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OBJECTIVES: Studies have shown that pregnant women participating in the Special Supplemental Nutrition Program for Women, Infants and Children (WIC) give birth to healthier babies.
To substantiate this in Connecticut, the association of WIC enrollment at least 12 weeks before
delivery with low birth weight (LBW) outcomes was evaluated in Connecticut for calendar year
2000. METHODS: Logistic regression was performed on all singleton birth records in the state
with complete information (n=34,551), and corresponding records among women enrolled in
the state’s HUSKY A public insurance program (n=7,570). The regression model controlled for
nine stratified risk factors for LBW: race/ethnicity, maternal age, education level, marital
status, parity, previous lost pregnancy, prenatal care initiation, maternal medical risk factors,
and tobacco use during pregnancy. RESULTS: The adjusted odds ratio for LBW among all singleton births to women enrolled in WIC at least 12 weeks before delivery was 0.69 (95% CI:
0.60, 0.80). The corresponding odds ratio among HUSKY A enrollees was 0.65 (95% CI: 0.54,
0.77). Separate analysis of birth records containing missing covariate information (n=6,442)
was not significantly different from that obtained of records containing complete information.
CONCLUSIONS: These data suggest that WIC enrollment in Connecticut at least 12 weeks before delivery was protective against LBW among the entire birth cohort of singleton births, as
well as among HUSKY A enrollees.

Introduction
Since implementation of the first statewide Special Supplemental Nutrition Program for Women, Infants and Children (WIC) in Vermont in 1974 (1), disadvantaged pregnant women and young children have
been eligible for food supplements and other nutritional services. Nearly 50% of all women in the nation who give birth now receive support from the WIC
program. The intention of the federal program is to
enhance infant health and development with food supplements to women during pregnancy and to young
children after birth. These supplements are provided
monthly, historically as coupons, and allow free access to foods such as cereal, milk, eggs, cheese, vitamin C-enriched juices, legumes, carrots and peanut
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butter. The WIC program also provides nutrition
counseling, breastfeeding promotion, and screening
for additional social services. The program has
been reported to enhance early prenatal care of
pregnant women, reduce preterm and low birth
weight (LBW) rates, and reduce infant mortality (2).
Women with incomes up to 185% of the federal
poverty level are eligible for enrollment in the Connecticut WIC program (3), which is managed by the
Connecticut State Department of Public Health
(DPH), and which provides WIC services to over
51,000 women and children annually (4). Based on
the federal poverty level, residents of Connecticut
who are enrolled in the WIC program are also eligible for participation in the state’s HUSKY Part A
insurance program (5). Implemented in the state in
1997, pregnant women with incomes up to 185% of
the poverty level are eligible for enrollment in
HUSKY A (6). Evaluation of the state’s HUSKY A
program in recent years indicates that pregnant
women enrolled in the program are at increased risk
for LBW, very low birth weight, and preterm births
(7).
Studies at the national level have shown that
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participation in WIC is associated with improved
birth outcomes (8, 9), and that WIC participation
early in pregnancy may be more effective in promoting better infant health (10). Other studies, however,
have questioned the effectiveness of the program
(11-13). No recent statistical evaluation of Connecticut’s WIC program has been documented. This
study describes the association of enrollment in the
Connecticut WIC program with LBW outcomes
among singleton births. This observational study
was conducted of all birth records in the state during
calendar year 2000 that contained complete information, controlling for multiple maternal risk factors,
and comparing results among all singleton births
with corresponding births among HUSKY A enrollees. Analysis of records containing missing covariate information was also conducted.

were obtained from WIC, and HUSKY A enrollment
data. All other covariate data fields used in the study
were obtained from birth records. The outcome variable, low birth weight (LBW), was also obtained
from birth records, and was defined as a birth weight
of less than 2,500 grams.
Of the 41,384 singleton births that occurred in
Connecticut during calendar year 2000, 34,551 contained complete information in all the data fields
needed for the study, and these records were used in
the analysis. The remaining 6,833 records contained
missing information in one or more of the covariate
and/or outcome data fields. Of the records containing missing information, 391 contained missing information about the outcome variable. The remaining 6,442 singleton birth records containing incomplete covariate data were analyzed separately. All
analyses were conducted with SAS (Statistical
Analysis System, Cary, NC).

