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SYNOPSIS
Objective. We identified maternal, provider, and community predictors among
infants for late initiation of immunizations.
Methods. We performed a retrospective cohort study of infants born between
January 1, 2002, and December 31, 2004, in Philadelphia, Pennsylvania. Primary outcomes were age in days at first office-based immunization and status
as a late starter (i.e., initiating office-based immunizations after 90 days of age).
Candidate predictors included sociodemographic and prenatal characteristics,
immunization provider practice type and size, and neighborhood factors.
We performed hierarchical logistic regression and Cox regression models to
identify independent predictors for being a late starter and prolonged time to
first immunization.
Results. Of the 65,519 infants from this birth cohort in Philadelphia’s immunization registry, 54,429 (88.1%) were included in analysis and 12.6% of these
were late starters. Infants whose mothers were younger, received less than
five prenatal visits, had less than a high school education, had more than two
children, and who smoked cigarettes prenatally were significantly more likely
to be late starters. Receiving care at hospital/university-based or public health
clinics was also significantly associated with likelihood of being a late starter.
Neither distance between infant’s residence and practice nor neighborhood
socioeconomic indicators was independently associated with the outcomes.
Common risk factor profiles based on practice type and four maternal characteristics were found to reliably identify infant risk.
Conclusions. Maternal receipt of fewer prenatal care visits, younger maternal
age, higher birth order, and receiving care at public health clinics were the
strongest predictors of being a late starter and time to first immunization. Risk
factor profiles based on information already collected at birth can be used to
identify higher-risk infants. Early intervention and potentially partnering with prenatal care providers may be key strategies for preventing underimmunization.
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Despite unprecedented high levels of vaccination coverage rates for children, delays in receipt of vaccines
according to the recommended schedule persist, especially in early childhood.1–3 According to 2003 National
Immunization Survey (NIS) data, 52% of infants were
delayed for at least one immunization by more than
six months. Even among those up-to-date by age 2,
23% were under-vaccinated for at least six months.2
This suggests that children who achieve full coverage
by age 2 may spend a significant amount of time with
incomplete protection and are at risk for developing
a vaccine-preventable illness. Immunization delay is
also a known predictor of subsequent immunization
status. Among children with immunization delay, the
risk for continued underimmunization is especially
high for late starters (i.e., infants who fail to receive
initial two-month office-based immunizations by 3
months of age).4–11
The Philadelphia Department of Public Health
Immunization Program (PDPHIP) has identified late
starters as an important group to target for immunization outreach initiatives. PDPHIP has estimated that
approximately one-quarter of infants do not receive
their first set of immunizations by age 3 months.4
Among one Philadelphia academic practice network,
late starters were 4.5 times more likely to be not upto-date at age 2, even after adjusting for demographic
and socioeconomic characteristics.5 Late initiation of
immunizations is associated with decreased adherence
to recommended dose intervals, and infants spend
more time underimmunized as they catch up to the
recommended schedule.2 Catch-up doses of immunizations can be more costly for immunization programs,
especially if the doses are given at inappropriate
intervals.1,2 Even more importantly, late initiation of
immunizations may be a marker of inadequate receipt
of preventative health care in general.7,12,13
An extensive body of literature identifies risk factors
for underimmunization, particularly for children who
are not up-to-date by ages 19 to 35 months.1,2,7–11,14–25
These studies show higher rates of underimmunization
among low-income urban populations and indicate that
both individual and provider characteristics play a role
in immunization status. Fewer studies focus specifically
on risk factors for being a late starter or time to first
immunization, and most of these studies are among
infants from underserved areas.6,7,10,11,20,21 Late initiation
of immunizations has not been systematically evaluated
across a larger, more diverse population. In addition,
previous studies have also not considered neighborhood characteristics or the potential role of perinatal
practices on initiation of immunizations.
This study was designed to describe the geographic
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distribution and sociodemographic characteristics of
late starters in a large metropolitan area, to identify
predictors for becoming a late starter, and to identify
