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			Abstract

			Introduction: Both maternal anthropometry and weight gain during pregnancy are important determinants of birth weight. Maternal Body Mass Index in early pregnancy is considered useful for identifying women at nutritional risk.

			Objective: To describe MBMI, MWG and anemia during the first and third trimester among different group of age. Assess the relationship of MBMI and MWG on pregnancy outcomes.

			Methods: Data were collected from the sentinel sites for maternal nutritional surveillance. information regarding some demographic variables, obstetric history, the newborn weight and mother weight, height and hemoglobin during the first and third trimester were obtained from the patient card. Multinomial logistic regression was carried out examines three level of birth weight with a specific comparison of MBMI, MWG and the presence or absence of anemia.

			Result: 10% of mothers had deficient weight entering pregnancy, 15.8% were overweight and 11.5% were obese. Women which initiated pregnancy with deficient weight had more normal weight gain than other groups. There is higher level of association between the maternal variables and the weight of the newborn.

			Conclusion: The prevalence of maternal obesity is high, with major public health implications and also impacts the health of child. This study showed the relationship between low MBMI and low MWG with low or deficient weight of the newborn.
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			Introduction

			Both maternal anthropometry and weight gain during pregnancy are important determinants of birth weight [1] Maternal Body Mass Index (MBMI) in early pregnancy is considered useful for identifying women at nutritional risk. Maternal weight gain (MWG) in pregnancy can offer a good means of assessing the wellbeing of the pregnant women and by inference of her baby. Inadequate prenatal weight gain is associated with and increased risk of intra-uterine growth retardation, pre-term delivery and low birth weight in infants, and increased perinatal mortality, whereas overweight, obesity and excessive weight gain on the other hand can be associated with high birth weight and, secondarily, prolonged delivery labor, caesarean, birth trauma and other lead adverse ma

ternal and fetal outcomes. These have led to suggestions for optimal weight gain to ensure the best outcomes [2-3].

			In Cuba, during 2008-10 Diaz ME et al developed an anthropometric reference for Cubans pregnant women that allow the evaluation of physical status at the beginning of pregnancy, the weight gain according to different height ranges and is available in all medical office for prenatal control of pregnant women at   primary health care all over the country, allowing classifies mothers according to their nutritional status and monitoring the adequacy of weight gain during gestation [4]. There is another guide to provide either dietetic counseling or food supplements [5]. 

			Anaemia in pregnancy is a public health problem with adverse effect in the newborn which could persist during infancy and childhood [6]. In Cuba iron deficiency is the commonest factor. The aims of the present study are to: describe MBMI, MWG and anemia during the first and third trimester among different group of age. Assess the relationship of MBMI and MWG on pregnancy outcomes.

			Methods

			Data were collected from the sentinel sites for maternal nutritional surveillance. Expert criteria led the selection of sentinel sites which were distribute in the primary health areas which the highest and the lowest rates for low birth weight scattered through the 15 provinces and the special municipality Isle of Youth. Information regarding some demographic variables (maternal age, educational, level, occupation, and marital status), obstetric history (first prenatal control, parity) and the newborn weight, maternal weight, height and hemoglobin during the first and third trimester were obtained from the patient card of antenatal care. 

			Information was collected by family doctors previous training for nutritionist personnel of different Hygiene and Epidemiologic Centers of each province. The total number on pregnant after this operation was 3419. MBMI (Kg/m2) at the beginning of pregnancy was categorized according to Cuban anthropometric references as underweight (≤18.8), adequate weight (>18.8 a <25.6), overweight (≥25.6 a <28.6) and obese (≥28.6). Gestational age was recorder according to the first day of the last normal menstrual period and ultrasound study.

