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Abstract 
Background: The present study was elaborated to assess the prevalence of 
high birth weight and its related risk factors for macrosomic infants among 
women in Southern Morocco. Methods: A case-control study was conducted 
on term singleton live-births, with no morbidity or malformation, of a sample 
of (n = 78) nulliparous and multiparous non-diabetic women delivering at 
Hassan I Provincial Hospital. Cases included neonates ≥ 4000 g, whereas con-
trols comprised infants with birth weight between 2500 and 3999 g. Personal 
information was collected from pregnant women using a structured ques-
tionnaire, and through a review of their medical records. Associations be-
tween exposure and dependent variable (macrosomia) were calculated using 
linear and logistic regressions. Results: Macrosomia prevalence was 35.89%. 
Mean birth weight in cases was 4310.71 ± 246.96 g, and in controls 3076.00 ± 
533.97 g. Maternal lifestyle behaviors, as well as sociodemographic factors 
were not associated with macrosomia, except for maternal age over 40 years 
(OR: 4.27, 95% CI: 0.98 - 18.68). Logistic regression model analysis indicated 
that macrosomia was strongly associated with hormone therapy (adjusted OR: 
18.83, 95% CI: 1.54 - 214.51), followed by obesity/overweight history (ad-
justed OR: 7.94, 95% CI: 1.52 - 41.41), and pre-pregnancy BMI ≥ 25 Kg/m2 for 
pooled overweight and obesity factor (adjusted OR: 5.24, 95% CI: 1.54 - 
17.82). Conclusion: Pre-pregnancy BMI > 25 kg/m², pre-existing overweight/ 
obesity, and hormone therapy should be considered as independent risk fac-
tors for fetal macrosomia and require more attention from health professionals. 
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1. Introduction 

Macrosomia is an obstetric term used to indicate excessive birth weights or 
intrauterine growth, generally of more than 4000 g, which corresponds to the 
90th centile at 40 weeks of gestation [1]. This disease can potentially lead to sig-
nificant health outcomes for both the mother and the infant. Mothers of macro-
somic newborns are more likely to be at increased risk of prolonged labor, peri-
neal trauma, caesarean section, post-partum haemorrhage and anal sphincter 
ruptures [2] [3], whereas large newborns may face several short-term effects. 
These include birth asphyxia and injury, shoulder dystocia, and increased risk of 
neonatal mortality and morbidity. Long-term complications comprise high risks 
for diabetes mellitus, hypertension, cardiovascular diseases, cancer, and obesity 
[4]. Several epidemiologic studies have focused on this condition, and have iden-
tified a number of risk factors for macrosomic births. These encompass preex-
isting maternal diabetes, maternal age over 40 years, multi-parity, high 
pre-gravid body mass index (BMI ≥ 25 kg/m²), maternal height (≥165 cm), ex-
cessive gestational weight gain (GWG), male sex, prolonged gestation (>41 
weeks), placental factors, parental non-smoking status, preexisting gestational 
diabetes, maternal obesity/overweight, and lifestyle behaviors [5]. Although ma-
crosomia’s risk factors have been well studied, the reasons behind it are still 
complex and unclear. Approximately 60% of macrosomic infants are born to 
mothers without identifiable risk factors [6], also 80% of the cases are not asso-
ciated to maternal diabetes mellitus [7]. Currently, the rates of macrosomic ba-
bies have been increasing in both developed and developing countries. For in-
stance, macrosomia prevalence was assessed to 21.2% among north Norwegian 
women [8], 10.5% in Ghana [9], between 14% and 18% at the USA [10], 8.63% 
in Belgium [11], and 34.3% in Canada [12]. In Morocco, during the last two 
decades, macrosomia prevalence ranged from 5.64% to 14.37% [13] [14], where 
the majority of the studies were conducted in big metropolitan cities such as: 
Casablanca, Rabat, Marrakech and Fez. High birth weight represents real chal-
lenges for physicians, since attempts at perinatal diagnosis of macrosomia have 
been proven to be difficult and prone to significant errors [15]. Indeed, the an-
tenatal diagnosis of fetal macrosomia remains problematic despite continuing 
advances in obstetric ultrasound technique [16]. 

Thus, the present study aims to determine the prevalence of macrosomia in 
healthy and non-diabetic mothers, and to predict this disease based on its asso-
ciated risk factors. This will be the first case-control study to be carried out in 
Souss-Massa Region, among pregnant women living at Tiznit Province. 
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2. Materials & Methods 
2.1. Study Setting and Design 

