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Abstract The purpose of this study is to explore state-

level fetal death rates and \24 h infant mortality rates for

deliveries less than 500 g in order to estimate outcomes

classification differences at the edge of viability. We

selected singleton deliveries to US resident mothers born

\500 g and [20 weeks gestation from the NCHS live

birth-infant death and fetal death files for 1999–2002

(n = 37,813). Infant deaths within 24 h of birth were

selected to estimate odds of classification as a fetal death

versus a live birth/infant death by state. Logistic regression

was used to derive odds of classification as a fetal death

and to adjust for maternal characteristics, calculating

unadjusted and adjusted odds ratios. We identified 37,813

outcomes from 48 states reporting in this birthweight cat-

egory. Unadjusted odds of classification of outcomes as a

fetal death versus a live birth/death within 24 h by state

ranged from OR = 0.38 (95% CI = 0.24–0.59) to

OR = 2.93 (95% CI = 2.26–3.78); adjusted for maternal

age and race, the range narrowed slightly to a OR = 0.31

(95% CI = 0.20–0.48) to aOR = 2.54 (95% CI = 1.96–

3.30). Six states were more likely to classify outcomes as a

live birth/infant death, while 14 states were more likely to

classify as a fetal death, when compared to a large refer-

ence state. The remaining states did not differ significantly

in their outcomes. The fraction of outcomes classified as

fetal deaths varied by state during the years studied. This

study suggests fetal death and early infant death outcomes

reported for babies less than 500 g reflect differential

classification thus influencing the validity of these vital

statistics data at the state level. Further studies are needed

to explore the factors that influence these differences.
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Introduction

The perinatal mortality rate is a key indicator of the health

of a community and the quality of the health care system.

Declining infant mortality rates observed in the US during

the past four decades reflect improvement in birth weight-

specific mortality and have been attributed to improvement

in perinatal health care practices, [1], yet inequities by

race/ethnicity remain [2]. The United States infant mor-

tality rate ranks poorly in comparison to those of other

industrialized countries [3]. Consistently higher rates of

infant mortality in the US have been attributed to the

higher prevalence of maternal health risks, as well as

inequities in access to health care [3, 4]. The state variation

in infant mortality rates remains largely unexplained. [5].

Fetal deaths in the US account for nearly half of all

deaths occurring from the 20th week of pregnancy through

the end of the first year of life [6–8]. Although the US fetal

mortality rate has also declined in recent years, improve-

ments lag those observed for infant deaths. Since 1985, the
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US fetal mortality rate has declined 18%, from 7.8 per

1,000 live births plus fetal deaths to 6.4 in 2002 [9] com-

pared with a 34% decline from 1985 to 2002 for infant

deaths [10]. Improvement in overall fetal mortality has

resulted primarily from declining late fetal mortality rates

(fetal deaths 28 weeks gestation or greater); early fetal

mortality rates (fetal deaths\28 weeks gestation) have not

changed [11].

Evidence from prior investigations suggests that the

classification of fetal death versus infant death for extre-

mely low birth weight deliveries in both the US and Can-

ada has changed over recent years [12–14]. These studies

suggest the number of live births of very short gestations

has increased due to shifts in the classification of a fetal

death versus an infant death, and that this phenomenon

may explain at least in part the recent lack of improvement

in birth weight-specific mortality rates at the lowest birth

weights.

The purpose of this study was to explore state-level

variations in the classification of perinatal death by

studying fetal and infant mortality rates for deliveries less

than 500 g. Our goal was to provide evidence to support

the hypothesis that differential classification of live birth or

fetal death occurs at the state level and is reflected in the

fetal and infant mortality rates for this birthweight group.

