; 496.6) -

Log restricted-likelihood = -64797.56; Wald chi2(18) = 556.89

Table 2: Factors influencing seasonal variations of singleton live birth weight.
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These data are relevant for programmes and interventions, and 
stimulate further research to identify the factors responsible for these 
changes. 
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