This study took place at the maternity of the Centre Hospitalier Provincial 
(CHP) Hassan I in Tiznit city, Morocco, from November the 21st to December 
the 30th 2016. Initially, a total of 93 pregnant women were recruited. Exclusion 
criteria were then, diabetic women (n = 11) and twin or multiple pregnancies (n 
= 4). A sample size of 61 was estimated using StatCalc in Epi Info™ software, and 
considering the most recent prevalence of macrosomia assessed in Morocco (i.e.: 
~6%) [13], a confidence level of 90%, and a margin of error of 5%. However, the 
study sample included a group of healthy and non-diabetic mothers (n = 78) 
with singleton-live and healthy neonates, born by vaginal delivery or caesarean 
section, urban and rural pregnant women were either nulliparous or multipar-
ous, with 37 to 42 weeks of gestational age (i.e.: full-term). Data was collected by 
two trained undergraduate midwife students of the Institut Supérieur des Pro-
fessions Infirmières et Techniques de Santé (ISPITS) of Tiznit, and supervised 
continuously by the principal researcher of the study, in addition, to the nurses 
or healthcare staff of the CHP maternity. Neonatal information and outcomes 
were prospectively tracked at the hospital maternity, whereas general maternal 
medical records were extracted retrospectively from the hospital pregnancy files 
and health notebooks. Further data were collected during one antenatal 
face-to-face interview through a structured questionnaire pertaining to personal 
participant characteristics, mainly (i) sociodemographic variables: maternal age, 
education status, residence, ethnicity and profession, (ii) maternal medical and 
reproductive variables: height, pre-pregnancy body mass index (BMI), 
self-reported pre-pregnancy weight (that was compared to the first trimester 
weight), gestational weight gain (GWG), parity, self-reported histories of di-
abetes mellitus, hypertension, macrosomia, as well as overweight and obesity, 
and hormone therapy, and (iii) maternal lifestyle variables: nutrition and physi-
cal activity. Pre-pregnancy BMI was calculated using the first trimester 
pre-pregnancy weight and measured maternal height as (kg/m2), and categorized 
according to the World Health Organization (WHO) criteria into underweight 
(BMI < 18.5 kg/m2), average (18.5 < BMI < 24.9 kg/m2), overweight (25 < BMI < 
29.9 kg/m2), obese (BMI ≥ 30 kg/m2), in addition to pooled overweight/obesity 
(BMI ≥ 25 kg/m2) group [17]. GWG was assessed by subtracting pre-pregnancy 
weight at the first trimester as mentioned on the maternity medical record, from 
the maternal weight at the last antenatal visit, just before the delivery. Further-
more, GWG was classified according to the Institute of Medicine (IOM) 2009 
guidelines [18], and based on pre-pregnancy BMI as: 12.5 - 18 kg for under-
weight, 11.5 - 16 kg for normal, 7 - 11.5 kg for overweight, and 5 - 9 kg for obese 
statuses. Women were then classified into above, within, and below the Institute 
of Medicine (IOM) recommendations. In other terms, excessive GWG for ex-
ample, was defined as gaining body weight superior to 18 kg for underweight, 
superior to 16 kg for average weight, superior to 11.5 kg for overweight, and su-
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perior to 9 kg for obese pregnant women. Gestational age was calculated by the 
date of the last menstrual period, and macrosomia was defined as birth weight 
equal or greater than 4000 g [19]. 

2.2. Ethical Considerations 

The present investigation was carried out in compliance with the Helsinki dec-
laration that adopted its ethical principles for medical research involving human 
subjects. This observational research respected also the decision of Moroccan 
Ministry of Health on non-interventional biomedical research, and therefore, 
was given the approval from the Provincial Health Authority, besides written 
permissions from Tiznit ISPITS and Hassan I CHP administrations. The study 
objectives were verbally explained to the patients before their participation, and 
a written informed consent was obtained from each pregnant mother. 

2.3. Statistical Analysis 

Descriptive statistics were presented in percentages and frequencies for qualita-
tive data, and in arithmetic mean ± standard deviation for quantitative data. The 
independent 2-samples t-test and Pearson’s Chi-squared test were used for sta-
tistical comparisons of continuous and categorical variables between cases and 
controls, respectively. A p-value less than 5% was considered statistically signifi-
cant for all analysis. The dependent and unique variable was the occurrence of 
macrosomia as a dichotomized outcome. The independent variables were: ma-
ternal age, education level, residence, ethnicity, profession, maternal height, 
pre-gravid BMI, GWG below, within and above the IOM recommendations, 
parity, mode of delivery, histories of diabetes, hypertension, macrosomia and 
obesity/overweight, gestational age and maternal lifestyle characteristics (i.e.: 
physical activity, consumption of fish/seafood, fruits, vegetables, fats and char-
cuteries, lean meat, soda, tea/coffee, alcohol, cigarettes, and exposition to passive 
smoking during pregnancy). Linear and logistic regression analyses were im-
plemented to assess odds ratios (ORs) and their 95% confidence intervals (95% 
CI). In multivariate analyses, logistic regression models were performed on va-
riables that were statistically significant in the univariate analyses (or in correla-
tion tests). Thereby, adjustments were applied for the eventual confounding fac-
tors: maternal age ≥ 40 years, gestational age > 40 weeks, obesity/overweight 
history, macrosomia history, and pre-pregnancy BMI ≥ 25 kg/m² for pooled 
overweight and obesity statuses. The statistical analyses were performed using 
Statistical Package for Social Science (IBM® SPSS® statistics, version 22, Chicago 
IL, USA) and Epi Info™ software, version 7.2.0.3 (Center for Disease Control & 
Prevention CDC, USA, 2017). 

