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Abstract
Objective—Pre-pregnancy over-weight and excess weight gain during pregnancy have each been
associated with an increased risk of delivering large babies. However, previous studies have focused
on the separate effects of these two indices of weight in diabetic women.

Method—This study analyzed both separate and combined effects of pre-pregnant body mass index
and weight gain in relation to macrosomia (≥ 4000g) in offspring among 815 non-diabetic women,
using data collected from a retrospective study.

Result—Compared to mothers with normal pre-pregnancy BMI and pregnancy weight gain, risk of
macrosomia in offspring was significantly elevated only in over-weight women with excess weight
gain (adjusted OR =2.6, 95%CI [1.2,5.4]) but not among normal weight mothers with excess gain
(adjusted OR=1.1, 95%CI [0.5,2.4]) or overweight mothers with normal or low gain (adjusted
OR=1.1, 95%CI [0.4,3.1]).

Conclusion—Given the complications that are associated with delivering large babies, overweight
women may benefit from not gaining excess weight gain in pregnancy.

Synopsis—Mothers who are overweight when entering pregnancy and also gain excess weight
during pregnancy have a 2.5-fold increased risk of delivering a macrosomic baby.
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Background
High levels of pre-pregnancy weight and pregnancy weight gain have each been associated
with an increased risk of delivering large babies (1,2). Women with large fetuses are at a higher
risk of complications of delivery such as hemorrhage, infection, cesarean section, pre-
eclampsia and perinatal mortality (1,3). Although much work has been done to study the effects
of high maternal weight and weight gain on birth weight (4–12), less attention has been paid
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to the effects among non-diabetic women (2,4). The focus on diabetic mothers is well
understood given that diabetes is associated with both overweight and macrosomia (9).
However, the restriction of studies to diabetic women makes it difficult to apply these findings
to non-diabetic mothers. Some studies have analyzed the effects of maternal weight and weight
gain while ignoring diabetes (8) and others have adjusted for diabetes as a potential confounder
(5,7,9,10), leaving open the question as to whether heavier non-diabetic mothers also face
similar risks of macrosomia in offspring.

Moreover, many studies have restricted their analysis to either pre-pregnancy weight (1,9) or
weight gain during pregnancy (6,11,12). In the two studies that have analyzed combined
effects, findings were limited to a low income population (8), or were presented as correlations
between maternal weight parameters and mean birth weight, without estimates of the relative
risk of macrosomia (2). Although previous studies provide some insight on the relationship
between macrosomia and maternal weight gain and overweight, the combined effect of both
weight measures in non-diabetic women on risk of large birth weight babies has not been
studied.

This study, therefore, sought to establish whether excessive pre-pregnancy weight as measured
by body mass index, excessive pregnancy weight gain, or their combined effects are risk factors
for delivering large babies. The analysis was restricted to non-diabetic women and took into
account potential confounding factors such as sociodemographic and reproductive factors.

Methods
Study Population

The analysis used controls from a multicenter case control study of hemifacial microsomia (a
craniofacial malformation) conducted from 1996 to 2002. The controls were identified from
pediatric clinics in 26 cities across Canada and United States (US). Specifically, controls were
selected by the pediatric practice (or one of similar size and location) of each case by identifying
the next four children seen in the practice whose ages were within two months of the case’s
age. Further details about this study can be found elsewhere (13). Mothers of the control
children were interviewed about demographic and reproductive factors and pregnancy
exposures and behaviors. Specifically, mothers were asked about her pre-pregnancy weight
and height, pregnancy weight gain and her child’s birth weight. Likewise, information was
reported on maternal age, marital status, race/ethnicity, income, years of education, cigarette
smoking in pregnancy, alcohol intake in pregnancy, child’s sex, number of previous births,
date of birth and date of last menstrual period The study was approved by the Boston University
Institutional Review Board.

