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Abstract
Background: Changes in well child care (WCC) adherence over time have not previously been examined. Our
objective is to describe adherence rates to WCC over time in a low-income urban population of infants 0-24
months of age, and to identify predictors of WCC adherence in this population.
Methods: This is a secondary analysis of a cohort of Medicaid-eligible children followed from birth to 2 years
between 2005 and 2008 with structured telephone surveys to assess maternal well-being, social support, and
household and demographic information. For the 260 children attending 4 urban pediatric practices, WCC
adherence was assessed based on visit data abstracted from electronic medical records. A random-intercept mixed
effects logit model clustered on subject was used.
Results: 92% of the mothers were African-American, 27% had not finished high school, 87% were single, and 43%
earned < $500/month; mean age was 23. WCC adherence decreased from 88% at 6 months to 47% (12 mo), 44%
(18 mo), and 67% (24 mo). The difference across time periods was statistically significant (p < 0.001). Married (OR
1.71, p = 0.02) and primiparous (OR 1.89, p < 0.001) mothers had significantly greater odds of adherence, along
with women who reported having been adherent to prenatal care visits (OR 1.49, p = 0.03) and those with the
lowest household income (OR 1.40, p = 0.03).
Conclusions: Maternal education efforts should emphasize the importance of establishing WCC, especially for
mothers of more than one child. Further studies using larger, more broadly defined populations are needed to
confirm our findings that efforts to increase WCC adherence should be intensified after 6 months of age,
particularly for children at higher risk.

Background
Almost 30 million children were covered by Medicaid in
2008 [1]. Though 20% of these children are at significant
risk for developmental, behavioral, or social delays [2],
only 20-60% receive recommended well child care
(WCC), depending on the measure used [2-5]. In highrisk or chronically ill children, adherence to WCC is
associated with a lower likelihood of preventable hospitalization [6,7]. Although there is ongoing debate about
how WCC should be structured and limited evidence of
its efficacy, for children under two years old, the majority of visits coincide with recommended immunizations,
for which the evidence is robust [8]. Early and Periodic
Screening, Diagnosis, and Treatment (EPSDT)
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standards, which have formed part of the required Medicaid benefit since 1966, are a cornerstone of pediatric
care, mandating the provision of screening and preventive services for children. WCC adherence according to
these standards is associated with socioeconomic factors,
insurance, and family structure [9], with prenatal care
adherence[10,11], with source of care [12] and with
maternal risk behavior[4] in some populations. Nonetheless, gaps remain in our understanding of factors within
low-income or minority groups that might place children at higher risk of non-adherence. In addition, patterns of adherence over time in this population have not
been described.
Much thought has been devoted to the redesign of
WCC to better meet family needs and improve outcomes [13-17]. While some interventions have proven
successful, their cost precludes a blanket application of
these interventions. In order to effectively address the
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needs of vulnerable children, costly interventions must
be effectively targeted to the right children at the right
time.
Our objective is to describe adherence rates to WCC
over time in a low-income urban population of infants
0-24 months of age, and to identify predictors of WCC
adherence in this population. This analysis is part of a
larger study examining the influence of child, maternal,
and policy-related predictors on continuity of Medicaid
coverage among urban medically underserved children.

Methods
Study Design and Data Sources

This is a secondary analysis of The Health Insurance
Improvement Project, a longitudinal prospective cohort
of Medicaid-eligible mothers and their healthy infants
designed to determine maternal and child patterns of
Medicaid enrollment [18,19]. Between June 15, 2005
and August 6, 2006, 744 study subjects were recruited
from the well baby nursery at a large urban hospital
shortly after the infant’s birth. Inclusion criteria were
maternal Medicaid eligibility and maternal English proficiency. Infants who had a gestational age less than 36
weeks, birth weight less than 2500 grams, or who were
not in the well baby nursery after delivery were
excluded, as were those entering foster care or adoption
services. Among eligible dyads, 637 (46%) mothers
refused participation and 14 (1%) were missed by the
recruiting team, resulting in 744 (53% of eligible infants)
enrolled in the study (Additional file 1).
Of this cohort, only those infants for whom ambulatory electronic medical records were available were
included (n = 260). Electronic medical records were
available from the four urban pediatric practices
affiliated with The Children’s Hospital of Philadelphia
(CHOP) using a single, integrated electronic medical
record.
Upon enrollment, mothers completed a baseline survey, which included socio-demographic information,
public benefits received and type of health insurance. In
addition, each mother was given the short form Test of
Functional Health Literacy in Adults (S-TOFHLA). The
S-TOFHLA is a well-validated measure of functional
health literacy that uses specific health related examples
to assess reading comprehension [20]. The short form
contains 2 reading passages with scores ranging from 0
to 36 categorized as follows: ≤ 16 limited; 17-22 marginal; ≥ 23 adequate [20].
Subjects were followed for two years from birth with
telephone interviews every 6 months assessing child and
maternal health and insurance status, household composition, and social support. The Maternal Social Support
Index (MSSI) is a validated 21-item questionnaire
designed to assess qualitative and quantitative aspects of
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a mother’s social support [21], and was administered at
the 12, 18, and 24-month interviews (Table 1).
Outcome