			MWG was defined as the difference between the maternal weights measured at the beginning of pregnancy and until week 39 prior to delivery and was grouped into three categories according to the initial MBMI. Is MBMI at the beginning was deficient, low weight gain (9.45-11.33kg) adequate weight gain (11.34-17.28kg) and high weight gain (≥17.29kg) Is MBMI at the beginning was adequate, low weight gain (8.64-10.52kg) adequate weight gain (10.53-15.93kg) and high weight gain (≥15.94kg). Is MBMI at the beginning was overweight, low weight gain (7.56-9.44kg) adequate weight gain (9.45-14.85kg) and high weight gain (≥14.86kg). Is MBMI at the beginning was obese, low weight gain (5.40-7.55kg) adequate weight gain (7.56-12.96kg) and high weight gain (≥12.97kg) [5]. 	

			Birth weight was expressed as four categories: ‹2500g (low birth weight), 2500-2999g (deficient weight) 3000-3999g (adequate) and ≥4000g (macrosomic). Women enrolled in the study received the standard prenatal care as usual based on health care center protocols. Anaemia was defined as a haemoglobin concentration (Hb)<110g/L at sea level. Ethics committee approval was obtained from National Institute and Hygiene and Epidemiology.

			Statistical Analysis

			All entry data was made by different provinces, and internal consistency checks were performed at the National Center of Nutrition with a minimum of two cleanness. Descriptive statistics (frequencies, means standard deviation) were used for different variables. Pearson Chi-square test was used to assess association between MBMI, MWG and socio-economic variables. Multinomial logistic regression was carried out examines three level of birth weight (low plus deficient birth weight, adequate and macrosomic) with a specific comparison of MBMI, MWG and the presence or absence of anemia. Data were coded and analyzed using SPSS, version 20.

			Result

			Table 1: Summary of sociodemographic characteristics of pregnant women.

			
				
					
					
					
				
				
					
							
							Indicators

						
							
							National Prevalence

						
					

					
							
							
							n

						
							
							%

						
					

					
							
							Parity

							0

							1

							2

							3

							≥ 4

						
							
							112

							1372

							932

							475

							526

						
							
							3.3

							40.2

							27.3

							13.9

							15.4

						
					

					
							
							Educational level

							Elementary school

							Middle school

							High school

							College

						
							
							63

							741

							1659

							956

						
							
							1.8

							21.7

							48.5

							28.0

						
					

					
							
							First prenatal control

							Before week 12

							Between 12-20 weeks

							After 20 weeks

						
							
							3123

							266

							30

						
							
							91.3

							7.8

							0.9

						
					

					
							
							Marital status of mother

							Single

							Married or cohabiting

						
							
							336

							3083

						
							
							9.8

							90.2

						
					

					
							
							Mother´s occupation

							Housewife

							Employed

							Studying or other

						
							
							1548

							1808

							63

						
							
							45.4

							52.8

							1.8

						
					

					
							
							Initial BMI

							Deficient  weight

							Adequate  weight

							Overweight

							Obese

						
							
							342

							2146

							539

							392

						
							
							10.0

							62.8

							15.8

							11.5

						
					

					
							
							Maternal weight gain

							Adequate

							Less than adequate

							Greater than adequate

						
							
							1440

							1518

							461

						
							
							42.1

							44.4

							13.5

						
					

					
							
							Anaemia

							1st trimester

							3rd trimester

						
							
							326

							767

						
							
							9.6

							22.5

						
					

				
			

			The total number of pregnant women evaluated in sentinel sites during 2015 was 3419 with a mean age of  26.4 years of those 10.7% were below 20 years and only 2.1% were above or equal 40 years, majority of women were between 20-29 years age (61.3%). The sociodemographic characteristics of pregnant women and nutritional indicators are summarized in Table I. Only 3.3% of pregnant women with cero parity, whereas 40.2% reported having one pregnant before. Nearly half of mothers had completed high school educational level and 28% finished college. Most mothers (90. 2%) were married or living with her boyfriend. Regarding the first prenatal control most women (91.3%) had attended the first prenatal control before week 12 and only 0.9% received this health service after week 20. According to the mother`s occupation 52.8% were employed and 45.4% were housewives. 10% of mothers had deficient weight. About 62.8% of mothers has a BMI>18.8 and <25.6kg/m2 entering pregnancy, 15.8% were overweight and 11.5% were obese. Almost 28% of patients were overweight plus obese Gestational weight gain was adequate in 42.1% of women whereas 44.4% had less than adequate weight gain and13. 5% had excessive gain.

