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Unintended pregnancy is a significant public
health issue in the United States. According to
the most recent published estimates, 51% of
pregnancies in the United States were unin-
tended, and 60% of unintended pregnancies
resulted in a live birth.1 Unintended pregnan-
cies are associated with increased risk of
adverse pregnancy outcomes, such as preterm
birth (PTB) and delivery of low---birth weight
(LBW) infants.2---8 In a large systematic review,
Shah et al. reported increased odds of PTB
(odds ratio [OR] =1.31; 95% confidence in-
terval [CI] =1.09, 1.58) and LBW (OR=1.36;
95% CI =1.25, 1.48) among unintended preg-
nancies ending in live birth compared with
intended pregnancies.2 The link between un-
intended pregnancy and poor birth outcomes is
likely multifaceted, and may be associated with
maternal socioeconomic risk factors, inade-
quate prenatal care, and preconceptual and
prenatal maternal behavioral risk factors such
as smoking and alcohol use.9---11 As part of the
national effort to improve overall public health,
increasing the proportion of pregnancies that
are intended and decreasing the rates of PTB
and LBW deliveries are all objectives of the
Healthy People 2020 initiative.12

In 2008, 37% of live births in Colorado
resulted from unintended pregnancies accord-
ing to the Pregnancy Risk Assessment Moni-
toring System.13 To address this issue, the
Colorado Initiative to Reduce Unintended
Pregnancy (Colorado Initiative) was developed
and enacted in 2009 with the generous sup-
port of an anonymous donor.14 As part of the
effort, the Colorado Family Planning Initiative
was implemented through the Colorado De-
partment of Public Health and Environment.
Two of the primary goals of the initiative
were (1) increasing the number of women
accessing family planning services and (2) in-
creasing the adoption of long-acting reversible

contraceptive (LARC) methods such as intra-
uterine devices and contraceptive implants.14

Long-acting reversible contraceptive methods
are safe and highly effective forms of contra-
ception that have been shown to reduce rates
of unintended pregnancy.15---18

To help achieve these objectives, the Colo-
rado Initiative provided funding to 28 Title
X---funded agencies across the state of Colorado
from 2009 to 2013, serving 37 of 64 Colo-
rado counties. Those 37 counties were home to
95% of the state’s low-income population (de-
fined as individuals with incomes at or below
150% of the federal poverty level).14 The
locations of Colorado Title X clinics are shown
in Figure 1. This distribution of resources in
Colorado is important, in light of the known
disparities of unintended pregnancy rates for
women on the basis of socioeconomic status,
age, race/ethnicity, and level of education.1

The funding for the Colorado Initiative
specifically supported the provision of intra-
uterine devices and contraceptive implants to
women seeking care at Title X clinics, training

for providers and staff on the counseling and
provision of LARC methods, and technical
assistance to Title X agencies related to in-
creasing the use of these methods.14 Many of
the Title X clinics across the state successfully
executed the primary objectives of the Colo-
rado Initiative, resulting in a rise in the total
number of clients accessing family planning
services per year from 46 201 to 64148 and
the proportion of women choosing LARC
methods out of all women using contraception
at Title X clinics from 0.8% to 8.6% from
2008 to 2012 (G. Klinger, Colorado Depart-
ment of Public Health and Environment, e-mail
communication, April 1, 2014).

Although LARC use is on the rise in the
United States, there is little in the published
literature demonstrating an association be-
tween the use of LARC methods and rates of
adverse birth outcomes.19 Given the scale of
the Colorado Initiative, there is a unique op-
portunity to evaluate this possible association.
As a result of improved use of family planning
services in general and LARC use in particular,
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we hypothesized the following: (1) there will be
a significant decrease in LBW and PTB in
Colorado from 2008 to 2012; (2) for women
living in Colorado counties in 2012 compared
with 2008, LBW and PTB will differ by
whether there is a Title X clinic in that woman’s
county of residence; and (3) for women living
in Colorado counties with Title X clinics in
2012, there will be a significant inverse asso-
ciation between LARC use at Title X clinics and
LBW and PTB.

METHODS

We designed this study as a cross-sectional
analysis of a cohort data set with an ecological
exposure. We conducted the study with the
Colorado Health Information birth data set and
Title X clinic contraception data for 2008 and
2012, both obtained from Colorado Depart-
ment of Public Health and Environment. The
study population consisted of women who gave
birth in Colorado in 2008 (n = 70 842) and
2012 (n = 65 959). We excluded nonsingleton
births and records missing the woman’s county

of residence, resulting in a total study popula-
tion of 68 932 women in 2008 and 64 108
women in 2012. To look at the association
between LARC use and LBW or PTB, we
restricted the analysis to women living in
counties with Title X clinics in 2012
(n = 59 979), as this was thought to be the peak
of the Colorado Initiative’s impact on LARC
use for which there were available data.