factors associated with time to first outpatient immunization at the community, provider, and individual level.
We assessed neighborhood socioeconomic indicators,
immunization provider practice type, birth hospital
characteristics, distance from residence to immunization provider, and infant and maternal characteristics
in a diverse northeastern urban area to determine risk
profiles for late initiation of immunization that will
inform subsequent immunization outreach activities
and improve age-appropriate vaccination rates.
METHODS
Study design and study subjects
The objectives of this retrospective cohort study were to
identify the community, provider, and individual-level
factors that best predict an infant’s probability of being
a late starter and to determine which of these factors
are associated with time to first immunization. To be
included in the study, an infant must have been born
between January 1, 2002, and December 31, 2004, have
a valid Philadelphia county residential address, have
a state of Pennsylvania birth record, and have at least
one immunization record in PDPHIP’s immunization
registry (KIDS). Each child born in Philadelphia has a
record in the KIDS registry and specific demographic
and immunization information is populated by provider
electronic or billing data, through manual report from
practices, or by PDPH staff from data obtained through
outreach to families and practice audits. Reporting to
the registry is mandated of all Philadelphia medical
providers. A PDPHIP study found that 92% of children
have an immunization record in KIDS26 and since 2003,
PDPHIP regularly performs audits of medical records
to increase data accuracy.
Infants who received one or more outpatient immunizations with diphtheria, tetanus, acellular pertussis
(DTaP), inactivated polio vaccine (IPV), Haemophilus
influenzae type b (Hib), or pneumococcal vaccine (PCV)
between 42 and 90 days of age were classified as on
time, and infants who received these antigens for the
first time after 90 days of age were classified as late starters. As outpatient immunizations, with the exception of
hepatitis B vaccine (HBV), are recommended to begin
no earlier than at 6 weeks of age, immunization with
DTaP, IPV, Hib, or PCV given before age 42 days were
considered invalid and the subsequent vaccine date
was used to classify the infant. We did not consider
HBV when classifying infants, as birth hospital audits
performed in 2005 demonstrated that 98% of infants
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received HBV1 at birth in Philadelphia (Personal
communication, Barbara Watson, MD, Immunization
Program at PDPHIP, September 2007). Infants were not
required to receive all recommended vaccines at the
time of their first visit to be identified as on time. Our
results exclude infants with age at first immunization
greater than 365 days (1 year of age). These infants
may have been born or received immunizations at a
practice outside of the city and would therefore be
incorrectly identified as late starters.
The candidate maternal and infant independent
variables were infant’s race/ethnicity, maternal age,
maternal education level, number of prenatal visits,
birth order of infant, prenatal use of cigarettes, and
Women, Infants, and Children (WIC) status (for the
2004 birth cohort) obtained from the birth record
database. Infant race/ethnicity data were taken from
KIDS, if available. If race/ethnicity data were missing,
we used self-reported maternal and paternal race from
the birth record to determine the infant’s race. Any
infant whose mother’s and father’s reported races were
not the same was classified as other/unknown.
Provider independent variables were immunization
provider practice type (private pediatric, public health
clinic, family practice, hospital/university facility, federally qualified health center [FQHC], or other), practice
size, and infant’s birth hospital. The provider assignment was based on the practice where infants received
their first outpatient immunization after age 42 days.
Practice and birth hospital data were obtained from
KIDS and the Vaccines for Children (VFC) program
database. The latter database includes information
on all practices that participate in the VFC program
(i.e., all but one pediatric practice in Philadelphia).
Lastly, candidate community predictor variables were
median income of census tract, proportion of females
with more than a high school education, and distance
between residence and provider. We used ArcView 9.127
to assign residential census tract and calculate distance.
Socioeconomic indicators for each census tract were
based on 2000 U.S. Census data.28 We mapped the
location of late starters to determine whether or not
there was geographic clustering of cases by neighborhood and to calculate whether or not distance from
immunization provider was a factor.
The protocol was approved by the Institutional
Review Boards at the University of Pennsylvania School
of Medicine and PDPH.
Statistical analysis
For all analyses, time to first immunization and immunization incidence were evaluated first among all infants

