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A Risk Assessment Screening Test for Very
Low Birth Weight

Ralitza V. Gueorguieva, PhD,1,7 Neena P. Sarkar, PhD,2 Randy L. Carter, PhD,3

Mario Ariet, PhD,4 Jeffrey Roth, PhD,5 and Michael B. Resnick, EdD5,6

Objectives: To develop a risk-assessment screening tool for very low birth weight (VLBW)
and to compare our empirically derived tool to the nonempirically derived screening tool used
by the State of Florida. Methods: Birth records from the State of Florida Vital Statistics be-
tween 04/01/92 and 12/07/94 were matched with State Healthy Start prenatal records, reported
from 04/01/92 through 03/31/94. Known and additional potentially important risk factors were
identified from both sources. Generalized Linear Modeling techniques were used to estimate
associations between risk factors and VLBW. A risk assessment system was then developed
using the estimated model. The resulting screening test was compared with the one used by
the Florida State Department of Health in terms of sensitivity and specificity on an indepen-
dent validation sample. Results: The proposed screening tool had comparable specificity to the
Healthy Start screening tool but significantly better sensitivity. Both instruments are simple
and easy to implement. Conclusions: Identification of women at high risk for VLBW would be
improved using the model-based screening tool developed in this paper. Public health policy
makers should use statistical methods in addition to expert opinion to improve existing risk
assessment methods. The actual value of an improved screening instrument is dependent on
the availability of effective intervention programs.
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INTRODUCTION

Very low birth weight (VLBW, <1500 g) is
one of the most serious of poor birth outcomes.
Mortality and morbidity rates for such infants are
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high (1–3) and increase dramatically as birth weight
declines below 1000 g (1, 4–6). Numerous studies
have analyzed specific risk factors related to low
birth weight (LBW, <2500 g) (7–9), preterm delivery
(7, 10–13) (gestational age less than 36 or 37 weeks),
perinatal mortality (7), and pregnancy complica-
tions (7, 14), some have incorporated risk factors
into a risk assessment system for LBW (7, 8, 15–
17) but none, to our knowledge, have developed a
risk assessment system for VLBW. Most of LBW
outcomes are 2000–2500 g births, which, although
not positive outcomes per se, are no longer con-
sidered life threatening. Thus, accurate identifica-
tion of women at risk to deliver a very low birth
weight baby is of much greater interest than pre-
diction of pregnancies resulting in low birth weight
babies.

The goals of the present study are twofold:
to develop and validate a risk assessment system
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for VLBW and to compare it to Florida’s Healthy
prenatal screening tool. Florida’s Healthy Start
program was initiated in April of 1992 independently
from the Federal Healthy Start program and includes
a legislative mandate that all pregnant women be
screened for risk of adverse outcomes. Women who
are found to be at high risk are given services such
as smoking cessation, childbirth education, nutri-
tional counseling, nursing assessment/counseling,
psychological counseling, and care coordination.
The Florida Healthy Start screening tool consists
of an index of risk factors and associated weights,
determined by a panel of State health professionals
based mainly on expert opinion of the influence of
each risk factor. Using these weights, a risk score
is calculated for each pregnant woman and a cut
point on the risk score scale classifies the woman
in high or low risk category. This strategy is not
based on an empirically derived scoring system and
does not take into account interactions among risk
factors.

In contrast, we focused on developing a model-
based screening test for VLBW. Multivariable statis-
tical methods such as logistic regression with a large
number of potential risk factors have been used by
a number of authors (9, 10, 13) to develop screen-
ing tests for LBW or preterm delivery by statistically
estimating weights. But the selection of risk factors
in such systems has often been based on univariable
methods (10, 13) and interaction effects have usually
not been considered (9, 10, 13) because of limited sam-
ple sizes. Michielutte et al. (16) included interactions,
and tested the accuracy of screening tests for preterm
LBW, term LBW, and all LBW. They concluded that,
for predictive use, the distinction between preterm
and term LBW was unnecessary and called for fur-
ther research to identify additional modifiable risk
factors to be included in improved screening tests,
specifically suggesting testing variables related to life
stress.