The outcome measures included (1) LBW
defined as less than 2500 grams and (2) PTB
defined as less than 37 weeks gestation,
obtained from the Colorado birth data set.
Small for gestational age, defined as an infant
below the 10th percentile for weight for the
infant’s gestational age, also could have been
assessed as an adverse outcome. However,
LBW and PTB have more direct implications
on costly health care than small for gestational
age, which applies to both term and preterm
infants, does not take into account infants that
are constitutionally small, and does not capture
infants born preterm and LBW who are at
an appropriate weight for their gestational
age.20,21 For example, in one large study of

very low---birth weight infants, only 22% were
classified as small for gestational age.22 In
addition, LBW and PTB are more frequently
reported in the literature, allowing for better
comparisons with previous research.2

We used the unpaired student t test to make
bivariate comparisons of continuous baseline
characteristics between women living in
counties with Title X clinics and those without.
We used the v2 test to compare dichotomous
and categorical data.

We used bivariate analysis and a literature
review to determine which variables were
important to include in the multivariable
models. We included covariates if they met the
definition of a confounding variable. In addi-
tion, we included covariates in the model
regardless of their influence on the unstan-
dardized regression parameter estimates if they
were thought to be associated with the out-
comes (LBW or PTB) based on previous
literature.23We assessed prenatal care with the
GINDEX, which is a measure of the adequacy
of prenatal care that takes into account the
month prenatal care began, the number of
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FIGURE 1—Counties and locations of Title X clinics: Colorado, 2008 and 2012.
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TABLE 1—Baseline Characteristics of Births According to County Presence or Absence of a Title X Clinic: Colorado, 2008 and 2012

2008 2012

Variables

Title X Clinic (n = 64 166),

% or Mean 6SD

No Title X Clinic (n = 4766),

% or Mean 6SD P

Title X Clinic (n = 59 979),

% or Mean 6SD

No Title X Clinic (n = 4129),

% or Mean 6SD P

Baseline characteristics

Maternal age, y < .001 < .001

<18 and >40 8.7 10.3 6.7 8.4

18–40 (Ref) 91.3 89.7 93.3 91.6

Maternal race/ethnicity

Non-Hispanic White (Ref) 59.3 67.5 61.5 69.7

Hispanic White 28.0 18.4 < .001 24.1 16.2 < .001

African American 5.2 1.1 < .001 5.7 0.8 < .001

Other 7.5 13.0 < .001 8.7 13.3 < .001

Maternal education .62 < .001

< high school completed 21.3 21.1 14.5 16.9

High-school graduate or higher degree obtained (Ref) 78.7 78.9 85.5 83.1

Maternal income, $

< 15 000 (Ref) 24.4 28.3 25.1 29.9

15 000-24 999 13.2 17.3 .02 12.2 15.4 .27

25 000-34 999 9.9 11.3 .83 9.6 10.1 .34

35 000-49 999 9.8 11.6 .76 9.8 11.1 .42

50 000-74 999 15.3 15.6 .63 14.5 16.3 .22

> 75 000 27.5 15.9 < .001 28.8 17.2 < .001

Maternal smoking status

‡10 cigarettes/d 3.9 7.2 < .001 3.1 5.5 < .001

1–9 cigarettes/d 4.5 6.3 < .001 4.2 5.7 < .001

Nonsmoker (Ref) 91.6 86.5 92.7 88.8

Maternal marital status

Married (Ref) 73.3 68.8 75.2 69.0

Divorced 1.3 2.0 < .001 1.9 3.0 < .001

Never married 23.5 26.6 < .001 21.1 26.3 < .001

Widowed 0.1 0.2 .01 0.1 0.1 .95

Maternal prepregnancy BMI 25.3 65.7 25.4 65.9 .21 25.7 65.9 25.9 66.1 .02

GINDEX

No prenatal care 3.2 1.2 .01 2.4 1.6 .01

Inadequate prenatal care 14.3 11.0 < .001 13.6 9.4 < .001

Intermediate prenatal care 27.0 31.8 < .001 28.4 30.5 .01

Adequate prenatal care (Ref) 48.1 50.8 49.1 52.8

Excessive prenatal care 7.4 5.2 < .001 6.8 5.7 < .001

Months since most recent delivery .08 .88

< 18 13.5 14.4 12.5 12.5

‡ 18 (Ref) 86.5 85.6 87.5 87.5

STI history

Gonorrhea 0.1 0.2 .63 0.2 0.02 .02

Chlamydia 1.9 2.1 .53 2.1 2.1 .93

Congenital anomaly history 1.7 4.5 < .001 3.0 3.8 .004

Continued
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prenatal care visits, and the gestational age at
delivery.24 We conducted statistical analyses
with SAS version 9.3 (SAS Institute Inc, Cary,
NC). We considered P values less than .05 to
be statistically significant.