			Data on hemoglobin showed that prevalence of anemia increased from the first to the third trimester of pregnancy. The mean height at the first prenatal control was similar in all groups of age. The lowest values were found in women below 20 years (158.1cm) and the higher values in women with 40 years or more. The mean weight gain was lower in older women (9.2kg) and higher in women below 20 years age (11.39kg) (Table 2). 

			Table 2: Mean of height, weight gain and hemoglobin according to mother age.

			
				
					
					
					
					
					
					
				
				
					
							
							Age

						
							
							Number

						
							
							Height Cm

						
							
							Weight Gain Kg

						
							
							Hb G/L 1st Trimester

						
							
							Hb 3rd Trimester

						
					

					
							
							<20

						
							
							366

						
							
							158.15 (6.39)

						
							
							11.39 (3.98)

						
							
							120.1

							(10.54)

						
							
							114.7

							(10.40)

						
					

					
							
							20-29

						
							
							2095

						
							
							159.34 (6.50)

						
							
							11.35

							(4.0)

						
							
							122.04 (10.50)

						
							
							115.5

							(10.26)

						
					

					
							
							30-39

						
							
							885

						
							
							159.28 (6.51)

						
							
							10.34

							(3.65)

						
							
							120.95

							(9.7)

						
							
							115.47

							(9.46)

						
					

					
							
							≥ 40

						
							
							73

						
							
							160.47 (7.10)

						
							
							9.23

							(4.1)

						
							
							121.22

							(11.13)

						
							
							114.25 (9.76)

						
					

				
			

			Mean on hemoglobin in the first and third trimester was higher than the cut off point for determine anemia in all groups of age. Initial BMI and association with weight gain are shown in Table 3. Women which initiated pregnancy with deficient weight had more normal weight gain than other groups. BMI had a significant effect on the weight gain during pregnancy. According to total weight gain by age,  groups more than  30 years old showed the greater percentage of weight gain  less than ideal (approximately half of women)  whereas over gainers’ women was observed in greater rates in women with age below 20 years and 20-29 years, 13,7% and 14,7% respectively. 

			Table 3: Initial BMI and weight gain in pregnant women.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Initial BMI

						
							
							
							Weight Gain

						
					

					
							
							
							High

						
							
							
							Low

						
							
							
							Normal

						
							
					

					
							
							
							n

						
							
							%

						
							
							n

						
							
							%

						
							
							n

						
							
							%

						
					

					
							
							Deficient weight

						
							
							38

						
							
							11.1

						
							
							144

						
							
							42.1

						
							
							160

						
							
							46.8

						
					

					
							
							Adequate weight

						
							
							295

						
							
							13.7

						
							
							938

						
							
							43.7

						
							
							913

						
							
							42.5

						
					

					
							
							Overweight

						
							
							69

						
							
							12.9

						
							
							282

						
							
							52.3

						
							
							188

						
							
							34.9

						
					

					
							
							Obese

						
							
							59

						
							
							15.1

						
							
							154

						
							
							39.3

						
							
							179

						
							
							45.7

						
					

					
							
							Total

						
							
							461

						
							
							13.5

						
							
							1518

						
							
							44.4

						
							
							1440

						
							
							42.1

						
					

				
			

			Chi Square 22,732     p <0,001.

			Mean weight of newborn according to age of mothers showed that mothers below 20 years age presented higher body weight of newborn (3427.7g±436.5) following by babies from mothers between 20-29 years (3340g±459.1). Mothers between 30-39 years old delivered newborns with average weight of 3330.4g±510.8 and those over 40 years old had babies with 3234.2g±512.2. Birth weight varied significantly based on MBMI. Women with MBMI <18.8kg/m2 delivered biggest percentage of neonates with birth weight deficient (between 2500-2999g. inverse situation occurred in women with overweight and obese at the beginning of pregnancy those presented the biggest percentage of macrosomic (Table 4).