Definitions
The main exposures of interest were excessive maternal pre-pregnancy weight, measured by
body mass index (BMI) and excessive pregnancy weight gain, as defined by the Institute of
Medicine (IOM) guidelines (14). Pre-pregnancy BMI (kilograms/meters2) was categorized as
underweight (<19.8), normal (19.8 to 26), and overweight (>26). The categories for ‘normal’
pregnancy weight gain were 13 to 18 kilograms (kg) for low-weight women; 11 to 16 kg for
normal-weight women; and 7 to 11 kg for overweight women. Excess gain was any amount
over ‘normal’ gain and low gain was any amount under ‘normal’ gain. The outcome of interest
was macrosomia, defined as a birth weight of at least 4000 grams (g), as in previous studies
on this topic (3,10,15).
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Statistical Analysis
First, a descriptive analysis was done to assess the distributions of all variables. Thereafter,
logistic regression models were fitted to compare independent and combined effects of levels
of maternal pre-pregnancy BMI and pregnancy weight gain on macrosomia. Estimates for odds
ratios (OR) and 95% confidence intervals were obtained. Multivariate adjusted odds ratios
included terms for maternal age (<24, 25–34, ≥35 years), marital status (married or living with
child’s father versus not living with child’s father), race/ethnicity (Hispanic, black, white,
other), family income in US dollars (<$15 000, $15 000–$24 999, $25 000–$34 999, $≥35 000,
unknown/refused), years of education (<12, 12, 13–15, ≥16), cigarette smoking throughout
pregnancy (yes, no) and alcohol intake throughout pregnancy (yes, no), child’s sex (male,
female), number of previous births or parity (primarous, multiparous), and gestational age
(calculated as the number of days between the last menstrual period and birth date);.

Results
Subject Characteristics

There were 884 women in the total sample. Since the study was focused on non-diabetic
women, all diabetic women were excluded (n=13). Also excluded were 13 mothers who had
multiple gestations as they were more likely to gain excess weight and their babies’ birth
weights were likely to be lower than single gestations. An additional 34 women had either
missing weight, height or weight gain data, and were excluded. Also excluded were mothers
with outlying data: eight mothers had babies whose gestational age was less than 180 or more
than 310 days and two mothers whose babies were reported to have birth weights less than
900g. Thus, the actual sample used in the analysis was 815 women.

Table 1shows distributions of maternal and infant characteristics among study women and the
% of macrosomic babies within each characteristic. Most women were aged between 25 to 34
years (59%), married or living with the baby’s father (88%), and white (68%); more had a
higher annual family income (>$35 000) and at least a high school education (64%). Also, 8%
of study women smoked cigarettes throughout pregnancy and 6% drank alcohol throughout
pregnancy. The sex distribution for babies was 48% girls and 52% boys. Fifty-six % of women
gave birth for the first time. The gestational age for 70% of babies was between 266 and 286
days (38–41 completed weeks).

Of the 815 study women, 9% delivered large babies. Women who drank alcohol, had the lowest
level of income, or were black women the lowest proportion of macrosomia (4.4%, 4.6%, and
5.4%, respectively), while college-educated women had the highest proportion (11.3%).

Effects of Pre-Pregnancy Weight and Pregnancy Weight Gain
Pre-pregnancy overweight was prevalent among 27.6% of study women and 42.6% of gained
excess weight during pregnancy. Table 2 shows the separate effects of pre-pregnant body mass
index and weight gain, and the combined effect on risk of macrosomia. The proportion of
macrosomia was 12.9% in the offspring of overweight women compared 7.5% in normal
weight women. Likewise, 11.9% of the offspring of women with excess gain were macrosomic
compared to 7.8% with normal gain. Crude and adjusted odds ratios were elevated for
overweight women and those with excess weight gain, but were not statistically significant.
Crude odds ratios were elevated for excess weight gain in combination with overweight and
underweight, but only the former was statistically significant. For those weight and weight
gain combinations with at least four macrosomia subjects, adjusted odds ratios were close to
the null except for overweight combined with excess weight gain. Those women had a 2.6-
fold increased risk of macrosomia that was statistically significant.
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Conclusions
The prevalence of macrosomia has been increasing over the past decade (5,16,17). Because
there are significant delivery complications associated with large birth weight babies, such as
postpartum hemorrhage, perineal laceration, cesarean section, and shoulder dystocia, which
can in turn result in longer hospital stays or even perinatal mortality (3,5,10,15,18), it is
important to identify predictive factors.

Although the observed increased odds ratios for overweight and excess weight gain in relation
to macrosomia were not statistically significant, they are consistent with the findings of
previous studies of non-diabetic women (2,4,8). However, in the present study where both
indices of weight were combined into one measure, the increased risk was confined to
overweight women with excess gain. This group of women constituted approximately one sixth
of the study population, but produced nearly one third of the 74 babies born with macrosomia.
While the avoidance of excess weight before pregnancy is surely advisable, our findings
suggest that women who become pregnant when they are already overweight may reduce the
likelihood of delivering a large baby (and the concomitant complications) by not gaining excess
weight during the course of pregnancy. Also observed was an increased risk for underweight
women with excess weight gain, but this was based on only 3 macrosomia babies among 23
mothers. With such small numbers, it is difficult to judge whether the observed proportion of
macrosomic babies in this category (13.0%) is due to chance or is a result of some biological
mechanism that needs further investigation. Of note, increased risks of macrosomia for normal
weight with excess gain or overweight women with low or normal gain were not observed.