3. Results 

Maternal and neonates general characteristics are summarized in Table 1. Con-
cerning non-diabetic pregnant women, a total of 28 cases were included in the  
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Table 1. Mean, standard deviation and frequencies for selected characteristics among overall pregnant women (n = 89) and 
non-diabetic women (n = 78). 

  
Overall 

 
Non-diabetic 

  
% (n/Total) Mean S.d 

 
% (n/Total) Mean S.d 

Maternal characteristics 
        

Age (years) 
  

27.66 6.56 
  

27.75 6.76 

<20 
 

3.37 (3/89) 
   

3.85 (3/78) 
  

[20 - 30] 
 

56.18 (50/89) 
   

53.85 (42/78) 
  

[30 - 40] 
 

30.33 (27/89) 
   

30.77 (24/78) 
  

>40 
 

10.11 (9/89) 
   

11.54 (9/78) 
  

Education (years)  
       

None 
 

12.35 (11/89) 
   

12.82 (10/78) 
  

<5 
 

24.71 (22/89) 
   

25.64 (20/78) 
  

[5 - 9] 
 

35.95 (32/89) 
   

34.62 (27/78) 
  

[9 - 12] 
 

14.60 (13/89) 
   

14.10 (11/78) 
  

>12 
 

12.35 (11/89) 
   

12.82 (10/78) 
  

Residence 
        

Urban 
 

67.41 (60/89) 
   

65.38 (51/78) 
  

Rural 
 

32.59 (29/89) 
   

34.62 (27/78) 
  

Ethnicity 
        

Arab 
 

41.57 (37/89) 
   

39.74 (31/78) 
  

Amazigh 
 

58.43 (52/89) 
   

60.26 (47/78) 
  

Profession 
        

Yes 
 

14.60 (13/89) 
   

12.82 (10/78) 
  

No 
 

85.40 (76/89) 
   

87.18 (68/78) 
  

Height (m) 
  

1.59 0.05 
  

1.59 0.06 

[1.4 - 1.5] 
 

1.12 (1/89) 
   

1.28 (1/78) 
  

[1.5 - 1.6] 
 

46.06 (41/89) 
   

43.59 (34/78) 
  

[1.6 - 1.7] 
 

56.17 (45/89) 
   

52.56 (41/78) 
  

>1.7 
 

2.24 (2/89) 
   

2.56 (2/78) 
  

Pre-pregnancy BMI (kg/m2) 
 

25.50 3.78 
  

25.24 3.82 

Underweight (<18.5) 1.12 (1/89) 
   

1.28 (1/78) 
  

Normal (18.5 - 24.9) 50.56 (45/89) 
   

52.56 (41/78) 
  

Overweight (25 - 29.9) 37.07 (33/89) 
   

35.39 (28/78) 
  

Obese (>30) 11.23 (10/89) 
   

10.25 (8/78) 
  

Overweight and obesity (>25) 48.31 (43/89) 
   

46.15  (36/78) 
  

Overall gestational weight gain (kg) 
 

8.09 2.32 
  

7.80 2.12 

GWG above IOM 7.86 (7/89) 
   

7.69 (6/78) 
  

GWG within IOM 33.70 (30/89) 
   

42.30 (33/78) 
  

GWG below IOM 58.42 (52/89) 
   

50.00 (39/78) 
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Continued 

  
Overall 

 
Non-diabetic 

  
% (n/Total) Mean S.d 

 
% (n/Total) Mean S.d 

Maternal characteristics 
       

Parity 
        

Primipare 
 

36.00 (32/89) 
   

34.62 (27/78) 
  

Multipare 
 

64.00 (57/89) 
   

65.38 (51/78) 
  

Mode of delivery 
       

Vaginal delivery 67.40 (60/89) 
   

67.95 (53/78) 
  

Caesarian section 32.60 (29/89) 
   

32.05 (25/78) 
  

History of preexisting diabetes mellitus 12.35 (11/89) 
   

**** 
  

History of preexisting hypertension 3.37 (3/89) 
   

2.56 (2/78) 
  

History of preexisting macrosomia 12.35 (11/89) 
   

11.54 (9/78) 
  

History of preexisting overweight and/or obesity 19.10 (17/89) 
   

17.95 (14/78) 
  

Hormonal treatment 
       

Yes 
 

7.90 (7/89) 
   

8.97 (7/78) 
  

No 
 

92.10 (82/89) 
   

91.03 (71/78) 
  

Infant characteristics 
       

Birthweight (g) 
 

3608.98 745.69 
  

3519.23 747.12 

Birthweight < 4000 g (Normal) 58.42 (52/89) 
   