Methods

We used the National Center for Health Statistics (NCHS)

live birth-infant death cohort and fetal death files from

1999 to 2002. We selected for singleton fetal deaths and

live births (hereinafter referred to as deliveries) to US

resident mothers, as multiple births present a unique set of

issues related to birth weight and gestational age. We also

selected for deliveries less than 500 g and [=20 weeks

gestation for the 48 states (including the District of

Columbia) that report this classification of fetal deaths

(n = 37,813). This birth weight and gestational age range

enabled us to examine those live births, infant deaths, and

fetal deaths that occurred at the limits of viability. Three

states (New Mexico, South Dakota and Tennessee) that did

not report fetal deaths less than 500 g were excluded from

portions of the analysis. All data were analyzed using state

of residence at delivery.

Gestational age and birth weight were obtained from the

birth certificate or fetal death record; time to death was

obtained from the death certificate. Gestational age in

completed weeks was computed from the interval between

the first day of the last normal menstrual period (LMP) and

the date of birth. Records with missing date of LMP were

imputed by NCHS when there was a valid month and year.

Clinical estimate of gestation was used in the imputation of

gestational age in cases when no valid month and year of

LMP was reported. Records with implausible or missing

values for birth weight or gestational age and records with

a birth weight value inconsistent with the gestational age

were deleted. Procedures for imputing data and determin-

ing gestational age-birth weight inconsistency have been

described in detail elsewhere [15].

The fetal mortality rate was defined as fetal deaths per

1,000 deliveries; less than 24 h (\24 h) rate was those

deaths occurring within 24 h of birth per 1,000 live births.

We defined the combined perinatal mortality rate as all

fetal deaths plus \24 h infant deaths per 1,000 deliveries.

The US has adopted the WHO definitions of live birth and

fetal death as shown in Table 1a. This definition of live

birth does not define a minimal gestational age or birth

weight. However, states have varying definitions of fetal

death and most define minimum gestational age and/or

birth weight requirements, as shown in Table 1b [7].

To estimate the variation in outcomes classification by

state we restricted our population to include all fetal deaths

and all \24 h deaths since these very early infant deaths

were most likely to be misclassified. We determined the

ratio of \24 h infant deaths to fetal deaths for each state

and used logistic regression to determine odds ratios for the

risk of fetal death compared to live births resulting in death

\24 h. Finally, the odds ratios were adjusted for maternal

race and age. All states were included in the model, using

North Carolina as the reference group. North Carolina was

chosen as the reference group because it had an infant to

fetal death ratio of approximately one and a large birth

population. Analyses were conducted using SAS v9.1 and

SPSS v17.0.

Results

We identified 37,813 singleton deliveries of greater than

20 weeks gestational age and with a birth weight of less

than 500 g. Over 50% (51.9%) of these deliveries were fetal

deaths. Among the infant deaths, 89.7% occurred during the

first 24 h of birth, 97.7% occurred during the neonatal

period and 94.7% during the first 7 days of life (Table 2).

Table 3 provides the state-specific fetal, \24 h, and

combined perinatal mortality rates. States with lower fetal

mortality rates generally had higher \24 h and neonatal

mortality rates. Figure 1 displays box plots of mortality rates

per 1,000 deliveries at least 20 weeks gestational age and

\500 g for each of the 48 states reporting fetal deaths in this

range. The mean perinatal mortality rate (fetal ? all infant

deaths) was 917 per 1,000 deliveries [SD = 56] and the rate

ranged from a low of 706 to a high of 1,000; the combined

fetal plus\24 h mortality rate had a mean of 715 [SD = 57]

and had a low of 523 and a high of 819. The mean infant
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mortality rate across all states was 415 per 1,000 live births

[SD = 92] and ranged from a low of 176 to a high of 661; the

mean\24 h mortality rate was 213 [SD = 70] and ranged

from 58.8 to 427.4; and the mean fetal mortality rate was 501

[SD = 94] and ranged from 245.8 to 666.7.

For subsequent analyses, we restricted our population to

the 33,164 fetal and\24 h infant deaths for the regression.

