
i 

 

 

AN EVALUATION OF THE PREVALENCE AND POTENTIAL ADVERSE OUTCOMES OF 

MACROSOMIA IN THE MIDWIFERY POPULATION OF NORTHERN AMERICA 

 

______________________________________________________________________________ 

 

 

A Thesis 

Submitted to 

The Temple University Graduate Board 

 

 

______________________________________________________________________________ 

 

In Partial Fulfillment 

Of the Requirements for the Degree  

MASTER OF SCIENCE 

 

 

 

 

______________________________________________________________________________ 

 

 

By 

Valerie Michele Armendariz 

August 2011 

 

 

 

 

 

Thesis Approval(s): 

Dr. Deborah Nelson, Thesis Advisor, 

Department of Public Health 

Temple University      ______________________________ 

 

 

 

 

 

 

 

 



ii 

 

ABSTRACT 

Background and Objectives: To date, no research has examined the prevalence and 

management of suspected fetal macrosomia in midwifery care, which may provide an alternative 

approach to cesarean section and induction with improvements in maternal and infant outcomes. 

The objectives of this study were to 1) determine the prevalence of fetal macrosomia and adverse 

outcomes that may result from a macrosomic birth in the MANAstats database; 2) identify the 

maternal characteristics which predict macrosomia; 3) determine the adverse maternal and infant 

outcome differences among macrosomic and normal weight infants in the MANAstats database. 

Methods: We analyzed 10,011 midwifery reported pregnancy and birth records from midwives 

across North America from January 2007- December 2009. After excluding for certain high-risk 

criteria, we compared the prevalence and adverse outcomes associated with macrosomic infants 

(4000-4499 grams, 4500-4999 grams, and >5000 grams) to non-macrosomic infants who 

weighed 3000-3000 grams.  

Results: The prevalence of macrosomia according to >4000 grams criteria was 24.7% and 

>4500 grams 5.53%. Maternal risk factors for macrosomia included: Caucasian race, married, 

maternal age between 15-34 years, and a gestational length greater than 40 weeks. The 

proportion of obstetric and infant complications showed a progressive and significant increase 

among the macrosomic birth weight categories with the highest risk at >5000 grams. The risk of 

shoulder dystocia (4000-4449-g infants: odds ratio, 4.08 [95% CI, 3.27-5.09]; 4500-4999-g 

infants: odds ratio, 8.31 [95% CI, 6.20-11.14]; and >5000-g infants: odds ratio, 29.92 [95% CI, 

17.42-51.39]) and 5-minute Apgar scores <3 , (4500-4999-g infants: odds ratio, 3.19 [95% CI, 

1.19-8.5]; and >5000-g infants: odds ratio, 10.23 [95% CI, 2.32-45.13]) posed the highest risk in 
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comparison to previous research on this topic. The prevalence of cesarean section among all 

groups was less than 9% and not found to be statistically significant by birthweight group.  

Conclusion: It is unclear if the risks shoulder dystocia and 5-minute Apgar scores < 3 outweigh 

the risks of prophylactic cesarean section on perceived macrosomic infants without jeopardizing 

maternal and infant health. Until further research regarding the risk versus benefit of alternatives 

to macrosomic vaginal birth, we recommend that strategies to prevent Grades II and III 

macrosomia need to be incorporated into the midwifery model of care. 
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CHAPTER 1 

INTRODUCTION 

 

Fetal macrosomia, characterized by the American Congress of Obstetricians and 

Gynecologists as a birth weight in excess of 4000 grams (8 pounds, 13 ounces), has been 

associated with several adverse maternal outcomes such as 3
rd

/4
th

 degree perineal tears, cesarean 

section and hemorrhage, along with poor fetal outcomes including meconium aspiration, 

shoulder dystocia and in rare cases death
1-15

. In the clinical setting, diagnosis and management of 

fetal macrosomia has been the subject of much debate over the past 25 years. Current hospital 

policies and clinical practices encourage early induction and prophylactic cesarean section as a 

means to prevent adverse maternal and infant outcomes contributed to fetal macrosomia; 

however, both of these interventions have also been independently associated with adverse 

outcomes to the mother, including hemorrhage, pulmonary embolism, infection and poor 

newborn outcomes such as assisted ventilation, resuscitation, low Apgar scores, and birth 

traumas
15-22

. Furthermore, as described in Chapter 2, the clinical methods for in utero diagnosis 

of macrosomia based on maternal risk factors and ultrasound estimates commonly result in over 

diagnosis of macrosomia and increases in interventions such as prophylactic cesarean section and 

induction
22-26

. 

Many studies to date have examined the risk factors and adverse maternal and fetal 

outcomes associated with macrosomia; however, these studies have been limited to hospital 

delivery settings, where the majority of women labor in a supine position which may not be 

effective in promoting vaginal delivery
2-15

. While results of these studies have consistently 

correlated higher rates of adverse maternal and fetal outcomes to fetal macrosomia, they often 

fail to account for the risk related to the induction procedure itself which may act as an effect 

modifier.  Furthermore, many studies have shown that planned interventions such as prophylactic 
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cesarean section and induction based on ultrasound estimates of fetal weight do not reduce the 

adverse outcomes associated with fetal macrosomia such as maternal hemorrhage, meconium 

aspiration, resuscitation, assisted ventilation, and low Apgar scores, but expand the proportion of 

potentially unnecessary interventions among healthy, low-risk women
23-25

. 

Research shows that upright birthing positions and movement during labor may expand 

female pelvic bone dimensions, allowing for a quicker labor
26

. Increased expansion may also 

facilitate delivery of larger babies and, it is hypothesized, decrease the risk of cesarean section, 

shoulder dystocia, episiotomies, second degree perineal tears, pain, blood loss, and other adverse 

outcomes associated with macrosomia
27

. To date, no research has focused on these types of 

birthing methods which are common in midwifery assisted births as an alternative to induction 

and prophylactic cesarean delivery for suspected cases of macrosomia. These types of methods 

include freedom of movement, gaskin maneuver, and the squatting position (see Chapter 2).  

The objectives of this study were to 1) determine the prevalence of fetal macrosomia and 

adverse outcomes that may result from a macrosomic birth in the MANAstats database; 2) 

identify the maternal characteristics which predict macrosomia; 3) determine the adverse 

maternal and infant outcome differences among macrosomic and normal weight infants in the 

MANAstats database. We hypothesized that the prevalence of macrosomia in this population 

would be higher than previously observed in hospital populations and that the risk of adverse 

infant and maternal outcomes would also differ from previous studies. The MANA 2.0 dataset 

contains 13,074 pregnancy and birth records United States midwives collected and contributed 

from January 2007- December 2009.  
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CHAPTER 2 

BACKGROUND 

 

Significance: Fetal macrosomia occurs in approximately 3-10% of hospital births and in 

prior research macrosomia has been associated with many adverse maternal/fetal outcomes
15-22

.  

The prevalence and adverse outcomes of macrosomia have never been evaluated in the 

midwifery population. Due to poor infant and maternal outcomes, hospital policies often 

encourage routine induction and prophylactic cesarean section for all assumed cases of 

macrosomia regardless of maternal or fetal risk status. However, fetal macrosomia is difficult to 

predict
23-25

, and research has shown a significant over-diagnosis of macrosomia resulting in 

increased cesarean section rate and induction procedures
28-36

. 

Common prenatal care, management methods, and laboring positions used by midwives for 

macrosomic pregnancies have never been compared to hospital protocols in terms of reducing 

the maternal/fetal morbidities commonly associated with macrosomia and prophylactic cesarean 

section. According to the American College of Obstetrics and Gynecology‘s Informed Consent 

doctrine, a pregnant woman should be given all information and alternatives when making a 

decision about her birth. It is unclear if the common practice of induction and prophylactic 

cesarean section is beneficial for low-risk macrosomic infants and their mother. Our study, 

designed to show the outcomes of macrosomia in the midwifery assisted birth population will 

inform mothers, infants, midwives, physicians, and hospital policies through further 

understanding of midwifery diagnosis, management, and laboring techniques among fetal 

macrosomic patients. 

