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Introduction 
Weight gain during pregnancy is a public health concern. Recent 

epidemiologic studies have provided strikingly consistent evidence 
linking gestational weight gain (GWG) with risk of infant mortality [1-
4]. The initial study in this area of inquiry established an association 
between inadequate GWG and elevated risk of mortality among 
infants in the 1988 U.S. National Maternal and Infant Health Survey 
(N=11,558) [4]. This association was replicated among a sample of 
100,000 randomly selected U.S. infants who were born in 2002 [1]. 

Recent studies suggest the existence of a moderating effect of 
maternal pre-pregnancy BMI on the association between GWG and 
risk of infant mortality [2,3]. Using Pennsylvania linked birth-infant 
death records (2003-2011; N=1,232,346), [3] Bodnar et al. reported 
a U-shaped association between inadequate GWG (adjusted for 
gestational age) and risk of infant mortality. An elevated risk of infant 
mortality associated with inadequate GWG observed among women 
with low pre-pregnancy BMI is mitigated among women with average 
pre-pregnancy BMI, but the risk of infant mortality [associated with 
low GWG] rises again with increasing pre-pregnancy BMI.   Among 
a sample from phase 5 of the Pregnancy Risk Assessment Monitoring 
System (2004–2008 N=159,244), Davis et al. found a similar association 
between low GWG and risk of mortality independent of both gestational 
age and birthweight [2]. Given that gestational age and birthweight are 
well-established correlates of GWG [5], it is critical to establish a link 

between inadequate GWG and infant mortality that is not mediated 
by poor birth outcomes. Despite the consistent epidemiologic evidence 
linking low GWG with the risk of infant mortality, questions remain 
about the biological pathways.  As also noted by other observers, a 
critical question is whether this association is at least partially due to 
the lasting effects of poor nutrition during pregnancy that are assumed 
to be related to inadequate GWG [3].  The single study to examine this 
potential pathway did so by correlating maternal dietary quality during 
pregnancy and GWG but did not also examine pregnancy outcomes 
[6].  Lacking a direct test of whether low GWG is associated with infant 
mortality through nutritional deficiencies in utero, we examine causes 
of death, defined as the “disease or injury which initiated the train of 
morbid events leading directly to death” [7]. To test our hypothesis of 
a link between inadequate GWG and nutrition related infant death, we 
examine whether inadequate or “low” GWG is associated with causes 
of mortality that can be reasonably considered to be a consequence of 
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fetal malnutrition and not with other causes of mortality. Such evidence 
of a link between inadequate GWG and specifically, nutrition-related 
causes of infant death would be in accord with evidence that quality and 
quantity of nutrition during pregnancy influences fetal development 
and has long term consequences, perhaps as early as infancy [4,8,9,10]. 
In addition, we examine variability in the link between inadequate 
GWG and nutrition-related causes of mortality over the infancy period, 
as deaths during the first month of life are typically associated with 
conditions surrounding the prenatal period.

Methods
We analysed data from the 2005 cohort linked file from the 

National Center for Health Statistics (NCHS).  These data include 
information from birth and death certificates for all infants born in 
the United States in 2005, including infant date of birth, exact age 
at death, and International Classification of Diseases, 10th revision 
(ICD-10) codes for diagnoses reported by the attending physician as 
related to the underlying cause of death.  For the 2005 cohort linked 
file, 98.7% of infant death records were linked to their corresponding 
birth certificates by the NCHS.   Additional details about the cohort 
linked file are published elsewhere [11]. Utilizing data from 10,959 
singleton infants who died during the first year of life, we examined 
the association between low maternal GWG and four categories of 
infant mortality as defined by ICD-10, coded into UCR130 categories 
on the NCHS files (NCHS, 2010). Two of these categories include 
mortality from: 1) “Disorders related to length of gestation and fetal 
malnutrition” and 2) “Respiratory distress and other respiratory 
conditions originating in the perinatal period.” Deaths identified 
with UCR codes 86-91 for ‘length of gestation and fetal malnutrition’ 
include infants, not light or small for gestational age, showing signs of 
fetal malnutrition, such as dry, peeling skin and loss of subcutaneous 
tissue, coded as 087 in the UCR130 classification system on the linked 
file [12]. This category also includes deaths associated with extremely 
low birthweight or extreme immaturity (089) and other low birthweight 
or preterm (090).  As noted in the coding manual, these codes are not to 
be assigned as the main disease or condition unless no other condition 
is known, and birthweight is to be prioritized over prematurity [12]. 
Deaths identified with UCR codes 93-104 for “Respiratory distress and 
other respiratory conditions originating in the perinatal period” include 
conditions such as congenital pneumonia, chronic respiratory disease, 
and respiratory distress.  We examined these conditions because in 
utero malnutrition has been found to influence an infant’s respiratory 
system through alveolar loss and enlargement, decrease in diaphragm 
strength, and infection susceptibility [13,14]. In utero reductions in 
nutrients and oxygen supply can have multiple and lasting negative 
effects on the developing lung susceptibility [13]. Experimental 
evidence reveals an association between reduced nutrient availability 
and stunted lung development (mainly alveolar development and 
surfactant production) during late gestation leading to impaired gas 
exchange [14,15].  Furthermore, to the extent that normal alveoli 
septation processes that increase gas exchange surface area occur 36 
weeks to term, and continue postnatally, the effect of in utero insult 
to lung development may be exacerbated after birth [16]. To assess 
the specificity of association between inadequate GWG and infant 
mortality we also selected two categories of infant mortality identified 
by UCR codes that are unlikely to be linked with pathologies that can 
arise from gestational malnutrition: 1) Sudden infant death syndrome 
(SIDS, UCR135) and 2) a combined category including unintentional 
injuries and congenital abnormalities.  Although there is no evidence 