In our study we simultaneously consider sev-
eral such variables in addition to other previously
identified risk factors for VLBW and investigate
all two-way interactions between risk factors. After
careful model selection, a risk-scoring sheet similar
to the one used in the Healthy Start Program is
developed. The accuracy of our risk index is then
tested and compared with that of Florida’s Healthy
Start screening tool in an independent validation
sample. A discussion of the advantages and dis-
advantages of the two approaches concludes the
paper.

METHODS

Sample Description

Data were collected by the State Health Office
of Florida and consisted of Healthy Start prenatal
screening records of pregnant women, and of chil-
dren’s birth certificate records. To obtain the sam-
ple used for development of the screening tool, we
merged the 254,020 Healthy Start prenatal screen-
ing records between 04/01/92 and 3/31/94 with all of
Florida’s 512,891 birth certificate records, reported
from 04/01/92 and 12/07/94, using mother’s social
security number for linkage. We matched 166,372
records (65% of the available Healthy Start screen-
ing records). Multiple births and records with miss-
ing values were excluded. To obtain the valida-
tion sample used to check the accuracy of the
model based screening test, we merged the sub-
sequent 64,640 Healthy Start prenatal screening
records from 04/01/94 to 12/12/94 to the 189,636
birth certificate records from 04/01/94 to 12/31/95 us-
ing the same strategy. The final validation sample
consisted of 37,250 observations (58% of the avail-
able Healthy Start screening records). Details of the
matching algorithms and matching success are avail-
able from the authors. Matching rate is not criti-
cal for the methodological analyses presented in this
manuscript.

We identified all potential risk factors for VLBW
in the Birth Vital Statistic and the Healthy Start data
sets and excluded from further consideration risk fac-
tors with large proportion of missing values. Four-
teen risk factors had complete enough data to be
considered for inclusion in the statistical modeling
process. Six variables came from Healthy Start prena-
tal records: illness requiring continuous medical care,
safe place to live and enough food, moved more than
three times in the last 12 months, transportation prob-
lems, sexually transmitted diseases, and unwanted
pregnancy; eight variables were obtained from the
birth certificate records: mother’s education, age, mar-
ital status, race, previous pregnancy experience, al-
cohol use, smoking status, and interpregnancy inter-
val (Table I). Interpregnancy interval was defined as
time between termination of the last previous preg-
nancy and the last menstrual period before the current
pregnancy. The successfully matched records both in
the model and in the validation sample were compa-
rable to the total Healthy Start prenatal screen and
birth vital statistics records on the available predic-
tor variables (Table I, last two columns). The sample
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Table I. Description of Variables, Percents of Infants Per Level of Each Variable and Rates of VLBW for Original Unmatched Data Sets
(Birth Vital Statistics and Healthy Start), and for Matched Data Sets Used for Statistical Analysis (Sample Used for Model Development

and Validation Sample)

Sample used for Validation Birth Vital Healthy
model development sample Statistics Start

(N = 166,372) (N = 37,250) (N = 512,891) (N = 254,020)

Percent of Crude rate of Percent of Crude rate of Percent of Percent of
Variable Levels infants VLBW (per 1000) infants VLBW (per 1000) infants infants

Mother’s age 11–19 17.1 12.9 17.7 16.3 13.3 —
35 or older 8.9 11.0 9.6 11.2 10.9 —
20–34 74.0 8.2 72.7 9.0 75.8 —

Mother’s education <High school 27.0 11.5 27.0 13.3 23.2 —
High school 39.5 10.0 38.3 11.0 37.8 —
>High school 33.5 6.6 34.7 7.7 39.0 —

Marital status Not married 40.5 12.9 41.9 14.0 34.4 —
Married 59.5 6.8 58.1 7.5 65.6 —

Mother’s race Black 21.1 17.1 21.2 20.4 19.5 —
Other 18.1 10.0 17.9 10.6 23.8 —
White 60.8 6.3 60.9 7.0 56.7 —

Illness requiring Yes 5.4 15.0 6.0 15.3 — 5.9
continuous care No 94.6 8.9 94.0 10.2 — 94.1

Safe place to live No 5.6 11.7 5.7 13.8 — 6.5
and enough food Yes 94.4 9.1 94.3 10.3 — 93.5