The primary outcome of interest was complete adherence to the Early Periodic Screening, Diagnosis, and
Treatment periodicity schedule for well child care.
These visits include one visit by 1 month of age, and
visits at 2, 4, 6, 9, 12, 15, 18, and 24 months. By 6
months of age, complete adherence was defined as having had at least 3 well child visits; 2 visits between 6
and 12 months; 2 visits between 12 and 18 months; and
one visit between 18 and 24 months (Table 2). For
example, for the first six months, a child was coded as
adherent if he/she had 3 or more WCC visits in that
period, and non-adherent if he/she had fewer. This outcome was abstracted from the electronic medical record:
all visits coded as well child visits were counted toward
the total in each time period. To validate the content of
visits coded as well child care, twenty charts were
reviewed (AVB) for inclusion of growth and developmental surveillance as well as review of immunization
status and found to be appropriately coded.
In order to exclude children attending primary care
practices outside the network (for whom WCC visits
could not be known) from the analysis, for each individual, a 6-month interval with incomplete records was
coded as missing. Specifically, incomplete intervals were
defined as those with no visits during and no visits after
that interval, or visits beginning partway through the
interval with no preceding visits. Consequently, some
subjects have EMR adherence data for only some of the
study intervals. Some children transferred care away
from and then back into the network; hence, some had
data for non-contiguous time periods, such as 0-6
months, and then not again until 18-24 months. In
total, 260 of the 744 children were followed for at least
one 6-month period in an affiliated practice.
Predictors

Based on review of the literature about known predictors of health care utilization and adherence[3,9,12,22]
as well as clinical relevance, potential predictors
included maternal race/ethnicity, maternal health literacy and social support, age, education level, adherence
to prenatal care, marital status, employment status,
infant birth order, and maternal and child health and
health insurance status.
Maternal age and the maternal health subscales from
the SF-36 (version 1.0)[23] were kept as the original
continuous variables. Among the other independent
variables, child health status, maternal educational and
employment status, and household income were converted to dichotomous variables from categorical
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Table 1 Data elements, measurement, and source
Variable

Measure

Data
source

Collected

EMR

Once, at end of
study

OUTCOME
Adherence to WCC

Categorical: yes or no (from continuous count of visits)

PREDICTORS
• CHILD
Insurance status

2 categories: insured or not

Survey1

Every 6 months

Insurance type

5 categories: Medicaid, CHIP, employer-sponsored, individually-purchased, or other

Survey1

Every 6 months

Health status

2 categories: fair/poor or good/very good/excellent (dichotomized from 5
categories)

Survey1

Every 6 months

Continuous: years

Survey1

Initial

1

• MOTHER
Age
Race

6 categories: White; Black/African American; American Indian/Alaskan Native; Asian;
Native Hawaiian/Other Pacific Islander; Some other race

Survey

Initial

Educational status

2 categories: less than high school; high school/GED equivalent/more
(dichotomized from 3 categories)

Survey1

Initial

Primipara

2 categories: primiparous or not

Survey1

Initial

Insurance status

2 categories: insured or not

Survey1

Initial & every 6
months

Maternal health literacy

2 categories: adequate or marginal/inadequate
(Based on continuous S-TOFHLA score, validated cutpoint at 23 (range 0-36))

Survey

Initial

Receiving any public assistance
(WIC, food stamps, SSI)

Categorical: yes or no

Survey

Initial & every 6
months

Maternal health status

Continuous: numerical score from RAND Medical Outcome Study SF-36 subscales

Survey

Initial & every 6
months

Household composition

Categorical: father of baby lives at home or not; other adults live at home or not

Survey1

Initial & every 6
months

Maternal employment status

Two categories: full-time employed/student or part-time employed/unemployed
looking/unemployed not looking for work
Dichotomized from 5 categories

