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Abstract
Background
Abnormal birthweights are critical public health challenges accountable for most non-communicable diseases and perinatal mortalities. Regardless of the myriad of mixed evidence on maternal factors responsible for abnormal birthweight globally, most of these findings are attained from urban and rural settings. This study serves as one of the key pieces of evidence in view of the increasing prevalence of abnormal birthweight particularly in some parts of semi-rural Ghana. The study, therefore, aims to estimate the prevalence of abnormal birthweight and identify some possible maternal risk factors for abnormal birthweight in Northern Ghana.

Methods
A retrospective cross-sectional study was conducted in Savelugu municipality from February–March 2022. A total of 356 mothers aged 16–46 years, having a neonate and attending postnatal care service, were recruited as study participants. Data were collected from maternal and child health record books and through structured interviews. To identify the maternal risk factors for abnormal birthweight, chi-square/Fischer’s exact test and multinomial logistic regression were employed as bivariate and multivariate analyses, respectively, at 95% confidence level.

Results
Prevalence rates of low birthweight and macrosomia were 22.2% and 8.7%, respectively. Maternal anaemia in first trimester (AOR 3.226; 95% CI 1.372–7.784) and third trimester (AOR 23.94; 95% CI 7.442–70.01) of gestation was strong predictors for low birthweight. Mothers belonging to minority ethnic groups (AOR 0.104; 95% CI 0.011–0.995); mothers who had ≥ 8 antenatal care visits (AOR 0.249; 95% CI 0.103–0.602); and mothers having neonates whose birth length > 47.5 cm (AOR 0.271; 95% CI 0.113–0.651) had reduced odds for low birthweight. Alternatively, mothers with gestational weeks ≥ 42 (AOR 23.21; 95% CI 4.603–56.19) and mothers from the richest households (highest socioeconomic homes) (AOR 14.25; 95% CI 1.638–23.91) were more likely to birth to macrosomic infants.

Conclusion
The prevalence rates of low birthweight and macrosomia were relatively high. Anaemia in the first and third trimesters was strong determinants of low birthweight. Being minority ethnic group, frequency of antenatal visits, and childbirth length reduced the risk of low-weight births. Advanced gestational age and socioeconomic status of mothers were also predictors of macrosomia. Hence, nutrition counselling, community health education, and promotion of lifestyle improvement coupled with strengthening of health service delivery are recommended interventions.
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Introduction
Birthweight is the most measurable outcome of pregnancy categorized into normal, low, and high birthweights [1]. Globally, abnormal birthweight consisting of low and high (macrosomia) birthweights serves as not just the major causes of child deaths and morbidity [2] but also relevant contributors to long-term diseases such as diabetes and hypertension [3]. Other evidenced consequences of abnormal birthweight are stunting, wasting, and underweight [4]. These abnormal birthweights are significant interference to the realization of the Sustainable Development Goal 3 target of 25% reduction in child mortality by 2030 [5]. It is therefore necessary to direct interventions towards the events of pregnancy as most abnormal birthweight originates from intrauterine development [3]. Though low birthweight is a complex birth outcome indicator that includes overlap between preterm and small-for-date newborns [6], it is defined by UNICEF and WHO, as the weight at birth less than 2500 g, while macrosomia represents birthweight equal to or greater than 4000 g [7].
It is estimated that yearly 15% to 20% of all births are less than 2500 g, representing more than 20 million births worldwide. In sub-Saharan Africa, the prevalence of low birthweight is around 13.0% which is more than double-folds in the developed countries [6]. Correspondingly, the predominance of low birthweight among some African countries such as Senegal, Burkina Faso, Malawi, Ghana, and Uganda was 15.7%, 13.4%, 12.1%, 10.2%, and 10.0% in a cross-sectional study [8]. However, much attention has not been placed on macrosomia because it is misperceived as a sign of good nutrition in most developing countries. Meanwhile, macrosomic infants develop similar consequences as small-weight infants [3, 9] and so adequate devotion should be given to macrosomic infants as well. In a systematic review, the approximate prevalence rates of large-weight neonates were 7.0%, 8.0%, 9.0%, and 15.0% in Argentina, Uganda, Paraguay, and Algeria, respectively [10]. Moreover, a cohort study in China reported macrosomia cases of 7.8% among pregnant women with gestational diabetes [11], while a prevalence of 3.0% was estimated in retrospective inquiry in Southern Ghana [12].
According to Ugwa et al., maternal anthropometry including weight, height, and body mass index (BMI) is a key indicator during antenatal care (ANC) and must not be underpinned in the healthcare system [13]. Evidence has shown that there is an association between maternal body metrics and abnormal birthweights [14], although some findings proved the antagonistic way [15]. A large study among Chinese pregnant mothers discovered an association between pre-gestational overweight and macrosomia. Furthermore, inadequate gestational weight gain showed strong relationship with low birthweight [16]. A systematic review in 2017 also reiterated an association between low pre-pregnancy BMI and small-size children [17]. In South Africa and some parts of Brazil, maternal factors for low birthweight were old age, low educational level, primiparity [18], fewer ANC visits, and prematurity [19]. In Northern Ghana, female infants, multiparity, and rural residential status were associated with children born with low weight [20]. Alternatively, Nigeria Demographic and Health Survey identified male infants, overweight mothers, maternal higher education, and lesser ANC visits as significant risk determinants for  macrosomic births in semi-urban cities [21]. Multiparity was also correlated with large-birth children in Southern Ghana [12]. Worldwide, gestational diabetes mellitus (GDM) is identified as critical risk factor for macrosomia, although numerous GDM conditions are underestimated in most developing countries including Ghana [22].
Despite ongoing interventions which have been evidenced to have productive impact on pregnancy outcomes such as focused antenatal care; nutrition counselling and education; girls’ iron folic acid tablet supplementation; exclusive breastfeeding; micronutrient supplementation; and malaria prevention through the distribution of long-lasting insecticide nets, and intermittent preventive treatment in pregnancy [23, 24], abnormal birthweights are still increasingly recorded in the various health facilities in Ghana [25]. While institutional skilled deliveries have slightly increased from 98.0% (2017) to 98.3% (2019), the burden of low birthweight in Savelugu municipality also rocketed from 19.0% to 35.0% [26]. As usual, the data for macrosomia are always a matter of no concern in this semi-rural municipality. It could be necessary to explore if this high prevalence of abnormal birthweight is attributed to some maternal-related factors.
Moreover, as evidenced in most developing countries, Ghana is also encountering nutrition transition where maternal under- and over-nutrition coexist reflecting the double-burden of malnutrition situation [27]. The prevalence rates of overweight and obesity among mothers of reproductive ages are 27.4% and 18.4% in urban mothers, and 18.0% and 6.8% among rural mothers, respectively [28]. The same study revealed lower BMI in Northern Ghana as compared to Southern hemisphere of the country. Considering this paradox with the increasing risk of obesity in adult lifetime at both extremities of the birthweight spectrum, it is germane to investigate factors contributing to abnormal birthweight in Northern Ghana where there is existence of stable economic development despite the current high poverty rate in the region [23]. Additionally, limited work has been done on this subject matter among Ghanaian semi-rural population. The study could contribute to the understanding of issues related to abnormal birthweight due to the present and future burden of chronic diseases in Ghana [25]. Hence, this study aims to identify risk factors for abnormal birthweight in Northern Region, Ghana.

Methods
Study design
A retrospective cross-sectional study was conducted in Savelugu municipality, Northern Region, Ghana, to estimate the prevalence of low birthweight and macrosomia among children of mothers attending postnatal care services and identify maternal factors responsible for these abnormal birthweights.

Study setting and participants
Savelugu municipality is located in northern part of Northern Region of Ghana. Dagomba is the major ethnic group and agriculture accounts for the major source of income in the municipality. The municipality has five major public health facilities with 13 operational community-based health planning and services (CHPS) zones. The total number of reproductive-aged women in the municipality was 40,533 with an annual expected number of pregnancies of 6,700 in 2019 [26]. Antenatal care (ANC) and postnatal care (PNC) coverages were 99.0% and 98.0%, respectively. Also, maternal and child health record book (MCHRB) distribution coverage and mothers’ use of the MCHRB for maternal and child health (MCH) services stood at 100% as of 2019 [26].
This study targeted nursing/lactating mothers having a neonate and living in the municipality. Mothers who possessed MCHRB and seeking first-day PNC services at the health facilities were recruited, while mothers with twin deliveries, home deliveries, and cardiovascular diseases were excluded from the study.