Methods
Variable Construction and Data Use
A three-way linkage of Birth, WIC enrollment,
and HUSKY A enrollment data at the record level
was performed for the birth cohort of calendar year
2000 within the Connecticut DPH. WIC enrollment
records and HUSKY A enrollment records, each previously linked to birth records, were linked by state
file number to generate the three-way linked dataset.
HUSKY A enrollment data linked to birth records
were supplied courtesy of the Connecticut Department of Social Services, and WIC enrollees, linked
to corresponding births (n=11,422), were provided
courtesy of the Information Technology unit within
DPH. The three-way linked dataset of birth records
contained all birth records in the state during calendar year 2000, as well as selected WIC and HUSKY
A enrollment data. The enhanced dataset contained
12 pairs of duplicate records from the WIC-Birth file
(n=24); duplicate records containing the most current
entries were retained. An additional 10 pairs (n=20)
were incorrectly assigned state file numbers in the
WIC-Birth file, and 9 of these 10 pairs were researched and resolved. Information on WIC enrollment for the remaining unresolved pair was removed.
One record in the previously linked WIC-Birth dataset did not correspond to any birth record and was
deleted. The final three-way linked dataset contained
the entire calendar year 2000 birth cohort of 43,075
records.
The date of WIC enrollment before delivery and
HUSKY A enrollment status at the time of delivery

Data Analysis
Frequency distributions were evaluated for the
entire cohort of singleton births containing complete
information, as well as for corresponding birth records of HUSKY A enrollees. For both groups, frequency distributions for either those enrolled in WIC
at least 12 weeks before delivery, or for those enrolled in WIC within 12 weeks before delivery or not
enrolled, were produced. Overall variation in the
distribution of maternal risk factors between those
enrolled or not enrolled in WIC were evaluated by
the Chi-Square test.
Univariate logistic regression analysis was performed on records in the three-way linked file containing complete information to evaluate the unadjusted statistical association between selected maternal risk factors and LBW. Tests were conducted of
singleton births among the entire cohort and corresponding births among HUSKY A enrollees. The
following stratified covariates, which have been
shown to be significant predictors of LBW (14), were
each evaluated: 1) race and ethnicity, four categories; 2) maternal age, four categories; 3) maternal
education level, three levels; 4) marital status, two
categories; 5) parity, two levels; 6) previous lost
pregnancies, two categories; 7) prenatal care initiation, two categories; 8) presence of chronic or pregnancy-related hypertension or other medical risk factors, three categories; and 9) use of tobacco during
pregnancy, two categories. Other medical risk factors included anemia, cardiac disease, lung disease,
diabetes, genital herpes, hydramnios/
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oligohydramnios, hemoglobinopathy, eclampsia,
incompetent cervix, previous infant of 4000+
grams, previous preterm or small for gestational age
infant, renal disease, Rh sensitization, or uterine
bleeding. The frequencies of these other medical
risk factors individually in the study population
were not sufficient to be considered separately (data
not shown).
WIC enrollment was stratified into two categories: enrollment at least 12 weeks before delivery,
and enrollment either less than 12 weeks before delivery or not enrolled. The latter category combined
women who were ineligible for WIC enrollment,
and those who were eligible for WIC but who chose
not to enroll in WIC. It also included women who
enrolled in WIC late in their pregnancy, as well as
those who enrolled in WIC during the third trimester for their unborn child.
A set of three multiple logistic regression
analyses was performed on records containing complete information, similar to that described by
Strobino and coworkers (15). First, the unadjusted
association between WIC enrollment and LBW was
evaluated (Model 1). Second, the association of
LBW for the multiple stratified covariates was
evaluated, in the absence of the WIC variable
(Model 2). Third, the association of LBW was
evaluated for WIC enrollment, controlling for the
multiple covariates used in Model 2 (Model 3).
Analyses were performed among all singleton births
in the state, and corresponding births among
HUSKY A enrollees.
Records with missing covariate information
were analyzed separately. For this dataset of at
least one missing data field in each record, logistic
regression was performed using missing data as an
additional stratum, and each record was weighted in
direct proportion to its degree of completeness
across the ten covariates. Weight for each records
was assigned as follows: weight = (9-m)/9, where
m=number of missing data fields.
This public health research activity was approved by a review board within the Connecticut
State Department of Public Health (protocol #449).