Survey1

Initial & every 6
months

Average monthly household
income

Survey1
2 categories: ≤ $500/month or > $500/month
Dichotomized at closest value to median from 8 categories: < $250/month; $251 $500/mo; $501 - $999/mo; $1,000 - $1,499/mo; $1,500 - $1,999/mo; $2,000 - $2,499/
mo; $2,500 - $2,999/mo; $3,000 + /mo

Initial & every 6
months

Maternal social support

Categorical: Maternal Social Support Index (range 0-27) classified as low; medium;
or high support by tertiles

12, 18, and 24
month follow-up

Survey

Survey: Data collected in-person or via telephone using survey instrument & questionnaire
1
Items adapted from the National Health Interview Survey

answers. Child health status was grouped into poor/fair
and good/very good/excellent to accommodate the small
numbers in poor or fair health and to address the
potential confounder of interest - that children in poor
or fair health would be expected to present more frequently for care, and therefore have more opportunities
for preventive care. Maternal educational status was
dichotomized with a cutpoint at high school degree;
alternative specification with a cutpoint at some college

education did not reach significance in the final model.
Maternal employment status was dichotomized to reflect
full-time activity outside the home, on the one hand,
and less than full-time activity (unemployment, parttime employment), on the other. Income, originally collected in 8 categories, was dichotomized using a cutpoint of $500/month, which is approximately the median, as the higher income categories included very few
subjects. MSSI scores, which were collected as

Table 2 Well child visits included in each time period
Time period

0-< 6 months

6-< 12 months

12-< 18 months

18-< 24 months

Visits

< 1, 2, 4 months of age (3 visits)

6, 9 months of age (2)

12, 15 months of age (2)

18 months of age (1)

Relaxed criterion (sensitivity analysis)

2 visits

1 visit

1 visit

1 visit
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continuous numeric values, were categorized into tertiles for the analysis. The remaining variables were analyzed in their original form.
Analyses

To determine which family-level independent variables
are associated with greater adherence to well child care,
we used a logit model for our dichotomous outcome.
Specifically, in order to accommodate the structure of
the data, which was comprised of a time-varying outcome (adherence at 6, 12, 18, and 24 months) and both
fixed (eg race) and time-varying covariates (eg income,
social support), we used a random-intercept mixed
effects logit model to assess the relationship between
predictors and outcome. This model allowed us to
account for the correlation of measurements over time.
In our multivariable analysis, covariate inclusion in the
model was based on a significance cut-off of p < 0.20
based on univariate analysis.
We estimated the proportion of children adhering to
the EPSDT periodicity schedule at each of the four time
points and compared them using Cochran’s Q for equality of proportions in matched samples [24].
We conducted sensitivity analyses for the definition of
our outcome and for missing data. We assessed the sensitivity of our strict adherence outcome definition by
relaxing the requirement for being classified as adherent
versus non-adherent. Instead of requiring attendance at
all recommended visits, we redefined “adherent” to
include those who missed at most one visit in each six
month window (however, a visit was required in the
fourth window because only one visit is recommended
in that interval). We also tested our model for sensitivity
to the assignment of missing status by reassigning all
intervals that include any visit and all intervals following
any visit as not missing.
Results are considered to be statistically significant at
p < 0.05. All analyses were conducted using STATA,
version 10 [25]. This study was approved by the Institutional Review Boards at The Children’s Hospital of Philadelphia and the University of Pennsylvania.