and then among the late starters. We utilized Chi-square
analyses and Fisher’s exact test to compare proportions
of late starters among risk factor groups. We utilized
Kruskal-Wallis analyses to compare median age in days
at first immunization. We constructed Kaplan-Meier
curves for each exposure to identify possible outliers,
to identify which variables had a linear relationship
with the outcome, and to identify whether proportional
hazards assumptions were reasonable.
For multivariable analyses, we used logistic regression to evaluate associations with late-starter status and
Cox Proportional Hazards (PH) models to evaluate
associations with time to immunization among late
starters.16 Best-subsets’ algorithms were used to identify
a set of independent variables that were strongly associated with the outcomes. Plausible two-way interactions
were evaluated one at a time for statistical significance:
maternal education and prenatal care, maternal education and race, age and prenatal care, birth order and
prenatal care, cigarette use and prenatal care, and
maternal education and census tract median income.
We retained immunization provider method of entry
to the KIDS registry as a potential confounder because
mode of entry has been found to be associated with
completeness of immunization data reporting and upto-date rates in Philadelphia.26
To adjust standard errors for clustering within
practice, birth hospital, and residential census tract,
we evaluated the effect of a hierarchical generalized
estimating equation for logistic regression and a sandwich covariance estimator for Cox PH models.29,30 If
standard errors did not change by more than 10% in
the general estimating equation model, then clustering
effects were ignored in the final model. An alpha level
of 0.01 was used for all analyses. Subjects with missing
values for any of the predictor variables included in the
model, with the exception of infant race/ethnicity, were
excluded from analysis. All remaining missing values
for infant race/ethnicity (approximately 10% of the
study sample) were recoded as other/unknown.
We present both odds ratios for status as a late starter
and hazard ratios for time to first immunization among
the late starters. Hazard ratios 1.0 represent a lower
incidence of first immunization (i.e., fewer children
receiving their first immunization and/or longer time
until first immunization). We also present risk profiles,
or combinations of risk factors, for the probability of
becoming a late starter. We selected combinations representing at least 2% of our sample. These probabilities
were determined from the parameter estimates derived
from the logistic multivariable model.
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RESULTS
Of the 65,519 infants with a KIDS record, 62,138
(94.8%) had a Philadelphia address and of these,
55,801 (89.8%) had a matching birth record. One
thousand forty-five (1.7%) infants were excluded for
their first documented immunization at age 356
days, and 327 (0.6%) infants were excluded if they
received DTaP, Hib, IPV, or PCV at 42 days of age,
leaving 54,429 (83.1% of the total sample) who met
full criteria for analysis. Of these infants, 50.6% were
male, 46.5% were identified as black, 23.5% lived in
census tracts with median income below the federal
poverty level (FPL), 28.3% were born to mothers with
less than a high school education, and 11.4% were
born to mothers who received no or fewer than five
prenatal care visits (Table 1). The majority of infants
(72.3%) were followed in private pediatric or hospital/
university-based clinics. Thirteen percent of infants in
the study population were late starters.
There was significant variation in the likelihood of
being a late starter and mean age at first immunization among late starters across all candidate predictor
variables except infant’s gender and birth hospital size
(Tables 1 and 2). The highest proportions of late starters were seen among infants with younger mothers,
mothers who had less than a high school education,
mothers with no prenatal care visits, and among infants
whose birth order was third or higher. Also, infants
receiving care at public health, family practice, and
university-based clinics, and infants residing in census
tracts with median income at or below 150% FPL (for
a family of four) and tracts with lower proportions of
18- to 24-year-old females in school, had higher proportions of late starters. When evaluating late starters,
longer time to first immunization was seen among white
infants, infants whose mothers had at least some college education, whose mothers were older, and among
infants who resided within census tracts with higher
median incomes and higher proportions of 18- to 24year-old females in school. Fewer prenatal care visits
and infant birth order of third or higher were also
associated with longer time to first immunization.
Figure 1 illustrates the location of primary care practices and the prevalence of late starters by census tract.
Overall, the map indicates that immunization providers
are distributed throughout the city of Philadelphia and
many areas with a higher prevalence of late starters
contain at least one immunization provider. Direct
measurement of distance between infant residence
and immunization provider showed no significant
association with likelihood of being a late starter (mean
distance of 2.72 miles for the total population vs. 2.24
miles for late starters, p50.15).
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For the adjusted analyses (Table 3), birth hospital
size, census tract female educational attainment, and
distance between residence and provider were not
included in the final model. The highest likelihood of
being a late starter and longest time to first immunization occurred among mothers receiving no or less than
five prenatal care visits, younger mothers, and among
infants whose birth order was third or higher. Of the
interactions we assessed, only prenatal care and birth
order showed a significant interaction for the Cox PH
regression and was included in the final Cox model
(Table 4). The effect of fewer prenatal care visits on
immunization delay was greatest for late starters whose
mothers had three or more children. Late starters
whose birth order was third or higher and whose mothers had received no prenatal care—the highest-risk
combination—had the lowest incidence of immunization (adjusted hazard ratio [AHR] 5 0.71 [0.64, 0.77],
referent 5 first-born infant and 10 prenatal care
visits). Mothers with less than a high school education
were more likely to have an infant who was a late starter,
but maternal education was not significantly associated
with time to first immunization. Practice type was also
independently associated with the likelihood of being a
late starter: public health and university/hospital-based
clinics were more likely to have late starters compared
with private pediatricians’ offices.
We also determined combinations of risk factors
associated with becoming a late starter (Figure 2).
According to these results, the lowest risk (5%) was
among infants who were first or second born and whose
mothers had at least five prenatal care visits. The highest risk (30%) was among infants who received care
in a public health clinic and whose mothers received
less than five prenatal care visits, had no more than a
high school education, were younger than age 24, and
already had at least one child.
As a subset analysis of the 2004 birth cohort, we
also assessed WIC status as a candidate risk factor for
our outcomes (data not shown). Of the 17,821 infants
in this cohort, 62.4% of their mothers received WIC.
Non-WIC infants were significantly more likely than
WIC infants to be late starters in both unadjusted and
adjusted analyses (adjusted odds ratio [AOR] 5 1.26
[1.08, 1.46]) and had a longer time to first immunization (AHR50.92 [0.88, 0.96]).
DISCUSSION
This study is the largest to date to investigate multiple
levels of potential risk factors for late initiation of
immunization and time to first immunization. Almost
13% of the 2002–2004 Philadelphia birth cohort were
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Table 1. Infant and maternal characteristics, status as a late starter, and age in days at first immunization