Classification: Depending on the literature and the risk status of the mother and infant, 

classification of fetal macrosomia can be defined as greater than 4000, 4500, or 5000 grams
1,37-
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39
. For diabetic mothers, classification of fetal macrosomia usually occurs at lower weights 

(>4000 versus >4500 grams) than non-diabetic mothers
39

. These differences in classifications are 

due to increased fetal shoulder diameters among infants of diabetic mothers that may lead to 

increased rates of shoulder dystocia in this group
29

. For low risk women without diabetes, 

research and policy recommendations are mixed between classifying and intervening at >4500 

grams or >5000 grams
1-2

. Past research has consistently found elevated risks for both the mother 

and infant weighing >5000 grams, while some debate exists for risks associated with 

macrosomia at levels >4000 grams
1-2

. 

Detection Methods: Antenatal electronic fetal measurements (EFM), fundal estimates, 

amniotic fluid index (AFI), and clinical demographic prediction tools are the procedures 

commonly used to predict macrosomia and overall birthweight.  Although the accuracy of both 

of these methods has improved over the course of 10 years, both methods tend to result in poor 

sensitivity and specificity, meaning that they significantly over diagnosis fetal macrosomia in 

normal pregnancies
28-31

.  For example, most research on these detection methods show a 13% 

over-diagnosis of macrosomic cases with increases in neonatal and maternal morbidity
41

. It is 

well understood in both the literature and practice, that accuracy in determining fetal birth weight 

declines significantly with gestational length and extremes of weight
31

. Further, both of these 

methods involve multiple measurements of different parts of the mother and fetus which involve 

the use of judgment mixed with science. For all of these reasons, evidence based literature and 

the American College of Obstetrics and Gynecology discourage the practice of induction and 

prophylactic cesarean section in cases in which clinical and ultrasound methods determine 

macrosomic fetuses
41

.   
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Due to the inability to accurately diagnose fetal macrosomia in utero, the majority of the 

scientific literature discourages routine ultrasonography, labor induction, and prophalytic 

cesarean section for perceived macrosomia
41,44-45

. Contrary to these findings, many hospital 

policies continue to use induction and prophylactic cesarean section interventions on perceived 

cases of macrosomia as a means to prevent maternal and fetal birth complications regardless of 

their independent adverse obstetrical, fetal, and maternal outcomes
1
.  

Risk Factors: Maternal risk factors for fetal macrosomia are best understood when 

categorized by low-risk and high-risk diagnosis. Contrary to the plethora of existing research that 

focuses on high risk factors for macrosomia (pre-existing diabetes, gestational diabetes, and high 

pre-pregnancy BMI), more than 50% of cases of fetal macrosomia occur in low-risk mothers
5,8-

22
. Among these low-risk mothers (those without diabetes or obesity), risk factors for fetal 

macrosomia include: non-smoking status, male child, parity, age over 30, medium-tall height, 

and white race. Ambiguous risk factors that are difficult to categorize as low or high risk include: 

weight gain over 30 pounds, post-datism (depending on the literature >40, >41, or >42 weeks), 

and a prior macrosomic birth.  Although no research exists on positive nutritional ―risk factors‖ 

for macrosomia, qualitative interviews with midwives believe that high protein and high caloric 

intake (mediated by high weight gain) increase the likelihood of a macrosomic fetus
46

. When 

diagnosing a potentially macrosomic pregnancy, literature does agree that, ―risk factors for 

macrosomia are not assessed adequately,‖ and that case by case diagnosis is a more accurate 

mode of predicting a macrosomic fetus
29

.  

Adverse Outcomes: Numerous adverse outcomes have been recognized and associated 

with fetal macrosomia, categorized by maternal, neonatal and fetal outcomes
34

.
 
 In the largest 

study on macrosomic births in the United States, Boulet et al (2003) designed a model in which 
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they assessed the adverse outcomes of macrosomia based on birth weight categories. In this 

study they found that in macrosomic cases mothers had double the risk of emergency cesarean 

section (>4500 grams: odds ratio, 2.61[95% CI, 2.58-2.64], >5000 grams: odds ratio, 4.68 [95% 

CI, 4.54-4.83])
33

. Although they are rare outcomes, Boulet et al also found increased risks of 

maternal excessive bleeding (>4500 grams: odds ratio, 1.65 [95% CI, 1.56-1.74], >5000 grams: 

odds ratio, 1.86 [95% CI, 1.61-2.16] and prolonged labor (>4500 grams: odds ratio, 1.55 [95% 

CI, 1.48-1.62], >5000 grams: odds ratio, 1.76 [95% CI, 1.55-1.99]). Finally, as shown in Table 1, 

Boulet et al found that macrosomic neonates have an increased risk of cephalopelvic 

disproportion (>4500 grams: odds ratio, 4.07 [95% CI, 3.99-4.15], >5000 grams: odds ratio, 5.79 

[95% CI, 5.50-6.08]), meconium staining (>4500 grams: odds ratio, 1.22 [95% CI, 1.21-1.25], 

>5000 grams: odds ratio, 1.35 [95% CI, 1.28-1.42], birth injuries (>4500 grams: odds ratio, 3.14 

[95% CI, 2.96-3.32]), >5000 grams: odds ratio, 4.53 [95% CI, 3.95-5.19]), assisted ventilation 

(>4500 grams: odds ratio, 1.85 [95% CI, 1.73-1.99]), >5000 grams: odds ratio, 3.96 [95% CI, 

3.45-4.55]), meconium aspiration (>4500 grams: odds ratio, 1.65 [95% CI, 1.52-1.79]), >5000 

grams: odds ratio, 2.61 [95% CI, 2.15-3.16]), 5-minute Apgar score <3 (>4500 grams: odds ratio, 

2.01 [95% CI, 1.76-2.29]), >5000 grams: odds ratio, 5.20 [95% CI, 4.09-6.62]), neonatal death 

(>4500 grams: odds ratio, 1.00 [95% CI, 0.83-1.21]), >5000 grams: odds ratio, 2.69 [95% CI, 

1.91-3.80]), and postnatal death (>4500 grams: odds ratio, 0.86 [95% CI, 0.74-1.00]), >5000 

grams: odds ratio, 1.62 [95%  CI, 1.16-2.26]). 
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Table 1. “Logistic regression analyses of obstetric procedure, obstetric complication, birth 

outcome, and death by birth weight category
1
.‖ 

 

 

 

In other studies, fetal macrosomia has been associated with increased rates of stillborn 

and perinatal death, required resuscitation at birth, required oxygen therapy beyond 24 hours, 

hospital admission, 5-minute Apgar scores less than 6, asphyxia at birth, and seizures
2-15

.  They 

have also found increases in maternal infection, pyrexia, and death
1-5

. However, induction 

methods such as artificial rupture of the membranes, oxytocin management, epidural anesthesia 

and laboring in the supine position have also been shown to increase the risk of maternal, 

neonatal and fetal adverse outcomes to the non-macrosomic and macrosomic infant
32-34

.  As 

described, these management techniques (primarily cesarean section and induction) in the 

midwifery assisted birth population are rarely used
32-34

. 
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Prophylactic Cesarean Section: Cesarean sections carry with them significant medical 

risks for both mother and child.  A US study found that mothers are four times more likely to die 

from a cesarean unrelated to health problems, compared with women who have vaginal births
47

. 

Furthermore, women who have cesarean births have greater chances of uterine hemorrhage, 

infection, pulmonary embolism, injury to other organs, placenta previa, and Post Traumatic 

Stress Disorder
48

. Healthy babies born by cesarean are more likely to have breathing problems 

and to need admission to intensive-care units
49

. The mortality rate and the odds of developing 

persistent pulmonary hypertension, a life-threatening complication, are higher in women with 

cesarean sections
48

. A study in the UK found that children born by Cesarean have triple the risk 

of adult asthma
50

. Further, mothers who give birth by cesarean are more likely to have difficulty 

with establishing and maintaining breastfeeding which offers optimal long-term health benefits 

for mothers and their children
49

. Despite the routine use of cesarean sections, they are less safe 

than vaginal birth methods, as noted by The Coalition for Improving Maternity Services fact 

sheet: "No evidence supports the idea that cesareans are as safe as vaginal birth for mother or 

baby. In fact, the increase in cesarean births risks the health and well-being of childbearing 

women and their babies.‖ 

Midwifery versus Obstetric Practices: Qualitative interviews with midwives have 

indicated that the incidence of fetal macrosomia in the midwifery population appears to be much 

higher than that of the general population
35-37

. Two main hypotheses given by midwives for this 

large difference point to the nutritional counseling (centered on increased protein intake and 

adequate calorie consumption) that homebirth clients receive which is less emphasized in the 

medical model of care, and the low rate of early induction for macrosomic pregnancy in 

midwifery assisted births.  
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The prevalence and adverse outcomes of fetal macrosomia in the midwifery population has 

never been scientifically evaluated. Anecdotally however, midwives report that the common 

adverse outcomes associated with macrosomia and the procedure of prophylactic cesarean 

section are not as prevalent among midwifery assisted births due to their practice of ―The 

Midwives Model of Care™ and freedom of movement during labor. This model views 

macrosomia as a variation of normal and not a pathological event. Midwifery care approaches 

pregnancy and childbirth from a salutogenesis perspective, while obstetric care is based off of a 

pathogenesis perspective (Figure 1). 