64.10 (50/78) 
  

Birthweight ≥ 4000 g (Macrosomia) 41.57 (37/89) 
   

35.89 (28/78) 
  

Gestational age (weeks) 
 

39.10 1.72 
  

39.03 1.81 

<38 
 

11.23 (10/89) 
   

12.82 (10/78) 
  

[38 - 40] 
 

74.15 (66/89) 
   

71.79 (56/78) 
  

>40 
 

14.60 (13/89) 
   

15.38 (12/78) 
  

Abbreviations: n, Number; S.d, Standard deviation; BMI, Body mass index. 

 
study, which correspond to a prevalence of macrosomia of 35.89%. Average age 
at conception was estimated to 27.75 ± 6.76 years, maternal height to 1.59 ± 0.06 
meter, and gestational age at delivery above 40 weeks represented 15.38%. More 
than 60% of pregnant women had a pre-pregnancy BMI ≥ 25 kg/m2 and were 
multiparous. The mode of delivery by means of caesarean section was noticed in 
32.05% of the cases. The mean GWG among Tiznit pregnant women was esti-
mated to 7.80 ± 2.12 kg and 7.67% of them had excessive GWG. As for soci-
odemographic/economic characteristics, more than half of women were of 
Amazigh ethnicity, unemployed and urban residents. Table 2 showed that aver-
age birth weight in macrosomic infants was estimated to 4310.70 ± 246.96 g 
versus 3076.00 ± 533.97 g in controls. Furthermore, univariate analysis demon-
strated that the likelihood of delivering a macrosomic infant was increased in 
pregnant women superior to 40 years of age (OR: 4.27, 95% CI: 0.98 - 18.68).  
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Table 2. Rates and unadjusted odds ratios (ORs) for infant macrosomia, by selected maternal and infant characteristics, among (n 
= 78) non-diabetic women. 

Maternal sociodemographic characteristics Controls % Cases % OR [95% CI] P-value 

Age (years) 
     

<20 2.00 (1/50) 7.14 (2/28) 3.76 0.32 - 43.55 0.25 

[20 - 30] 52.00 (26/50) 57.14 (16/28) 1.23 0.48 - 3.12 0.66 

[30 - 40] 40.00 (20/50) 14.29 (4/28) 0.25 0.07 - 0.83 0.01 

>40 6.00 (3/50) 21.43 (6/28) 4.27 0.98 - 18.68 0.04 

Education (years) 
     

None 10.00 (5/50) 17.86 (5/28) 1.95 0.51 - 6.48 0.35 

<5 26.00 (13/50) 25.00 (7/28) 0.95 0.32 - 2.74 0.92 

[5 - 9] 32.00 (16/50) 39.29 (11/28) 1.37 0.52 - 3.60 0.51 

[9 - 12] 12.00 (6/50) 17.86 (5/28) 1.59 0.43 - 5.78 0.47 

>12 20.00 (10/50) 0.00 (0/28) UNDF UNDF 0.01 

Residence 
     

Urban 66.00 (33/50) 64.29 (18/28) 0.92 0.35 - 2.44 0.87 

Rural 34.00 (17/50) 35.71 (10/28) 1.07 0.40 - 2.84 0.87 

Ethnicity 
     

Arab 40.00 (20/50) 39.29 (11/28) 0.97 0.37 - 2.50 0.95 

Amazigh 60.00 (30/50) 60.71 (17/28) 1.03 0.40 - 2.65 0.95 

Profession 
     

No 84.00 (42/50) 92.86 (26/28) 2.47 0.48 - 12.57 0.26 

Yes 16.00 (8/50) 7.14 (2/28) 0.40 0.07 - 2.05 0.26 

Maternal health and reproductive characteristics 
    

Height (m) 
     

[1.4 - 1.5] 2.00 (1/50) 0.00 (0/28) 0.00 UNDF 0.45 

[1.5 - 1.6] 38.00 (19/50) 53.57 (15/28) 1.88 0.73 - 4.80 0.18 

[1.6 - 1.7] 56.00 (28/50) 46.42 (13/28) 0.68 0.26 - 1.72 0.41 

>1.7 4.00 (2/50) 0.00 (0/28) 0.00 UNDF 0.28 

Pre-pregnancy BMI (kg/m2) 
     

Underweight (<18.5) 2.00 (1/50) 0.00 (0/28) 0.00 UNDF 0.45 

Normal (18.5 - 24.9) 66.00 (33/50) 28.57 (8/28) 0.20 0.07 - 0.56 0.00 

Overweight (25 - 29.9) 26.00 (13/50) 53.57 (15/28) 3.28 1.23 - 8.70 0.01 

Obese (>30) 6.00 (3/50) 17.85 (5/28) 3.40 0.74 - 15.50 0.09 

Overweight and obesity (>25) 32.00 (16/50) 71.43 (20/28) 5.31 1.92 - 14.62 0.00 

Gestational weight gain (kg) 
     