Moved more than Yes 8.7 12.5 8.6 12.7 — 9.8
three times in No 91.3 9.0 91.4 10.3 — 90.2
the last year

Previous pregnancy No previous 35.7 10.5 36.2 12.5 31.9 —
experience pregnancy

Previous failure 32.6 10.9 32.2 11.8 35.4 —
Successful 31.7 6.3 31.6 6.9 32.7 —

pregnancy
Sexually transmitted Yes 3.1 13.1 3.4 11.8 — 3.4

diseases No 96.9 9.2 96.0 10.5 — 96.6
0.6

Transportation Yes 9.6 11.3 9.7 10.0 — 11.1
problem No 90.5 9.1 90.3 10.6 — 88.9

Unwanted pregnancy Unwanted 6.7 12.7 6.4 14.2 — 7.0
Wanted 93.3 9.0 93.6 10.2 — 93.0

Alcohol usea 0 98.9 9.2 99.0 10.5 98.9 —
(no. of drinks 1–7 1.0 16.2 0.9 14.7 1.0 —
per week) 8 and above 0.1 57.7 0.1 — 0.1 —

Smokinga (no. of 0 82.2 9.1 83.4 10.5 84.9 —
cigarettes per day) 1–12 11.3 10.5 10.7 11.5 9.5 —

13 and above 6.5 9.9 5.9 8.6 5.7 —
Interpregnancy time 0, no experience 35.7 10.5 36.2 12.5 34.8 —

in yearsa 0.5–3.5 years 47.7 7.9 47.0 9.0 48.2 —
4+ years 16.7 10.6 16.8 10.4 17.0 —

VLBW (<1500 g) 0.9 — 1.0 — 1.4 —b

aVariable treated as continuous in the analysis.
bPercent of VLBW is not available because some of the Healthy Start prenatal screen records did not match to birth certificate records.

of records with missing data was also similar on all
predictor variables to the complete matched data
set. The percent of VLBW in the Birth Vital Statistics
data set was higher than in our matched data (1.4%
compared to 0.9% and 1.0%, last row of Table I)
which can be attributed to women with no or late
prenatal care (and hence no Healthy Start prenatal

screen) who are at a higher risk to deliver very low
birth weight infants.

Statistical Modeling

We used multivariable Generalized Linear
Models (18) (PROC GENMOD in SAS/STAT
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Table II. Estimates of Relative Risks of VLBW for Significant Main Effects and Significant Interactions Based
on the Matched Sample Used for Model Development (N = 166, 372)

Confidence interval
Factor Level Reference level Relative risk for relative risk

Mother’s age 11–19 20–34 1.10 (0.95, 1.28)
35 or older 1.35 (1.13, 1.62)

Mother’s education <High school >High school 1.28 (1.10, 1.50)
High school 1.31 (1.14, 1.49)

Marital status Single Married 1.42 (1.20, 1.68)
Mother’s race Black White 2.33 (2.06, 2.65)

Other 1.42 (1.23, 1.63)
Illness requiring Yes No 1.39 (1.16, 1.66)

continuous care
Safe place to live and No Yes 1.01 (0.82, 1.25)

enough food
Moved more than three Yes No 1.22 (0.98, 1.51)

times in the last year
Previous pregnancy No previous Successful 1.66 (1.29, 2.13)

experience pregnancy pregnancy
Previous failure 1.69 (1.47, 1.94)

Race ×Marital status Black × Single Black ×Married 0.90 (0.71, 1.13)
Other × Single Other ×Married 1.35 (1.05, 1.75)
White × Single White ×Married 1.42 (1.16, 1.74)

Marital status ×Moved Single × Yes Single × No 0.99 (0.78,1.27)
more than three times
in the last year

Married × Yes Married × No 1.54 (1.15, 2.06)
Safe place to live and No × Yes No × No 1.91 (1.30, 2.81)

enough food ×Moved
more than three times
in the last year

Yes × Yes Yes × No 1.06 (0.88, 1.27)
Alcohol usea 1.05 (1.02, 1.08)

(drinks per week)
Smokingb 1.01 (1.01, 1.02)

(cigarettes per day)
aEach additional drink per week increases the risk of VLBW by 5%.
bEach additional cigarette per day increases the risk of VLBW by 1%.