			Table 4: Body mass index at the beginning of pregnancy and birth weight.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							
							BMI

						
							
							Birth Weight

						
					

					
							
							
							Low

						
							
							Deficient

						
							
							Normal

						
							
							Macrosomic

						
					

					
							
							
							n

						
							
							%

						
							
							n

						
							
							%

						
							
							n

						
							
							%

						
							
							n

						
							
							%

						
					

					
							
							Deficient weight

						
							
							14

						
							
							4.1

						
							
							86

						
							
							25.1

						
							
							220

						
							
							64.3

						
							
							22

						
							
							6.4

						
					

					
							
							Adequate weight

						
							
							77

						
							
							3.6

						
							
							398

						
							
							18.5

						
							
							1509

						
							
							70.3

						
							
							162

						
							
							7.5

						
					

					
							
							Overweight

						
							
							19

						
							
							3.5

						
							
							70

						
							
							13.0

						
							
							376

						
							
							69.8

						
							
							74

						
							
							13.7

						
					

					
							
							Obese

						
							
							8

						
							
							2.0

						
							
							50

						
							
							12.8

						
							
							280

						
							
							71.4

						
							
							54

						
							
							13.8

						
					

					
							
							Total

						
							
							118

						
							
							3.5

						
							
							604

						
							
							17.7

						
							
							2385

						
							
							69.8

						
							
							312

						
							
							9.1

						
					

				
			

			Chi Square 58,665 p <0.000

			The behavior between parity and MBMI at the beginning of pregnancy showed that women who have never given birth have the highest percentage of deficient weight at the beginning of pregnancy (66.1%). However, those that have between 3 and 4 deliveries are those that present the highest prevalence of overweight and obesity, 34.2% and 27.3% respectively. Figure 1 shows the comparison between anemia in the first and third trimester by MBMI categories. It is observed that women with adequate nutritional status have a high percentage of anemia. In addition it is observed in smaller amount in all weight categories.

			Table 5 showed the estimates and the standard errors of the parameters for the two groups of newborns with inadequate weights by multinomial regression analyses. There are associations between birth weight categories with maternal indicators of nutritional status. The estimated odds ratio (exp (ß)) is presented. 

			According to the regression analyze, the negative sign of the ß parameters estimated in the model implies that a newborn, whose mother has a high MBMI or a high MWG has a less probability that her child has more deficient low weight. On the other hand, children whose mothers had normal or deficient weight are less likely to be macrosomic. Poor weight gain during pregnancy did not show a significant effect on the newborn’s macrosomia. 

			The odds ratio of newborns weighing <3000g whose mothers have a poor weight at the beginning of pregnancy, indicates that they have a higher risk (2 times more) of having a child with low or deficient birth weight; a woman with a lower weight gain than normal has a probability of 1.4 times to have a newborn with low or deficient weight. The greater probability of having children with weights more than 4000g corresponds to mothers with greater weight gain during pregnancy. Anemia in the third trimester of pregnancy did not have a significant effect on birth weight.

			Table 5: Multinomial logistic regression between birth weight and MBMI, MWG and anemia.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Parameter Estimatesa

						
					

					
							
							Birth weight

						
							
							B

						
							
							Sig.

						
							
							Exp(B) Low

						
							
							95% Confidence Interval for Exp(B)

						
					

					
							
							Upper

						
							
					

					
							
							<3000g

						
							
							Intercept

						
							
							-1,609

						
							
							,000

						
							
							
							
					

					
							
							MBMI Obese

						
							
							-,084

						
							
							,654

						
							
							,919

						
							
							,637

						
							
							1,327

						
					

					
							
							MBMI Adequate weight

						
							
							,321

						
							
							,013

						
							
							1,379

						
							
							1,069

						
							
							1,778

						
					

					
							
							MBMI Deficient weight

						
							
							,694

						
							
							,000

						
							
							2,001

						
							
							1,435

						
							
							2,790

						
					

					
							
							MBMI Overweight

						
							
							0b

						
							
							.

						
							
							.

						
							
							.

						
							
							.