The ratio of fetal deaths to \24 h deaths varied by state

from a low of 0.59 to a high of 9.0 (Table 3). The unad-

justed logistic regression (data not shown) demonstrated

similar variation in the odds ratios for classification of a

fetal death by state, ranging from 0.38 (95% CI = 0.24–

0.59) to 3.26 (95% CI = 1.21–8.84) compared to the ref-

erence state of North Carolina. Adjustments for maternal

race and age did not substantially change the relative

comparisons across the states (Fig. 2). Overall, 14 states

had an odds ratio greater than 1 with a level of significance

less than 0.05. Only six states (Rhode Island, Delaware,

Kansas, Maine, Connecticut, and Maryland) had odds

ratios less than 1 indicating that when adjusted for maternal

age and race, these states had a lower risk of having

deliveries classified as fetal deaths compared to \24 h

deaths. For example, as shown in Fig. 2, deliveries in

Rhode Island had an adjusted odds ratio of 0.31 (95%

CI = 0.20–0.48), meaning that Rhode Island deliveries had

a 69% decreased risk of being classified as fetal deaths

compared to \24 h deaths.

Discussion

We used 4 years of national vital statistics data to explore

the hypothesis that states across the US differ in their

Table 1 WHO definitions of live birth and fetal death

(A) WHO definitions

Live birth ‘‘The complete expulsion or extraction from its mother of a product of conception, irrespective of the duration of the pregnancy,

which, after such separation, breathes or shows any other evidence of life such as heartbeat, umbilical cord pulsation, or definite

movement of voluntary muscles, whether the umbilical cord has been cut or the placenta is attached. Each product of such a

birth is considered live born.’’

Fetal

death

‘‘A fetal death is death before the complete expulsion or extraction from its mother of a product of conception, irrespective of the

duration of pregnancy; the death is indicated by the fact that after such separation, the fetus does not breathe or show any other

evidence of life, such as beating of the heart, pulsation of the umbilical cord, or definite movement of voluntary muscles.’’

(B) Legal standard for vital registration of a fetal death Number of states States

All products of conceptiona (i.e., all pregnancy losses reported,

regardless of length of gestation when loss occurred)

7 Arkansas, Colorado, Georgia, Hawaii, New York,

Rhode Island, Virginia

Gestation C 16 weeks 1 Pennsylvania

Birthweight C 350 g 1 Kansas

Birthweight C 350 g or

gestation C 20 weeks

12 Arizona, Delaware, Idaho, Kentucky, Louisiana,

Massachusetts, Mississippi, Missouri, Montana,

New Hampshire, South Carolina, Wisconsin

Birth weight C 400 g or gestation C 20 weeks 1 Michigan

Birthweight C 500 g 3 New Mexico, South Dakota, Tennessee

Birth weight C 500 g or gestation [ 20 weeks 1 District of Columbia

Gestation C 20 weeks 25 All other states

Adapted from: MacDorman et al. [7]
a Although these states require reporting of all losses, they face similar issues concerning completeness of reporting of stillbirths at the margin of

fetal death reporting as do the other states

Table 2 Proportion of fetal and infant deaths among deliveries less

than 500 g and greater than 20 weeks’ gestation

Time period of death N %

Perinatal deaths 37,813 100.0

Fetal deaths 19,627 51.9

Infant deathsa 15,094 39.9

\24 h 13,537 89.7

Hebdomadal 14,294 94.7

Neonatal 14,748 97.7

Postneonatal 346 2.3

Perinatal deaths = fetal plus infant deaths; Fetal = delivery greater

than 20 weeks’ gestation; Infant = death less than 1 year of age;