software) to analyze the effect of the independent
variables given in Table I on the probability of VLBW.
The initial model included all main effects and all
estimable two-way interactions of the risk factors.
Backwards elimination with a significance level of
0.04 was used to eliminate nonsignificant effects. We
also considered using a significance level of 0.05 but
that led to the creation of a much more compli-
cated scoring sheet without improving predictive ac-
curacy. Interpregnancy interval was estimated to have
a change point linear relationship with the probability
of VLBW. The change point (in 6 month increments)
giving the best model-fit when controlling for all other
significant effects was selected. The final fitted model
was used to calculate adjusted relative risks (RR) of
VLBW for each level of each factor relative to the
lowest risk reference level.

Development of Screening Tests

To develop the Healthy Start screening test,
the Healthy Start Advisory Committee selected a
number of risk factors that potentially increase
the risk of LBW or preterm delivery. The commit-
tee included epidemiologists, obstetricians, nurses,
social workers, and policy and program repre-
sentatives from key state and local maternal
and child health partners. The screening crite-
ria were selected based on literature review, pro-
fessional judgment and on descriptive statistics
from birth certificate data between 1989 and
1990. Each of the risk factors was divided into
two categories except previous pregnancy experi-
ence that was divided into three categories. Each
high-risk category then was assigned a weight based



P1: GCR

Maternal and Child Health Journal (MACI) pp854-maci-465753 May 13, 2003 18:37 Style file version June 22, 2002

A Risk Assessment Screening Test for Very Low Birth Weight 131

Fig. 1. Relative risk of very low birth weight by interpregnancy interval and previous pregnancy experience. (Denomi-
nator for each relative risk is the risk for women with previous successful experience and interpregnancy interval of
1.5 years.)

on expert opinion and/or unadjusted risk increase
estimates. Thus a risk score could be computed for
each woman by adding the weights for all high-risk
categories to which that woman belonged. Finally,
a cutoff value was selected so that women whose
score was higher than the cutoff were considered to
be at high risk and were referred for prenatal ser-
vices. The cutoff was selected based on professional
judgment.

In contrast, we developed a VLBW risk-scoring
sheet based on the statistical model, which included
interactions of risk factors and in which estimates
of the effect of each predictor were adjusted for
other predictors. The factors included in our scor-
ing sheet were the significant effects in the model.
The weight for a given factor level was defined as
100 times the value of the coefficient estimate for
that level. The weight for a combination of factor
levels was formed by adding the coefficients for the
corresponding main effects and the two-way inter-
actions, and by multiplying them by 100. The total
score for VLBW could be obtained by adding the
weights. Different versions of the screening test are
defined by specifying different cutoffs on the total risk
score.

Comparison of Healthy Start
and Model-Based Screening Test

The accuracy of the model-based screening tests
and of the Healthy Start screening test was measured
by the percentage of all VLBW births that were pre-
dicted correctly by each test (sensitivity), the percent-
age of non-VLBW births that were predicted cor-
rectly (specificity) and the likelihood ratio defined
as sensitivity/(1-specificity). Higher likelihood ratio
corresponds to higher sensitivity and/or specificity.
The caseload of any given test was the number of
women who tested positive by that test. We consi-
dered several additional cutoff values for the Healthy
Start screening test in order to compare the two tests
over a range of caseloads and to create receiver–
operating–characteristic curves (ROC curves) for the
two approaches.

RESULTS

Statistical Modeling

Table II shows the relative risk estimates
and associated 95% confidence intervals for the
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Table III. Healthy Start Risk Scoring Sheet

Factor Level Weight Contribution to risk score

Mother’s age and Younger than 18 1 + . . . . . . . . . . . .
mother’s education Older than 35 1 + . . . . . . . . . . . .

<High school 1 + . . . . . . . . . . . .
High school or more — 0

18–35 — 0
<High school 1 + . . . . . . . . . . . .
High school or more — 0

Race Black 1 + . . . . . . . . . . . .
Non-black — 0

Marital status Not married 1 + . . . . . . . . . . . .
Married — 0

Trimester prenatal Third 1 + . . . . . . . . . . . .
care began First or second — 0

Prepregnancy weight Yes 1 + . . . . . . . . . . . .
of 115 lbs or less No — 0

Previous pregnancy No previous pregnancy 1 + . . . . . . . . . . . .
experience Previous failure 2 + . . . . . . . . . . . .