Results
744 mother/baby dyads were enrolled in the study at the
time of delivery, and 579 completed at least 6 months of
follow-up. 260 of the enrolled children had electronic
medical records (EMR) available through their primary
care providers affiliated with the Children’s Hospital of
Philadelphia. 216 of these (83%) remained in the system
throughout the full two years. The median number of
WCC visits during the two-year observation period in
this group was 8 (interquartile range 3). 92% of the subjects for whom EMR are available were African-
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American. 37% of the mothers were primipara, 87%
were unmarried, and 37% earned less than $500
monthly. Those included in the final study sample did
not differ significantly from those without electronic
records (Table 3). The dyads which did not complete at
least 6 months of follow-up did not differ significantly
from enrolled dyads in race, education, employment,
maternal age, health literacy, country of origin, or birthweight (Additional file 2).
Among children for whom EMR data were available,
WCC adherence changed from 88% at 6 months to 47%
(12 mo), 44% (18 mo), and 67% (24 mo). The difference
across time periods was statistically significant (p <
0.001) (Figure 1). The mean (SD) number of WCC visits
in the first six months was 3.68 (1.07); for 6-11 months
1.35 (0.85); for 12-17 months 1.39 (0.76); and for 18-24
months 0.69 (0.51).
In unadjusted mixed-effects regression analysis, we
found that specific family sociodemographic characteristics and prior health care utilization were associated
with increased likelihood of WCC adherence. Specifically, mothers whose household income was less than
$500 per month had 1.42 times greater odds of adhering
to WCC than mothers with incomes over $500 per
month. Mothers who had only one child had 1.77 times
greater odds of adhering to the WCC schedule, compared to mothers of more than one child. Moreover,
mothers who reported receiving all recommended prenatal care had 1.80 times greater odds of adherence
than mothers who did not. In addition to these predictors, maternal health insurance status, marital status,
and presence of another non-parent adult in the home
all met our a priori criterion (p < 0.2) for inclusion in
the multivariable model (Table 4).
After multivariable adjustment, our findings about the
influence of some maternal individual sociodemographic
characteristics and prior health care utilization patterns
remained unchanged. Specifically, married (OR 1.71,
95% CI: 1.09-2.69) and primiparous (OR 1.87, 95% CI:
1.36-2.63) mothers had significantly greater odds of
adherence than single mothers and mothers with more
than one child, respectively. We tested for interaction
between marital status and parity, and found no significant effect. Mothers in the lowest income category also
remained significantly more likely to adhere to WCC
visits (OR 1.40, 95% CI 1.03-1.91). In addition, women
who reported having been adherent to prenatal care visits had 1.56 times (95% CI: 1.09-2.23) greater odds of
adherence than mothers who did not adhere to recommended prenatal care visits. In contrast, after multivariable adjustment, presence of any other adult in the
household and maternal insurance did not significantly
affect adherence (Table 5).
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Table 3 Characteristics of subjects with and without EMR data
Characteristic

Have EMR data (final study cohort)
(n≈260) §
Mean or
proportion

Range or
number

No EMR data (n≈ 320)

§

Mean or
proportion

Range or
number

p

Maternal age mean

23.2

14-37

23.6

13-45

0.21

Mother’s race: African-American
Marital status: married*

0.92
0.12

240
27

0.92
0.12

294
32

0.95
0.77

Maternal education: less than high school

0.27

70

0.34

109

0.06

Monthly household income: < $500*

0.43

97

0.38

98

0.30

Employment status: in school/working full time*

0.46

109

0.48

126

0.64

Mother uninsured*

0.15

36

0.12

31

0.29

Child uninsured*

0.01

3

0.01

3

0.90

Father of baby lives at home*

0.24

57

0.24

57

0.54

Any non-parent adult lives at home*
Primipara

0.37
0.38

87
97

0.34
0.34

88
107

0.47
0.31

Maternal social support index* mean
1st tertile (proportion)

21.1
0.36

6-36
74

21.0
0.37

6-36
87

0.58
0.97

2nd tertile

0.34

70

0.33

79

3rd tertile

0.31

64

0.30

71

Maternal S-TOFHLA score mean**

29.5

2-36

28.3

2-36

0.95

Child health status: poor or fair*

0.03

6

0.05

14

0.11

Adherence to prenatal care: all of the time (maternal
report)

0.78

204

0.73

232

0.13

§

Denominator varies as not every answer had 100% response.
*time-varying covariates: proportions and means reflect the interview at 12 months of age
**short form of the Test of Functional Health Literacy: “adequate” score is ≥23

Because of the concern about endogeneity when
including reported prenatal care adherence as a predictor, we tested the model for sensitivity by excluding this
predictor, and did not find significant changes in the
odds for other predictors. We validated our definition of
adherence for the outcome by comparing it to an alternative, more relaxed definition. With this alternative coding, less than half as many observed six-month periods
were coded as non-adherent (164 vs. 392). In the model
using this outcome coding, the odds ratios maintained

Figure 1 Well child care adherence by age.