\24 h = death less than 24 h after live birth; Hebdomadal = death

less than 7 days after live birth; Neonatal = death less than 28 days

after live birth (included hebdomadal); Postneonatal = death between

28 and 364 days after live birth
a Percentages of hebdomadal, neonatal, and postneonatal reflect the

proportion of total infant deaths
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Table 3 Fetal, \24 h infant

and perinatal mortality rates by

state reporting and the US

overall

Rates are per 1,000 live births

plus fetal deaths less than 500 g

and greater than 20 weeks

gestational age

State Number Fetal \24 h

Infant

Perinatal: Fetal

plus \24 h infant

Ratio: Fetal to

\24 h infant death

Alabama 859 543.7 203.7 747.4 2.67

Alaska 34 529.4 58.8 588.2 9.00

Arizona 809 594.6 179.2 773.8 3.32

Arkansas 343 542.3 177.8 720.1 3.05

California 4,059 540.5 185.8 726.3 2.91

Colorado 545 535.8 139.5 675.2 3.84

Connecticut 456 414.5 282.9 697.4 1.47

Delaware 118 245.8 415.3 661 0.59

District of Columbia 152 394.7 289.5 684.2 1.36

Florida 2,447 575.4 184.7 760.1 3.12

Georgia 1,860 576.3 198.4 774.7 2.90

Hawaii 169 574 230.8 804.7 2.49

Idaho 135 577.8 192.6 770.4 3.00

Illinois 2,028 479.3 246.1 725.3 1.95

Indiana 795 476.7 246.5 723.3 1.93

Iowa 285 505.3 200 705.3 2.53

Kansas 252 281.7 373 654.8 0.76

Kentucky 503 590.5 127.2 717.7 4.64

Louisiana 951 411.1 242.9 654 1.69

Maine 86 267.4 255.8 523.3 1.05

Maryland 792 423 263.9 686.9 1.60

Massachusetts 565 492 205.3 697.3 2.40

Michigan 1,519 458.2 275.8 734 1.66

Minnesota 506 488.1 171.9 660.1 2.84

Mississippi 570 622.8 182.5 805.3 3.41

Missouri 715 451.7 223.8 675.5 2.02

Montana 66 469.7 227.3 697 2.07

Nebraska 188 542.6 180.9 723.4 3.00

Nevada 232 620.7 125 745.7 4.97

New Hampshire 83 566.3 253 819.3 2.24

New Jersey 1,191 561.7 209.9 771.6 2.68

New York 2,403 593.8 197.3 791.1 3.01

North Carolina 1,530 468 239.9 707.8 1.95

North Dakota 65 523.1 215.4 738.5 2.43

Ohio 1,660 460.2 240.4 700.6 1.91

Oklahoma 349 418.3 169.1 587.4 2.47

Oregon 277 537.9 162.5 700.4 3.31

Pennsylvania 1,780 520.2 225.8 746.1 2.30

Rhode Island 117 273.5 427.4 700.9 0.64

South Carolina 827 544.1 223.7 767.8 2.43

Texas 2,773 548.1 141.4 689.5 3.88

Utah 376 614.4 130.3 744.7 4.72

Vermont 35 571.4 171.4 742.9 3.33

Virginia 1,011 470.8 211.7 682.5 2.22

Washington 506 537.5 154.2 691.7 3.49

West Virginia 189 529.1 227.5 756.6 2.33

Wisconsin 578 472.3 266.4 738.8 1.77

Wyoming 24 666.7 83.3 750 8.00

Overall US 37,813 519.1 207.9 726.9 2.50
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classification of fetal and infant death for deliveries less

than 500 grams. Because fetal deaths and live births are

most likely to be misclassified, we restricted our study to

these two group in order to determine the classification

pattern for the US overall and the 48 individual states

reporting outcomes in \500 g category. This analysis

revealed a broad variation in the classification patterns

across states and we identified six states (Rhode Island,

Delaware, Kansas, Maine, Connecticut, and Maryland)

where the odds favored the report of a delivery as a live

birth/infant death rather than a fetal death. However, most

states were as or more likely to report these deliveries as

fetal deaths.