Sample size and sampling methods
The sample size (n) was determined using Cochran’s (1977) formula; n =  [image: $$\frac{{(Z_{ \propto /2} )^{2} {\text{ X }}p\left( {1 - p} \right)}}{{d^{2} }}$$]. Prevalence rates (p) of low birthweight and macrosomia in urban Northern Ghana were previously reported to be 29.6% and 10.5%, respectively [20]. Using precision (d) of 0.05, and standard z score [image: $$\left( {Z_{\infty /2} } \right)$$] which corresponds to 95% confidence level of 1.96, the calculated sample sizes were 320 and 144 for low birthweight and macrosomia, respectively. Larger sample size (= 320) was chosen since it satisfied the sample size for both low birthweight and macrosomia. Considering 10.0% non-response rate, 356 mothers were employed as final sample size. Applying probability proportional to size approach, sample sizes for the five major public health facilities were estimated (Table 1). A total of 356 lactating mothers were randomly selected by flipping a coin, using the daily PNC registry from the respective health facilities.Table 1Description of estimated facility sample size and sampling procedure at the study site


	 	 	Diare health centre
	Moglaa health centre
	Pong-Tamale health centre
	Savelugu health centre
	Savelugu municipal hospital
	Savelugu municipality (total)

	(a)
	Total number of first PNC visits at targeted health facilities during 2020
	2220
	346
	852
	1198
	3426
	8042

	(b)
	Facility coverage [= (a)/8042]
	27.6%
	4.3%
	10.6%
	14.9%
	42.6%
	100%

	(c)
	Number of mothers to be drawn for each facility [= (b) × 356]
	98
	15
	38
	53
	152
	356

	(d)
	Estimated number of mothers visiting PNC per day [= (a)/52weeks/5 days]
	8.5
	1.3
	3.3
	4.6
	13.2
	30.9

	(e)
	Expected number of interviews per day [= (d)/2]
	4.3
	0.65
	1.65
	2.3
	6.6
	15.5

	(f)
	Total number of working days [= (c)/(e)]
	23
	23
	23
	23
	23
	23

	 	 	Team A (2 data collectors)
	Team B (1 data collector)
	Team C (1 data collector)
	Team D (1 data collector)
	Team E (2 data collectors)
	 




Data collection
Pretested structured questionnaires installed onto Open Data Kit (ODK) version 2021.2.4 (Get ODK Inc., San Diego, USA) of handheld tablet devices were administered from 1 February to 31 March 2022 through seven enumerators.
Majority of data were collected from MCHRB which included: maternal anthropometry (pre-pregnancy BMI) determined from parameters measured in the first trimester of pregnancy; gestational weight gain (GWG) which was estimated as weight difference of mothers, measured within one week prior to delivery and the one recorded at the first ANC visit (first trimester) [29]; anthropometric characteristics of neonates including birthweight and birth length [30]; obstetric information on parity, gravidity, and birth order;   antenatal data on frequency of ANC visits, iron folic intake, tetanus-diphtheria immunization, intake of anthelminthic drugs, and sulphadoxine–pyrimethamine (SP) doses during pregnancy [18, 19, 23]; and clinical and nutritional information on haemoglobin levels, GDM, and malaria episodes [20, 23]. According to American Institute of Medicine, since foetal weight gain in the first trimester is low (approximately 1kg) [31], the mother’s weight at first ANC visit (first trimester) is regarded as an appropriate proxy for pre-pregnancy weight [29]. Parity is considered as the number of times a mother has given birth to neonates (foetuses) with gestational age of at least 28 weeks, regardless of whether the neonate was born dead or alive, while gravidity was regarded as number of pregnancies [20, 23].
Remaining data were collected through structured interviews with mothers in locally spoken language (Dagbani) consisting of: socio-demographic characteristics of each respondent including age, marital status, educational level, ethnic group, religion, sex of neonate, and household size [18, 19, 23]; socio-economic characteristics made up of mothers’ occupation, possession of properties, type of house, type of household fuel, and source of drinking water [32]; and maternal knowledge on BMI and birthweight on their understanding on low birthweight and macrosomia, its causes, effect, and relationship with mothers’ weight.

Data analysis
Statistical data analyses were performed by using STATA version 17.0 (Stata Corporation, Texas, USA) with all analyses determined at 95% confidence level. The data attained were transferred from ODK platform onto Microsoft excel version 16.6. Birthweight was grouped into low birthweight (< 2500 g), normal birthweight (≥ 2500 to 3999 g), and macrosomia (≥ 4000 g), whereas pre-pregnancy BMI was categorized into underweight (< 18.5 kg/m2), normal (≥ 18.5 to 24.9 kg/m2), and overweight/obese (≥ 25.0 kg/m2) using 2004 WHO standard criteria. Parity was classified into primiparity (0–1 delivery) and multiparity (≥ 2 deliveries), while gravidity was grouped into primigravida (0–1 pregnancy) and multigravida (≥ 2 pregnancies) [23]. GWG was dichotomized into ≥ 6 kg and < 6 kg [33]. Childbirth length was categorized into ≤ 47.5 cm and > 47.5 cm, respectively [30]. ANC visits were classified into ≥ 8 visits and < 8 visits using 2016 WHO ANC model [34]. Categorizations made for gestational age at birth were preterm (< 37 weeks), normal-term (≥ 37–41 weeks), and post-term (≥ 42 weeks), while that for maternal haemoglobin levels in pregnancy trimesters were anaemia (< 11 g/dL), normal (≥ 11–13.1 g/dL), and polycythaemia (≥ 13.2 g/dL) [23]. Household wealth index was calculated based on household assets and housing quality and was used as proxy indicator for socioeconomic status of mothers. By using principal component analysis, the socioeconomic status of mothers was then categorized into five groups (thus, wealth quintiles: poorest, poorer, middle, richer, richest) [35]. Maternal knowledge score was calculated for each respondent. Correct responses were scored one point, while incorrect responses did not receive any point for the knowledge-related questions. A composite knowledge score was calculated using 19 items and dichotomized into two (adequate, inadequate) with a possible lowest score of zero (0) and highest score of 19 [36].
Bivariate analyses (chi-square/Fisher’s exact tests) were explored to estimate relationship between dependent variable (birthweight) and each independent (background) variable. The independent variables were made up of categorical variables, whereas the dependent variable was nominal (thus, low birthweight, normal birthweight, and macrosomia).
In multivariate analyses, multinomial logistic regression was used to build the final model to identify factors for abnormal birthweight (low birthweight and macrosomia) by applying simultaneous variable entry. During the logistic analyses, birthweight was entered as low birthweight = 1, normal birthweight = 2, and macrosomia = 3 where normal birthweight was used as the base outcome (reference point). The independent variables with significant bivariate association with birthweight (p < 0.05 in chi-square/Fisher’s exact test) were chosen as possible independent variables for logistic analyses. Multicollinearity was checked between the possible independent variables before employing them in the logistic analyses. Chi-square/Fisher’s exact test and variance inflation factor (VIF) were used to address multicollinearity between the variables. During chi-square testing, whenever there was significant association (p < 0.05) between the two categorical variables, the one possessing lesser p value with the dependent variable was chosen. Moreover, VIF was used to confirm multicollinearity between the variables. During the testing, the variable with VIF less than 10 was chosen for logistic analyses.


Results
Socio-demographic characteristics of respondents and prevalence of abnormal birthweight
All the data from the 356 sampled mothers (with their live children, who were all in their neonatal period) were included for analysis due to non-refusal, and they all met the inclusion and exclusion criteria. The mean age ± sd of the mothers was 27.25 ± 5.44 years with most mothers (86.5%) found between 20 and 35 years of age. Greater proportion of the mothers were married (89.6%), practiced Islamic religion (87.6%), belonged to Dagomba/Mamprusi ethnic group (76.7%), and were self-employed (50.8%). Majority of neonates (70.2%) were older than one week of age, while male neonates (56.2%) were slightly more than females (43.8%). Surprisingly, majority of male neonates (63.6%) had abnormal birthweight. The prevalence rates of low birthweight and macrosomia were 22.2% (95% CI 17.9–26.9%) and 8.7% (95% CI 4.9–12.1%), respectively (Table 2). Table 2Socio-demographic and socioeconomic characteristics of respondents and prevalence of abnormal birthweight (N = 356)


	Background characteristics
	Frequency distribution
	Bivariate analysis

	Frequency
	Proportion
	Low birthweight
	Macrosomia
	Normal birthweight
	p value†

	n
	%
	n (%)
	n (%)
	n (%)
	 
	Age group of mothersa
	 	 	 	 	 	 
	 < 20 years of age
	18
	5.1
	7 (8.9)
	1 (3.2)
	10 (4.1)
	0.430

	20–35 years of age
	308
	86.5
	67 (84.8)
	28 (90.3)
	213 (86.6)
	 
	 > 35 years of age
	30
	8.4
	5 (6.3)
	2 (6.5)
	23 (9.3)
	 
	Mean = 27.25, sd = 5.44
	 	 	 	 	 	 
	Marital status
	 	 	 	 	 	 
	Married
	319
	89.6
	68 (86.1)
	27 (87.1)
	224 (91.1)
	0.454

	Divorced/Widowed
	7
	2.0
	3 (3.8)
	0 (0.0)
	4 (1.6)
	 
	Single
	30
	8.4
	8 (10.1)
	4 (12.9)
	18 (7.3)
	 
	Educational level
	 	 	 	 	 	 
	No education
	121
	34.0
	25 (31.7)
	11 (35.5)
	85 (34.5)
	0.414

	Primary school
	46
	12.9
	15 (19.0)
	4 (12.9)
	27 (11.0)
	 
	Junior high school
	46
	12.9
	14 (17.7)
	5 (16.1)
	27 (11.0)
	 
	Senior high school
	105
	29.5
	17 (21.5)
	8 (25.8)
	80 (32.5)
	 
	University/graduate school
	38
	10.7
	8 (10.1)
	3 (9.7)
	27 (11.0)
	 
	Ethnicity
	 	 	 	 	 	 
	Dagomba/Mamprusi
	273
	76.7
	56 (70.9)
	22 (70.9)
	195 (79.3)
	0.007*

	Frafra/Grusi
	60
	16.8
	22 (27.8)
	7 (22.6)
	31 (12.6)
	 
	Others††
	23
	6.5
	1 (1.3)
	2 (6.5)
	20 (8.1)
	 