 

Figure 1. Pathogenesis (obstetrics) versus Salutogenesis (midwifery) approach
55

. 

Pathogenesis versus Salutogenesis Approach 

Obtetrics: Pathogenesis Approach Midwifery: Salutogenesis Approach  

Starting Point – problems Potential well being 

Focus on avoiding problems and their causes Focus on  approaching potential and its roots 

Work to eliminate risk factors Work to create well-being 

Reactive Approach – react to signs and 

symptoms of disease 

Proactive Approach – create conditions for 

well-being 

Primary focus – prevention of negative health 

(pain or loss) 

Promotion of positive health (gains or growth) 

Minimization of problems Optimization of potential 

.  

Since the midwifery model views pregnancy, labor and birth as a normal physiological 

process, and macrosomia as one variation of normal, perceived macrosomic cases in midwifery 

assisted births are normally treated with expectant management (freedom of movement, frequent 

emptying of bladder, adequate fluid intake, and caloric needs being met to better maintain energy 

level for active laboring). Further, midwives use the Gaskin maneuver (mother on all fours), 

utilize the maternal squatting position, and other active upright positions for perceived 

macrosomia which are the complete opposite posture of the common obstetrical-based, supine 
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position. Research has shown that upright birthing positions and movement during labor 

significantly expand female pelvic bone dimensions, allowing for a quicker labor
26-27

.  Increased 

expansion may also facilitate delivery of larger babies and, it is hypothesized, decrease the risk 

of cesarean section, shoulder dystocia, episiotomies, 3
rd

/4
th

 degree perineal tears, pain, blood 

loss, and other adverse outcomes associated with macrosomia.   

Contradictory to the midwifery model of childbirth, the medical model is commonly 

characterized by a pathological view of birth, which controls the course of pregnancy and labor 

through the routine application of interventions
51

. Cesarean section, artificial rupture of 

membranes (AROM), pain management via analgesics, episiotomies, vacuum extraction, 

forceps, induction, labor augmentation, and electronic fetal monitoring (EFM), are routine 

medical interventions in the majority of hospital births in America. These interventions expand 

the proportion of pregnancies considered abnormal and may promote scheduled cesarean 

sections to save the lives of women and babies ‗in danger.‘  Further, malpractice insurance and 

prior litigation lawsuits inhibit practitioners from allowing women to attempt vaginal births for 

suspected macrosomia
53

.  

As a doula who has personally observed the management of perceived fetal macrosomia in 

a hospital with an obstetrician, a birth center with a midwife, and at home with a Certified 

Professional Midwife (CPM), the differences in approach and maternal/fetal effects are obvious. 

In midwifery attended births, midwives are more willing to trust the process and utilize various 

techniques such as the gaskin maneuver to allow a safe, vaginal delivery. Active management of 

labor, in a more technical environment, is often coupled with anesthesia which prevents freedom 

of movement and shifting into better birthing positions which could lead to higher cesarean 

section rates and serious complications from shoulder dystocia.  
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In this study, we examined the prevalence, risk factors and adverse maternal and infant 

outcomes associated with macrosomia infants among a group of women who utilized midwifery 

care throughout the United States. We hypothesized that the prevalence of macrosomia in the 

midwifery assisted population would exceed the 3-10% prevalence found in previous hospital 

studies. We also hypothesized that the common adverse maternal and infant outcomes such as 

cesarean section and blood loss among macrosomic infants found in prior hospital studies would 

be lower in the midwifery delivered population. 
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CHAPTER 3 

METHODS 

 

 

A.  Data Source  

The MANA stats Database: MANAstats (from January 2007- December 2009) collects 

midwife self-reported, data on birth and perinatal care outcomes, focusing on low-risk out-of-

hospital births attended by midwives plus deliveries of patients transferred to the hospital setting. 

This data set is intended to support research on midwifery practice and birth outcomes with the 

goal of improving the care of women and babies and increasing the choices available to 

childbearing families. This is a project of the Division of Research of the Midwives Alliance of 

North America (www.mana.org), an organization inclusive of all forms of midwifery. The 

MANA 2.0 dataset contains 13,074 records that midwives have collected and contributed from 

January 2007- December 2009.  

Midwives Alliance midwives have been collecting these data for research purposes since 

November 2004 for all women choosing midwifery care in lieu of obstetric care. Elements of the 

database include the following: demographic characteristics of women and their families, 

maternal health status, pregnancy and general health history, components of prenatal care 

outcomes, birth, neonatal, and postpartum care by midwives, and maternal and newborn 

outcomes following delivery. Data are also collected on transfer of care to other providers during 

a pregnancy, the intended and actual place of delivery, as well as extra set of questions on 

multiple births. See Appendix C for the MANA Statistics Data Collection Form. 

Quality Assurance Measures: In order for a midwife to provide data to MANAstats, they 

must pledge to log every client that comes into their care.  Pregnant clients are entered into the 

dataset before the expected date of birth and the final data are entered within four weeks of the 
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final postpartum visit. Every client receives a consent form, and if the client declines consent she 

is not entered into the database but continues to receive midwifery care. There is no fee for 

midwives to use the MANAstats system.  Regarding the source of the data entered, many are 

collected prospectively by the midwives themselves who enter the data onto a website 

spreadsheet, but it is possible that some variables are subject to recall bias or measurement error. 

For instance, the mother‘s overall nutrition (excellent, good, fair, poor) is the opinion of the 

midwife and could differ depending upon her view of nutrition.   

Advantages: MANAstats data are collected from homebirth midwifery practitioners during 

and after the course of pregnancy. There are several key advantages to using such data for this 

study. The most obvious is that the MANAstats data has a large population of clients (10,000+) 

with detailed accounts of their pregnancy. MANAstats clients are comprised of relatively low-

risk women and suspected to have a fairly high incidence of macrosomia compared to the 

clinical population. Another advantage relates to the nature of the midwifery model which 

encourages natural approaches to managing labor (freedom of movement, massage, etc.) in lieu 

of pathological interventions
53

. This type of analysis, which focuses on the apathological model 

of pregnancy including pregnancies with macrosomic cases, has never been conducted before.  

B. Study Variables 

Inclusion and Exclusion Criteria: As described, in approximately 50% of the general 

population, fetal macrosomia is attributed to high risk pregnancy complications including: pre-

existing diabetes, gestational diabetes, and high pre-pregnancy BMI
54

. The aim of this study was 

to understand the causes of fetal macrosomia in a low-risk population of women who are treated 

with ―The Midwives Model of Care™‖ (expectant management, freedom of movement, frequent 
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emptying of bladder, adequate fluid intake, and caloric needs being met to better maintain energy 

level for an active laboring mom).  