Differential state-level classification of fetal versus

infant death is more likely the result of differences in the

application of the definition of live birth rather than dif-

ferences in the underlying biology of the fetuses. Differ-

ences in state reporting requirements may account for some

variation in outcomes reporting between states; however,

Fig. 2 Adjusted odds ratio,

with 95% confidence intervals,

of fetal deaths among the cohort

of fetal plus\24 h infant deaths

for each state with North

Carolina as the reference group

Fig. 1 State death rate by classification period. Death rates per 1,000

fetal deaths ? live births under 500 g by state for the 48 states

reporting fetal deaths in this birthweight category. States outside of

the 1.5 inter-quartile range are identified as outliers (filled circle)
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we minimized this potential effect by restricting our anal-

ysis to deliveries with a gestational age of at least

20 weeks, considering only deliveries classified as live

births who died within 24 h, and excluding the states that

do not report fetal deaths under 500 g. Additionally, legal

standards for vital registration of a fetal death differ among

those states whose ratios appear to be outliers (Table 1b),

arguing against varying legal standards as the main

explanation for this phenomenon. We note that the states at

either end of the spectrum tend to be states with smaller

populations. Therefore, variation in state-level classifica-

tion may reflect hospital-specific vital records reporting

practices. A few number of hospitals in a state is more

likely to affect the state-level patterns of reporting.

Variation in classification as a fetal death versus a live

birth/infant death can distort birth weight-specific mortality

rates for very low birth weight babies. As suggested in an

examination of Alabama data from the 1990s, temporal

trends favoring classification of outcomes as live births

may obscure improvements in birthweight specific mor-

tality rates by including a greater number of non-viable

infants [14]. Although the absolute number of live births

under 500 g is small, these events contribute significantly

to the total number of infant and fetal deaths and to the

overall infant mortality rate. Therefore, the pattern of

classification as a fetal death versus live birth/infant death

potentially could have a significant impact on overall infant

mortality and fetal death rates. For example, a small

upward trend in infant mortality rates reported in Canada

has been attributed to increased numbers of infants less

than 500 g classified as live births [12]. Changing classi-

fication patterns were also suggested as an underlying

factor in the apparent increase in the infant mortality rate in

the U.S. from 2001 to 2002 [16].

This study was subject to several limitations. The

quality of reporting on the population-based vital records,

including accuracy and completeness of reporting of fetal

deaths, may account for some differences between states.

Previous work has noted the problems associated with

these secondary data, including missing data, out-of-range

data (biologically implausible), and inconsistencies

between birth weight and gestational age [17, 18].

Some heterogeneity may have resulted from analysis of

data by state of residence rather than state occurrence as

registration of vital events follow reporting regulations of

the state of occurrence rather than the state of residence to

which the death is attributed. States with significant num-

bers of very low birth weight deliveries to mothers living

across state lines may have their outcomes influenced by

reporting standards of neighboring states. We do not

believe the variability resulting from these patterns account

for the overall patterns observed in our analysis because

they would be expected to dilute the observed effects.

Given the nature of the available data, the causes of the

differences observed across states could not be fully

explored in this study. Six states in our analysis favored

classification as an infant death rather than a fetal death.

One potential explanation is that institutions in these states

more strictly follow the WHO definition of a live birth.

Rhode Island, for example, is obligated by state law to

follow a strict legal definition of a live birth and this

requirement is consistent with our findings of low odds of

fetal death in that state. A number of these states are small

and have fewer obstetrical facilities, with a large propor-

tion of deliveries occurring in tertiary hospitals; therefore

variations in community practice patterns are not averaged

across multiple institutions. Other states were more likely

to classify these deliveries as fetal deaths. Local or regional

practices may be influenced by attitudes toward pregnancy

termination, neonatal resuscitation, resources, and parental

or provider expectations of survival of very low birth

weight infants. These decisions may also be related to

factors such as social, economic, and religious views.

The findings from this study have important health

policy implications and suggest caution when comparing

individual state fetal and infant mortality rates. Compari-

sons may not be appropriate, especially across states with

differing patterns of vital event reporting. Instead, com-

paring perinatal mortality rates may be more meaningful,

as demonstrated by our finding of less variability in this

measure across states. Future research should explore

hospital-specific reporting patterns, both over time and

across the range of birth weight and gestational age, to

better understand the implications of these findings.
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