We used a logistic regression model to
examine the association between year of de-
livery (2008 compared with 2012) and LBW
or PTB, with adjustment for maternal age,
race/ethnicity, body mass index (BMI; defined
as weight in kilograms divided by the square
of height in meters), education, income, marital
status, prenatal care, smoking status, history
of gonorrhea, history of chlamydia, history of
congenital anomaly, and interpregnancy in-
terval. We included every birth record in
the state during the 2 years of interest in this
analysis, including the nonsingleton births
and records missing the woman’s county of
residence that we excluded for the remaining
analyses.

We used a logistic regression model to
conduct a stratified analysis to determine if
year of delivery (2008 vs 2012) modified the
association between having a Title X clinic in
the county and LBW or PTB, with adjustment
for maternal age, race/ethnicity, BMI, educa-
tion, income, marital status, prenatal care,
smoking status, history of gonorrhea, history of
chlamydia, history of congenital anomaly, and
interpregnancy interval.

To examine the effect of LARC use on LBW
or PTB, we calculated use for each county
containing a Title X clinic as the proportion of
women using LARC methods out of all women
using contraception at Title X clinics in that
county. We then divided LARC use into
quartiles, which we assigned to each woman
in the 2012 birth data set according to her

county of residence, and used as the ecological
exposure.

We used generalized estimating equations to
examine the association between quartiles of
LARC use in counties with Title X clinics and
LBW or PTB in 2012, with adjustment for
maternal age, race/ethnicity, BMI, education,
income, marital status, prenatal care, smoking
status, history of gonorrhea, history of chla-
mydia, history of congenital anomaly, and
interpregnancy interval.

RESULTS

Baseline characteristics of the study popula-
tion by Title X clinic presence are shown for
2008 and 2012 in Table 1. In 2008, counties
without Title X clinics had a significantly higher
percentage of LBW and PTB, women who
smoked more heavily during pregnancy, and
women who were of a more high-risk age group
(<18 or >40 years) compared with counties
with a Title X clinic. In 2008, counties with
a Title X clinic had a higher percentage of African
American women. Education level and prepreg-
nancy BMI did not differ significantly between
the 2 groups in 2008. The results for 2012 were
similar to those for 2008 with the exception that
in 2012 counties without Title X clinics had
a significantly higher percentage of women who
had not completed a high-school education.

Overall Impact of the Colorado Initiative

Overall in the state of Colorado, there was
a decrease in the percentage of PTB from 2008
to 2012 (8.92% vs 8.29%). After we adjusted
for confounders, there was a 12% decrease in
the odds of PTB when we compared 2012
(during the initiative) to 2008 (preinitiative;

OR=0.88; 95% CI = 0.84, 0.91; P< .001;
data not shown).

The percentage of LBW deliveries in Colo-
rado was 8.14% in 2012 compared with
8.17% in 2008, and in multivariable analysis,
adjusted percentages were not significantly
different (OR=0.97; 95% CI = 0.91, 1.02;
P= .14; data not shown).

In multivariable analysis, the odds of PTB
were significantly lower for women living in
counties with a Title X clinic in 2012 compared
with 2008 (OR=0.85; 95% CI = 0.81, 0.89)
but not for women living in counties without
a Title X clinic (OR=1.04; 95% CI = 0.89,
1.22; interaction of Title X county by year
P=0.02; Figure 2). There was no significant
association between LBW and living in
a county with or without a Title X clinic during
the Colorado Initiative (2012) compared with
before the initiative (2008; Figure 2).