N (percent)

Mean number
of days at first
immunization
(95% CI)a

Late starter
N (percent)

Mean number
of days late
(95% CI)b

54,429 (100.0)

67.2 (66.9, 67.5)

6,830 (12.6)

49.6 (48.3, 50.9)

Sex
Male
Female

27,402 (50.3)
26,699 (49.1)

67.5 (67.0, 67.9)
66.8 (66.4, 67.3)

3,485 (12.7)
3,291 (12.3)

50.2 (48.4, 52.1)
48.7 (46.7, 50.6)

Race/ethnicityc
White
Black
Asian/Pacific Islander
Hispanic
Other/unknown

11,867 (21.8)
21,791 (40.4)
4,262 (7.8)
3,815 (7.0)
5,864 (10.8)

62.9
68.9
66.5
67.4
69.7

(62.2,
(68.4,
(65.5,
(66.4,
(68.8,

63.5)
69.3)
67.4)
68.5)
70.6)

1,172 (9.0)
3,542 (14.0)
542 (11.3)
561 (12.8)
1,013 (14.7)

59.3
47.9
47.7
47.3
46.9

(55.8,
(46.1,
(43.3,
(42.7,
(43.5,

62.8)
49.7)
52.1)
51.9)
50.4)

Maternal age (in years)c
17
18–24
25–29
30–34
35

3,974 (7.3)
21,453 (39.4)
13,414 (24.6)
9,655 (17.7)
5,809 (10.7)

67.6
68.7
67.0
65.3
65.2

(66.5,
(68.2,
(66.3,
(64.6,
(64.3,

68.6)
69.2)
67.6)
66.0)
66.1)

583
3,002
1,632
1,001
602

39.5
49.1
50.1
55.0
52.2

(35.8,
(47.2,
(47.3,
(51.4,
(47.6,

43.2)
51.1)
52.8)
58.7)
56.8)

Maternal educationc
<High school
High school equivalent
Some college or higher

14,945 (27.5)
19,016 (34.9)
18,777 (34.5)

70.4 (69.8, 71.1)
67.0 (66.5, 67.5)
64.6 (64.1, 65.1)

2,412 (16.1)
2,386 (12.6)
1,753 (9.3)

49.4 (47.2, 51.6)
47.1 (44.9, 49.3)
53.5 (50.8, 56.3)

Birth orderc
First child
Second child
Third child

21,510 (39.5)
15,294 (28.1)
17,569 (32.3)

63.7 (63.3, 64.1)
66.9 (66.4, 67.5)
71.6 (71.0, 72.2)

2,003 (9.3)
1,893 (12.4)
2,918 (16.6)

46.6 (44.2, 48.9)
47.4 (44.9, 49.8)
53.1 (51.0, 55.2)

Number of prenatal visitsc
No prenatal care
1–4 visits
5–9 visits
10 visits

1,194 (2.2)
3,630 (6.7)
14,628 (26.9)
22,945 (42.1)

82.6
77.8
68.3
63.2

85.7)
79.4)
68.9)
63.6)

296 (24.8)
800 (22.0)
1,995 (13.6)
2,104 (9.2)

67.0
56.7
49.1
43.8

Prenatal cigarette usec
No cigarette use
Cigarette use

44,846 (82.4)
9,073 (16.7)