Though a 2.6-fold increased risk between macrosomia and the combination of overweight and
excess weight gain was identified, it is important to consider study limitations. The dataset
used in this analysis was intended for a different purpose (13) and information was not collected
on other important covariates such as paternal height and weight, and family history of obesity
and birth weight. Therefore, it is not possible to estimate the extent to which these factors could
have influenced the results. Further, information was not collected on weight gain within
trimester, which might have identified a specific pattern of weight gain that affects fetal growth.

Also, information on weight, height, weight gain, and birth weight were collected through
postpartum interviews, opening the opportunity for recall error. Other studies have shown that
retrospective recall of pre-pregnant weight, weight gain in pregnancy, and birth weight are
remarkably accurate (19-22), though overweight women are more likely to underestimate their
pre-pregnant weights (20). Such reporting would result in a lower odds ratio than the true value.
In other words, the true odds ratios for overweight women with excess gain may be even greater
than 2.6 and the null odds ratios for other combinations of weight and weight gain may indeed
be increased. Differential reporting or recall bias is another possibility. For example, if mothers
of large babies were accurate reporters of their weight and weight gain, while mothers of normal
weight babies deflated their own reported weights, the true odds ratios may be lower than
observed. However, this pattern of differential recall has not been reported in the literature and
seems unlikely. It is also worth noting that although BMI is considered an excellent measure
of body composition, it is not perfect and it is possible that a small number of women could
be misclassified.

Information on diabetes was also collected by retrospective maternal reports. The thirteen
women who were excluded from the study reported have been diagnosed with diabetes at some
time before the sixth month of gestation. Therefore, women who were diagnosed with
gestational diabetes after the 5th month were not excluded. These women, as well as those with
hyperglycemia but who did meet diagnostic criteria for gestational diabetes, are likely to have
larger BMIs and larger babies. Although this issue could not specifically be addressed in this
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study, the observed findings are still relevant for clinicians who see overweight and obese
women in early pregnancy.

Strengths of the study include its large sample from a wide geographical area. The study
population was originally formed to serve as controls in a separate study, but the pre-pregnant
body mass index and weight gain distributions are similar to those of U.S. women (8,23). In
addition, the distribution of birth weights according to maternal age and race was similar to
that of the US general population (24). Thus, the study population is a good representation of
US pregnant women.

To conclude, non-diabetic women with a pre-pregnant BMI greater than 26 kg/m2 and a
pregnancy gain of more than 11 kg have a greater than 2.6-fold risk of delivering a macrosomic
baby . Given the significant complications that are associated with delivery of large babies,
efforts to prevent excessive pregnancy weight gain among overweight women may help reduce
this problem.

Acknowledgements

Support for data collection was provided by National Institute of Dental and Craniofacial Research, grant # DE11393.

References
1. Rosenberg TJ, Garbers S, Chavkin W, Chiasson MA. Prepregnancy weight and adverse perinatal

outcomes in an ethnically diverse population. Obstet Gynecol 2003 Nov;102(5 Pt 1):1022–7.
[PubMed: 14672480]

2. Abrams BF, Laros RK Jr. Prepregnancy weight, weight gain, and birth weight. Am J Obstet Gynecol
1986 Mar;154(3):503–9. [PubMed: 3953698]

3. Stotland NE, Hopkins LM, Caughey AB. Gestational weight gain, macrosomia, and risk of cesarean
birth in nondiabetic nulliparas. Obstet Gynecol 2004 Oct;104(4):671–7. [PubMed: 15458884]

4. Abrams BF, Selvin S. Maternal weight gain pattern and birth weight. Obstet Gynecol 1995 Aug;86
(2):163–9. [PubMed: 7617344]

5. Bergmann RL, Richter R, Bergmann KE, Plagemann A, Brauer M, Dudenhausen JW. Secular trends
in neonatal macrosomia in Berlin: influences of potential determinants. Paediatr Perinat Epidemiol
2003 Jul;17(3):244–9. [PubMed: 12839535]