Results
Frequency Distribution of Maternal Risk Factors
and Low Birth Weight
Of the 34,551 records used in the study, 5,926

(17.2%) were for women enrolled in WIC at least
12 weeks before delivery (Table 1), and a total of
7,570 (21.9%) were for women enrolled in the
state’s HUSKY A program. Of all records for
women enrolled in HUSKY A, 4,017 (53.1%) were
co-enrolled in WIC at least 12 weeks before delivery. Among the nine selected maternal risk factors
that may contribute to LBW outcomes, six differed
in distribution between those enrolled versus those
not enrolled in WIC at least 12 weeks before delivery (p < 0.001). Those maternal characteristics that
did not differ were parity, previous lost pregnancies,
and prenatal care initiation. Whereas 77.5% of
Non-Hispanic Caucasian women with a singleton
birth were not enrolled in WIC, only 32.1% of
women in this race category were enrolled in WIC.
Compared to women not enrolled in WIC, a significantly greater proportion of records among WIC
enrollees were of minority race and ethnicity (p <
0.001). Similarly, among women less than 18 years
old, only 1.5% of the records were for women not
enrolled in WIC, while 7.1% were for women enrolled in WIC. A significantly greater proportion of
women enrolled in WIC also had a lower level of
educational attainment, were unmarried, smoked
during pregnancy, and exhibited maternal medical
risk factors (p < 0.001).
Among births in the state that occurred to
HUSKY A enrollees, a similar difference in the distribution of maternal demographic characteristics
and risk factors occurred between women enrolled
only in HUSKY A versus those co-enrolled in both
programs (Table 1). The magnitude of distribution
differences were attenuated, but remained significant for all risk factors except previous lost pregnancies and smoking during pregnancy (p < 0.001).
Compared to HUSKY A enrollees who were not
enrolled in WIC at least 12 weeks before delivery, a
significantly greater proportion of women enrolled
in WIC were of minority race and ethnicity, were
less than 18 years old, had less than 12 years of education, were unmarried, had no prior history of
pregnancy, initiated prenatal care before the third
trimester, and had chronic or pregnancy-related hypertension (p < 0.001).
These data collectively indicate that the distribution of demographic characteristics and risk factors known to be associated with adverse birth outcomes in birth records among WIC enrollees were
different than those among women not enrolled in
WIC. Analysis conducted of WIC enrollment
among all births in the state, therefore, requires conPage 3
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trolling for these covariates. Also, the data suggest
that when testing for an association between WIC
enrollment and LBW outcomes, the large percentage
of HUSKY A enrollment among WIC enrollees may
be a significant confounder in the analysis. Although
generativity bias is also a consideration when evaluating WIC enrollment among the HUSKY A population, the distribution of risk factors among WIC enrollees in this subgroup better reflects that of records
for the entire HUSKY A population.
Univariate Analysis of Maternal Risk Factors and
Low Birth Weight
Among all complete birth records, unadjusted
logistic regression revealed odds ratios that were significantly associated with increased risk of LBW outcomes for all the maternal risk factors studied except
previous lost pregnancies (Table 2). Relative to nonHispanic Caucasian mothers, non-Hispanic African
American mothers, and Hispanic mothers exhibited
odds ratios of 2.57 (95% CI: 2.27, 2.91) and 1.64
(95% CI: 1.44, 1.86), respectively. Relative to
women of ages 25-34 years, increased risk of LBW
was observed among younger (p < 0.01) or older (p <
0.05) women. Also, women who initiated prenatal
care beyond the second trimester of pregnancy exhibited an odds ratio of 2.11 (95% CI: 1.61, 2.75), relative to women who initiated care at earlier times during pregnancy. Women with chronic or pregnancyrelated hypertension were also at increased risk of
LBW outcomes (OR=5.28; 95% CI: 4.43, 6.30).
Analysis of complete birth records for singleton
births to HUSKY A enrollees demonstrated that the
unadjusted odds ratios for LBW outcomes were generally attenuated when compared to all singleton
births in the state (Table 2). Women 18 to 24 years
old and women of non-Hispanic Other races exhibited a risk of LBW that was not statistically significant (p ≥ 0.05). Significantly greater risk of LBW
outcomes persisted, however, for the other risk factors. These data collectively indicate that the risk
factors chosen for the study are appropriate as covariates in the multivariate regression, and are necessary to control for differences between women enrolled in WIC versus those not enrolled in the program. Also, the significance of these risk factors for
LBW is consistent with other studies (14), indicating
that the dataset is of sufficient quality to perform the
study.
Multivariate Analysis of WIC Enrollment and Low
Birth Weight