To further understand the causes of macrosomia in low-risk women and the 

complications associated with differing levels of birth weight, it is necessary to exclude certain 

high risk and potential confounding factors. Women were excluded from these analyses if they 

had the following: 

 Birthweight less than 3000 grams (this also captured all pregnancies less than 

37 weeks) 

 Maternal diagnosis of gestational diabetes 

 Maternal genital herpes at the time of birth (potential confounder for cesarean 

section) 

 Fetal diagnosis of suspected intrauterine growth retardation (IUGR) (prevents 

adequate nutrition and oxygen supply to the baby, potential confounder for 

adverse outcomes) 

 Fetal diagnosis of a birth defect 

 Fetal diagnosis of oligohydramnios  

 Stillbirth before labor 

 Intrauterine death 

 Preeclampsia  

Initially, we wanted to exclude cases of high pre-pregnancy BMI at the onset of 

pregnancy; however the data on the maternal pre-pregnancy weight and nutrition was very 

limited. After discussion with MANAstats contributors, and evaluating the data and data entry 

sheet it was determined that many of the midwives that contribute data to this dataset do not 
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routinely weigh clients at the first prenatal care visit and focus primarily on nutrition intake as 

priority, rather than weight gain which is not consistent with ACOG recommendations for 

counseling about weight gain in pregnancy. We therefore did not feel comfortable excluding for 

baseline weight.  
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Figure 2. Flow Chart 

 

 

 

3000-3999 grams 

N= 7508 

4000-4449 grams 

N = 1876 

4500-4999 grams 

N= 469 

5000 + grams 

N = 61 

MANAStats Clients in study  
N=13074 

>3000 grams (n= 2571) 
N=10503 

Gestational Diabetes (n=141) 
N=10362 

Herpes 232 

N= 10130 

Preeclampsia n = 34 

N= 10096 

Birth Defects (n=16) 
N = 10080 

Oligohydramnios (n=43) 
N = 10037 

Intrauterine death (n=7) 
N = 10030 

Suspected IUGR (n=19) 
N = 10011 
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Weight groups: For this analysis, birth weights were broken up into three categories 

(4000-4499g, 4500-4999g, >5000g) and will be entered into the logistic models as dummy 

variables, using normal weight infants (3000-3999 g) as the reference group. This method of 

separating birth weight into normal, mild and severe was modeled after the Boulet et al (2003) 

study.  

Maternal Risk Factors: For aim 2 we examined the maternal characteristics and risk 

factors which may predict the outcome of fetal macrosomia in the midwifery assisted population. 

Maternal risk factors originally selected for this study included: maternal race (Caucasian/other), 

marital status group, maternal age (15-34 & 35-57), educational attainment (high/low) , 

gestational length (37-39 weeks, 40 weeks, 41 weeks, <42 weeks), family socio/economic level, 

maternal problems (anemia, smoking status, alcohol and drug use), parity status, nutrition level, 

diet, and activity level, high pre-pregnancy BMI, and infant sex.   

Upon receiving the MANAstats database we were advised that the following variables 

were determined to be missing too much information: family socioeconomic levels, maternal 

height, nutrition level, diet, and activity level. Smoking, alcohol and drug use were determined to 

be unusable due to the high number of ―blank,‖ entries. No field in this database contained 

information on sex of the infant. Parity could not be evaluated due to the number of missing 

values (n=2359) and the inability to distinguish missing values from 0 prior pregnancies. Data 

quality issues will be further addressed in the Discussion section of this paper. Thus, the 

following potential risk factors for macrosomia could be evaluated: race, marital status, maternal 

age, educational attainment, and gestational length. Educational attainment was classified as low 

if the mother was <18 years old and 2 years below grade level. For women >18 years old, 
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educational attainment was classified as low if they did not complete high school. This method 

of classifying educational attainment was modeled after Boulet et al (2003). 

Outcomes of Interest: Adverse outcomes were categorized by: Obstetric complications, 

obstetric procedures, infant outcomes, and maternal outcomes. The adverse outcomes of interest 

included: meconium aspiration (y/n), blood loss (y/n), shoulder dystocia (y/n), cord prolapse 

(y/n), resuscitation (y/n), assisted ventilation (y/n), cesarean section (y/n), induction (y/n), 

immediate neonatal complications (y/n), newborn health problems (y/n), maternal hospital 

admission in first 6 weeks (y/n), maternal postpartum infections (y/n), maternal postpartum late 

hemorrhage (y/n), anemia (y/n), and postpartum depression (y/n).   

The variable ―blood loss‖ was broken up into a dichotomous variable with women who 

lost <500ml of blood as ―no‖, and women who lost >500ml of blood as ―yes‖. Assisted 

ventilation was also collapsed into a dichotomous variable. Induction/augmentation of labor was 

classified as yes if midwives reported using any of the following: artificial rupture of the 

membranes, prostaglandin, oxytocin, nipple stimulation, castor oil, stripping membranes, 

intercourse, enema, caulophyllum, blue/black cohosh, pulsatilla, or evening primrose oil. 

Immediate neonatal complications included at least one of the following: seizures, birth injuries, 

non-reassuring heart tones unresponsive to therapy and ―other.‖ Newborn health problems 

included at least one of the following: jaundice, sepsis/infection, respiratory distress, failure to 

thrive, seizures, and other. Due to the low number of infants that fell into the subcategories of 

immediate neonatal complications and newborn health problems and the high (59%) 

categorization of ―other‖, we were unable to evaluate the subcategories of these variables 

independently. There were no fetal or maternal deaths reported in this dataset. Maternal 

postpartum late hemorrhage was entered into the database by the midwife as a yes/no variable. 
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Postpartum depression was entered into the original database as 1) none, 2) mild, or 3) severe. 

For this study, we collapsed this variable into a dichotomous variable where ―no‖ included 

―none‖ and ―yes‖ included ―mild‖ and ―severe.‖ 

Potential Confounders/Effect Modifiers: In the original model to assess aim 3, we 

intended to evaluate the following variables:  Positive self-reported smoking status, presentations 

of potential concern, baby‘s position at delivery, prophylactic to avoid hemorrhage, postdatism, 

and emotional/social problems (bleeding). However, after evaluating a correlation matrix, our 

model could only support controlling for maternal age and gestational length (see page 24).  

C. Statistical analyses 

Aims: There were four aims for this study. The first aim was to determine the prevalence 

of macrosomia in the MANAStats cohort of midwifery assisted births by categorizing birth 

weight in three levels of macrosomia as described above. It was hypothesized that the overall 

prevalence of macrosomia would be greater than the 3-10% found in previous hospital studies.  

The second aim was to determine the maternal demographic risk factors of macrosomic mothers. 

The third aim was to determine the maternal and birth outcome differences among macrosomic 

and normal weight infants in the MANAstats database population. We hypothesized that 

macrosomia in the low-risk MANA population utilizing midwifery laboring and pushing 

techniques would decrease the likelihood of adverse outcomes in comparison to hospital 

practices. The final aim was to identify fields in the MANAstats database that need to be 

modified in order to improve the MANAstats project. 

For all of the research aims, birth weight categories (4000-4499g, 4500-4999g, >5000g) 

were entered into logistic model, and normal weight infants (3000-3999g) were used as the 
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reference group. SPSS Version 19 was used to analyze the data. Descriptive statistics, means, 

medians, and proportions, were also used to describe the demographics of the population. 

Aim 1: This analysis provided a description of the prevalence of macrosomia by weight 

categories among the eligible births included in the MANAstats database, and the chi-square test 

was used to determine the significance of the relationship. Further, this analysis described the 

overall prevalence of adverse outcomes in this population. 

Aim 2: For aim 2, non-parametric tests were used to compare the continuous variables 

age and gestational length since they were not normally distrusted by weight group. The chi-

square test was used to compare categorical data such as race, marital status, and educational 

attainment. All risk factor variables were compared by birthweight groups in Table 2. Due to 

power issues, a correlation matrix for all of the risk factors was used to select two confounders to 

control for in the logistic model. Maternal age and gestational length were selected due to their 

level of significance and low correlation to each other. These two confounders were then added 

to the logistic model in aim 3. 

Aim 3: To determine maternal and infant health outcomes by birth weight differences, each 

adverse outcome variable was evaluated through odds risk ratios and separate simple and 

multivariate logistical regression models adjusting for maternal age and gestational length. Each 

outcome was evaluated with birth weight as the main predictor variable and maternal age and 

gestational length as potential confounding variables. Birth weight categories (4000-4499g, 

4500-4999g, >5000g) were entered into the logistic model as dummy variables, and normal 

weight infants (3000-3999g) will be used as the reference group for the main exposure of 

interest. Statistical significance was defined as a p-value of less than 0.05, as previously used in 

Boulet et al (2003). 
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CHAPTER 4 

RESULTS 

 

Of this group of 10,011 women seeking midwifery care, the average age was 29.9 years 

old (± 5.3 years) and the vast majority of women were Caucasian (92%) and married (87.7%). 