	Religion
	 	 	 	 	 	 
	Christianity
	44
	12.4
	15 (19.0)
	6 (19.4)
	23 (9.4)
	0.036*

	Islamism
	312
	87.6
	64 (81.0)
	25 (80.6)
	223 (90.6)
	 
	Employment status
	 	 	 	 	 	 
	Unemployed
	142
	39.9
	29 (36.7)
	10 (32.3)
	103 (41.8)
	0.354

	Self-employed
	181
	50.8
	46 (58.2)
	17 (54.8)
	118 (48.0)
	 
	Public/civil servant
	33
	9.3
	4 (5.1)
	4 (12.9)
	25 (10.2)
	 
	Household fuel
	 	 	 	 	 	 
	Firewood
	148
	41.6
	30 (37.9)
	7 (22.6)
	111 (45.1)
	0.004*

	Charcoal
	162
	45.5
	42 (53.2)
	14 (45.2)
	106 (43.1)
	 
	Gas
	46
	12.9
	7 (8.9)
	10 (32.2)
	29 (11.8)
	 
	Wealth quintilesb
	 	 	 	 	 
	Poorest
	72
	20.2
	14 (17.7)
	3 (9.7)
	55 (22.4)
	 < 0.001*

	Poorer
	75
	21.0
	24 (30.4)
	2 (6.4)
	49 (19.9)
	 
	Middle
	70
	19.7
	24 (30.4)
	2 (6.4)
	44 (17.9)
	 
	Richer
	70
	19.7
	13 (16.4)
	6 (19.4)
	51 (20.7)
	 
	Richest
	69
	19.4
	4 (5.1)
	18 (58.1)
	47 (19.1)
	 
	Household sizeb
	 	 	 	 	 	 
	 < 10 persons
	283
	79.5
	71 (89.9)
	25 (80.6)
	187 (76.0)
	0.029*

	 ≥ 10 persons
	73
	20.5
	8 (10.1)
	6 (19.4)
	59 (24.0)
	 
	Mean = 9.83, sd = 4.79
	 	 	 	 	 	 
	Age group of neonates
	 	 	 	 	 	 
	 < 7 days
	106
	29.8
	24 (30.4)
	10 (32.3)
	72 (29.3)
	0.935

	8–28 days
	250
	70.2
	55 (69.6)
	21 (67.7)
	174 (70.7)
	 
	Mean = 6.12, sd = 2.93
	 	 	 	 	 	 
	Sex of neonates
	 	 	 	 	 	 
	Male
	200
	56.2
	52 (65.8)
	18 (58.1)
	130 (52.8)
	0.126

	Female
	156
	43.8
	27 (34.2)
	13 (41.9)
	116 (47.2)
	 

	Birthweight (BW)
	n
	Prevalence (%)
	95% CI

	Low birthweight (< 2500 g)
	79
	22.2
	17.9–26.9%

	Macrosomia (≥ 4000 g)
	31
	8.7
	4.9–12.1%

	Normal BW (≥ 2500–3999 g)
	246
	69.1
	64.0–73.8%

	Mean = 2890, sd = 620
	 	 	 

*p value < 0.05
†Chi-square test/Fisher’s exact test
††Bulsa, Dagaati, Ewe, Fulani, Gonja
aCategorization based on previous studies [18, 21, 37]




Anthropometric and antenatal characteristics of respondents
While 7.0% of the mothers were underweight, 28.7% of them were overweight. Majority of mothers (73.6%) gained at least six-kilogram body weight during pregnancy. About 53.7% of the mothers attended ANC clinics less than eight times. More than half of the mothers used insecticide-treated nets (61.2%) and ingested more than three doses of SP tablets (55.3%) during pregnancy (Table 3).Table 3Anthropometric and antenatal characteristics of respondents (N = 356)


	Background characteristics
	Frequency distribution
	Bivariate analysis

	Frequency
	Proportion
	Low birthweight
	Macrosomia
	Normal birthweight
	p value†

	n
	%
	n (%)
	n (%)
	n (%)
	 
	Body mass index (BMI)a
	 	 	 	 	 	 
	Underweight (< 18.5 kg/m2)
	25
	7.0
	5 (6.3)
	4 (12.9)
	16 (6.5)
	0.448

	Normal BMI (≥ 18.5 to 24.9 kg/m2)
	229
	64.3
	56 (70.9)
	14 (58.1)
	155 (63.0)
	 
	Overweight/Obese (≥ 25.0 kg/m2)
	102
	28.7
	18 (22.8)
	9 (29.0)
	75 (30.5)
	 
	Mean = 23.37, sd = 3.40
	 	 	 	 	 	 
	Pre-pregnancy weighta
	 	 	 	 	 	 
	< 50 kg
	42
	11.8
	11 (13.9)
	5 (16.1)
	26 (10.6)
	0.533

	≥ 50 kg
	314
	88.2
	68 (86.1)
	26 (83.9)
	220 (89.4)
	 
	Height at first antenatal care (ANC) visits a
	 	 	 	 	 
	< 150 cm
	13
	3.7
	3 (3.8)
	0 (0.0)
	10 (4.1)
	0.522

	≥ 150 cm
	343
	96.3
	76 (96.2)
	31 (100.0)
	236 (95.9)
	 
	Gestational weight gaina
	 	 	 	 	 
	< 6 kg
	94
	26.4
	31 (39.2)
	3 (9.7)
	60 (24.4)
	0.003*

	≥ 6 kg
	262
	73.6
	48 (60.8)
	28 (90.3)
	186 (75.6)
	 
	Mean = 6.47, sd = 2.16
	 	 	 	 	 	 
	Childbirth height/lengthb
	 	 	 	 	 
	≤ 47.5 cm
	72
	20.2
	32 (40.5)
	2 (6.5)
	38 (15.5)
	 < 0.001*

	> 47.5 cm
	284
	79.8
	47 (59.5)
	29 (93.5)
	208 (84.5)
	 
	Mean = 47.35, sd = 2.71
	 	 	 	 	 	 
	Number of ANC visits
	 	 	 	 	 	 
	< 8 visits
	191
	53.7
	63 (79.7)
	5 (16.1)
	123 (50.0)
	 < 0.001*

	≥ 8 visits
	165
	46.3
	16 (20.3)
	26 (83.9)
	123 (50.0)
	 
	Place of ANC visits
	 	 	 	 	 	 
	Hospital
	175
	49.2
	40 (50.6)
	15 (48.4)
	120 (48.8)
	0.956

	Health centre
	181
	50.8
	39 (49.4)
	16 (51.6)
	126 (51.2)
	 
	Family planning (FP) use before last pregnancy
	 	 	 	 
	No FP use
	232
	65.2
	50 (63.3)
	20 (64.5)
	162 (65.8)
	0.914

	FP use
	124
	34.8
	29 (36.7)
	11 (35.5)
	84 (34.2)
	 
	Insecticide-treated nets (ITNs) use
	 	 	 	 	 	 
	No ITNs use
	138
	38.8
	46 (58.2)
	10 (32.3)
	82 (33.3)
	 < 0.001*

	ITNs use
	218
	61.2
	33 (41.8)
	21. (67.1)
	164 (66.7)
	 
	ITNs frequency of use (n = 218)
	 	 	 	 	 
	Every night
	179
	82.1
	25 (75.8)
	17 (80.9)
	137 (83.5)
	0.562

	Sometimes
	39
	17.9
	8 (24.2)
	4 (19.1)
	27 (16.5)
	 
	Number of sulphadoxine-pyrimethamine (SP) intake
	 	 	 	 
	None
	18
	5.1
	8 (10.1)
	1 (3.2)
	9 (3.7)
	0.002*

	1–3 doses
	141
	39.6
	40 (50.6)
	6 (19.4)
	95 (38.6)
	 
	> 3 doses
	197
	55.3
	31 (39.2)
	24 (77.4)
	142 (57.7)
	 
	Dewormer (anthelminthics) intake
	 	 	 	 	 
	No intake
	218
	61.2
	46 (58.2)
	16 (51.6)
	156 (63.4)
	0.367

	Intake
	138
	38.8
	33 (41.8)
	15 (48.4)
	90 (36.6)
	 
	Iron/folic acid (IFA) intake
	 	 	 	 	 	 
	No IFA intake
	13
	3.7
	4 (5.1)
	0 (0.0)
	9 (3.7)
	0.444

	IFA intake
	343
	96.3
	75 (94.9)
	31 (100.0)
	237 (96.3)
	 
	Tetanus diphtheria (TD) immunization
	 	 	 	 	 	 
	Not immunized
	26
	7.3
	7 (8.9)
	3 (9.7)
	16 (6.5)
	0.679

	Immunized
	330
	92.7
	72 (91.1)
	28 (90.3)
	230 (93.5)
	 
	Reception of nutrition education
	 	 	 	 	 
	Not received
	47
	13.2
	11 (13.9)
	7 (22.6)
	29 (11.8)
	0.241

	Received
	309
	86.8
	68 (86.1)
	24 (77.4)
	217 (88.2)
	 

*p value < 0.05
†Chi-square test/Fisher’s exact test
aCategorization based on previous studies [31, 33, 38]
bCategorization based on previous studies [30]




Obstetric and clinical characteristics of respondents
Majority of respondents were multiparous (72.7%) and multigravidae (75.3%). Preterm and post-term deliveries were 19.4% and 6.5%, respectively. Most mothers in the first (44.9%), second (56.2%) and third (44.4%) trimesters of pregnancy were anaemic. Nearly 50.0% of respondents had adequate knowledge on abnormal birthweight and its causes and effects. Few respondents had suffered from gestational diabetes (5.9%), hypertension (12.4%), hepatitis B (10.7%), and human immunodeficiency virus (1.7%) infections during pregnancy (Table 4). Table 4Obstetric and clinical characteristics of respondents (N = 356)