Logistic regression analysis of WIC enrollment
and LBW was performed on complete records, controlling for nine multiple covariates (Table 3). The
unadjusted regression coefficient for WIC enrollment
at least 12 weeks before delivery, relative to enrollment at later times or not enrolled, was 0.229 (SE =
0.060) (Model 1). Its inclusion with other covariates
(Model 3) made a significant contribution to the
overall fit of the regression model (χ2 = 27.99; p<
0.01), and decreased the coefficient for WIC to –
0.367 (SE = 0.070). The other covariates in the regression model did not change significantly in magnitude compared to the absence of the WIC variable
(Model 3 versus Model 2). Most coefficients for
these covariates were significant to the regression
model. Non-Hispanic Other races, maternal age less
than 25 years, previous pregnancy losses, and prenatal care in the third trimester, were not significant (p
≥ 0.05). When converted to odds ratios, WIC enrollment at least 12 weeks before delivery was associated with a significantly reduced risk of LBW (OR =
0.69; 95% CI: 0.60, 0.80).
When logistic regression of WIC enrollment on
LBW was performed among complete records for
HUSKY A enrollees (Table 4), the unadjusted regression coefficient for WIC enrollment at least 12
weeks before delivery (Model 1) was –0.287 (SE =
0.087; Table 3). Similar to results observed among
all births, inclusion of WIC in the regression model
made a statistically significant contribution to the
regression model (χ2 = 22.84, p < 0.01), and inclusion of covariates decreased the WIC coefficient to –
0.434 (SE = 0.091). The difference in the WIC coefficient from Model 1 to Model 3, however, was not
statistically different. The covariates used in the regression model did not change significantly with the
addition of WIC. Those covariates that were significant included: race and ethnicity, maternal age of at
least 35 years, education no more than 12 years, no
previous pregnancies, and medical risk factors. Maternal age less than 25 years, marital status, previous
lost pregnancies, and prenatal care initiation were not
significant contributors to the regression model.
When the coefficients in Model 3 were converted to
odds ratios, WIC enrollment at least 12 weeks before
delivery was significantly protective against LBW
(OR=0.65; 95% CI: 0.54, 0.77). Multivariate regression of WIC enrollment and LBW for complete records among either non-Hispanic African American
women or Hispanic women did not differ from the
results seen among women enrolled in HUSKY A
(data not shown).
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Analysis of Incomplete Data
Logistic regression analysis in Tables 1 - 4
was performed on records containing a complete
set of data. The 6,833 records excluded from the
analysis contained at least one data field with missing data. Of these records, missing data were
found in the field used to measure LBW (n=391
missing fields). In addition, data used to create the
covariates were also missing: previous lost pregnancies (n=2,094), tobacco use during pregnancy
(n=1,833), race/ethnicity (n=1,453), prenatal care
initiation (n=1,306), education level (n=852), and
marital status (n=11). Whereas 3,948 records
(61%) contained only one missing data field, the
remaining records contained 2 missing fields
(20%), 3 missing fields (10%), 4 missing fields
(8%), or more missing fields (1%). Compared to
the frequency distribution of data without missing
data fields, this group of records contained at least
50% more births records for Non-Hispanic African
American and Hispanic women, births with prenatal care initiation beyond the second trimester, and
women with medical risk factors (data not shown).
The collection of records containing missing data,
therefore, reflected a group of births to women at
high risk for LBW. To allow analysis of this group
of records with at least one missing data field in
each record, logistic regression analysis was performed on this set of birth records, allowing missing data points to be ignored, and weighting each
record in proportion to its degree of completeness.
Results of logistic regression on all singleton
births during calendar year 2000 with missing data
fields are shown in Table 5. Enrollment in WIC at
least 12 weeks before delivery resulted in an unadjusted regression coefficient of 0.065 (SE=0.123),
and an adjusted regression coefficient of –0.434
(SE=0.140). Inclusion of WIC enrollment into the
regression model made a significant contribution
to the overall fit of the regression model (χ2 = 9.88;
p < 0.05). Records with missing data field information for education, prenatal care initiation, and
tobacco use during pregnancy were significant to
the regression model. Covariates in the regression
model did not change significantly in magnitude
compared to the absence of the WIC variable
(Model 3 versus Model 2). The converted odds
ratio for WIC enrollment at least 12 weeks before
delivery was 0.65 (95% CI: 0.49, 0.85), and was
not significantly different from the odds ratio ob-