Because we excluded many high risk groups (gestational diabetes, herpes, preeclampsia, birth 

defects, oligohydramnios, intrauterine death and IUGR), the prevalence of many adverse 

outcomes were relatively rare. For example, the prevalence of major significant adverse 

outcomes in the entire population was: shoulder dystocia - 4.7%, meconium aspiration – 18.0%, 

blood loss >500ml – 25.5%, resuscitation – 25.4%, assisted ventilation – 3.6%, immediate 

neonatal complications – 3.7%, newborn health problems – 8.0%, and Apgar score <3 at 5 

minutes – 0.4% 

 Prevalence of Macrosomia: The distribution of women by weight groups was as follows 

(Table 2 & Figure 3): 3000-3999 grams (n=7508, 75%), 4000-4449 grams (n=1876, 18.7%), 

4500-4999 grams (n=469, 4.7%) and >5000 grams (n=61, 0.6%).  The prevalence of macrosomia 

according to >4000 grams criteria was 24.7% (n=2406) and >4500 grams 5.53% (n=530).  
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Table 2. Frequency and Prevalence of Macrosomia by birth weight (n= 10011) 

 
Number of 

Women Percent 

Cumulative 

Percent 

3000-3999 

grams 

7508 75.0 75.7 

4000-4449 

grams 

1876 18.7 94.7 

4500-4999 

grams 

469 4.7 99.4 

5000+grams 61 .6 100.0 

Total 9914 99.0  

Missing  97 1.0  

Total 10011 100.0  

 

Figure 3. Prevalence of Macrosomia by Birth weight 
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Risk factors for macrosomia: Table 3 shows maternal characteristics by birth weight 

category for singleton live births to mothers who used midwives as their primary pregnancy 

caregiver. Mothers of macrosomic infants were significantly more likely than those of normal 

birth weight infants to be Caucasian (P= 0.00), but it should be noted that over 90% of each 

group was Caucasian. As birth weight increased, so did the percent Caucasian (Reference: 

91.3%, Grade I: 94.4%, Grade II: 95.3%, Grade III: 95.1%). Similarly, mothers of macrosomic 

infants were significantly more likely to be married (P= 0.00), but it should also be noted that 

over 86% of each group was married. As the weight group increased, the percent of women 

married also increased (Reference: 86.8%, Grade I: 89.9%, Grade II: 93.0%, Grade III: 95.1%). 

Mothers of macrosomic infants were also more likely to be between the ages of 15-34 (P= 0.00). 

Educational attainment was not found to be significant between macrosomic groups (P=0.15). 

The length of gestation was found to be significant across weight groups (P=0.00) with the vast 

majority of macrosomic women carrying infants over 40 weeks gestation.  In total, mothers of 

macrosomic infants in this cohort tended to be Caucasian, married, between the ages of 15-34 

and have a length of gestation greater than 40 weeks. 

A correlation matrix (Table 4) showed the following predictors to be statistically 

significantly correlated: race and marital status (-0.103, p=0.00), race and age (0.26, p=0.00), 

race and education (-0.020, p=0.04), race and gestational length (0.034, p=0.00), and marital 

status and age (-0.066, p=0.00). The following predictors were not found to be significantly 

correlated: age and gestational length (0.005, p=0.63), and marital status and gestational length 

(0.016, p=0.10). Due to their significant relationship with birth weight groups and lack of 

correlation to each other, the variables maternal age and gestational length were chosen and 

included in the multivariate model as potential confounders in aim 3.  
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Table 3. Maternal Characteristics by Birth Weight category for singleton live births to mothers 

who used midwives as their primary pregnancy caregiver. 

 

Category %  

Characteristic 

Reference 

3000-3999 g 

(No.) 

Grade 1, 

4000-4499 g 

(No.) 

Grade 2 

4500-4999 g 

(No.) 

Grade 3 

>5000 g 

(No.) P-Value 

Race of mother      

    Caucasian  91.3 (6848) 94.4 (1771) 95.3 (446) 95.1 (58) 0.000 

Married 86.8 (6516) 89.9 (1686) 93.0 (436) 95.1 (58) 0.000 

Maternal age (y)      

    15-34 (low-risk) 80.1 (6016) 78.0 (1464) 68.9 (323) 73.8 (45) 0.000 

    35-57 (higher-risk) 19.0 (1492) 22.0 (412) 31.1 (146) 26.2 (16) 0.000 

Educational attainment      

    High 89.7 (6731) 90.9 (1705) 89.6 (420) 93.4 (57) 0.154 

    Low 8.0 (604) 6.8 (127) 8.3 (39) 3.3 (2) 0.154 

Gestational length      

    37-39 weeks 259- 273 42.1 (3127) 25.1 (470) 18.8 (88) 16.4 (10) 0.000 

    40 weeks 274-280 35.3 (2625) 38.7 (725) 35.8 (167) 31.1 (19) 0.000 

    41 weeks 281-287 17.7 (1315) 27.4 (513) 30.4 (142) 29.5 (18) 0.000 

    <42 weeks 288-294 4.9 (365) 8.7 (163) 15.0 (70) 23.0 (14) 0.000 

 

 

Table 4. Correlation Matrix of Covariates 

 
Mother's race or 

ethnic origin: 

Caucasian Martstat AgeCat EdCat Gest 

Mother's race or ethnic origin: 

Caucasian 

Pearson Correlation 1 -.103** .026** -.020* .034** 

Sig. (2-tailed)  .000 .009 .047 .001 

N 10004 10004 10004 9774 9921 

Martstat Pearson Correlation -.103** 1 -.066** .031** .016 

Sig. (2-tailed) .000  .000 .002 .104 

N 10004 10011 10011 9779 9928 

AgeCat Pearson Correlation .026** -.066** 1 .030** .005 

Sig. (2-tailed) .009 .000  .003 .631 

N 10004 10011 10011 9779 9928 

EdCat Pearson Correlation -.020* .031** .030** 1 -.006 

Sig. (2-tailed) .047 .002 .003  .560 

N 9774 9779 9779 9779 9697 

Gest Pearson Correlation .034** .016 .005 -.006 1 

Sig. (2-tailed) .001 .104 .631 .560  
N 9921 9928 9928 9697 9928 

**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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Birth weight related to adverse outcomes: Table 5 shows obstetric complications, 

obstetric procedures, infant and maternal outcomes by birth weight categories. As shown, the 

cesarean section rate was 5.9 percent for 3000-3999 grams, 6.6 percent for 4000-4449 grams, 8.3 

percent for 4500-4999 grams, and 6.6 percent for >5000 grams, and the cesarean section percent 

did not differ significantly across birth weight groups. The proportion of induction increased 

across all birth weight categories with 56.0% of infants 3000-3999 grams experiencing induction 

and 72.2 percent of infants who weighed >5000 grams experiencing some type of induction. 

The proportion of the obstetric complications as modeled from Boulet et al (meconium 

aspiration, blood loss, resuscitation, and assisted ventilation) showed a progressive and 

significant increase among the macrosomic birth weight categories. For example, the following 

obstetric complications jumped significantly from the reference weight group to birth weight 

Grade III: meconium aspiration – 16.9% (reference group) to 23.3% (Grade III) (P=0.00), blood 

loss- 25.6% to 45.5% (P=0.00), resuscitation – 24.1% to 50% (P=0.00), and assisted ventilation – 

3.4% to 20.0% (P=0.00). The frequency of shoulder dystocia demonstrated the most dramatic 

increase in this study, with dystocia being reported among 2.5% of infants who weighed 3000-

3999 grams and 44.6% infants who weighed >5000 grams (P=0.00).  It should be noted although 

the frequency of obstetric complications increased greatly from the reference group to Grade III, 

the increase in frequency between the reference group and Grade I, and Grade I and Grade II, 

were less severe and also significant.  

The frequency of adverse infant outcomes (immediate neonatal complications, newborn 

health problems, Apgar scores <6 & <3) increased significantly over the birth weight categories 

with the >5000 gram infants showing the most dramatic differences. For example, among infants 

between 3000-3999 grams only 4% reported immediate neonatal complications compared to 
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17.2% of infants >5000 grams (Grade III) (P=0.00).  Newborn health problems (7.8% [ref], 8.6% 

[Grade I], 9.6% [Grade II], 22.4% [Grade III]; P=0.00) and Apgar score <3 (0.3%, 0.5, 1.1, 3.4; 

P=0.00) showed similar patterns of increasing frequency as birth weight increased (Table 4). 

The only maternal outcomes we could examine by birth weight were maternal hospital 

admission in the first 6 weeks (p=0.78), maternal postpartum late hemorrhage (p=0.00), and 

post-partum depression (p=0.77). Although we found no difference for maternal hospital 

admission by weight groups in the first 6 weeks and post-partum depression, we did find a 

significant difference for maternal postpartum late hemorrhage. There was an increasing trend by 

birth weight with 0.4% (n=29) of women in the reference weight group, 0.2% (n=4) for Grade I, 

0.2% (n=1) for Grade II, and 3.3% (n=2) for Grade III experiencing postpartum hemorrhage 

(P=0.77).  