	Background characteristics
	Frequency distribution
	Bivariate analysis

	Frequency
	Proportion
	Low birthweight
	Macrosomia
	Normal birthweight
	p value†

	n
	%
	n (%)
	n (%)
	n (%)

	Gravidity
	 	 	 	 	 	 
	Primigravida (0–1 pregnancy)
	88
	24.7
	18 (22.8)
	4 (12.9)
	66 (26.8)
	0.215

	Multigravida (≥ 2 pregnancies)
	268
	75.3
	61 (77.2)
	27 (87.1)
	180 (73.2)
	 
	Parity
	 	 	 	 	 	 
	Primipara (0–1 delivery)
	97
	27.3
	21 (26.9)
	4 (12.9)
	72 (29.3)
	0.154

	Multipara (≥ 2 deliveries)
	259
	72.7
	58 (73.4)
	27 (87.1)
	174 (70.7)
	 
	Gestational age at birth
	 	 	 	 	 	 
	Preterm (< 37 weeks)
	69
	19.4
	29 (36.7)
	3 (9.7)
	37 (15.0)
	 < 0.001*

	Normal term (37–41 weeks)
	264
	74.1
	48 (60.8)
	18 (58.1)
	198 (80.5)
	 
	Post-term (≥ 42 weeks)
	23
	6.5
	2 (2.5)
	10 (32.3)
	11 (4.5)
	 
	Birth order
	 	 	 	 	 	 
	First child
	97
	27.3
	21 (26.6)
	4 (12.9)
	72 (29.3)
	0.154

	Second or more child
	259
	72.7
	58 (73.4)
	27 (87.1)
	174 (70.7)
	 
	Knowledge levela
	 	 	 	 	 	 
	Inadequate
	182
	51.1
	49 (60.0)
	17 (54.8)
	116 (47.1)
	0.065

	Adequate
	174
	48.9
	30 (40.0)
	14 (45.2)
	130 (52.9)
	 
	First-trimester haemoglobin (Hb) levels
	 	 	 	 	 	 
	Anaemia /Low Hb (< 11 g/dL)
	160
	44.9
	67 (84.8)
	0 (0.00)
	93 (37.8)
	 < 0.001*

	Normal Hb (≥ 11–13.1 g/dL)
	177
	49.7
	12 (15.2)
	22 (71.0)
	143 (58.!)
	 
	Polycythaemia (≥ 13.2 g/dL)
	19
	5.4
	0 (0.00)
	9 (29.0)
	10 (4.1)
	 
	Second-trimester haemoglobin levels
	 	 	 	 	 	 
	Anaemia
	200
	56.2
	76 (96.2)
	4 (12.9)
	120 (48.8)
	 < 0.001*

	Normal Hb
	152
	42.7
	3 (3.8)
	25 (80.6)
	124 (50.4)
	 
	Polycythaemia
	4
	1.1
	0 (0.00)
	2 (6.5)
	2 (0.8)
	 
	Third-trimester haemoglobin levels
	 	 	 	 	 	 
	Anaemia
	158
	44.4
	75 (94.9)
	1 (3.2)
	82 (33.3)
	 < 0.001*

	Normal Hb
	192
	53.9
	4 (5.1)
	28 (90.3)
	160 (65.0)
	 
	Polycythaemia
	6
	1.7
	0 (0.00)
	2 (6.5)
	4 (1.6)
	 
	Malaria episode during pregnancy
	 	 	 	 	 	 
	No episode
	254
	71.3
	48 (60.8)
	24 (77.4)
	182 (74.0)
	0.057

	Episode
	102
	28.7
	31 (39.2)
	7 (22.6)
	64 (26.0)
	 
	Gestational diabetes
	 	 	 	 	 	 
	Without diabetes
	335
	94.1
	79 (100.0)
	26 (83.9)
	230 (93.5)
	0.002*

	With diabetes
	21
	5.9
	0 (0.00)
	5 (16.1)
	16 (6.5)
	 
	Hypertension (HPT) status
	 	 	 	 	 	 
	Without HPT
	312
	87.6
	68 (86.1)
	22 (72.0)
	222 (90.2)
	0.008*

	With HPT
	44
	12.4
	11 (13.9)
	9 (29.0)
	24 (9.8)
	 
	Syphilis  infection (n = 345)
	 	 	 	 	 	 
	Without syphilis
	342
	99.1
	78 (98.7)
	30 (96.8)
	234 (99.6)
	0.262

	With syphilis
	3
	0.9
	1 (1.3)
	1 (3.2)
	1 (0.4)
	 
	HIV infection
	 	 	 	 	 	 
	Without HIV
	350
	98.3
	79 (100.0)
	31 (100.0)
	240 (97.6)
	0.256

	With HIV
	6
	1.7
	0 (0.00)
	0.(0.00)
	6 (2.4)
	 
	Hepatitis B infection
	 	 	 	 	 	 
	Without hepatitis B
	318
	89.3
	67 (84.8)
	28 (90.3)
	223 (90.6)
	0.337

	With hepatitis B
	38
	10.7
	12 (15.2)
	3 (9.7)
	23 (9.4)
	 
	Sickle cell status
	 	 	 	 	 	 
	Without sickle cell
	301
	84.5
	65 (82.3)
	28 (90.3)
	208 (84.5)
	0.576

	With sickle cell
	55
	15.5
	14 (17.7)
	3 (9.7)
	38 (15.5)
	 
	Blood rhesus type (n = 343)
	 	 	 	 	 	 
	Rhesus negative
	53
	15.5
	13 (16.5)
	1 (3.2)
	39 (16.7)
	0.142

	Rhesus positive
	290
	84.5
	66 (83.5)
	30 (96.8)
	194 (83.3)
	 
	G6PD status
	 	 	 	 	 	 
	Normal
	333
	93.5
	71 (89.9)
	30 (96.8)
	232 (94.3)
	0.282

	Complete/partial
	23
	6.5
	8 (10.1)
	1 (3.2)
	14 (5.7)
	 

*p value < 0.05
†Chi-square test/Fisher’s exact test
aCategorization based on previous studies [36]




Maternal risk factors for low birthweight and macrosomia
Table 5 shows the results of analyses of significant maternal risk factors for low birthweight and macrosomia. Of the total background (independent) variables examined on bivariate association with abnormal birthweight, 16 variables were significantly associated (p < 0.05) as shown in Tables 2, 3, and 4. Due to multicollinearity, one variable (thus, second-trimester haemoglobin levels) was excluded from the significant independent variables for the multinomial logistic regression model.Table 5Analysis of maternal risk factors for low birthweight and macrosomia (N = 356)


	Characteristics
	Multinomial logistic regression (Normal birthweight = base outcome)

	Low birthweight
	Macrosomia

	COR
	p value (95% CI )
	AOR
	p value (95% CI )
	COR
	p value (95% CI )
	AOR
	p value (95% CI )

	Ethnicity
	 	 	 	 	 	 	 	 
	Dagomba
	 	 	 	[Reference]
	 	 	 	[Reference]

	Frafra/Grusi
	2.471
	0.091 (1.327–4.603)
	1.231
	0.679 (0.460–3.298)
	2.001
	0.144 (0.789–5.078)
	1.207
	0.811 (0.258–5.642)

	Others††
	0.174
	0.004 (0.023–1.326)*
	0.104
	0.039 (0.011–0.995)*
	0.886
	0.876 (0.194–4.048)
	0.795
	0.821 (0.109–5.817)

	Religion
	 	 	 	 	 	 	 	 
	Christianity
	 	 	 	[Reference]
	 	 	 	[Reference]

	Islamism
	0.440
	0.023 (0.217–0.893)*
	0.389
	0.119 (0.118–1.277)
	0.430
	0.094 (0.160–1.155)
	0.471
	0.348 (0.098–2.265)

	Household fuel
	 	 	 	 	 	 	 	 
	Firewood
	 	 	 	[Reference]
	 	 	 	[Reference]

	Charcoal
	1.466
	0.164 (0.855–2.513)
	0.891
	0.802 (0.360–2.201)
	2.094
	0.125 (0.814–5.391)
	0.801
	0.766 (0.187–3.431)

	Gas
	0.893
	0.809 (0.356–2.238)
	1.470
	0.670 (0.251–8.621)
	5.468
	0.001 (1.916–15.61)*
	2.058
	0.413 (0.366–11.58)

	Wealth quintile
	 	 	 	 	 	 	 
	Poorest
	0.467
	0.052 (0.216–1.007)
	0.717
	0.591 (0.214–2.406)
	1.200
	0.845 (0.192–7.500)
	2.352
	0.480 (0.219–25.21)

	Poorer
	0.898
	0.762 (0.447–1.803)
	0.702
	0.519 (0.239–2.060)
	0.898
	0.916 (0.121–6.647)
	0.862
	0.913 (0.059–12.38)

	Middle
	 	 	 	[Reference]
	 	 	 	[Reference]

	Richer
	0.467
	0.058 (0.213–1.026)
	0.629
	0.439 (0.195–2.034)
	2.588
	0.259  (0.497–13.48)
	2.579
	0.380 (0.311–21.41)