their direction of effect, but only income and prenatal
care adherence remained significant. Odds ratios are
shown in additional file 3. We also tested our model for
sensitivity to the assignment of missing intervals. This
resulted in an additional 130 observed intervals distributed across the four six-month time periods. 89% of the
newly included intervals met our criterion for nonadherence. Using this expanded dataset in the model, parity
and prenatal care remained significant, while marital status and income retained the direction of their effect, but
were no longer significant (Additional file 3).
Because income level was missing in a relatively large
portion of women (10-29% of observations, varying by
interview period), we assessed the robustness of our
results by conducting two sensitivity analyses: in the
first analysis, we assigned all missing income levels a
value of ≥$500/month and in the second analysis, we
assigned all missing incomes to the < $500/month category. Our findings are robust to these two extremes:
when all missing observations were assigned to either
the higher or lower income, all of our previously significant predictors except income remained statistically significant and the effect estimates (odds ratios) were
minimally affected. Previously non-significant predictors
such as insurance and other adults in the home
remained non-significant (Table 6).
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Table 4 Unadjusted odds ratios from mixed-effects
regression models for characteristics associated with
WCC adherence

Table 6 Sensitivity tests for missing income values:
multivariable mixed effects regression analysis of WCC
adherence

OR (95% CI)
Mother < 20 years of age
(reference: ≥20 years of age)

1.16 (0.84-1.58)

African-American
(reference: all other races)

0.80 (0.47-1.36)

Mother married*
(reference: all other marital statuses)

1.34 (0.88-2.05)

Mother graduated high school
(reference: did not graduate high school)

missing income
assigned
higher value
OR
CI
p

Predictor

missing income
assigned
lower value
OR
CI
p

Primipara

1.85 1.34-2.55 < 0.001 1.90 1.39-2.62 < 0.001

Mother insured

1.30 0.89-1.90

0.16

1.32 0.91-1.92

0.14

Married mother

1.71 1.10-2.66

0.02

1.71 1.10-2.67

0.02

1.15 (0.84-1.57)

Other adult at home 1.03 0.75-1.41

0.86

1.05 0.76-1.43

0.78

Income < $500/mo*
(reference: ≥$500/month)

1.42 (1.01-1.90)

Income
< $500/month

1.35 1.00-1.81

0.05

1.28 0.95-1.73

0.10

Mother is student or employed full-time
(reference: unemployed, employed part-time)

0.93 (0.70-1.23)

Adherent to
prenatal care

1.46 1.04-2.05

0.03

1.44 1.02-2.02

0.04

Mother insured *
(reference: not insured)

1.31 (0.90-1.90)

Child insured
(reference: not insured)

1.73 (0.70-4.31)

Father of baby lives at home
(reference: does not live at home)

0.92 (0.66-1.28)

Any nonparent adult at home*
(reference: no non-parent adults at home)
Primipara*
(reference: multipara)
MSSI (tertiles)

1.30 (0.97-1.75)
1.77 (1.34-2.34)
1.04 (0.84-1.29)

Adequate TOFHLA-S literacy score (≥23)
(reference: < 23)

0.95 (0.69-1.32)

Child in poor/fair health
(reference: good/excellent health)

0.72 (0.36-1.45)

Mother’s SF-36 subscales
(reference: a one-point difference in the score)
Physical function

1.00 (1.00-1.01)

Physical limitation

1.00 (1.00-1.01)

Emotional limitation

1.00 (0.99-1.00)

Energy

1.00(0.99-1.00)

General health

1.00(0.99-1.01)

Emotional wellness

1.00(0.99-1.00)

Maternal report of PNC adherence*
(reference: maternal report of PNC adherence less than
‘all of the time’)

1.80 (1.30-2.50)

Receiving any public assistance (WIC, food stamps, SSI)
(reference: not receiving any public assistance)

0.93 (0.55-1.59)

*p < 0.20–meets a priori criterion for inclusion in the model

Table 5 Multivariable mixed-effects regression analysis of
WCC adherence
OR (95% CI)

p

Primipara

Predictor

1.89 (1.36-2.63)

< 0.001

Mother insured

1.31 (0.89-1.92)

0.17

Married mother

1.71 (1.09-2.69)

0.02

Other non-parent adult at home
(reference: no non-parent adults at home)

0.98 (0.71-1.35)

0.89

Income < $500/month
(reference group: ≥$500/month)

1.40 (1.03-1.91)

0.03

Adherent to prenatal care

1.49 (1.05-2.12)