GWG below IOM 60.00 (30/50) 32.14 (9/28) 0.31 0.11 - 0.83 0.01 

GWG within IOM 40.00 (20/50) 46.43 (13/28) 1.30 0.51 - 3.30 0.58 

GWG above IOM 0.00 (0/50) 21.43 (6/28) UNDF UNDF 0.00 

Overweight/obesity pre pregnancy BMI 
     

GWG below IOM 18.75 (3/16) 20.00 (4/20) 1.08 0.20 - 5.73 0.92 

GWG within IOM 81.25 (13/16) 55.00 (11/20) 0.28 0.06 - 1.30 0.09 

GWG above IOM 0.00 (0/16) 25.00 (5/20) UNDF UNDF 0.03 
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Continued 

Maternal health and reproductive characteristics Controls % Cases % OR [95% CI] P-value 

Gravidity 
     

Primipare 36.00 (18/50) 32.14 (9/28) 0.84 0.31 - 2.24 0.73 

Multipare 64.00 (32/50) 67.86 (19/28) 1.18 0.45 - 3.16 0.73 

Mode of delivery 
     

Vaginal delivery 86.00 (43/50) 35.71 (10/28) 0.09 0.02 - 0.27 0.00 

Caesarian section 14.00 (7/50) 64.29 (18/28) 11.05 3.63 - 33.60 0.00 

Self-reported history of hypertension 
     

No 100.00 (50/50) 92.85 (26/28) 1 (Ref) 

Yes 0.00 (0/50) 7.14 (2/28) UNDF UNDF 
 

Self-reported history of macrosomia 
     

No 96.00 (48/50) 75 (21/28) 1 (Ref) 

Yes 4.00 (2/50) 25 (7/28) 8.00 1.53 - 41.78 0.00 

Self-reported history of overweight and/or obesity 
    

No 94.00 (47/50) 60.71 (17/28) 1 (Ref) 

Yes 6.00 (3/50) 39.29 (11/28) 10.13 2.52 - 40.77 0.00 

Hormonal treatment 
     

No 98.00 (49/50) 78.57 (22/28) 1 (Ref) 

Yes 2.00 (1/50) 21.43 (6/28) 13.36 1.51 - 117.74 0.00 

Maternal nutrition and physical activity characteristics 
    

Fish consumption during pregnancy 
     

No 4.00 (2/50) 3.57 (1/28) 1.00 (Ref) 

Yes 96.00 (48/50) 96.43 (27/28) 1.12 0.09 - 12.98 0.92 

Lean meat (goat) consumption during pregnancy 
    

No 2.00 (1/50) 3.57 (1/28) 1.00 (Ref) 

Yes 98.00 (49/50) 96.43 (27/28) 0.55 0.03 - 9.16 0.67 

Fats and charcuteries consumption during pregnancy 
    

No 20.00 (10/50) 25.00 (7/28) 1.00 (Ref) 

Yes 80.00 (40/50) 75.00 (21/28) 0.75 0.24 - 2.25 0.60 

Soda consumption during pregnancy 
     

No 44.00 (22/50) 53.57 (15/28) 1.00 (Ref) 

Yes 56.00 (28/50) 46.42 (13/28) 0.68 0.26 - 1.72 0.41 

Tea/coffee consumption during pregnancy 
     

No 40.00 (20/50) 60.71 (17/28) 1.00 (Ref) 

Yes 60.00 (30/50) 39.29 (11/28) 0.43 0.16 - 1.11 0.07 

Vegetable consumption during pregnancy 
     

No 0.00 (0/50) 0.00 (0/28) 1.00 (Ref) 

Yes 100.00 (50/50) 100.00 (28/28) 0.00 UNDF UNDF 

Fruit consumption during pregnancy 
     

No 0.00 (0/50) 0.00 (0/28) 1.00 (Ref) 

Yes 100.00 (50/50) 100.00 (28/28) 0.00 UNDF UNDF 
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Continued 

Maternal nutrition and physical activity  
characteristics 

Controls % Cases % OR [95% CI] P-value 

Alcohol consumption during pregnancy 
     

No 100.00 (50/50) 100.00 (28/28) 1.00 (Ref) 

Yes 0.00 (0/50) 0.00 (0/28) 0.00 UNDF UNDF 

Cigarets consumption during pregnancy 
     

No 100.00 (50/50) 100.00 (28/28) 1.00 (Ref) 

Yes 0.00 (0/50) 0.00 (0/28) 0.00 UNDF UNDF 

Passive cigarets consumption during pregnancy 
    

No 68.00 (34/50) 57.14 (16/28) 1.00 (Ref) 

Yes 32.00 (16/50) 42.86 (12/28) 1.59 0.61 - 4.14 0.33 

Physical activity 
     

No 62.00 (31/50) 78.57 (22/28) 1.00 (Ref) 

Yes 38.00 (19/50) 21.43 (6/28) 0.44 0.15 - 1.29 0.13 

Infant characteristics 
     

Weightbirth [Mean ± s.d] (g) 3076.00 ± 533.97 4310.71 ± 246.96 
  

0.00 

Gestational age (weeks) 
     

< 38 16.00 (8/50) 7.14 (2/28) 0.40 0.07 - 2.05 0.26 

[38-40] 74.00 (37/50) 67.85 (19/28) 0.74 0.26 - 2.04 0.56 

> 40 10.00 (5/50) 25.00 (7/28) 3.00 0.85 - 10.56 0.07 

Abbreviations: Percentage % in (n/Total); OR, Odds ratio; CI, Confidence interval; UNDF, Undefined; Ref, Reference category. 