6. Bianco AT, Smilen SW, Davis Y, Lopez S, Lapinski R, Lockwood CJ. Pregnancy outcome and weight
gain recommendations for the morbidly obese woman. Obstet Gynecol 1998 Jan;91(1):97–102.
[PubMed: 9464729]

7. Clausen T, Burski TK, Oyen N, Godang K, Bollerslev J, Henriksen T. Maternal anthropometric and
metabolic factors in the first half of pregnancy and risk of neonatal macrosomia in term pregnancies.
A prospective study. Eur J Endocrinol 2005 Dec;153(6):887–94. [PubMed: 16322395]

8. Cogswell ME, Serdula MK, Hungerford DW, Yip R. Gestational weight gain among average-weight
and overweight women--what is excessive? Am J Obstet Gynecol 1995 Feb;172(2 Pt 1):705–12.
[PubMed: 7856711]

9. Ehrenberg HM, Mercer BM, Catalano PM. The influence of obesity and diabetes on the prevalence of
macrosomia. Am J Obstet Gynecol 2004 Sep;191(3):964–8. [PubMed: 15467573]

10. Johnson JW, Longmate JA, Frentzen B. Excessive maternal weight and pregnancy outcome. Am J
Obstet Gynecol 1992 Aug;167(2):353–70 . [PubMed: 1497038]discussion 70-2

11. Parker JD, Abrams B. Prenatal weight gain advice: an examination of the recent prenatal weight gain
recommendations of the Institute of Medicine. Obstet Gynecol 1992 May;79(5 Pt 1):664–9.
[PubMed: 1565346]

12. Tavares M, Rodrigues T, Cardoso F, Barros H, Leite LP. Independent effect of maternal birth weight
on infant birth weight. J Perinat Med 1996;24(4):391–6. [PubMed: 8880637]

13. Werler MM, Sheehan JE, Hayes C, Padwa BL, Mitchell AA, Mulliken JB. Demographic and
reproductive factors associated with hemifacial microsomia. Cleft Palate Craniofac J 2004 Sep;41
(5):494–50. [PubMed: 15352870]

Kabali and Werler Page 5

Int J Gynaecol Obstet. Author manuscript; available in PMC 2007 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



14. Institute of Medicine. Nutrition during pregnancy. Part I: Weight gain . Washington DC: National
Academy Press ; 1990.

15. Boulet SL, Alexander GR, Salihu HM. Secular trends in cesarean delivery rates among macrosomic
deliveries in the United States, 1989 to 2002. J Perinatol 2005 Sep;25(9):569–76. [PubMed:
16079908]

16. Kramer MS, Morin I, Yang H, Platt RW, Usher R, McNamara H, et al. Why are babies getting bigger?
Temporal trends in fetal growth and its determinants. J Pediatr 2002 Oct;141(4):538–42. [PubMed:
12378194]

17. Martin JA, Hamilton BE, Ventura SJ, Menacker F, Park MM. Births: final data for 2000. Natl Vital
Stat Rep 2002 Feb 12;50(5):1–101.

18. Stotland NE, Caughey AB, Breed EM, Escobar GJ. Risk factors and obstetric complications
associated with macrosomia. Int J Gynaecol Obstet 2004 Dec;87(3):220–6. [PubMed: 15548393]

19. Catov JM, Newman AB, Kelsey SF, Roberts JM, Sutton-Tyrrell KC, Garcia M, et al. Accuracy and
reliability of maternal recall of infant birth weight among older women. Ann Epidemiol 2006 Jun;
16(6):429–31. [PubMed: 16280248]

20. Stevens-Simon C, Roghmann KJ, McAnarney ER. Relationship of self-reported prepregnant weight
and weight gain during pregnancy to maternal body habitus and age. J Am Diet Assoc 1992 Jan;92
(1):85–7. [PubMed: 1728630]

21. Stewart AL. The reliability and validity of self-reported weight and height. J Chronic Dis 1982;35
(4):295–309. [PubMed: 7061685]

22. Stunkard AJ, Albaum JM. The accuracy of self-reported weights. Am J Clin Nutr 1981 Aug;34(8):
1593–9. [PubMed: 7270483]

23. Wells CS, Schwalberg R, Noonan G, Gabor V. Factors influencing inadequate and excessive weight
gain in pregnancy: Colorado, 2000-2002. Matern Child Health J 2006 Jan;10(1):55–62. [PubMed:
16496222]