						
					

					
							
							MWG Greater than adequate

						
							
							-,116

						
							
							,429

						
							
							,890

						
							
							,667

						
							
							1,188

						
					

					
							
							MWG  Less than adequate

						
							
							,350

						
							
							,000

						
							
							1,418

						
							
							1,186

						
							
							1,697

						
					

					
							
							MWG  Adequate

						
							
							0b

						
							
							.

						
							
							.

						
							
							.

						
							
							.

						
					

					
							
							Anaemia third trimester

						
							
							-,080

						
							
							,436

						
							
							,923

						
							
							,754

						
							
							1,130

						
					

					
							
							No Anaemia third trimester

						
							
							0b

						
							
							.

						
							
							.

						
							
							.

						
							
							.

						
					

					
							
							≥ 4000g

						
							
							Intercept

						
							
							-1,616

						
							
							,000

						
							
							
							
					

					
							
							MBMI Obese

						
							
							-,050

						
							
							,799

						
							
							,951

						
							
							,646

						
							
							1,400

						
					

					
							
							MBMI Adequate weight

						
							
							-,631

						
							
							,000

						
							
							,532

						
							
							,394

						
							
							,718

						
					

					
							
							MBMI Deficient weight

						
							
							-,689

						
							
							,008

						
							
							,502

						
							
							,302

						
							
							,833

						
					

					
							
							MBMI Overweight

						
							
							0b

						
							
							.

						
							
							.

						
							
							.

						
							
							.

						
					

					
							
							MWG Greater than adequate

						
							
							,608

						
							
							,000

						
							
							1,837

						
							
							1,338

						
							
							2,523

						
					

					
							
							MWG Less than adequate

						
							
							-,134

						
							
							,332

						
							
							,875

						
							
							,668

						
							
							1,146

						
					

					
							
							MWG Adequate

						
							
							0b

						
							
							.

						
							
							.

						
							
							.

						
							
							.

						
					

					
							
							Anaemia third trimester

						
							
							-,212

						
							
							,165

						
							
							,809

						
							
							,599

						
							
							1,091

						
					

					
							
							No Anaemia third trimester

						
							
							0b

						
							
							.

						
							
							.

						
							
							.

						
							
							.

						
					

				
			

			a)	The reference category is normal birth weight (3000g-3399g).

			b)	The reference category is normal birth weight (3000g-3399g).
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			Discussion

			Maternal weight is recorded at all prenatal attendances. In Cuba there are as average 15. 8 obstetrics control for 100 inhabitants [7]. Maternal weight gain is considered an important indicator for the following of pregnant women and is frequently discussed by doctors with their patients in consultation and systematically at the primary health care units. Pregnant women under gainers receive different interventions in order to improve the nutritional status and universal iron supplementation is free of charge since the first prenatal control.

			It is important to note that majority of women received the first prenatal control before week 12; on the other hand we founded a high proportion of women with high school and college, more than third quarter which is necessary for better efficiency of health educational activities. Prevalence of women with deficient weight at the beginning of pregnancy were lower than in other study in developing country [8]. 

			The prevalence of overweight and obesity has increased dramatically in recent decades including in women of childbearing age [9]. Obesity has been frequently cited as a public  health problem in Cuba mainly in women(According to the Third National Risk Factor Survey conducted in 2010-11, in women in childbearing age the prevalence of obesity  range between 16.3-34.1% increasing according to increase of age. Data of the present study (Table 2) found prevalence of obesity similar to reported in survey mentioned above where 12.5% (IC 95%:  9,6-15,3) of women between 25-34 years were obese [10]. 

			Obesity during pregnancy may cause adverse outcomes in both mother and child including preeclampsia, cesarean delivery, gestational diabetes, macrosomic babies among other [11] and is a known risk factor for post partum weight retention [12-13]. Some studies have reported relationship between MBMI at the beginning of pregnancy and children´s obesity that occurred before 9 years of age [14]. Other researchers demonstrated that obese women have 18-26% increased chance of delivering large for date infant [15-16]. Because of we used for nutritional assess of pregnant women local references, this makes difficult comparison with other studies carried out in other countries. 