0.03

Discussion
Our principal finding is that adherence to WCC schedules decreases after 6 months of age in this low-income
urban population. This drop in adherence in a largely
publicly insured population (> 90% at each time point)
has not previously been described, and reveals a missed
opportunity in preventive health services for these highrisk children. Why this drop should occur specifically
after 6 months is not clear from our data. Other studies
have found that parents and providers have different
expectations of well child visits, and that parents’ expectations are poorly met [13]. We hypothesize that care
for younger infants is perceived as a higher priority,
either because of greater parental uncertainty or greater
perceived vulnerability of the infant. Other researchers
have shown a trend toward greater utilization of preventive services under 1 year of age, as compared to after 1
year [9,12], but did not address this trend specifically.
Of concern, the great majority of well child visits in the
age range we studied are associated with immunizations.
In a population already at higher risk of under-immunization[26] and unrecognized developmental delays[27],
missed visits likely contribute to these problems. The
rise in adherence in the 18-< 24 month age group may
be due to the front-loaded structure of the EPSDT schedule: with only one recommended visit in that time period, it is easier to adhere to the schedule in that time
period than 6-< 12 or 12-< 18 months, when 2 visits are
expected in each.
In addition to the subjects’ changing adherence trajectory, we found that adherence was predicted most
strongly by maternal prenatal care adherence, number
of other children, maternal marital status, and low
income. Prenatal care adherence and birth order as predictors of adherence are consistent with previous findings [26,28]. Birth order also influences early
immunization status in this same cohort [19]. We
hypothesize that single mothers and mothers of more
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than one child may be less able to attend preventive visits due to competing needs of other children. An alternative but not exclusive explanation is that mothers of
more than one child feel more confident in the care of
their younger infants. In either case, mothers must feel
there is value in a health service if they are to prioritize
it among the many other needs of their children.
Sensitivity analyses testing the robustness of our findings against alternative specifications of the outcome
and missing data maintained significant associations
between parity, prenatal care adherence, and income,
and adherence, depending on the specification. In contrast, while marital status maintained the direction of its
effect, it was no longer significantly associated with the
outcome. Further study is needed to clarify this
relationship.
The finding that mothers in the lowest income bracket
are more likely to adhere to WCC may be associated
with the fact that these families are more likely to be eligible for other kinds of services. Indeed, mothers in this
category were themselves more likely to have health
insurance as the income threshold for insurance coverage in adults is considerably lower than for young
children.
There are some limitations to this study. First, our
study population was comprised primarily of African
Americans (92%) from the Philadelphia metropolitan
area. Hence, our results have limited generalizability to
other races/ethnicities or to suburban or rural settings.
While non-English speakers were excluded, they represent a small proportion of the Medicaid-eligible population in the hospital from which patients were recruited.
The number of individuals lost to follow-up may have
also introduced additional bias in the sample, however,
comparisons between retained subjects and those lost
do not reveal significant differences between them. Second, while we attempted to include only those subjects
and time periods in which children received care principally within the EMR system, it is possible that some
subjects may have attended well child visits outside the
system to which we had access. Consequently, the rates
of adherence we report may be an underestimate. However, our results are consistent with published adherence
rates for similar populations [3-5]. Because the majority
of Medicaid enrollees in the Philadelphia region are
enrolled in managed care organizations which require
an assigned primary care provider, patients should see
that provider for all their primary care needs within a
given period, which mitigates this underestimation. We
restricted outcome data to those children in whom we
could be reasonably confident that they had been consistently assigned to the practice from which we gathered the EMR data. Third, because this is a secondary
analysis of a dataset not specifically designed to assess
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well child care adherence, the survey did not include
maternal report of well child visits, which would obviate
the need for abstracting data from the medical record
and excluding subjects for whom records were not available, yielding a larger sample size.
Finally, as with any survey, there is potential for biased
recall or social desirability bias. Among the predictors,
the most likely to be sensitive to this would be income.
Indeed, this was the variable with the greatest number
of missing observations; however, our sensitivity analyses
showed that our findings were robust to these missing
data. Despite these limitations, this study furthers our
understanding of predictors of WCC adherence in
young children.

Conclusions
The drop in WCC adherence by up to 50% after 6
months of age represents both an opportunity for intervention and an avenue for further investigation. Additional studies of adherence over time in more diverse
groups are needed. Maternal education efforts should
emphasize the importance of establishing WCC, especially for mothers of more than one child. Several interventions have attempted to improve the delivery of
WCC [17,29,30]. Our findings suggest that, in lowincome urban African-American children, these efforts
should not be restricted to early infancy, but should be
intensified after 6 months of age, particularly for children at higher risk.
Additional material
Additional file 1: Study enrollment protocol.
Additional file 2: Population characteristics for all enrollees vs.
those lost to follow-up.
Additional file 3: Sensitivity analysis for outcome - relaxed
adherence criterion and missing intervals.
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