Cord prolapse was not found to be significant by weight group. There were no reports of 

stillbirths, forceps, vacuum extraction, newborn death in first six weeks, or maternal death in this 

dataset.  
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Table 5. Obstetric procedure, obstetric complication, infant outcomes, and maternal outcomes by 

birth weight category. 

 
Category %  

Characteristic Reference 
3000-3999 g 
(No.) 

Grade 1, 
4000-4499 g 
(No.) 

Grade 2 
4500-4999 
g (No.) 

Grade 3 
>5000 g 
(No.) 

P-Value 

Obstetric procedure      

    Induction 56.0 (1054) 62.5 (335) 67.7 (90) 72.2 (13) 0.003 

    Cesarean section 5.9 (441) 6.6 (124) 8.3 (39) 6.6 (4) 0.138 

Obstetric complication      

    Meconium aspiration 16.9 (1260) 21.2 (395) 24.2 (113) 23.3 (14) 0.000 

    Blood Loss: Stage 1-3 25.6 (1819) 30.2 (535) 32.3 (142) 45.5 (25) 0.000 

    Shoulder dystocia  2.5 (178) 9.6 (168) 18.2 (78) 44.6 (25) 0.000 

    Resuscitation  24.1 (1788) (28.4) 528 34.3 (159) 50 (30) 0.000 

    Assisted ventilation 3.4 (255) 3.4 (63) 5.8 (27) 20.0 (12) 0.000 

Infant Outcomes      

    Immediate neonatal complications 3.5 (260) 3.9 (72) 6.0 (28) 17.2 (10) 0.000 

    Newborn health problems 7.8 (583) 8.6 (161) 9.6 (45) 22.4 (13) 0.000 

    Apgar scores <_6 (5 minutes) 1.1 (78) 1.5 (27) 1.8 (8) 8.6 (5) 0.000 

    Apgar scores <_3 (5 minutes) 0.3 (25) 0.5 (9) 1.1 (5) 3.4 (2) 0.000 

Maternal Outcomes      

   Maternal hospital admission in the     
   first 6 weeks 

11.9 (886) 11.5 (215) 13.1 (61) 10.2 (6) 0.781 

   Maternal postpartum late  
   Hemorrhage 

0.4 (29) 0.2 (4) 0.2 (1) 3.3 (2) 0.001 

   Post-partum depression 10.8 (7435) 10.1 (188) 10.5 (49) 13.3 (8) 0.773 

 

Table 6 shows the results of the separate multivariate logistic regression analysis 

examining the role of obstetric procedures, obstetric complications, and infant and maternal 

outcomes. The 3000-3999 gram group was used as the reference group. After controlling for 

maternal age and gestational length, no statistically significant difference was found between 

induction and cesarean section among weight groups. Among obstetric complications, 

macrosomic infants were far more likely to have shoulder dystocia compared with the reference 

group (4000-4449-g infants: odds ratio, 4.08 [95% CI, 3.27-5.09]; 4500-4999-g infants: odds 

ratio, 8.31 [95% CI, 6.20-11.14]; and >5000-g infants: odds ratio, 29.92 [95% CI, 17.42-51.39]). 

Meconium aspiration (4000-4449-g infants: odds ratio, 1.16 [95% CI, 1.02-1.32]; 4500-4999-g 

infants: odds ratio, 1.26 [95% CI, 1.00-1.58]; and >5000-g infants: odds ratio, 1.14 [95% CI, 

0.62-2.11]), blood loss (4000-4449-g infants: odds ratio, 1.22 [95% CI, 1.08-1.37]; 4500-4999-g 
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infants: odds ratio, 1.35 [95% CI, 1.09-1.66]; and >5000-g infants: odds ratio, 2.29 [95% CI, 

1.34-3.91]), resuscitation (4000-4449-g infants: odds ratio, 1.20 [95% CI, 1.07-1.35]; 4500-

4999-g infants: odds ratio, 1.53 [95% CI, 1.25-1.88]; and >5000-g infants: odds ratio, 2.92 [95% 

CI, 1.75-4.87]), and assisted ventilation (4000-4449-g infants: odds ratio, 0.95 [95% CI, 0.71-

1.27]; 4500-4999-g infants: odds ratio, 1.60 [95% CI, 1.05-2.42]; and >5000-g infants: odds 

ratio, 6.50 [95% CI, 3.39-12.48]) also showed progressive increases by birth weight. 

Macrosomic infants (significance beginning at the >4500g weight group) were also far more 

likely to have: immediate neonatal complications (4500-4999-g infants: odds ratio, 1.58 [95% 

CI, 1.50-2.38]; and >5000-g infants: odds ratio, 5.06 [95% CI, 2.51-10.20]), and Apgar scores 

<3, (4500-4999-g infants: odds ratio, 3.19 [95% CI, 1.19-8.5]; and >5000-g infants: odds ratio, 

10.23 [95% CI, 2.32-45.13]). A <6 Apgar score was only statistically significant at the >5000-g 

level: odds ratio, 8.3 (95% CI, 3.19-21.58). Finally, we found that mothers of macrosomic 

infants were slightly more likely to experience late hemorrhage (4000-4449-g infants: odds ratio, 

0.11 [95% CI, 0.02-0.50]; 4500-4999-g infants: odds ratio, 0.06 [95% CI, 0.01-0.355]; and 

>5000-g infants: odds ratio, 0.06 [95% CI, 0.00-0.74]). 
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Table 6. Logistic regression analysis of obstetric complication, obstetric procedures, and infant 

outcome by birth weight category 

Variable 

Grade I, 4000-4999 g Grade II, 4500-4999 g Grade III, >5000 g 

Odds Ratio 
P-Value & 

95% CI 
Odds Ratio 95% CI 

Odds 

Ratio 
95% CI 

Obstetric 

Procedure       

Induction 1.046 

0.670     

(0.850-1.287) 1.209 

0.342  

(0.817-1.787) 0.906 

0.855  

(0.315-2.606) 

Cesarean  0.974 

0.804     

(0.789-1.201) 1.078 

0.672  

(0.760-1.530) 0.778 

0.633  

(0.278-2.176) 

Obstetric 

complication 

      

Meconium 

aspiration 1.164* 

0.021     

(1.023-1.324) 1.260* 

0.045        

(1.005-1.580) 1.149 

.0654            

(.625-2.114) 

 Blood Loss 1.221* 

0.001     

(1.087-1.371) 1.350* 

0.005    

(1.094-1.665) 2.292* 

0.002  

(1.342-3.916) 

 Shoulder 

dystocia 4.089* 

0.000     

(3.279-5.099) 8.311* 

0.00  

(6.2-11.14) 29.928* 

0.00  

(17.428-51.394) 

Resuscitation 1.209* 

0.001     

(1.077-1.357) 1.536* 

0.00  

(1.255-1.881) 2.926* 

0.00  

(1.756-4.877) 

Assisted 

ventilation 0.956 

0.755     

(0.719-1.270) 1.601* 

0.026  

(1.057-2.425) 6.508* 

0.000  

(3.393-12.482) 

Infant outcomes       

Immediate 

neonatal 

complications 1.058 

0.683     

(0.807-1.386 1.586* 

0.027  

(1.054-2.389) 5.069* 

0.00  

(2.518-10.204) 

Newborn  Health 

Problems 0.948 

0.504     

(.0812-1.108) 0.927 

0.594  

(0.700-1.227) 1.623 

0.128  

(0.870-3.028) 

Apgar < 6 1.379 

0.159     

(0.881-2.158) 1.575 

0.233  

(0.747-3.320) 8.302* 

0.000  

(3.194-21.580) 

Apgar < 3 1.435 

0.360     

(0.663-3.108) 3.199* 

0.021 

 (1.192-8.587) 10.238* 

0.002  

(2.322-45.138) 

Maternal 

Outcomes       

Late Hemorrhage 0.113 

0.004 (0.026-

0.502) 0.063 

0.002 (0.011-

0.355) 0.066 

0.028 (0.006-

0.745) 

All logistic regression models include measures of maternal age and gestational length; the 

reference group was 3000-3999 grams.  