tained with the analysis of complete data. Permitting
equal weight for all records did not change the results
significantly, and combining these incomplete records with complete records also did not change the
results significantly (data not shown). These results
suggest that analysis of the set of records with incomplete data were comparable to that obtained of
records with complete data.

Discussion
Logistic regression analysis of the Connecticut
birth cohort in 2000, controlling for multiple covariates of adverse birth events, revealed a significant
protective association between WIC participation
before the third trimester of pregnancy and LBW.
These results hold when evaluated among all singleton births in the state and among corresponding
births to HUSKY A enrollees. The results are also
consistent with a separate analysis of records containing missing data in at least one covariate data
field.
Recent evidence with observational studies in
states across the country have shown a protective association of WIC enrollment against adverse birth
outcomes. Gregory and De Jesus (16), for instance,
reported that prenatal WIC participation in New Jersey was associated with fewer adverse birth outcomes, and a study in Minnesota noted that the
prevalence of cigarette smoking during pregnancy
decreased when WIC enrollees learned that they
were pregnant (17). Further, Lazariup-Bauer and coworkers reported in New York that WIC enrollment
early in pregnancy led to better birth outcomes than
enrollment later in pregnancy (18). In Missouri, increased birth weight was positively associated with
WIC enrollment and decreased newborn Medicaid
costs, and duration of WIC enrollment was positively
correlated with increasing birth weight, lower LBW
rates, and increased cost savings (19). El-Bastawissi
and co-workers in Washington reported a protective
association of WIC enrollment against LBW outcomes (20).
Evaluation studies of the WIC program in other
states have also shown similar results using more sophisticated study designs. A prospective, randomized-control study in an Oklahoma prenatal clinic
evaluation of women in mid-pregnancy found that,
after adjusting for gestational age, sex, number of
prenatal visits, race, previous LBW events, and
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smoking during pregnancy, WIC participation was
associated with an increased birth weight of, on average, 91 grams (21). In Massachusetts, matched controls from observational data were used to evaluate
the association of WIC with LBW (22), showing that
WIC enrollment was associated with a reduced risk
of LBW, preterm births, and neonatal mortality. A
similar approach in Florida showed a modest dosedependent association of WIC participation with improved LBW outcomes (23).
These results of WIC evaluation studies at the
state level are in agreement with recent assessments
of WIC at the national level, which indicate that WIC
enrollment was associated with improved birth outcomes (2). Enrollment in WIC nationally was reportedly associated with an increase of 185 grams in
birth weight (24). WIC enrollment was also associated with decreased risk of preterm birth (25).
Despite a growing number of studies at the state
and national level indicating a protective association
of WIC against adverse birth outcomes, and the absence of studies showing negative results, the validity of the results have been questioned. Douglas
Besharov and Peter Germanis (13), in a comprehensive evaluation of WIC nationally, cite that several
flaws in study design may exaggerate the positive
effect of WIC. These sources of bias include: 1) selection bias, 2) simultaneity bias, and 3) lack of generalizability. Selection bias arises when women enrolled in WIC are considered to be more empowered,
more motivated, more able and healthier, and with
better access to healthcare than women who are not
enrolled in WIC. This would bias results toward better birth outcomes. Simultaneity bias refers to the
assumption that as the length of time in WIC participation increases, the probability of a healthy birth
increases. Lack of generalizability at the national
level occurs because each state runs its own WIC
program and there may be variations in the way in
which WIC is managed. For instance, federal funds
for WIC are capped for each state, and, although not
currently the situation in Connecticut, some applicants for WIC in other states may be placed on a wait
list if all funds are expended.
The first source of bias was addressed in this
study by examining not only all births in the state,
but also the subgroup of HUSKY A enrollees. There
were dramatic and statistically significant differences
among all state births between those enrolled in WIC
and those not enrolled in WIC (Table 1). These differences were less pronounced among HUSKY A
enrollees. The data presented here suggest that