of a link between malnutrition (either during gestation or infancy) and 
SIDS, maternal malnutrition is associated with risk of low birthweight, 
which in turn, is linked with risk of SIDS [5]. An examination of the 
association between inadequate GWG and SIDS net of birthweight 
allows a test of whether there is a direct association.

“Congenital Malformations” (UCR 118-120, 122-133) and 
“Accidents and Injuries” (UCR138-156) were combined to create a 
category of deaths that cannot be reasonably linked with GWG, thus, 
allowing us to determine specificity of association between inadequate 
GWG and specific death outcomes.  We note that Spina Bifida (UCR121) 
was excluded from this category because it is linked with inadequate 
intake of folic acid during early pregnancy (Lu & Lu, 2007).  Too few 
infants in this sample (N=12) died of spina bifida to permit its analysis 
as a separate outcome.

The Institute of Medicine has issued gestational weight gain 
recommendations specific to a woman’s pre-pregnancy body mass 
index of 28–40 lbs. for women who are underweight (<18.5 BMI); 25–
35 lbs. for women of normal weight (18.5–24.9 BMI); 15–25 lbs. for 
women who are overweight (25–29.9 BMI), and 11–20 lbs. for women 
who are obese (>=30.0 BMI) (IOM, 2009).  We used the number of 
pounds the mother reported having gained during pregnancy, to 
classify GWG into three categories based on the lower limit of the 2009 
IOM recommended ranges: inadequate (<24 lbs.), normal (between 25 
and 40 lbs.), or excessive (> 41 lbs.).  We focused on the association 
between inadequate GWG (versus normal or excessive) and cause of 
infant death because women of low (<16 lbs.) GWG are at higher risk 
for fetal malnutrition.

Potential confounders include maternal age (35 and older vs. under 
35), race/ethnicity (Black, Hispanic vs. White and other), education 
(high school, some college, college degree vs. less than high school), 
marital status (married vs. not married), and parity (some versus no 
previous live births), all of which have been linked to infant mortality.  
In addition, maternal health conditions such as diabetes (yes/no) and 
hypertension (yes/no) may be linked to the specific cause of infant 
death other than through gestational weight gain and are included in 
the regression models.  Finally, we control for gestational age of the 
infant at birth to adjust the amount of time for adequate weight gain.  
Consistent with the assumption in the ICD coding guidelines that low 
birthweight has an intermediate influence on infant death, but is not 
the underlying cause, we included birthweight as another confounder, 
measured as weight below 2500 grams.   

Using multinomial logistic regression, the four causes of infant 
mortality were regressed on inadequate GWG, with the infants who 
died from congenital malformations or accidents/injuries (N=2,888) 
serving as the reference group. Models were first fit without covariates. 
The second model included all the covariates. In addition, as a 
sensitivity analysis, we restricted our analytic sample to normal weight 
infants and examined whether low GWG is a statistically significant 
predictor of mortality among this population. We further reasoned 
that any association between low GWG and infant mortality due to 
an underlying experience of poor nutrition in utero, would be more 
apparent during the early neonatal period than later infancy  Separate 
regressions were fit to estimate the risk of infant death in less than 1 day 
(<24 hours), during the neonatal period (1 to <28 days), and during 
the post-neonatal period (28 to <365 days) for each cause of death 
compared with deaths from congenital malformations and accidents/
injuries.  Statistical analyses were conducted using SAS Software 
version 9.2 [16]. Appropriate population weights provided by NCHS 
were used in all analyses.
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Results
Descriptive characteristics of the analytic sample are shown in 