	Richest
	0.156
	0.001 (0.050–0.486)*
	0.295
	0.175 (0.050–1.725)
	8.426
	0.006 (1.847–38.43)*
	14.25
	0.016 (1.638–23.91)*

	Household size
	 	 	 	 	 	 	 	 
	 < 10 persons
	 	 	 	[Reference]
	 	 	 	[Reference]

	 ≥ 10 persons
	0.357
	0.010 (0.163–0.785)*
	0.681
	0.517 (0. 212–2.181)
	0.761
	0.568 (0.298–1.943)
	0.804
	0.752 (0.208–3.110)

	Weight gain
	 	 	 	 	 	 	 	 
	 < 6 kg
	 	 	 	[Reference]
	 	 	 	[Reference]

	 ≥ 6 kg
	0.499
	0.011 (0.292–0.855)*
	0.639
	0.292 (0.279–1.468)
	3.011
	0.078 (0.884–10.26)
	0.1667
	0.066 (0.247–1.124)

	Childbirth length
	 	 	 	 	 	 	 	 
	 ≤ 47.5 cm
	 	 	 	[Reference]
	 	 	 	[Reference]

	 > 47.5 cm
	0.268
	 < 0.001 (0.152–0.473)*
	0.271
	0.003 (0.113–0.651)*
	2.649
	0.195 (0.607–11.57)
	0.956
	0.961 (0.158–5.782)

	Number of ANC visits
	 	 	 	 	 	 	 
	 < 8 visits
	 	 	 	[Reference]
	 	 	 	[Reference]

	 ≥ 8 visits
	0.254
	 < 0.001 (0.139–0.464)*
	0.249
	0.002 (0.103–0.602)*
	5.200
	0.001 (1.934–13.98)*
	0.804
	0.752 (0.208–3.110)

	ITNs use
	 	 	 	 	 	 	 	 
	ITNs use
	 	 	 	[Reference]
	 	 	 	[Reference]

	No ITNs use
	2.788
	 < 0.001 (1.658–4.688)*
	0.931
	0.863 (0.413–2.097)
	0.952
	0.905 (0.429–2.116)
	0.970
	0.962 (0.275–3.423)

	Number of SP intake
	 	 	 	 	 	 	 
	None
	2.111
	0.152 (0.760–5.863)
	4.066
	0.157 (0.584–28.30)
	1.759
	0.619 (0.190–16.27)
	0.765
	0.862 (0.037–15.63)

	1–3 doses
	 	 	 	[Reference]
	 	 	 	[Reference]

	 > 3 doses
	0.518
	0.016 (0.303–0.886)*
	1.470
	0.368 (0.635–3.403)
	2.676
	0.038 (1.054–6.793)*
	0.745
	0.674 (0.190–2.926)

	Gestational age at birth
	 	 	 	 	 	 	 
	Preterm
	3.233
	 < 0.001 (1.811–5.771)*
	1.548
	0.348 (0.621–3.858)
	0.892
	0.860 (0.250–3.181)
	4.980
	0.071 (0.873–28.41)

	Normal term
	 	 	 	[Reference]
	 	 	 	[Reference]

	Post-term
	0.750
	0.714 (0.161–3.495)
	2.709
	0.502 (0.148–49.71)
	10.00
	 < 0.001 (3.742–26.72)*
	23.21
	 < 0.001 (4.603–56.19)*

	First-trimester Hb levels
	 	 	 	 	 	 	 
	Anaemia
	8.585
	 < 0.001 (4.404–16.74)*
	3.226
	0.007 (1.372–7.584)*
	–
	0.974 (–)
	–
	0.988 (–)

	Normal Hb
	 	 	 	[Reference]
	 	 	 	[Reference]

	Polycythaemia
	–
	0.997 (–)
	–
	1.000 (–)
	5.852
	0.001 (2.139–16.00)*
	3.460
	0.128 (0.700–17.09)

	Second-trimester Hb levels
	 	 	 	 	 	 	 
	Anaemia
	26.17
	 < 0.001 (8.038–85.22)*
	Dropped due to multicollinearity
	0.165
	0.001 (0.559–0.489)*
	Dropped due to multicollinearity

	Normal Hb
	 	[Reference]
	 	[Reference]

	Polycythaemia
	–
	0.986 (–)
	4.964
	0.118 (0.667–36.92)

	Third-trimester Hb levels
	 	 	 	 	 	 	 
	Anaemia
	36.57
	 < 0.001 (12.92–103.5)*
	23.94
	 < 0.001 (7.442–77.01)*
	0.070
	0.009 (0.009–0.521)
	0.116
	0.074 (0.011–1.230)

	Normal Hb
	 	 	 	[Reference]
	 	 	 	[Reference]

	Polycythaemia
	–
	0.993 (–)
	–
	0.999 (–)
	2.859
	0.238 (0.500–16.36)
	0.485
	0.559 (0.043–5.500)

	Gestational diabetes
	 	 	 	 	 	 	 	 
	Without  diabetes
	 	 	 	[Reference]
	 	 	 	[Reference]

	With diabetes
	–
	0.982 (–)
	–
	0.996 (–)
	2.767
	0.035 (0.937–8.169)*
	1.058
	0.941 (0.236–4.738)

	Hypertension status
	 	 	 	 	 	 	 	 
	Without HPT
	 	 	 	[Reference]
	 	 	 	[Reference]

	With HPT
	1.496
	0.301 (0.697–3.211)
	2.787
	0.161 (0.665–11.67)
	3.784
	0.003 (1.566–9.146)*
	2.581
	0.158 (0.692–9.632)

	Regression model
	 	 	 	 	 	 	 	 
	R2
	0.477
	 	 	 	 	 	 	 
	p value
	 < 0.001
	 	 	 	 	 	 	 

Bold = significant AOR, p value, and 95%CI for risk factors
AOR, Adjusted odds ratio; COR, Crude odds ratio
*p value < 0.05
††Bulsa, Dagaati, Ewe, Fulani, Gonja



The model registered significant adjusted odds ratio (AOR) (p < 0.05) for independent factors including other (minor) ethnic groups, ANC visits ≥ 8, childbirth length > 47.5cm, and maternal anaemia in first and third trimesters of pregnancy for low birthweight (Table 5). The result suggests that mothers from minor ethnic groups located in Savelugu municipality were 89.6% [= (1–0.104) × 100] less likely to deliver low birthweight newborns (95% CI 0.011–0.995). Mothers who attended eight ANC visits or more reduced the risk of giving birth to low birthweight newborns by 75.1% [= (1–0.249) × 100] (95% CI 0.103–0.602). Moreover, mothers with anaemia in the first and third trimesters of pregnancy were 3.226 (95% CI 1.372–7.584) and 23.94 (95% CI 7.442–77.01) times more likely to deliver low birthweight newborns, respectively. It was also discovered that mothers having neonates whose birth length was greater than 47.5cm were less likely to deliver low birthweight newborns, indicating 72.9% [= (1–0.271) × 100] reduction in delivering low-weight newborns (95% CI 0.113–0.651).
Additionally, the model identified post-term delivery and richest wealth quintile (highest socioeconomic status) as the significant risk factors for macrosomia (p < 0.05) (Table 5). The analysis reveals that mothers with advanced gestational age (≥ 42 weeks) were 23.21 times more likely to deliver macrosomic children (95% CI 4.603–56.19). Mothers from the richest households (highest socioeconomic homes) were more likely to give birth to macrosomic children (AOR: 14.25; 95% CI 1.638–23.91).