Quartiles of Long-Acting Reversible

Contraceptive Use

After we assessed the distribution of the
proportion of LARC use at Title X clinics
within each county, LARC uptake clearly
differed at 4 meaningful and clinically inter-
pretable levels (Table 2). In the unadjusted
model, LARC use was not associated with PTB
(OR=0.89; 95% CI=0.76, 1.04; P= .14 for
LARC quartile 2 compared with 1; OR=0.95;
95% CI=0.82, 1.10; P= .47 for LARC quartile
3 compared with 1; and OR=0.93; 95%
CI=0.82, 1.07; P= .32 for LARC quartile 4
compared with 1). In the adjusted model, expo-
sure by county to the Title X clinics with the
highest LARC use quartile (>12.4%) was signif-
icantly associated with a decrease in PTB com-
pared with exposure to clinics with the lowest

TABLE 1—Continued

Outcome variables

Birth weight, g < .001 < .001

< 2500 8.9 12.2 8.8 13.3

‡ 2500 (Ref) 91.1 87.8 91.2 86.7

Gestation, wk < .001 < .001

< 37 9.7 12.5 8.9 13.2

‡ 37 (Ref) 90.3 87.5 91.1 86.8

Notes. BMI = body mass index (weight in kilograms divided by the square of height in meters); GINDEX = graduated index reflecting adequacy of prenatal care24; STI = sexually transmitted infection.
We used the v2 test to compare dichotomous and categorical data; we used the unpaired student t test to compare the continuous variable of BMI.
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LARC use quartile (£4.96%), as shown in
Table 2 (P= .02). The second LARC use
quartile (4.97%---8.75%) was also signifi-
cantly associated with a decrease in PTB
compared with the lowest quartile (P= .04).
The estimate for the third LARC use quartile
(8.76%---12.4%) was in a similar direction
but did not reach statistical significance
(P= .15).

In the unadjusted model, LARC use was not
associated with LBW for LARC quartile 2
compared with 1 (OR=0.97; 95% CI = 0.83,
1.13; P= .70), for LARC quartile 3 compared
with 1 (OR=0.98; 95% CI = 0.85, 1.13;
P= .74), or for LARC quartile 4 compared with
1 (OR=1.05; 95% CI = 0.92, 1.20; P= .47).
There were no significant relationships be-
tween LARC use quartile and LBW in the
adjusted model (Table 2).

DISCUSSION

Although there is clear evidence of an
association between unintended pregnancy
and adverse birth outcomes, little has been
published regarding the impact of access to
family planning services and use of highly
effective birth control methods on birth out-
comes.2 The Colorado Initiative presents
a unique opportunity to evaluate this associa-
tion. We found that living in a county with
a Title X clinic during the Colorado Initiative
was protective for PTB. We also found that
living in a county with a Title X clinic with the
highest degree of LARC use at the peak of the
Colorado Initiative was associated with de-
creased odds of PTB. The effect is strong
enough to be seen at the state level—there has
been a 12% decrease in the adjusted odds of

PTB when we compared 2012 to 2008. We
saw none of these statistically significant asso-
ciations for LBW.

Counties with Title X clinics in Colorado are
generally more urban and thus contain
a greater proportion of the Colorado popula-
tion. When one is comparing the demographics
of women in counties with and without Title X
clinics (Table 1), it is important to note that,
despite statistically significant variations be-
tween the 2 groups because of the large sample
size in the data set, there were very few
clinically relevant differences in maternal and
infant baseline characteristics between the 2
groups in either 2008 or 2012. In both years,
the important population differences between
the 2 groups were related to racial/ethnic
composition and smoking status. In particular,
there was a higher percentage of African
American women living in the counties with
Title X clinics, and a higher percentage of
smokers living in counties without Title X
clinics in both 2008 and 2012. Because
African American women and women who
are smokers are at greater risk for PTB, this
dichotomy in baseline population differences is
notable; however, we adjusted for both factors
in the analysis.

The size and scope of the Colorado Health
Information birth data set is a major strength of
the study, allowing us to explore the statewide
impact of the family planning initiative on
adverse birth outcomes. Many of the other
effects and outcomes of the Colorado Initiative
are also being explored. In particular, when
analyzing trends in Colorado before and during
the Colorado Initiative, Ricketts et al. reported
significant declines in fertility rates and abortion
rates among female adolescents and young
women aged 15 to 24 years, and in the numbers
of infants receiving services through the Special
Supplemental Nutrition Program for Women,
Infants, and Children.14 However, to our
knowledge, this is the first investigation of the
impact of the Colorado Initiative on adverse
birth outcomes. Unlike much of the data in the
birth certificate data set that is self-reported,
gestational age and birth weight are objectively
measured and have nomissing data for the years
examined. This allows for validity in calculations
of the percentages of PTB and LBW, and in the
estimates of the associations between these
outcomes and our exposures of interest.
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FIGURE 2—Risk, according to year and residence in a county with a Title X clinic, of (a) low

birth weight and (b) preterm birth: Colorado, 2008 and 2012.
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Limitations