Table 1. Mothers of the 6,456 infants in our analytic sample gained 
an average of 22 lbs. during their pregnancies. Fifty eight percent of 
women experienced inadequate weight gain, 41.90% gained at least the 
recommended amount of weight. Of the infants that died, 38.83% died 
during the 24 hours, 24.39% died between 1 and 28 days, and 36.78% 
died between 28 and 365 days. Given the infants’ adverse birth outcome, 
it is not surprising that 58.62% were born low birthweight and 23.49% 
were preterm.  Of the sample, 23.49% died of disorders related to fetal 
malnutrition and gestation, 14.31% of respiratory distress, 17.46% of 
SIDS and 44.74% of congenital 

Malformations, unintentional injuries, or external causes.  Mothers 
had a mean age of 26.14 years; 87% were age 34 or younger at birth.As 
presented in Table 2, over the first year of life, infants of women with 
inadequate 

Gestational weight gain had odds of mortality from disorders 
related to fetal malnutrition and length of gestation that were 9.56 (95% 
CI: 8.02-11.40) times those of deaths from congenital malformations 
or accidents.  Although the odds were lower, they remained significant 
after adjustment for medical, behavioral, socioeconomic factors, and 
low birthweight (OR = 4.73, 95% CI: 3.88-5.77).   A similar association 
held during the first day of life, in the neonatal period, and in the 
post-neonatal period, even after adjusting for confounding factors.  
The adjusted odds ratios were larger during the neonatal period, both 
immediately after birth and within 28 days, compared with the post-
neonatal period.  For example, the adjusted risk of an infant of a low 
GWG woman dying from fetal malnutrition and gestation-related 
disorders was 3.96 (95% CI: 3.05, 5.15) during the first 24 hours, 3.71 
(95% CI: 2.24, 6.16) during the neonatal period, and 2.91 (95% CI: 1.54-
5.50) in the post-neonatal period.   The odds of deaths in the first year 
of life from respiratory distress or other respiratory conditions in the 
crude model were significant (OR = 2.81, 95% CI: 2.39, 3.29).  After 
adjustment for covariates, odds were smaller but still significant (OR = 
2.02, 95% CI: 1.70, 2.39).   

In contrast to disorders related to fetal malnutrition and gestation, 
the odds of death from respiratory distress were larger for post-
neonatal deaths compared with deaths in the neonatal period.  For 
example, the adjusted risk of an infant dying from respiratory distress 
or other related conditions was 2.06 (95% CI: 1.49, 2.84) during the first 
day, 1.87 (95% CI: 1.45, 2.4) during 1-28 days, and 2.83 (95% CI: 1.84-
4.35) during the post-neonatal period.   Infant death from SIDS was 
associated with inadequate GWG during the first year of life, but not in 
the direction anticipated. Infants of women with inadequate GWG were 
28% less likely than infants of women with adequate GWG to die of 
SIDS (OR = 0.72, 95% CI: 0.630.83) than of congenital malformations 
and accidents during the first day of life. However, once covariates 
were included in the model, this association was no longer statistically 
significant (OR = 0.94, 95% CI: 0.80-1.09).  The same independence 
between low GWG and risk of deaths from SIDS was observed in the 
adjusted models for neonatal and post-neonatal periods.   Finally, in a 
sensitivity analysis (data not shown) focusing only on infants born of 
normal weight (N=2,669), the adjusted odds of infant mortality from 
causes related to fetal malnutrition were 6.31 time those of deaths from 
congenital malformations or accidents (95% CI: 1.7123.25).  However, 
low GWG was independent of risk of infant mortality due to respiratory 
causes or SIDS in this sample.