24. United States National Vital Statistics Report . May 10;2004 52(19)

Kabali and Werler Page 6

Int J Gynaecol Obstet. Author manuscript; available in PMC 2007 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kabali and Werler Page 7

Table 1
Distribution of maternal and infant characteristics

Number and percentage among 815
study women

Number and percentage with
macrosomic babies among women with

characteristic

Characteristics Number (%) Number (%)

Socio-Demographic Characteristics
Maternal Age
 <24 years 208 (25.5) 17 (8.2)
 24–35 years 478 (58.7) 43 (9.0)
 35–45 years 129 (15.8) 14 (10.9)
Marital Status
 Married/Living with Child’s Father 716 (87.9) 68 (9.5)
 Not Living with Child’s Father 99 (12.1) 6 (6.1)
Race
 White 552 (67.7) 56 (10.1)
 Hispanic 132 (16.2) 10 (7.6)
 Black 92 (11.3) 5 (5.4)
 Others 39 (4.8) 3 (7.7)
Annual Family Income (USD)
 <15,000 87 (10.7) 4 (4.6)
 15,000–25,999 91 (11.2) 10 (11.0)
 25,000–35,999 104 (12.8) 7 (6.7)
 >35,000 473 (58.0) 49 (10.4)
 Refused/Unknown 60 (7.4) 4 (6.7)
Education (Years)
 0–11 117 (14.4) 9 (7.7)
 12 176 (21.6) 14 (8.0)
 13–15 193 (23.8) 14 (7.2)
 16+ 328 (40.2) 37 (11.3)
Health Bahaviors
Cigarette Smoking throughout Pregnancy
 Yes 67 (8.2) 68 (9.1)
 No 748 (91.8) 6 (9.0)
Alcohol Drinking throughout Pregnancy
 Yes 45 (5.5) 2 (4.4)
 No 770 (94.5) 72 (9.4)
Pregnancy Characteristics
Baby Sex
 Female 392 (48.1) 30 (7.7)
 Male 423 (51.9) 44 (10.4)
Parity
 Primiparae 458 (56.2) 43 (9.4)
 Multiparae 357 (43.8) 31 (8.7)
Gestational Age (Days)
 202–266 150 (18.4) 2 (1.3)
 266–286 570 (69.9) 56 (9.8)
 286–310 95 (11.7) 16 (16.8)
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Table 2
Odds ratios for maternal body mass index and weight gain in relation to risk of macrosomia

Infant Birth Weight

Macrosomia Crude OR Adjusted OR

Variable % Estimate [95% CI] Estimate [95% CI]

Body Mass Index*
 Overweight (n=225) 12.9 1.7 [1.0,2.8] 1.8 [1.0,312]
 Normal (n=492) 7.5 reference reference
 Underweight (n=98) 8.2 1.2 [0.5,2.7] 1.2 [0.5,2.8]
Weight Gain
 Excess (n=347) 11.9 1.5 [0.9,2.7] 1.5 0.7,2.5
 Normal (n=266)** 7.8 reference reference
 Low (n=202) 5.8 0.8 [0.4,1.7] 1.0 [0.4,1.9]
BMI and Weight Gain
 Overweight/Excess (n=131) 17.3 2.4 [1.2,4.8] 2.6 [1.2,5.4]
 Overweight/Normal (n=51) 6.3 0.8 [0.2,2.7] } 1.1 [0.4–3.1]
 Overweight/Low (n=43) 9.5 1.2 [0.4,3.8]
 Normal/Excess (n=193) 8.9 1.1 [0.5,2.3] 1.1 [0.5,2.4]
 Normal/Normal (n=176) 8.2 reference reference
 Normal/Low (n=123) 5.6 0.7 [0.3,1.8] 0.9 [0.3,2.6]
 Underweight/Excess (n=23) 13.0 1.7 [0.4,6.4] &
 Underweight/Normal (n=39) 7.9 1.0 [0.3,3.5] } 0.9 0.3-2.7
 Underweight/Low (n=36) 6.1 0.7 [0.2,3.3]

*
Body mass index, >26 kg/m2 for overweight; 19.8–26 kg/m2 for normal weight; <19.8 kg/m2 for underweight.

**
Normal weight gain, 11–16 kgs for normal weight; 7–11 kgs for overweight; 13–18 kgs for underweight.

&
Adjusted odds ratio not calculated because less than four macrosomia subjects.
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