HUSKY A enrollees who were co-enrolled in WIC
may have been among a group widely considered to
be the least advantaged of the HUSKY A population
(Table 1), a finding mirrored by Bitler and Currie
(2). The remaining significance in the distribution
differences between WIC and non-WIC enrollees
among HUSKY A enrollees, however, suggest that
selection bias may exist in this study.
The second criticism leveled against studies
showing protective results in the association of WIC
enrollment with LBW events was addressed in this
study by stratifying WIC participation into periods of
enrollment. Logistic regression was performed on
WIC enrollment categorized into two groups: WIC
enrollment at least 12 weeks before delivery, and
WIC enrollment either during the third trimester or
not enrolled. Protective associations were observed
with WIC enrollment at least 12 weeks before delivery.
Other potential sources of error were addressed
by controlling for maternal risk factors considered to
be predictors of LBW events, including chronic or
pregnancy-induced hypertension and tobacco use
during pregnancy. The results indicate that the risk
factors chosen for the study were appropriate as covariates in the multivariate regression (Table 2).
Also, the significance of these covariates in the regression model was consistent with other studies
(14), indicating that the dataset used in this study was
of comparable quality.
This study was conducted only on the WIC program within Connecticut, and it cannot be generalized to the national level. It does, however, contribute to increasing evidence in other states of the protective association of WIC against LBW. The data
used for this analysis were from existing birth records, limiting analysis to an observational study.
Residual confounding is possible. In addition, recall
bias and bias due to self-reporting are possible with
these data. Randomized-control study designs are
more rigorous in their methodology, and use of these
designs would contribute greatly to studies of the
effectiveness of the WIC program. Only the Oklahoma study evaluated WIC by a prospective randomized-control study design (21), and a positive association with birth weight was observed, even when
initiated at mid-pregnancy.
Another potential source of bias in the data is the
large number of records that were excluded from
analysis due to missing data. In the analysis among
all singleton births, for example, a potential sample
size of 41,384 singleton births was reduced to 34,551
Page 11

Connecticut State Department of Public Health

when records containing missing data were excluded
from the analysis. This represents a decrease of
16%. Separate analysis of this set of incomplete records did not, however, differ from results obtained
with complete records (Table 5 versus Table 3).
A major component of the WIC program in Connecticut involves food supplementation, but other
intervention strategies are also employed. One component of the WIC program is an educational intervention among WIC enrollees to increase awareness
of the dangers of smoking during pregnancy. Although the results shown in this study did not show a
reduced contribution among WIC enrollees of smoking as a risk factor (Table 2), the data contained in
birth records do not reflect changes in smoking behavior during pregnancy. A strong association between maternal smoking and LBW has been welldocumented (26, 27), and although the data shown
here also indicate that smoking during pregnancy
was a significant risk factor for LBW events, it was
not clear if smoking behavior was altered with WIC
participation.
Another educational intervention among WIC
enrollees is nutritional counseling. Previous evaluations of the WIC program in Maryland have documented improved nutritional care among participants
who were involved in nutritional sessions (28), but a
similar study in Connecticut has not been performed.
Further studies within Connecticut could also evaluate other components of the WIC program, such as
alcohol/drug use, or breastfeeding. Also, in a recent
study of its WIC program, the Rhode Island Department of Public Health used cluster analysis to evaluate specific focus areas for outreach of WIC services,
using census tract information about income level
(29). This has not been performed in Connecticut,
but could help indicate geographic areas of particular
need for WIC enrollment, as well as for referral services for HUSKY A.
In summary, the data evaluated in this study indicated that WIC enrollment in Connecticut during
calendar year 2000 was protective against LBW
among all singleton births in the state, as well as
among HUSKY A enrollees. The protective effects
were observed with WIC enrollment at least 12
weeks before delivery.
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