Discussion
The prevalence rates of low birthweight and macrosomia were 22.2% and 8.7%, respectively. This places the study municipality at higher risk for perinatal mortality and adult chronic diseases in future [3, 6]. The prevalence of low birthweight in this study was found in the range (12–24%) reported in some developing countries [39, 40]. The diverse diet practices and education status of the studied mothers coupled with different health service delivery systems across countries could be responsible for this variation. Despite possible overestimation of our findings owing to seasonality, the prevalence of low birthweight in this study was also greater than the national prevalence (10.1%) [23] and that in the Hohoe (9.7%) [12] and Dodowa (7.52%) [41] municipalities (9.7%) of Southern Ghana. This might be attributable to poor socioeconomic status of mothers in Savelugu municipality [23] as poverty has frequently been correlated with increased odds of low birthweight [33]. Additionally, unhealthy food practices like pica (thus, perversion of appetite for ice, clay, soap, chalk) is common among pregnant mothers in Savelugu municipality [42] which could be responsible for the higher low birthweight prevalence [43]. Inconsistent with some findings in Nigeria [10] and China [11], macrosomia prevalence was higher in our study. The present study used only singleton live births which is likely to increase macrosomia prevalence as compared to the previous studies [10, 11]. The prevalence of macrosomia in this study was lower than that in Kumasi city (11%) of  Southern Ghana [44]. Pre-pregnancy overweight/obesity which has been reported as a risk factor for macrosomia [10] is more prevalent in Kumasi (52.6%) [44] than the prevalence (28.7%) found in our study, though our study showed no significant association between overweight/obesity and macrosomia.
In this study, the major ethnic group found was Dagomba/Mamprusi (273; 76.7%), while Frafra/Grusi (60; 16.8%) was the second largest group. Our study indicated that mothers belonging to other (minor) ethnic groups (Bulsa, Dagaati, Ewe, Fulani, and Gonja) were less likely to give birth to low-weight children, which is dissimilar to previous studies [45, 46]. This could be accountable to not only the unhealthy diet practices among the major ethnic groups but also the differences in the socio-cultural and health practices among the various ethnic groups in the municipality. Moreover, of the 23 mothers from minority ethnic groups, the proportion of mothers who had formal education (20; 87.0%) was greater than those without formal education (p = 0.028 in χ2/Fisher’s exact test). There was also significant association between socioeconomic status (wealth quintile) and minor ethnic groups (p = 0.047 in χ2/Fisher’s exact test). Thus, education and socioeconomic status of mothers from minor ethnic groups tend to have protection against malnutrition [32, 47], thereby leading to the prevention of low birthweight.
WHO proposed the “2016 WHO ANC model” describing a new series of recommendations to improve the quality of ANC for progressive pregnancy outcomes [34]. This model recommends a minimum of eight ANC visits as Ghana has adopted it as the national standard [48]. Meanwhile, most countries are still obliged to the former model of four visit-focused ANC (FANC). Our study identified that mothers who made eight ANC visits or more had a reduced risk of giving birth to low-weight children. A multicentre study in Africa revealed that mothers who had four ANC visits or more had reduced risks of abnormal birth outcomes [49]. Less than half of mothers (165; 46.3%) in this study made eight ANC visits or more. This relatively low proportion (46.3%) is a greater concern that calls for the need to promote the importance of ANC through community education and constantly assess the factors that limit ANC attendance. This is because a decrease in frequency of ANC visits reduces the contents of care at health facilities and also increases the risk of low birthweight [50]. Additionally, ANC visits create greater opportunities for screening potential risk factors in pregnancy and offering some preventive interventions to avoid small-weight children [34]. These risk factors may remain undetected if pregnant mothers do not make ANC visits or had lesser visits [34, 50]. However, frequency of ANC visits is not just enough for preventing low birthweight but placing more emphasis on the quality of ANC is paramount, especially in developing countries.
The study revealed that mothers having children whose birth length was greater than 47.5cm were less likely to deliver low-weight children. This finding is in contrast to a study in Brazil [30]. The length of a child at birth needs to be supported by the mother’s nutritional and environmental practices during pregnancy, which is determined in utero through foetal programming [3, 9]. Thus, mothers expecting taller newborns (childbirth length > 47.5cm) could be accompanied by appropriate maternal nutritional and other environmental practices during gestation. Mothers’ height has been reported as a genetic proxy for predicting children’s height [51]. The mean height of the mothers in our study was 160.97cm (sd = 6.25cm), and statistical analysis showed that there was significant correlation between maternal height and childbirth length (rs = 0.175; p = 0.001). Therefore, mothers are slightly likely to possess greater height to genetically deliver tall children which serves as protection against low birthweight. However, length measurements of children at health facilities in the municipality may be over/underestimated due to possible errors and inaccuracies from the health workers. It usually becomes difficult for making children fully stretched during length measurement [52].
Globally, anaemia during pregnancy is considered a public health concern, especially in developing countries [53]. In our study, mothers with haemoglobin levels less than 11 g/dL in the first trimester of gestation were more likely to deliver low birthweight newborns. Some meta-analyses and systematic reviews [54, 55] are confirmatory to our study, while prospective study in four developed countries was inconsistent [56]. Though anaemia is a strong predictor of maternal undernutrition, iron deficiency anaemia is purportedly the commonest cause in pregnancy [57]. Anaemia directly causes poor foetal development due to insufficient oxygen supply to the placental tissues [58] which causes low birthweight [3, 9]. In this study, of the 160 mothers who had gestational anaemia in their first trimester, greater proportion (107; 66.9%) did not ingest deworming tablets (anthelmintic drug) during pregnancy as few mothers took the drug (p = 0.048 in χ2/Fisher’s exact test). Additionally, 111 (69.4%) of these first-trimester anaemic mothers made less than eight ANC visits, while the rest made eight ANC visits or more (p = 0.001 in χ2/Fisher’s exact test). These earlier studies [49, 50, 59] support our study. Thus, non-intake of anthelmintic drugs and lesser ANC visits tend to increase the risk of gestational anaemia among the mothers, leading to the birth of low-weight children.
Furthermore, mothers with anaemia in the third trimester of pregnancy had higher risk of giving birth to small-weight children. Not only were the results similar to a systematic review by Sukrat et al. [60] but also inconsistent with retrospective report in Pakistan [61]. During gestation, there is a physiological fall in haemoglobin levels from the first to the third trimester usually estimated at 5–14 g/dL [58]. This is attributable to the rise in plasma volume surpassing the increase in red cell mass [62] leading to birth of abnormal birthweight children [9]. Of the 158 anaemic mothers found in the third trimester of pregnancy, the proportion of those who did not use insecticide-treated bed nets (ITNs) (81; 51.3%) is greater than those who used it (p = 0.001 in χ2/Fisher’s exact test). Larger segment (102; 64.6%) of these third-trimester anaemic mothers made less than eight ANC visits, while few made eight ANC visits or more (p = 0.001 in χ2/Fisher’s exact test). Lesser ANC visits and non-use of ITNs by mothers during pregnancy increased the risk of developing anaemia [23, 49, 50] which upsurges low birthweight prevalence.
Alternatively, the present study indicated that mothers with gestational age equal to or more than 42 weeks had higher risk of giving birth to macrosomic children. Giving birth at late gestational age is associated with maternal and perinatal deaths [63]. Post-term gestation increases macrosomic risk which has been confirmed in meta-analysis in Africa and Asia [10, 64]. An advanced gestational age could lead to the birth of large-weight children through continual promotion of the uterine growth process. This is to be expected as newborns experience weight gain between 150 g and 200 g at term [65] or sometimes around 115–242 g [66]. Hence, advanced gestational age increases the probability for extra weight gain as foetus continuously stays in the uterus.
Mothers from the highest socioeconomic homes (richest households) were more likely to give birth to macrosomic children. This finding is in conformity with some community-based studies in India [67] and Canada [68] but in contrast to a study in  Southern Ethiopia and Ghana [37, 41]. Though mothers from the highest socioeconomic class have been established to influence macrosomic births in most developing countries [20, 67], this study used household socioeconomic characteristics as a proxy to determine the socioeconomic status of the mothers. Hence, further studies are recommended to investigate this covariate among the studied mothers in the municipality.
Our study encountered some limitations. This study used existing anthropometric data (weight, height/length, birthweight) recorded in the MCHRB. Some of these data might not be correct due to mis-transcription, mis-recording, and mismeasurement by non-standardized methods. The study results could be under/overestimated due to the time/season of data collection. The data were collected from February to March 2022, the period of dry season in Savelugu municipality, Ghana. Since that period is a non-farming season, there is high cost of food due to scarcity of food commodities. This prevents most pregnant and nursing mothers from having access to diversified meals. Hence, this could lead to malnutrition among the mothers that could affect birth outcomes through foetal programming. Moreover, during this season, most pregnant and nursing mothers are prone to mild infections such as respiratory, malaria, diarrhoea, and other systemic infections which affect their nutritional status leading to abnormal birthweight. Meanwhile, data on maternal nutritional status and seasonal infections were not prospectively collected to determine possible correlations.
Secondly, possible sampling bias could occur due to non-selection of mothers having lost or misplaced their MCHRB, absented from first-trimester ANC and PNC services, and with home deliveries. Finally, the study has limitations in generalizability due to the employment of cross section as the study design. Hence, it would need regional and/or national surveys to obtain generalizable findings and conclusions.

Conclusion
The study demonstrated the prevalence of abnormal birthweight and the associated risk factors for abnormal birthweight among lactating mothers having a newborn in the past four weeks. The prevalence rates of low birthweight and macrosomia were relatively high. The present study identified that mothers from minority ethnic groups belonging to Bulsa, Dagaati, Ewe, Fulani, and Gonja; mothers who made eight ANC visits or more; and mothers having children born with length above 47.5 cm were less likely to deliver low birthweight children. Maternal anaemia in the first and third trimesters of pregnancy increased the risk of delivering low-weight children. Alternatively, mothers with advanced gestational age and those from richest households had higher risk of giving birth to macrosomic children.
Our findings provide information for the Ghana Ministry of Health (MOH) particularly through Ghana Health Service (GHS) to be strongly committed to training and employing more public health nutritionists (PHNs) in its health service delivery system. Specifically, PHNs would educate and counsel semi-rural communities and pregnant women on appropriate diet practices in addressing most nutrition-related determinants of abnormal birthweight including anaemia. Moreover, enhancing the capacity of community health nurses and midwives should be considered to provide appropriate nutrition counselling to pregnant mothers in the health facilities. The MOH should enforce existing policies to strengthen obstetric protocols in the health system. Organizing regular community engagement on education and promotion of ANC visits in semi-rural communities should be collaborative efforts between GHS and local governments.
It also becomes incumbent on the Ministry of Education (through Ghana Education Service) to introduce nutrition courses in the education curriculum at elementary, junior, and senior high schools. Children who are our future adults will be equipped with practical diet habits and nutrition knowledge on Developmental Origin of Health and Diseases (DOHaD) to improve the life course approach through the prevention of abnormal birthweight.

Acknowledgements
The authors are thankful to  The Project for Human Resource Development Scholarship, Japan International Cooperation Agency (JICA) and Nagasaki University School of Tropical Medicine and Global Health, Japan for their funding support for this study. We are also handsomely grateful to all data collectors and mothers who participated in the study.