			Adult height has increased around the world, especially in developed countries, probably due to the improvement in life condition, as we found mean of height in Cuban pregnant women were between 158.1cm to 160.5cm. in different groups of age, it is important because maternal height has an influences on fetal growth. Madrone’s founded mean height of 156.3cm and 160.09cm in women coming from the public and the private health system in Chile, very similar to the present study [17].

			In this study the average MWG of women equal or more than 40 years age is lower than others groups. Our data demonstrated that, obese women are more likely to exceed the weight gain recommendations during pregnancy tan other BMI group (Table 4). Atalah et al in a study to quantify risk of obesity in relation to negative event of pregnancy founded that the risk of hypertension, gestational diabetes, late fetal mortality and others was mostly associated with the initial maternal nutritional status in women with  BMI ≥30 [18].

			Shao et al suggested that pre-pregnancy MBMI and MWG are independent risk factor for preeclampsia [19]. 

			The prevalence of anemia mainly mild anemia at the time of pregnancy diagnosis in Turk women was 20% [20]. In the present study in Cuban pregnant women we only founded 9.6% of anemia at the first trimester.

			The percentage of anemia founded was almost three times as high among first compared to third trimester. It can be seen that even women with adequate body weight maintain anemia during pregnancy as well as a triple burden of morbidity. According to WHO criteria, anemia in Cuban pregnant women at third trimester is a moderate public health problem because 22.4% of this population have anemia, this implies a risk for iron store of outcome [21].

			The pooled prevalence of anemia among pregnant women in Ethiopia was 31.6% almost one-third of pregnant women [22]. During pregnancy iron needs increase substantially to support fetoplacental development and maternal adaptation to pregnancy. Maternal hepcidin concentration is suppressed in the second and third trimesters but the mechanism of maternal hepcidin suppression in pregnancy is unknown. Hormone hepcidin play an important role to meet iron dietary iron absorption and the mobilization of iron from stores [23]. 

			Iron deficiency during pregnancy is associated with a variety of adverse outcomes for both mother and infant, included increased risk of sepsis, maternal mortality and low birth weight [24]. There were a progress in the control of anemia during pregnancy, previous national estimates made by Jiménez et al in 2002 indicated that approximately 27% of Cubans pregnant women were anemic in the third trimester [25]. Since this date different interventions have been reinforced in Cuba to reduce iron deficiency anemia as a part of the Comprehensive Plan for Prevention and Control iron deficiency anemia [26].

			In our study low birth weight prevalence (less than 2500g) is generally low. The reduction in low birth weight is due in part to reinforced nutritional education and the access to a provision of subsidies  complementary feeding for all pregnant women at risk of low weight gain, these of course joint to a positive changes in the living conditions for Cuban people.

			Birth weight varied significantly based on maternal initial BMI. The current study founded an association between BMI at the beginning of pregnancy and birth weight, the percentage of macrosomic are higher in obese mother in comparison to non obese ones. Salah et al found that the means fetal weight was significantly more in obese mothers compared with other groups [27]. 

			The logistic regression model demonstrated the contribution of maternal anthropometry in the newborn deficient weight, indicating that maternal nutritional status and MWG during pregnancy are important predictors of birth weight deficit. However for macrosomia the only important  factor  is the high weight gain during pregnancy. The absence of significance of the model proposed in the analysis of the contribution of maternal obesity and the deficient weight gain during pregnancy in macrosomic newborns does not correspond with those expected in other studies [28]. 

			The anemia of the third trimester did not provide information to be taken into consideration to evaluate the somatometric status of the newborn.

			Limitation

			The limitations of this study lies in the fact that the data collection was retrospective through sentinel sites, despite the fact that they were located with good selection and sampling criteria.

			Conclusion

			The prevalence of maternal obesity is high, with major public health implications and also impacts the health of child. This study showed the relationship between low MBMI and low MWG with low or deficient weight of the newborn.
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Figure 1: Comparison of anaemia by MBMI
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