 
However, the other sociodemographic factors were not associated with macro-
somia. In addition, pre-pregnancy overweight (OR: 3.28, 95% CI: 1.23 - 8.70), 
pre-pregnancy pooled overweight and obesity (OR: 5.31, 95% CI: 1.92 - 14.62), 
self-reported history of macrosomia (OR: 8.00, 95% CI: 1.53 - 41.78), and 
self-reported history of overweight/obesity (OR: 10.13, 95% CI: 2.52 - 40.77) 
were significantly found to be predisposing factors for macrosomia. Neonate’s 
gestational age over 40 weeks approached also the statistical significance (OR: 
3.00, 95% CI: 0.94 - 10.56). When adjusting for confounding factors (Table 3), 
the multivariate logistic regression model indicated that obesity and overweight 
history (aOR: 7.49, 95% CI: 1.52 - 41.41, p-value = 0.01), pre-pregnancy pooled 
overweight and obesity (aOR: 5.24, 95% CI: 1.54 - 17.82, p-value = 0.00), and 
hormone therapy (aOR: 18.23, 95% CI: 1.54 - 214.51, p-value = 0.02) were sig-
nificantly associated with increased odds for macrosomia condition. 

4. Discussion 

Previous research have been carried out to identify the association between high 
birth weight and diabetes mellitus, however, the majority of macrosomic neo-
nates are born to healthy pregnant women. Furthermore, less attention has  
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Table 3. Independent risk factors for macrosomia by logistic regression analysis. 

 
Adjusted odd ratio [95% CI] P-value 

Confounding factors 
   

Maternal age (>40 years) 3.93 0.56 - 27.63 0.16 

Obesity and overweight history 7.94 1.52 - 41.41 0.01 

Macrosomia history 3.59 0.48 - 26.60 0.20 

Pooled pre-pregnancy BMI (≥25 kg/m2) 5.24 1.54 - 17.82 0.00 

Hormone therapy 18.23 1.54 - 214.51 0.02 

 
been paid to the associated risk factors of fetal macrosomia restricted to 
non-diabetic and healthy mothers. The present study is the first to ascertain the 
prevalence of macrosomia condition and its associated predictors in Tiznit 
Province and Souss-Massa Region, Morocco. Our findings showed that the pre-
valence rate is higher than both the national and the African rates. For instance, 
in African countries, macrosomia prevalence of 7.4%, 10.5%, and 14.9%, were 
proclaimed in Ghana, Nigeria, and Algeria, respectively [9] [20] [21]. 

Nevertheless, the prevalence rate assessed in Tiznit (35.89%) was more or less 
expected by reason of the general increasing tendency of macrosomia in many 
parts of the world, and mostly owing to the complex and multifactorial aetiology 
of macrosomia, in addition to the cultural, socio-demographic and nutritional 
transition Morocco is currently undergoing [22]. 

4.1. Macrosomia Risk Factors 

Macrosomia is a complex and multifactorial condition that may have genetic 
and environmental causes. The precise mechanism of high birth weight is un-
known. Fetal genetic factors involve the genetic composition or inherent growth 
potential of individuals, genetic syndromes like Beckwith-Wiedemann patholo-
gy, and male sex, whereas maternal genetic factors could encompass history of 
macrosomia, maternal height, obesity and diabetes [23]. More recently, genetic 
expression of the paternal insulin-like growth factor 2 (IGF2) was found to be 
associated with fetal birth weight [24]. Even though, BMI was revealed to be 
from 40% to 70% heritable, less than 2% of the obesity-susceptible genetic loci 
have been identified [25] and have been demonstrated to have small effects on 
BMI. Moreover, obesity risk component could have little role in the recent ten-
dency of birth weight distribution, most likely because genetic changes would 
require generations to be maintained, and to affect birth weight [26]. Constitu-
tional or genetic-based macrosomia differs from environmental-based macro-
somia and is defined as the infant growth beyond its genetic potential [27]. En-
vironmental and lifestyle determinants are also marked by an increased fat ac-
cumulation during fetal life and could play bigger roles in the rapid and high in-
cidence of macrosomia [28]. They include both non-modifiable factors such as: 
infant gender, gestational age, and parity, as well as modifiable factors like: 
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GWG, pre-gestational weight and BMI, lifestyle behaviors (i.e.: diet, smoking 
and alcohol consumption, as well as physical activity) [26]. 