Author contributions
SAG designed the study and took responsibility for data collection as HA, SM, and PAA played supervisory roles. BM and AA supervised the fieldwork activities. SAG, HA, and JH analysed and interpreted the data. SAG drafted the manuscript. HA, SM, and PAA critically commented and revised the manuscript. All authors reviewed and approved the final manuscript.
Authors’ acronyms
Silas Adjei-Gyamfi (SAG); Bashiru Musah (BM); Abigail Asirifi (AA); John Hammond (JH); Paul Armah Aryee (PAA); Sato Miho (SM); Hirotsugu Aiga (HA)


Funding
This study was supported by  The Project for Human Resource Development Scholarship, Japan International Cooperation Agency (JICA) and Nagasaki University School of Tropical Medicine and Global Health, Japan.

Availability of data and materials
The datasets collected, generated, and/or analysed during the present study are only available from the corresponding author upon reasonable request.

Declarations
Ethics approval and consent to participate
The study protocol was approved by Ethical Committee of Graduate School of Tropical Medicine and Global Health, Nagasaki University, Japan (approval number: NU_TMGH_2021_194_1), and Ghana Health Service Ethics Review Committee, Ghana (approval number: GHS-ERC 026/12/21). The study was performed in accordance with regulations and guidelines under the Declaration of Helsinki. No human organs/tissues were obtained from participants. Informed consent/assent for participants was obtained in written form from the mothers and/or legal representatives. A bar of Ghana-made soap was given to the mothers after the interview.

Consent for publication
Not applicable.

Competing interests
The authors declared that they have no competing interests.


References
	1.
Jackson AA, Robinson SM. Dietary guidelines for pregnancy: a review of current evidence. 2021. https://​www.​cambridge.​org/​core. Accessed 13 Jan 2021.

	2.
Sania A, Smith ER, Manji K, Duggan C, Masanja H, Kisenge R, et al. Neonatal and infant mortality risk associated with preterm and small for gestational age births in Tanzania: individual level pooled analysis using the intergrowth standard. J Pediatr. 2018;192:66-72.e4.CrossrefPubMed

	3.
Barker DJP. The fetal and infant origins of adult disease. BMJ. 1990;301:1111.CrossrefPubMed

	4.
Christian P, Lee SE, Angel MD, Adair LS, Arifeen SE, Ashorn P, et al. Risk of childhood undernutrition related to small-for-gestational age and preterm birth in low-and middle-income countries. Int J Epidemiol. 2013;42:1340–55.CrossrefPubMed

	5.
World Health Organization. WHO|SDG 3: Ensure healthy lives and promote wellbeing for all at all ages. WHO. 2017.

	6.
World Health Organization. Global Nutrition Targets 2025: Low birth weight policy brief (WHO/NMH/NHD/14.5). Geneva; 2014. https://​www.​who.​int/​nutrition/​trackingtool. Accessed 13 Jan 2021.

	7.
United Nations Children’s Fund and World Health Organization. Low birthweight: country, regional and global estimates. New York; 2004.

	8.
He Z, Bishwajit G, Yaya S, Cheng Z, Zou D, Zhou Y. Prevalence of low birth weight and its association with maternal body weight status in selected countries in Africa: a cross-sectional study. BMJ Open. 2018;8:8.Crossref

	9.
Waterland RA, Michels KB. Epigenetic epidemiology of the developmental origins hypothesis. Annu Rev Nutr. 2007;27:363–88.CrossrefPubMed

	10.
Koyanagi A, Zhang J, Dagvadorj A, Hirayama F, Shibuya K, Souza JP, et al. Macrosomia in 23 developing countries: an analysis of a multicountry, facility-based, cross-sectional survey. Lancet. 2013;381(9865):476–83. https://​doi.​org/​10.​1016/​S0140-6736(12)61605-5.CrossrefPubMed

	11.
Wang N, Ding Y, Wu J. Effects of pre-pregnancy body mass index and gestational weight gain on neonatal birth weight in women with gestational diabetes mellitus. Early Hum Dev. 2018;124:17–21. https://​doi.​org/​10.​1016/​j.​earlhumdev.​2018.​07.​008.CrossrefPubMed

	12.
Agbozo F, Abubakari A, Der J, Jahn A. Prevalence of low birth weight, macrosomia and stillbirth and their relationship to associated maternal risk factors in Hohoe Municipality. Ghana Midwifery. 2016;40:200–6.CrossrefPubMed

	13.
Ugwa EA, Gaya S, Ashimi A. Estimation of fetal weight before delivery in low-resource setting of North-west Nigeria: can we rely on our clinical skills? J Maternal Neonatal Med. 2015;28(8):949–53. https://​doi.​org/​10.​3109/​14767058.​2014.​938627.Crossref

	14.
Xiao L, Ding G, Vinturache A, Xu J, Ding Y, Guo J. Associations of maternal pre-pregnancy body mass index and gestational weight gain with birth outcomes in Shanghai, China. Sci Rep. 2017;7:41073.CrossrefPubMed

	15.
Lin Y, Cai Q, Xu Y, Liu H, Han W, Wang Y, et al. Association and interaction of pre-pregnant body mass index and gestational weight gain of women on neonatal birthweight. Zhonghua Liu Xing Bing Xue Za Zhi. 2018;39(6):770–5. https://​doi.​org/​10.​3760/​cma.​j.​issn.​0254-6450.​2018.​06.​015.CrossrefPubMed

	16.
Sun Y, Shen Z, Zhan Y, Wang Y, Ma S, Zhang S, et al. Effects of pre-pregnancy body mass index and gestational weight gain on maternal and infant complications. BMC Pregnancy Childbirth. 2020;20:1.Crossref

	17.
Xu Z, Wen Z, Zhou Y, Li D, Luo Z. Inadequate weight gain in obese women and the risk of small for gestational age (SGA): a systematic review and meta-analysis. J Matern Fetal Neonatal Med. 2017;30(3):357–67.CrossrefPubMed

	18.
Falcão IR, Ribeiro-Silva RDC, De Almeida MF, Fiaccone RL, Dos S, Rocha A, Ortelan N, et al. Factors associated with low birth weight at term: a population-based linkage study of the 100 million Brazilian cohort. BMC Pregnancy Childbirth. 2020;20(1):1–11. https://​doi.​org/​10.​1186/​s12884-020-03226-x.Crossref

	19.
Tshotetsi L, Dzikiti L, Hajison P, Feresu S. Maternal factors contributing to low birth weight deliveries in Tshwane District, South Africa. PLoS One. 2019;14:3.Crossref

	20.
Abubakari A, Kynast-Wolf G, Jahn A. Prevalence of abnormal birth weight and related factors in Northern region. Ghana BMC Pregnancy Childbirth. 2015;15(1):1–8.

	21.
Fayehun O, Asa S. Abnormal birth weight in urban Nigeria: an examination of related factors. PLoS One. 2020;15:e0242796. https://​doi.​org/​10.​1371/​journal.​pone.​0242796.CrossrefPubMed

	22.
Quansah DY, Boateng D, Kwantwi LB. Overview of gestational diabetes mellitus (GDM) in Ghana; a call for action. Curr Res Diabetes Obes J. 2018;6:4.

	23.
Ghana Stastical Service (GSS), Ghana Health Service (GHS), ICF International. Ghana Demographic and Health Survey 2014. Rockville, Maryland, USA; 2015.

	24.
University of Ghana, GroundWork, University of Wisconsin-Madison, KEMRI-Wellcome Trust, UNICEF. Ghana Micronutrient Survey 2017. 2017.

	25.
Ghana Health Service. The Health Sector in Ghana: Facts and figures 2018. Ministry of Health Ghana. 2018;1–50. https://​ghanahealthservi​ce.​org/​downloads/​Facts+Figures_​2018.​pdf.​

	26.
Savelugu Municipal Health Directorate. Annual performance report 2019 (unpublished). Savelugu, Northern Region, Ghana; 2020.

	27.
Abubakari A, Kynast-Wolf G, Jahn A. Maternal determinants of birth weight in Northern Ghana. PLoS One. 2015;10:8.Crossref

	28.
Asosega KA, Adebanji AO, Abdul IW. Spatial analysis of the prevalence of obesity and overweight among women in Ghana. BMJ Open. 2021;11(1):41659.Crossref

	29.
Bembić M, Samardžija M, Štimac T. Body mass index, weight gain during pregnancy and pregnancy outcomes. Med Flum. 2018;54(4):379–84.Crossref

	30.
Irislayne Macena da Costa Silva L, Maria da Silva Gomes F, Helena Valente M, Mariade Ulhôa Escobar A, Valéria Maria Brentani A, Grisi SJ. The intergenerational effects on birth weight and its relations to maternal conditions, São Paulo, Brazil. Biomed Res Int. 2015;2015:9. https://​doi.​org/​10.​1155/​2015/​615034.Crossref

	31.
Rasmussen KM, Catalano PM, Yaktine AL. New guidelines for weight gain during pregnancy: what obstetrician/gynecologists should know. Curr Opin Obstet Gynecol. 2009;21(6):521–6.CrossrefPubMed

	32.
Saaka M, Oladele J, Larbi A, Hoeschle-Zeledon I. Dietary diversity is not associated with haematological status of pregnant women resident in rural areas of Northern Ghana. J Nutr Metab. 2017;2017.