Successful experience — 0
Illness requiring Yes 4 + . . . . . . . . . . . .

continuous care No — 0
Number of cigarettes 10 or more 1 + . . . . . . . . . . . .

per day Less than 10 — 0
More than one drink Yes 2 + . . . . . . . . . . . .

per day No — 0
Safe place to live and No 1 + . . . . . . . . . . . .

enough food Yes — 0
Moved more than three Yes 1 + . . . . . . . . . . . .

times in the last year No — 0
Transportation Yes 1 + . . . . . . . . . . . .

problems year No — 0
Sexually transmitted Yes 1 + . . . . . . . . . . . .

disease in the last No — 0
6 months

Unwanted pregnancy Yes 1 + . . . . . . . . . . . .
No — 0

Total score

factors in the final model. The effect of inter-
pregnancy interval on the risk of VLBW is shown
in Fig. 1 by the levels of previous pregnancy
experience.

Development of Screening Tests

Tables III and IV describe the scoring methods
of the Healthy Start screening and of the model-
based approach. High scores correspond to higher
risk of VLBW. The cutoff value used by Florida’s
Healthy Start screening test is 4. Different cut-
off points can be considered on the model-based
screening instrument corresponding to different
caseloads.

Comparison of Healthy Start
and Model-Based Screening Test

Table V shows the accuracy of the model-
based and the Healthy Start screening tests, defined
by various cutoff points, in the validation sample.
Figure 2 shows ROC curves for the two approaches.
Since the Healthy Start risk score could take only sev-
eral positive integer values, there were fewer possible
cutoff points than in the model-based approach. To
facilitate the comparison between the two screening
tools in Table V, we selected only nine cutoff points
for the model-based approach that produced simi-
lar caseload to the nine cutoff points in the Healthy
Start screening tool. However, the ROC curve for
the model-based approach in Fig. 2 is based on five
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Table IV. Model-Based Risk Scoring Sheet

Factor Level Weight Contribution to risk score

Mother’s age 11–19 11 + . . . . . . . . . . . .
35 or older 26 + . . . . . . . . . . . .
20–34 — 0

Mother’s education <High school 17 + . . . . . . . . . . . .
High school 22 + . . . . . . . . . . . .
>High school — 0

Alcohol use 5 times the number of + . . . . . . . . . . . .
drinks per week

Smoking Number of + . . . . . . . . . . . .
cigarettes per day

Illness requiring Yes 31 + . . . . . . . . . . . .
continuous care No — 0

Previous pregnancy No previous pregnancy 30 + . . . . . . . . . . . .
experience Previous failure 49 + . . . . . . . . . . . .

Successful experience — 0
Time from last menstrual Less than 1.5 years 27× (1.5–duration) + . . . . . . . . . . . .

period to end of 1.5 years or more 9× (duration–1.5) + . . . . . . . . . . . .
previous pregnancy

Marital status Not married 42 + . . . . . . . . . . . .
Moved −2 − . . . . . . . . . . . .
Not moved — 0
Black 72 + . . . . . . . . . . . .
Other 39 + . . . . . . . . . . . .
White — 0

Married — 0
Moved 45 + . . . . . . . . . . . .
Not moved — 0
Black 119 + . . . . . . . . . . . .
Other 44 + . . . . . . . . . . . .
White — 0

Safe place to live No −19 − . . . . . . . . . . . .
and enough food Moved 53 + . . . . . . . . . . . .

Not moved — 0
Yes — 0

Total score

times as many possible cutoff points as shown in
Table V.

The likelihood ratio for the model-based ap-
proach was higher than the likelihood ratio for
the State’s approach at every caseload percentage
(Table V). Specificity was similar for both methods
at every caseload percentage, but sensitivity was
uniformly better for the model-based screening test.
Positive predictive value and negative predictive
value were always higher for the model-based
approach but the differences were small in absolute
value. The ROC curve in Fig. 2 shows that model-
based test sensitivity was up to 10% points higher
than that of Healthy Start Screening tool.