There are several limitations of this study.
First, our analysis was limited to the existing
variables in the data set. Though many com-
mon risk factors for adverse birth outcomes
and demographic variables were available,
there may be additional factors that affect
adverse birth outcomes that we were unable to
control for in this analysis. A further limitation
is that the Colorado birth data set does not
collect pregnancy intention information, so it is
unknown if the number of unintended preg-
nancies changed from 2008 to 2012. Our
overall hypothesis, and basis for the study, is
that in counties with Title X clinics where
LARC use increased the most dramatically, we
would expect a decrease in the number of
unintended pregnancies, resulting in a decrease
in adverse birth outcomes such as LBW and
PTB. Despite this limitation, many of the
characteristics controlled for in this analysis are
the very factors thought to be in part respon-
sible for adverse birth outcomes in unintended
pregnancies, such as lack of prenatal care and
unhealthy maternal behaviors. Even after we
controlled for these proxies of unintended
pregnancy, significant relationships persisted.

An additional limitation of this study is that,
by aggregating LARC use data at the county
level, the large variations in LARC use at the
individual Title X clinics were washed out. This
would bias our estimates toward the null for
both PTB and LWB, and could explain why
there were no significant associations seen for
LBW deliveries. Although this is a limitation in
our methodology, if one considers that we

identified a significant protective effect on PTB
for women living in counties with Title X clinics
in 2012, the true effect of the exposure to
a county with a Title X clinic in 2012 com-
pared with 2008 may be even more protective.

This study is specifically limited by the
ecological nature of the exposures, and it is
important to note that other temporal trends
could be responsible for the results. Alterna-
tive hypotheses as to why the rates of PTB
have decreased from 2008 to 2012 include
hypothetical temporal changes in the overall
health care system, improvements in prenatal
care, improvements to the treatment of pre-
term labor, or increased access to health care
in general. One important temporal trend that
coincides with the present study period is the
adoption of the national quality standard to
reduce elective delivery before 39 weeks
gestation, supported and promoted by the
American College of Obstetricians and Gyne-
cologists, the March of Dimes, and the Joint
Commission.25,26 Although each of these al-
ternative hypotheses could be explored fur-
ther, it has been reported that, despite impor-
tant medical advances in the past several
decades, PTB rates have been on the rise in
the United States.27,28 With this in mind, the
associations found in this study are notable,
and may indicate an impact of the Colorado
Initiative on PTB.

Conclusions

Future studies should examine the associa-
tion between preventing unintended preg-
nancy and adverse birth outcomes. A similar

family planning initiative occurred concur-
rently in Iowa; therefore, it would be valuable
to perform a parallel analysis of the impact of
the Iowa Initiative to Reduce Unintended
Pregnancy on birth outcomes in that state.

Because of the association found in the
present study between LARC use and PTB,
increasing LARC uptake at the population level
may be an important future direction for public
health policy, programming, and research. In
particular, our results suggest that providing
access to free or affordable highly effective
methods of contraception will lead to an overall
reduction in rates of PTB. Although the funding
provided through the Colorado Initiative
ended in 2013, we encourage public health
leaders in Colorado and across the United
States to provide ongoing advocacy for the
support of accessible and affordable family
planning services. j
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TABLE 2—Risk of Low Birth Weight and Preterm Birth Associated With Long-Acting

Reversible Contraception Use at Title X Clinics in the Woman’s County of Residence:

Colorado, 2012

Low Birth Weight Preterm Birth

LARC Use Sample Size, No. Incidence, % OR (95% CI) P Incidence, % OR (95% CI) P

Quartile 1 (£ 4.96%) 16 035 8.77 1.00 (Ref) 9.36 1.00 (Ref)

Quartile 2 (4.97%–8.75%) 14 373 8.56 0.94 (0.82, 1.08) .35 8.42 0.82 (0.71, 0.97) .04

Quartile 3 (8.76%–12.4%) 15 133 8.63 0.96 (0.83, 1.10) .47 8.91 0.89 (0.78, 1.03) .15

Quartile 4 (> 12.4%) 15 494 8.29 0.92 (0.80, 1.07) .24 8.81 0.81 (0.70, 0.96) .02

Note. CI = confidence interval; LARC = long-acting reversible contraception. We obtained all estimates from a generalized
estimating equation, with adjustment for maternal age, race/ethnicity, body mass index (weight in kilograms divided by the
square of height in meters), education, income, marital status, prenatal care, smoking status, history of gonorrhea, history of
chlamydia, history of congenital anomaly, and interpregnancy interval.
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to the data, and Stephanie Teal, MD, MPH, of the
University of Colorado School of Medicine Department
of Obstetrics and Gynecology for her additional con-
ceptual guidance.

Human Participant Protection
The Colorado Multiple Institutional Review Board ap-
proved the study protocol, and determined that it was not
human participant research (no. 14-0876).
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