	33.
Mumbare SS, Maindarkar G, Darade R, Yengl S, Tolani MK, Patole K. Maternal risk factors associated with term low birth weight neonates: a matched-pair case control study. Indian Pediatr. 2011;49(1):25–8. https://​doi.​org/​10.​1007/​s13312-012-0010-z.CrossrefPubMed

	34.
World Health Organization. WHO recommendations on antenatal care for a positive pregnancy experience. Geneva; 2016.

	35.
Aiga H, Nomura M, Langa JPM, Mahomed M, Marlene R, Alage A, et al. Spectrum of nutrition-specific and nutrition-sensitive determinants of child undernutrition: a multisectoral cross-sectional study in rural Mozambique. BMJ Nutr Prev Health. 2020;3(2):320.CrossrefPubMed

	36.
Yu S, Guo C, Xi H, Zhu L, Ma S, Yang X. Epidemiological investigation of macrosomia-related knowledge awareness among pregnant women in Zhejiang province. Zhonghua Liu Xing Bing Xue Za Zhi. 2015;36(7):695–700.PubMed

	37.
Biratu AK, Wakgari N, Jikamo B. Magnitude of fetal macrosomia and its associated factors at public health institutions of Hawassa city, southern Ethiopia. BMC Res Notes. 2018;11(1):1–6. https://​doi.​org/​10.​1186/​s13104-018-4005-2.Crossref

	38.
Wachamo TM, Yimer NB, Bizuneh AD. Risk factors for low birth weight in hospitals of North Wello zone, Ethiopia: a case-control study. PLoS One. 2019;14(3):54. https://​doi.​org/​10.​1371/​journal.​pone.​0213054.Crossref

	39.
Mwalukasa O, Mmbaga BT, Danstan EK, Tarimo C, Mahande MJ. Frequency and factors for low birth weight in Northern Tanzania: a retrospective cohort study. Arch Paediatr. 2018;2018:1.

	40.
Blencowe H, Krasevec J, de Onis M, Black RE, An X, Stevens GA, et al. National, regional, and worldwide estimates of low birthweight in 2015, with trends from 2000: a systematic analysis. Lancet Global Health. 2019;7(7):e849–60.CrossrefPubMed

	41.
Manyeh AK, Kukula V, Odonkor G, Ekey RA, Adjei A, Narh-Bana S, et al. Socioeconomic and demographic determinants of birth weight in southern rural Ghana: evidence from Dodowa Health and Demographic Surveillance system. BMC Pregnancy Childbirth. 2016;16(1):1–9. https://​doi.​org/​10.​1186/​s12884-016-0956-2[accessed5Jul2023​].Crossref

	42.
Abubakari A, Jahn A. Maternal dietary patterns and practices and birth weight in Northern Ghana. PLoS One. 2016;11:9.Crossref

	43.
Konlan KD, Abdulai JA, Konlan KD, Amoah RM, Doat AR. Practices of pica among pregnant women in a tertiary healthcare facility in Ghana. Nurs Open. 2020;7(3):783–92. https://​doi.​org/​10.​1002/​nop2.​451.CrossrefPubMed

	44.
Addo VN. Body mass index, weight gain during pregnancy and obstetric outcomes. Ghana Med J. 2010;44:2.

	45.
Choi KH, Martinson ML. The relationship between low birthweight and childhood health: disparities by race, ethnicity, and national origin. Ann Epidemiol. 2018;28(10):704-709.e4.CrossrefPubMed

	46.
Agorinya IA, Kanmiki EW, Nonterah EA, Tediosi F, Akazili J, Welaga P, et al. Socio-demographic determinants of low birth weight: Evidence from the Kassena-Nankana districts of the Upper East Region of Ghana. PLoS One. 2018;13(11):e0206207. https://​doi.​org/​10.​1371/​journal.​pone.CrossrefPubMed

	47.
Sisay Alemayehu M, Mengesha Tesema E. Dietary practice and associated factors among pregnant women in Gondar Town North West, Ethiopia, 2014. Int J Nutr Food Sci. 2016;4(6):707.Crossref

	48.
Ghana Statistical Service (GSS), Ghana Health Service (GHS) and ICF International. 2017 Ghana Maternal Health Survey (GMHS) research policy briefs. GSS, GHS, ICF. 2019; https://​statsghana.​gov.​gh/​gssmain/​fileUpload/​pressrelease/​PB14.​pdf.​

	49.
Bater J, Lauer JM, Ghosh S, Webb P, Agaba E, Bashaasha B, et al. Predictors of low birth weight and preterm birth in rural Uganda: findings from a birth cohort study. PLoS One. 2020;15:7.Crossref

	50.
Acharya D, Singh JK, Kadel R, Yoo SJ, Park JH, Lee K. Maternal factors and utilization of the antenatal care services during pregnancy associated with low birth weight in rural Nepal: analyses of the antenatal care and birth weight records of the MATRI-SUMAN trial. Int J Environ Res Public Health. 2018;15(11):2450.CrossrefPubMed

	51.
Lukman TNE, Anwar F, Riyadi H, Harjomidjojo H, Martianto D. Birth weight and length associated with stunting among children under-five in Indonesia. J Gizi Dan Pangan. 2021;16(1):99–108.

	52.
WHO Multicentre Growth Reference Study Group. Reliability of anthropometric measurements in the WHO Multicentre Growth Reference Study. Acta Paediatr Int J Paediatr. 2006;95(Suppl 450):38–46.Crossref

	53.
WHO. The global prevalence of anaemia in 2011. Geneva: World Health Organization; 2015 https://​www.​who.​int. Accessed 3 Aug 2022.

	54.
Rahmati S, Delpishe A, Azami M, Ahmadi MRH, Sayehmiri K. Maternal anemia during pregnancy and infant low birth weight: a systematic review and meta-analysis. Int J Reprod Biomed. 2017;15(3):125.CrossrefPubMed

	55.
Figueiredo ACMG, Gomes-Filho IS, Silva RB, Pereira PPS, Da Mata FAF, Lyrio AO, et al. Maternal anemia and low birth weight: a systematic review and meta-analysis. Nutrients. 2018;10:5.Crossref

	56.
Masukume G, Khashan AS, Kenny LC, Baker PN, Nelson G. Risk factors and birth outcomes of anaemia in early pregnancy in a nulliparous cohort. PLoS One. 2015;10:4.Crossref

	57.
Garzon S, Cacciato PM, Certelli C, Salvaggio C, Magliarditi M, Rizzo G. Iron deficiency anemia in pregnancy: novel approaches for an old problem. Oman Med J. 2020;35(5):e166.CrossrefPubMed

	58.
Churchill D, Nair M, Stanworth SJ, Knight M. The change in haemoglobin concentration between the first and third trimesters of pregnancy: a population study. BMC Pregnancy Childbirth. 2019;19:1.Crossref

	59.
Mengist HM, Zewdie O, Belew A. Intestinal helminthic infection and anemia among pregnant women attending ante-natal care (ANC) in East Wollega, Oromia, Ethiopia. BMC Res Notes. 2017;10(1):1–9. https://​doi.​org/​10.​1186/​s13104-017-2770-y.Crossref

	60.
Sukrat B, Wilasrusmee C, Siribumrungwong B, McEvoy M, Okascharoen C, Attia J, et al. Hemoglobin concentration and pregnancy outcomes: a systematic review and meta-analysis. Biomed Res Int. 2013;2013. https://​pubmed.​ncbi.​nlm.​nih.​gov/​23984406/​. Accessed 29 Jun 2022.

	61.
Mahmood T, Rehman AU, Tserenpil G, Siddiqui F, Ahmed M, Siraj F, et al. The Association between iron-deficiency anemia and adverse pregnancy outcomes: a retrospective report from Pakistan. Cureus. 2019;11:10.

	62.
Townsley DM. Haematological complications in pregnancy. Semin Hematol. 2013;50(3):222.CrossrefPubMed

	63.
Andersson CB, Petersen JP, Johnsen SP, Jensen M, Kesmodel US. Risk of complications in the late vs early days of the 42nd week of pregnancy: a nationwide cohort study. Acta Obstet Gynecol Scand. 2022;101(2):200–11. https://​doi.​org/​10.​1111/​aogs.​14299.CrossrefPubMed

	64.
Rao J, Fan D, Wu S, Lin D, Zhang H, Ye S, et al. Trend and risk factors of low birth weight and macrosomia in south China, 2005–2017: a retrospective observational study. Sci Rep. 2018;8(1):1–8.Crossref

	65.
Duryea EL, Hawkins JS, McIntire DD, Casey BM, Leveno KJ. A revised birth weight reference for the United States. Obstet Gynecol. 2014;124(1):16–22.CrossrefPubMed

	66.
Capital Institute of Pediatrics, Coordinating Study Group of Nine Cities on the Physical Growth and Development of Children. Growth standard curves of birth weight, length and head circumference of Chinese newborns of different gestation. Chin J Pediatr. 2020;58(9):738–46.

	67.
Verma R, Malik M, Khanna P. The association of maternal risk factors to macrosomia in rural areas of Haryana, India: a community based study. Int J Commun Med Public Health. 2018;5(9):3842–6.Crossref

	68.
Clayborne ZM, Giesbrecht GF, Bell RC, Tomfohr-Madsen LM. Relations between neighbourhood socioeconomic status and birth outcomes are mediated by maternal weight. Soc Sci Med. 2017;175:143–51.CrossrefPubMed



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Maternal risk factors for low birthweight and macrosomia: a cross-sectional study in Northern Region, Ghana


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/41043_2023_431_Article_TeX_IEq2.png





OEBPS/css/envelope.png





OEBPS/images/41043_2023_431_Article_TeX_IEq1.png
(Zoej2)?* X p(1—p)






OEBPS/css/sidebar.gif