DISCUSSION

The methods used in this study to develop an im-
proved screening test were similar to those used by

Michielutte et al. to develop a screening test for iden-
tification of women at high risk for LBW births. The
accuracies of our test for identifying VLBW were sim-
ilar to the accuracies of Michielutte’s and deCaunes’
tests for identifying LBW. Although the variables
considered in these studies were quite different, the
overlap of significant risk factors was notable. Be-
cause we were limited by the information available in
the Birth Vital Statistics Data Set and on the Florida’s
Healthy Start screening form, we could not consider
some important risk factors for VLBW. For example,
four of the significant factors identified by Michielutte
were not considered in our analysis: two because of
unavailability (economic status, and uterine anomaly)
and two because of frequent missing values (maternal
height and weight). We also could not consider psy-
chosocial risk factors such as anxiety and family dissat-
isfaction identified by Herrera (7), previous low-birth
weight or preterm delivery for multiparous women



P1: GCR

Maternal and Child Health Journal (MACI) pp854-maci-465753 May 13, 2003 18:37 Style file version June 22, 2002

134 Gueorguieva, Sarkar, Carter, Ariet, Roth, and Resnick

Table V. Accuracy of Florida’s Healthy Start Screening Tool and of the Model-Based Screening Tool by Various Cutoff Points

Healthy start screening tool Model-based screening tool

Cutoff Caseload percent Characteristics Likelihood ratioa Cutoff Caseload percent Characteristics Likelihood ratio

9 1.81 Sensitivity 3.32 1.84 237 1.89 Sensitivity 4.35 2.34
Specificity 98.20 Specificity 98.14
PPVb 1.93 PPV 2.41
NPVc 98.97 NPV 98.98

8 3.36 Sensitivity 5.88 1.77 222 3.25 Sensitivity 7.93 2.48
Specificity 96.67 Specificity 96.80
PPV 1.84 PPV 2.56
NPV 98.98 NPV 99.00

7 5.95 Sensitivity 9.97 1.69 217 5.13 Sensitivity 14.83 2.95
Specificity 94.09 Specificity 94.97
PPV 1.76 PPV 3.04
NPV 99.00 NPV 99.06

6 10.16 Sensitivity 16.37 1.62 207 11.15 Sensitivity 25.83 2.35
Specificity 89.90 Specificity 89.00
PPV 1.69 PPV 2.43
NPV 99.02 NPV 99.12

5 17.33 Sensitivity 29.16 1.69 186 17.59 Sensitivity 38.11 2.19
Specificity 82.79 Specificity 82.62
PPV 1.77 PPV 2.27
NPV 99.10 NPV 99.21

4 28.23 Sensitivity 45.78 1.63 155 27.76 Sensitivity 49.36 1.79
Specificity 71.96 Specificity 72.47
PPV 1.70 PPV 1.87
NPV 99.21 NPV 99.26

3 40.29 Sensitivity 60.10 1.50 140 41.48 Sensitivity 65.98 1.60
Specificity 59.92 Specificity 58.78
PPV 1.57 PPV 1.67
NPV 99.30 NPV 99.39

2 51.69 Sensitivity 67.77 1.32 117 50.38 Sensitivity 73.15 1.46
Specificity 48.43 Specificity 49.86
PPV 1.38 PPV 1.52
NPV 99.30 NPV 99.43

1 59.64 Sensitivity 71.87 1.21 102 58.02 Sensitivity 77.49 1.34
Specificity 40.49 Specificity 42.18
PPV 1.26 PPV 1.40
NPV 99.27 NPV 99.44

aHigher likelihood ratios indicate a better screening tool at fixed caseload.
bPPV is positive predictive value.
cNPVA is negative predictive value.

found to be highly significant by a number of authors
(7, 8, 13, 14, 19–21). Such factors could be considered
for inclusion in future revisions of the Healthy Start
questionnaire in place of other factors that are not
highly associated with the outcome, or that are col-
inear with other factors. Inclusion of additional fac-
tors could lead to further improvement of the model-
based screening tool.