*P<0.05 

 

 

We also wanted to understand how the potential confounders of maternal age and 

gestational length were linked to the outcomes of interest (Table 7). For the obstetric 

complication outcomes, we found that as age and gestational length increased, the likelihood of 

meconium aspiration (age: OR, 1.16 [95% CI, 1.02-1.31]; gestational length: OR, 1.42 [95% CI, 

1.34-1.50]); and resuscitation (age: OR, 1.13 [95% CI, 1.01-1.27]; gestational length: OR: 1.09 
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[95% CI: 1.04-1.15]) also increased. Although assisted ventilation had a similar pattern, this 

relationship was found to be marginally significant at the 0.05 level for gestational length and 

age (age: OR, 1.27 [95% CI: 1.00-1.63]; gestational length: OR, 1.11 [95% CI, 0.98-1.24]). In 

contrast, as age increased, the likelihood of blood loss decreased and as gestational length 

increased the likelihood of blood loss increased (OR, 1.09 [95% CI, 1.04-1.15]). We found no 

significant differences in shoulder dystocia by increasing maternal age and gestational length. 

For the obstetric procedure outcomes, we found that as gestational length increased, so 

did the likelihood of induction (OR =1.80 [95% CI, 1.64-1.96]). Cesarean section also increased 

both with maternal age and gestational length (maternal age, OR=1.49 [95% CI: 1/23-1.80]; 

gestational length, OR=1.58 [95% CI: 1.45-1.73]). 

For the infant outcomes, we found that as gestational length increased, so did the likelihood 

of immediate neonatal complications (OR= 1.32 [95% CI: 1.13-1.42]). In addition, increases in 

maternal age and gestational length increased the risk of newborn health problems (age, OR= 

1.219 [95% CI: 0.81-1.90; gestational length, OR=1.313 [95% CI: 1.23-1.40). Neither the <3 or 

<6 5-minute Apgar score measurements nor late maternal hemorrhage had a significant 

relationship with maternal age or gestational length.   
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Table 7. Maternal Age and Gestational Length by Adverse Outcomes 

 

Variable 

Maternal Age Gestational Length  

Odds 

Ratio 
P-Value (95% CI) Odds Ratio 

P- 

Value 

(95% 

CI) 

Obstetric complication     

   Meconium aspiration 1.162 0.019 (1.025-1.316) 1.426  0.00 

(1.349-

1.509) 

   Blood Loss 0.864 0.014 (0.769-0.970) 1.097  0.000 

(1.042-

1.155) 

   Shoulder dystocia 1.141  0.254 (0.909-1.433) 0.958  0.438 

(0.860-

1.067) 

   Resuscitation 1.137  0.023 (1.018-1.270) 1.097 0.00 

(1.042-

1.154) 

   Assisted ventilation 1.279 0.050 (1.00-1.636) 1.110 0.08 

(0.988-

1.247) 

Obstetric Procedure     

   Induction 1.075 0.494 (0.874-1.323) 1.80  0.00 

(1.649 -

1.964) 

 Cesarean  1.492 0.00 (1.236-1.800) 1.586 0.00 

(1.454-

1.731) 

Infant outcomes     

Immediate neonatal complications 1.062 0.644 (0.823-1.371) 1.270 0.00 

(1.134-

1.421) 

  Newborn  Health Problems 1.219 0.007 (1.056-1.406) 1.313 0.00 

(1.231-

1.402) 

Apgar < 6 1.246 0.311 (0.814-1.906) 1.075 0.481 

(0.879-

1.316) 

 Apgar < 3 1.006  0.988 (0.477-2.120) 1.001 0.995 

(0.711-

1.409) 

Maternal Outcomes     

  Late Hemorrhage  0.413 0.098 (0.145-1.176) 1.099 0.613 

(0.763-

1.583) 
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CHAPTER 5 

CONCLUSION 

 

 

This study demonstrated that the prevalence of macrosomia in the MANAstats population 

was much higher than that found in other studies (24.7% vs. 3-10%), that certain demographic 

characteristics predict macrosomia (primarily race, age, and gestational length), macrosomic 

infants are more likely to incur adverse outcomes (most substantially at the <5000 gram level), 

and that the cesarean section rate among birth weight groups in this population was much smaller 

than that found in hospital delivery populations
1-2

.   

For example, we found the prevalence of macrosomia to be 24.7% according to >4000g 

criterion and 5.5% according to >4500g criterion which is higher than any prevalence reported in 

previous literature (3-10%)
1-2

. This finding indicates that a relationship between midwifery care 

and the event of macrosomia may exist. 

We also found that the risk factors for macrosomia in the MANAstats population (eg. 

Caucasian race of the mother, married, younger maternal age and increased gestational length) 

are common predictors recognized in previous literature
1-2

. In this study, younger maternal age 

and gestational age >40 weeks were the strongest risk factors for macrosomia.  

We also found that macrosomia significantly increased the likelihood of obstetrical 

complications, some adverse infant outcomes, and late maternal hemorrhage (Table 4).  The 

likelihood of obstetric complications and adverse infant outcomes increased markedly with 

extremes of weight. Grade III (>5000 grams) macrosomic infants had significantly higher rates 

of shoulder dystocia, assisted ventilation, resuscitation, immediate neonatal complications, and 

lower Apgar scores compared with lower grades and non-macrosomic infants.  The greatest 

increase in risk usually occurs at the >5000g level as shown in the following adverse outcomes: 
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shoulder dystocia (thirty-fold increase), blood loss (three-fold increase), resuscitation (three-fold 

increase), assisted ventilation (six-fold increase), 5-minute Apgar score <6 (eight-fold increase), 

5-minute Apgar score <3 (ten-fold increase) and immediate neonatal complications (five-fold 

increase).  However, the risk of the adverse outcomes of shoulder dystocia and an Apgar score of 

<3 (at 5 minutes) occur immediately at the lowest Grade and increase substantially at every 

Grade increase as follows: shoulder dystocia (Grade I: 4.08, Grade II: 8.311, Grade III: 29.92), 

and Apgar <3 (Grade I: 1.43, Grade II: 3.19, Grade III: 10.23). These findings appeared to be 

similar to that found in Boulet et al (2003) with the exception of the extremely high risk of 

shoulder dystocia and low 5-minute Apgar scores <3. In Boulet et al (2003), they did not 

measure the risk of shoulder dystocia, but the risk of Cephalopelvic disproportion (Grade I: 2.42, 

Grade II: 4.07, Grade III: 5.79; P<0.0001) was found to be much lower than that found in our 

study. Further, the risk of a 5-minute Apgar score <3 in the Boulet et al study (Grade I: 1.30, 

Grade II: 2.01, Grade III: 5.20) was also found to be much lower than our findings.  Figure 4 

shows the increased risks of adverse outcomes by macrosomic grade as found in our study. 
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Figure 4. Increased risk of adverse outcomes by Macrosomic Grade 

 
* All values are significant at the P<0.005 level except: Grade I Assisted ventilation (p= 0.755), Grade I immediate 

neonatal complications (p=0.683), Grade I Apgar <3 (p=0.360). 

 

In terms of adverse obstetrical complications, the alternatives to a vaginal delivery of a 

suspected macrosomic infant are induction before term (theoretically leading to a smaller baby) 

and prophylactic cesarean section. We found that the cesarean section rate among all weight 

categories fell below 9% and did not differ significantly between groups. Unlike our study, 

previous literature has consistently found a significant association between all Grades of 

macrosomic and cesarean section
1-2

. Our insignificant finding may indicate that prophylactic 

cesarean section for macrosomic infants in the midwifery population is not a commonly used 

method to prevent potential adverse outcomes.  Further, our insignificant induction finding after 

adjusting for gestational length may indicate that there is a strong interaction between induction 

and gestational length.  
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CHAPTER 6 

DISCUSSION 

 

The findings of this study are in general agreement with numerous others that have found 

macrosomia to be associated with specific risk factors (eg, Caucasian race, married, younger 

Maternal age and greater gestational length) and increases in obstetrical complications and 

neonatal morbidity. However, the main outcome differences in this study, compared to Boulet et 

al (and other literature) are the high prevalence of macrosomia, the elevated likelihood of 

shoulder dystocia and Apgar score <3 (at 5 minutes), and the low cesarean rate among all grades 

of macrosomia and non-macrosomic births among a population choosing midwifery care.  