The prenatal and in utero growth is dependent upon maternal nutritional 
status, and growing evidence has demonstrated that the latter is often correlated 
with GWG and pre-pregnancy BMI [29]. According to Moroccan Ministry of 
Health recommendations, GWG should never be less than 7 kg in obese or 
overweight women [30]. In this study, the GWG was estimated to 7.80 ± 2.12 kg 
among Tiznit parturients. However the mean GWG between geographic locali-
ties was assessed to 7.28 and 6.75 kg in urban and rural areas, respectively. The 
slightly elevated GWG in urban zone might be a consequence of the discrepancy 
of living conditions (i.e.: reduced physical activity and active commuting to 
work, changes in lifestyle, urbanization, and sedentary employment that creates 
obesogenic environment) [9]. As reported in a recent study [31], there is a posi-
tive correlation between macrosomia and maternal GWG (Pearson’s coefficient 
r = 0.33 and p-value = 0.00, result not shown). Unfortunately, it was impossible 
to calculate the relative odds ratio due to the absence of control individuals with 
excessive GWG. Significant associations between high birth weight and 
pre-pregnancy BMI were observed in overweight and in pooled ob-
ese/overweight mothers (unadjusted OR: 3.28, 95% CI: 1.23 - 8.70, and unadjusted 
OR: 5.31, 95% CI: 1.92 - 14.62, respectively. Such correlations have also been 
noted in an Asian population [32]. The mechanism by which pre-pregnancy 
BMI is linked to GWG via maternal nutrition during pregnancy is being debated 
and unsolved [33]. 

Nearly one third of the non-diabetic women has delivered by means of caesa-
rean section, to which macrosomia was linked with eleven higher risk (OR: 
11.05, 95% CI: 3.63 - 33.60, p-value = 0.00). Similar rate of caesarean section was 
recorded in North Africa and Southern Europe regions influenced together by 
the Mediterranean culture [34]. Additionally, caesarean delivery was four times 
more likely in pregnant obese women with a pre-gravid BMI ≥ 30 kg/m2 (OR: 
4.16, 95% CI: 0.98 - 19.09, p-value = 0.05, result not shown). As caesarean sec-
tion factor constitutes a consequence of macrosomia and not an eventual cause, 
it was retrieved from logistic regression analysis as a confounding factor. 

Oxytocin and progestogens (progesterone, estrogen, utrogestan and cortico-
ids) are among drugs administered to pregnant women in Tiznit hospital to faci-
litate their childbirths. Recent studies have proven the role of progestogens in 
maintaining pregnancy and preventing against miscarriages [35]. Moreover, va-
ginal progesterone was not found to be associated with a reduction of the risk of 
preterm delivery [36], contrary to corticosteroids [37]. It has been recently con-
firmed that progestogen exposure might negatively influence reproductive 
health, in terms of fertility and sexual differentiation [38]. Additionally, it is ac-
knowledged that the uterus and mammal glands are negatively affected by the 
estrogens used in hormone therapy [39]. Through the present study, hormone 
administration to pregnant women was for the first time assessed and signifi-
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cantly associated with 18 times high risk of macrosomia (OR: 18.23, 95% CI: 
1.54 - 214.9, p-value = 0.02). To my knowledge, no study has yet explored the 
effect of hormone therapy on high birth weight, which makes any comparison 
difficult. 

4.2. Cultural, Socio-Demographic and Nutritional Factors 

The Province of Tiznit belongs to the Souss-Massa valley in Southern Morocco 
and covers a surface of 5173 km2. Geographically, Tiznit area is limited to the 
North by Taroudant and Chtouka Ait Baha Provinces, to the South by Sidi Ifni 
and Tata Provinces, to the East by Tata and Taroudant, and to the West by the 
Atlantic Ocean [40]. Tiznit is also an arid area that is characterized by high rates 
of poverty and illiteracy, mainly in rural zones. 

Demographically, it has a total population of 207,000, with 81,000 urban in-
habitants and 126,000 rural inhabitants [41]. The population is made up differ-
ent ethnic origins and groups: the Amazighs or Berbers that represent the ma-
jority, the Arabs, the Jews, and the sub-Saharans and Africans. 

Generally, high socio-economic status (education level, income, ethnicity and 
residence) has a positive impact on health condition. Also, educated people are 
more aware of health inputs, and tend to effectively and continuously adopt 
their healthy behaviors [42]. The latter depend more directly on having financial 
resources to purchase health [43]. The present study failed to demonstrate a sig-
nificant correlation between macrosomia and socio-demographic/economic 
status (SES), except for maternal education level greater than 12 years, where no 
macrosomic neonate was among the cases (p-value = 0.01). However, recent 
evidence has revealed contradictory and conflicting results. While it was re-
ported no association between SES and high birth weight [44], multivariate 
analysis models demonstrated that high SES increases positively health outcomes 
by reducing high birth weight risk [45]. 