Because the choice of risk factors in the model-
based screening test was based on multivariable sta-
tistical methods and because weights were derived
from model parameters, one should expect the model-
based screening tool to outperform the less statisti-
cally derived instrument used by the State. Indeed
the selection of factors, weights and cutoff value in

Florida’s Healthy Start screening tool did not take
into account the possible interactions of the risk fac-
tors. In contrast, our model selection approach al-
lowed us to include only factors and interactions that
had significant effects on the outcome, to select empir-
ically justified weights and cutoff that provided good
sensitivity and specificity at a manageable caseload.
Statistical techniques are no substitution for thinking
through the conceptual framework that exists among
the predictor and response variables. Such theoretical
considerations guided our selection of risk factors and
interactions for inclusion in the model. The stepwise
model-selection procedure helped identify the most
significant effects that produced good predictions with
a parsimonious model.
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Fig. 2. Receiver–operating–characteristic curves for the model-based and for the Healthy Start screening tools. (Since
VLBW is a rare occurrence, caseload percentage is approximately equal to (1-specificity) percent.)

The relative simplicity of the final model was es-
sential as it allowed us to develop a scoring sheet
nearly as simple to use as the one based on the
Healthy Start screen. That is why we chose to use
a significant level of 0.04 instead of 0.05 in our model-
selection procedure. The scoring sheet based on a
significance level of 0.05 was much more compli-
cated. The computation of the total score in the
model-based screening tool proposed herein is easy
to perform with the simplest calculator. If total scores
are computed by hand, computational errors can be
made and the error rate of our instrument may be
higher than the error rate using the Healthy Start
screening. However if a computerized version of
the risk assessment tool is used, total scores will be
calculated by a computer, and computational prob-
lems will not occur. A pilot field study to demon-
strate the usefulness of such an approach should be
implemented.

We believe that the better accuracy in identifying
women at risk justifies the use of a more complex
weighting scheme, and that health care providers
are interested in more scientific and evidence-based
practices. Since new knowledge and data constantly
become available, the process of derivation of
the model-based screen form should be repeated
periodically.

The value of being able to better predict whether
a woman is at risk for adverse pregnancy outcome de-
pends in part on the availability of interventions that
are likely to improve the outcome. However inter-
ventions aimed at reducing VLBW births have not
shown conclusive effectiveness (23, 24). Enhanced
prenatal care, nutritional interventions and the use of
tocolytics have not generally been successful, efforts
to predict and prevent preterm delivery have given
frustrating results (3, 13, 23), and interventions such
as smoking cessation programs have been difficult to
implement (22). Hence continued effort is needed to
identify and refine effective practices to reduce low
birth weight and to discover most appropriate meth-
ods of implementing these practices.

The advantages of the model-based approach can
be demonstrated in two ways. First we fix caseload
(number of women identified as being at high risk for
VLBW) and compare sensitivities of the two tests.
On the basis of the numbers in Table V and consid-
ering a caseload of about 28%, the sensitivity of the
model-based screen is about 4% higher than the sen-
sitivity of Florida’s Healthy Start screen. Hence our
test may help identify 40 additional women for ev-
ery 1000 women delivering LBW babies while keep-
ing the total number of women referred for enhanced
services the same.
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An alternative way to demonstrate the advan-
tages of the model-based approach is to fix sensitivity
(number of women with LBW babies correctly identi-
fied by the test) and compare the caseloads and speci-
ficities of the two tests. On the basis of the receiver
operating curves in Fig. 2, a caseload of 40% is re-
quired to achieve 60% sensitivity using the Healthy
Start test, while a caseload of 37% is needed to achieve
the same sensitivity using the model-based test. Thus,
an intervention program that uses the screening test
developed in this paper would be able to identify the
same number of women who will deliver VLBW ba-
bies as the Healthy Start screen but will refer for en-
hanced services fewer women, and hence will have
lower cost.

In this time of health care reform and dwindling
resources for public health programs, the need for cost
effective interventions is great. Resources generally
are not sufficient to provide expanded preventive pre-
natal services to all pregnant women although care-
ful monitoring and response to emerging pregnancy
complications for all pregnant women is advocated
by many (25). Public health policy makers, therefore,
should pursue opportunities to improve existing tests
using the empirical methods illustrated here.
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