Discussion 
We examined whether inadequate GWG is associated with 

infant mortality due to two potentially nutrition-related causes: Fetal 
malnutrition and inadequate development of the respiratory system.  
In our sample of infants who died at any point during infancy, infants 
exposed to inadequate GWG were more likely to have their deaths 
attributed to disorders related to fetal malnutrition and length of 
gestation or respiratory disorders than to congenital malformations 
or accidents. These associations held when we restricted the analysis 
to infants born with normal weight (malnutrition causes only).  
Inadequate GWG was not more likely to be related to the risk of infant 
mortality from SIDS, an association for which there was no previous 
prior evidence, than of infant mortality from congenital malformation 

Variable %
Mortality 
Died < 1 day 38.83  
Died 1- <28 days 24.39
Died 28 - <365 days  36.78
Gestational Weight Gain 
Inadequate    58.09
Normal or Excessive 41.90
Birth weight, grams 
Normal (> 2500g)   41.38
Low (<2500g) 58.62
Gestational Age, weeks 
Term Birth (>36 weeks)  76.51
Preterm Birth 23.49
Maternal Age, years
<34 87.06
>35 12.94
Maternal Education, years 
Less than High School (<12)  26.93
Completed High School (=12) 37.59
Some College (13-15) 19.30
Completed College (>16) 16.18
Maternal Race/Ethnicity
White or Other 56.68
African American 30.42
Hispanic 12.90
Marital Status
Married 46.98
Other 53.02
Diabetes during Pregnancy
Yes 3.79
No 96.21
Hypertension during Pregnancy
Yes 4.26
No 95.74
Number of Previous Live Births
0 30.87
1 or more 69.13
Cause of  Death (based on ICD-10)
Disorders re Fetal Malnutrition and Gestation 23.49
Respiratory Distress 14.31
SIDS 17.46
Congenital malformations, Injuries/Accidents 44.74
Mean Maternal Weight Gain 22.45 lbs
Mean Maternal Age 26.14 years   
Sample Size 6,456

Table 1. Descriptive Statistics of Mothers and Infants Who Died, Birth Cohort Linked File, 
2005 weighted
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or accidents. The association between inadequate GWG and elevated 
risk of death due to disorders related to fetal malnutrition was strongest 
in the neonatal period and remained, though attenuated, during 
the post-neonatal period.  A similar gradient was not observed for 
mortality due to respiratory causes.  The strongest association of GWG 
with mortality due to respiratory distress was observed in the post-
neonatal period.  We suspect that the availability of new interventions 
for infants with respiratory problems such as surfactant therapy during 
the early neonatal period may have reduced, but not eliminated, risk of 
death during the immediate post-partum period [18]. These therapies 
may suppress but not completely eliminate risk later in infancy.  

The present study contributes to the scant literature on the 
association between GWG and infant mortality by using nationally 
representative data to examine the association between maternal 
weight gain and infant mortality. However, several limitations of the 
study must be noted. First, in 2005 the majority of the states were 
still using the 1989 standard birth certificate which lacked data on 
maternal pre-pregnancy weight and height. Thus, overweight or obese 
women who achieved the recommended weight gain could have been 
incorrectly classified as inadequate in this research. There is also the 
possibility that a woman’s gestational weight gain could be misreported 
or misrecorded.   However, this misclassification error is likely to occur 
at random as it is not linked with the probability of mortality. Second, 
although we controlled for several known confounders, dietary habits 
could not be addressed. Information on nutrition intake would ideally 
have been included. Third, evidence suggests that the rate of gestational 
weight gain during pregnancy may be as or more important to adverse 
birth outcomes than the total amount of gestational weight gain [19]. 
The available information did not lend itself to assessing the rate of 
gain during pregnancy or the risk of infant mortality among women 
with inadequate weight gain by trimester.  Gestational age at birth was 
included as an adjustment for this problem.  Fourth, the classification 
by broad causes of death may have also decreased the precision of 
estimation.  In particular, physician classification of cause of death as 
fetal malnutrition is often indirect, based upon low birthweight and 
prematurity rather than on actual verification of abnormal fetal growth 
or malnutrition [20].

These methodological limitations are not unique to the present 
study, but rather reflect the limitations of existing data sources. The 
nationwide adoption of the 2003 revised U.S. Certificate of Live Birth 
may yield more useful information for maternal weight gain research 
in the very near future. The Birth Cohort Linked Birth-Infant Death 
Data File will continue to be the definitive source of information on 
U.S. births and infant deaths for federal agencies and researchers. Our 
findings provide tentative support for the notion that inadequate GWG 
may be associated with greater risk of infant mortality beyond that 
associated with low birthweight. Should our results be replicated in 
subsequent studies, it would support further research as to the manner 
and extent that inadequate nutrient supply in utero can influence later 
health [21,22].

The results of this study have meaningful public health and 
clinical implications. Maternal weight gain is susceptible to 
intervention. Improving the quality and quantity of the maternal diet 
as well as the advice women receive about GWG, and monitoring 
their weight and nutritional intake, may contribute to a reduction 
in infant mortality.
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