Nutritional data during pregnancy were also collected, and the analysis 
showed no significant differences between the consumption of individual group 
of products by mothers and fetal macrosomia. This is most likely due to the 
benefits of the Mediterranean diet generally adopted in Morocco. Obviously, it 
has scientifically been approved that Mediterranean nutrition is healthy, ba-
lanced, and consequently, recognized as a food model [46]. Moreover, the Arab/ 
Amazigh cuisine does not make exception to that rule as it is based on vegeta-
bles, fruits, cereals, fish/seafood, beef/goat/chicken meats, dairy products, virgin 
olive oil…etc. Besides, the Souss-Massa valley is characterized by many local 
products such as: almonds (Prunus dulci), cactus of barbary (Opuntia fi-
cus-indica), capers (Capparis spinosa), as well as by aromatic and medicinal 
plants like: mint (Mentha peperita), rosemary (Rosemarinus officinalis), lavend-
er (Lavendula dentata), carob (Ceratonia siliqua), thymus (Artemesiaher-
ba-alba), henna (Lawsonia inermis), and aloe (Aloe vera) [47]. 

Not to mention that Tiznit Province is situated in the Arganeraie Biosphere 
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Reserve inscribed in 2014 at the United Nations International Educational, 
Scientific and Cultural Organization (UNESCO) [48] list of the intangible cul-
tural heritage of humanity. Argan oil is then traditionally extracted from argan 
trees (Argania spinosa), an endemic woodland species to Morocco, and is fre-
quently used in human and animal diet. In Morocco, several studies have ex-
amined the nutritional, medical, cosmetic, therapeutic, and pharmacologic qual-
ities of argan oil. For example, Amazigh medicine is based on daily use and 
consumption of both argan and olive oils to prevent cardiovascular pathologies, 
to treat teenage acne, and rheumatism-induced pain [49]. This is principally due 
to their high amounts of mono- and poly-unsaturated fat acids, sterols, toco-
pherols, and poly-phenols [50]. Scientific evidence is additionally mounting for 
the role of argan oil in the prevention of prostate cancer [51], of diabetes melli-
tus [52], as well as in blood triglycerids, Low Density Lipoprotein cholesterol, E 
vitamin and lipoperoxids reduction [53]. Other works have contributed to en-
hance the knowledge on argan oil’s anti-hypertensive, anti-inflammatory, an-
ti-oxydant, anti-microbe, lipolytic and analgesic proprieties [54], in conjunction 
with its beneficial effect on obesity risk prevention [55]. Finally, it was reported 
short while ago that argan oil-enhanced nutrition can be advocated in 
post-menopausal syndromes [56]. 

Along with the dietary patterns cited above, physical activities mainly, field 
work, walking, gardening, domestic chores, and trainings constitute the other 
maternal lifestyle factor that might reduce the risk of neonate macrosomia in the 
present study (OR: 0.44 and 95% CI: 0.15 - 1.29). A recent research has shown 
that colder climate in Northern country was linked with less physical activity 
and more energy-rich diets, which might increase body weight in Chinese preg-
nant women [32], the opposite explanation would be true for arid climates like 
the one in Tiznit. The pre-pregnancy BMI statistics could confirm that, as more 
than 53% (42/78) of women had normal/underweight nutritional status, whose 
35% (27/78) are resident in remote areas of Tiznit Province. Consequently, both 
lifestyle factors should be considered as protective factors against high birth 
weight in Tiznit Province. 

5. Conclusion 

The present research was designed to contribute in neonate macrosomia preven-
tion by identifying its risk factors in non-diabetic mothers. The findings showed 
that pre-pregnancy BMI ≥ 25 kg/m², overweight/obesity history, and hormone 
therapy should be considered as independent risk factors for macrosomic infants 
with birth weight ≥ 4000 g. Pre-gravid BMI and GWG are two crucial predictors 
associated with maternal and fetal outcomes that should be routinely imple-
mented by health professional performing prenatal care. The two factors need 
more attention, must be estimated and controlled, specifically for high-risk 
women (i.e.: with pre-existing obesity or overweight histories). Potential parents 
should be sensitized about macrosomia prevention, and mothers have to be en-
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couraged to decrease their perinatal weight by surveilling their lifestyle beha-
viors. Such interventions are believed to reduce the risk of delivering macro-
somic neonates, and to have positive impact on pregnancy outcomes. This pilot 
study has some limitations and could be developed further by (i) extending its 
duration and including newborn’s gender, (ii) recruiting more patients from 
other hospitals, and therefore allowing for more differences between areas, and 
by (iii) implementing blood biomarkers like pregnancy-associated plasma pro-
tein A (PAPP-A) and β-human chorionic gonadotropin (β-hCG). Furthermore, 
much more work is needed to investigate in details the intrauterine exposure to 
hormone therapy before any conclusion can be drawn or adopted.  
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