In this study, we found the prevalence of macrosomia to be much higher than any 

previously reported statistic (Figure 5). The prevalence range reported in previous literature falls 

between 3-10%
1-2

.  We hypothesized that an increase in prevalence of macrosomia could be 

attributed to the attention that midwives focus on nutritional counseling and protein intake rather 

than actual weight gain. In an hour-long midwife visit, women often report specifically what they 

eat and are encouraged to partake in the ―Brewer‘s pregnancy protein diet‖ that encourages 80-

100 grams of protein per day, while the institute of Medicine instead recommends approximately 

71 grams of protein per day and restricted weight gain. Because we were unable to examine 

baseline BMI scores and pregnancy weight gain due to missing data, we were unable to 

determine if women started out heavier in the MANAstats database or gain too much weight 

during pregnancy.  For these reasons, we suspect that the high prevalence found in this study 

may be due to excessive weight gain and protein intake as found in other literature. Due to the 

increases in adverse outcomes found in this study, we believe that future research on this topic 

should focus on the high prevalence of macrosomia in the midwifery population and develop 
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methods to reduce the prevalence, which include better monitoring of pre-gravid and gravid 

weights. Figure 5 shows the prevalence of macrosomia by grade when comparing the results of 

the Boulet et al (2003) to the MANAstats macrosomia study.  

 

Figure 5. Prevalence of Macrosomia by Grade in comparison to Boulet et al (2003)
1
 

 
 

While we found a similar direction of association between macrosomia and  adverse 

outcomes, including blood loss, resuscitation, assisted ventilation and immediate neonatal 

complications, we found a much larger effect for the outcomes of shoulder dystocia and 5-

minute Apgar scores <3. We believe there may be two etiologies of this finding. After discussion 

with contributing MANAstats midwives, we believe that the large increase in shoulder dystocia 

by weight groups may be contributable to misclassification bias. Many of the contributing 

midwives reported that if they had to perform any maneuver (change the labor woman‘s position: 

either Gaskin or McRoberts) or conduct a flexion of the head manually, they classify the woman 

as having a shoulder dystocia. This definition of shoulder dystocia differs from that of the 

medical community, and in the majority of the medical literature it appears that they examine 
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birth injuries and cephopelvic disproportion as a proxy for shoulder dystocia not the conduct of a 

procedure during delivery. Alternatively, the high rate of dystocia may be secondary to the fact 

that the cesarean section rate in this population is quite low. Without cesarean section, 

macrosomia in the midwifery population may lead to higher delivery complications as well as 

low 5-minute Apgar scores.  The question then becomes, which is worse – cesarean section or 

shoulder dystocia and low Apgar scores?  

As discussed previously, cesarean section carries large risks for both the mother and the 

infant. Shoulder dystocia may result in risks for both the mother and the infant, and low 5-minute 

Apgar scores (especially <3) pose serious long-term cognitive risks for the infant. For these 

reasons, we believe that future research on macrosomia in the midwifery community should 

better define shoulder dystocia and examine the specific adverse infant outcomes (damage to the 

upper brachial plexus nerve, blood loss, clavicle breakage, and in rare cases fetal death) 

associated with dystocia. As for the low Apgar score after 5 minutes, we believe that this adverse 

finding warrants some major concern. A low Apgar score (especially <3) after 5 minutes is an 

indicator for long-term brain damage. In this study, we found that babies in the >5000 gram 

weight group have a far greater likelihood of a <3 Apgar score (OR=10.238, n=2; 95% CI: 

2.322-45.138) in comparison to Boulet et al (OR=5.20, n=71; 95% CI: 4.09-6.62).  Future 

research should also focus on the etiology and methods to prevent very low Apgar scores at 5-

minutes. 

Finally, in this study we found that the cesarean section rate did not differ significantly 

among birth weight categories, and that all of the percentages fell largely below any previously 

found cesarean section hospital rates. Figure 6 shows the cesarean section rate of the MANAstats 

study in comparison to a large US study that examined macrosomia in the United States hospital 
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setting
1
. Although these two populations may differ in risk status and demographics, the 

differences in cesarean section rates among weight categories are large.  

Prediction of macrosomia is difficult to accurately diagnose as ultrasounds are known to 

be unreliable in extremes of fetal birth weight (60% sensitivity and 90% specificity)
2,57-58

. Due to 

malpractice liability and hospital policies, physician practices may tend to over-diagnose 

macrosomia resulting in the false diagnosis of women carrying non-macrosomic infants and 

potentially lead to higher rates of cesarean section
52

. In this study, the extremely low cesarean 

section rate demonstrates how the midwifery model does not utilize this alternative to prevent 

potential adverse outcomes related to macrosomia. This finding is important because the World 

Health Organization recommends a national cesarean section rate below 15%, and in 2007 32% 

of all births in the United States were by cesarean section
56

. However, this low cesarean section 

rate also comes with the increased risk of shoulder dystocia and low Apgar scores. 
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Figure 6. Percentage of Cesarean Section by Weight Grade compared to Boulet et al
1
 

 
 

One imitation of this study is the finite analysis of risk factors on macrosomia. 

Unfortunately in this study, we could not examine the nutritional and weight gain factors of 

macrosomia. Because macrosomia does increase obstetrical complications and adverse infant 
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self-reported by participating midwives, which may lead to substantial recall bias. Another 

disadvantage is that we do not know the number or reason for women declining participation in 

the MANAstats project, which may lead to selection bias. Finally, these findings are only 

generalizable to low-risk women who seek midwifery care. Prior research has shown that women 

who seek midwifery care differ from women who seek obstetric care in demographics, religion, 

educational attainment, socio-economic level, nutrition, and overall health. It should be noted, 

however, that is report is the first to ever use the MANAstats database. 

In summary, this is the first study to examine fetal macrosomia in the midwifery 

population. In this study we found that macrosomia increases the likelihood of adverse 

obstetrical and infant outcomes. We also demonstrated (like Boulet et al) that adverse outcomes 

differ across varying weight categories. Thus, defining macrosomia as >4000 grams (grade I) 

may be useful to begin identifying increasing risks, however the majority of the risks fall into 

Grade II and especially Grade III macrosomia. It is unclear if the risks of these outcomes 

outweigh the risks of induction and prophylactic cesarean sections on perceived macrosomic 

infants without jeopardizing maternal health. A randomized control trial as suggested by Mulik 

et al (2003) would be needed to determine if induction and elective cesarean sections could 

improve the outcomes of suspected macrosomic infants.  Until further research regarding the risk 

versus benefit of alternatives to macrosomic vaginal birth, we also recommend that strategies to 

prevent Grades II and III macrosomia need to be incorporated into the midwifery model of care.  
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APPENDIX B 

CITI HUMAN RESEARCH COMPLETION REPORT 

CITI Collaborative Institutional Training Initiative  
 

Human Research Curriculum Completion Report 

Printed on 7/26/2011  

Learner: Valerie Armendariz (username: tuc13334) 

Institution: Temple University 

Contact Information  Phone: 7036738680 

Email: valmichele@temple.edu 

 

Social/Behavioral Research Course: Choose this group to satisfy CITI training 

requirements for Investigators and staff involved primarily in Social/Behavioral Research 

with human subjects. 

 

Stage 2. Refresher Course Passed on 07/26/11 (Ref # 5415666)  

Required Modules 

Date 

Completed Score 

SBR 101 REFRESHER MODULE 1 - History and Ethics 03/08/11  5/5 (100%)  

SBR 101 REFRESHER MODULE 2 - Regulatory Overview 07/08/11  5/5 (100%)  

SBR 101 REFRESHER MODULE 3 - Risk, Informed Consent, 

and Privacy and Confidentiality 

07/26/11  4/5 (80%)  

SBR 101 REFRESHER MODULE 4 - Vulnerable Subjects 07/26/11  4/4 (100%)  

SBR 101 REFRESHER MODULE 5 - Education, International, 

and Internet Research 

07/26/11  4/5 (80%)  

How to Complete The CITI Refresher Course and Receive the 

Completion Report 

07/26/11  no quiz  

Temple University 07/26/11  no quiz  

For this Completion Report to be valid, the learner listed above must be affiliated 

with a CITI participating institution. Falsified information and unauthorized use of 

the CITI course site is unethical, and may be considered scientific misconduct by 

your institution.  

Paul Braunschweiger Ph.D. 

Professor, University of Miami 

Director Office of Research Education 

CITI Course Coordinator 
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MANA STATISTICS PROJECT DATA COLLECTION FORM (8 PAGES) 
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