66.4 (66.1, 66.8)
70.9 (70.0, 71.7)

5,263 (11.7)
1,501 (16.5)

48.7 (47.2, 50.2)
52.7 (49.8, 55.6)

Median tract income (percent)
Poverty levelc,d
Below FPL
100% to 150% above FPL
151% to 200% above FPL
201% to 250% above FPL
250% above FPL

12,775 (23.5)
20,952 (38.5)
15,323 (28.2)
4,154 (7.6)
1,119 (2.1)

69.2
67.7
66.0
64.1
63.4

(68.5,
(67.2,
(65.5,
(63.0,
(61.4,

69.8)
68.2)
66.6)
65.2)
65.3)

1,879 (14.1)
2,747 (13.1)
1,737 (11.3)
372 (9.0)
88 (7.9)

47.3
47.5
52.8
60.3
60.0

(44.7,
(45.5,
(50.2,
(53.9,
(47.7,

49.8)
49.6)
55.6)
66.7)
72.4)

Percent females aged 18–24 years
in school (in census tract)d
0–25
26–50
51–75
75

7,721 (14.2)
37,084 (68.1)
8,086 (14.9)
1,499 (2.8)

67.8
67.2
66.6
68.3

(67.0,
(66.8,
(65.8,
(66.5,

68.7)
67.6)
67.4)
70.1)

964
4,732
915
168

46.9
48.8
56.3
54.5

(43.6,
(47.2,
(52.5,
(45.5,

50.4)
50.4)
60.1)
63.5)

Characteristic
Total
Infant characteristics

Maternal characteristics

(79.4,
(76.2,
(67.7,
(62.8,

(14.7)
(14.0)
(12.2)
(10.4)
(10.4)

(59.5,
(52.6,
(46.7,
(41.6,

74.5)
60.9)
51.6)
46.0)

Community characteristics

(13.3)
(12.8)
(11.3)
(11.2)

Among all infants
Among late starters
c
p0.01, based on Chi-square analysis for proportion of late starters and Kruskal-Wallis for number of days late
d
For a family of four as per U.S. Census data
CI 5 confidence interval
FPL 5 federal poverty level
a

b

Public Health Reports / January–February 2009 / Volume 124

Infants at Increased Risk for Delayed Immunizations



47

Table 2. Initial provider characteristics, status as late starter, and age in days at first immunization
Mean number
of days at first
immunization
(95% CI)

Na

Number of
children seen
(percent)

Practice typec
Hospital/university clinic
Private pediatric clinic
Family practice clinic
FQHC: other
FQHC: public health center
Other

49
86
167
24
8
4

19,227 (35.3)
16,609 (30.5)
6,520 (12.0)
4,250 (7.8)
2,820 (5.2)
124 (0.2)

61.6
72.9
70.3
71.1
66.7
102.1

(61.1,
(71.2,
(69.3,
(70.6,
(65.4,
(89.9,

62.2)
74.6)
71.3)
71.5)
67.9)
114.4)

2,750 (14.3)
1,421 (8.6)
1,024 (15.7)
525 (12.4)
487 (17.3)
43 (34.7)

38.5
57.2
55.4
57.2
58.9
81.9

(36.8,
(54.0,
(51.8,
(51.9,
(53.2,
(58.1,

40.3)
60.3)
59.1)
62.4)
64.6)
105.6)

Practice sizec
10 infants
10–100 infants
101–500 infants
501–1,000 infants
1,000 infants

156
134
67
22
14

469 (0.8)
3,484 (6.4)
13,883 (25.5)
12,423 (22.8)
20,084 (36.9)

65.2
73.3
65.0
63.6
70.4

(64.0,
(71.6,
(64.3,
(62.9,
(70.0,

66.4)
75.0)
65.6)
64.2)
70.8)

95 (20.3)
693 (19.9)
1,649 (11.9)
1,186 (9.6)
2,703 (13.5)

58.1
61.9
54.3
58.9
37.8

(53.5,
(57.3,
(51.4,
(55.3,
(36.0,

62.7)
66.5)
57.1)
62.4)
39.5)

Characteristic

Late starter
N (percent)

Mean number
of days lateb
(95% CI)

Number of practices

a

b

Among late starters

p0.01, based on Chi-square analysis for proportion of late starters and Kruskal-Wallis for number of days late

c

CI 5 confidence interval
FPL 5 federal poverty level
FQHC 5 federally qualified health center

late starters. This is a smaller percentage than previously estimated by the PDPHIP4 but represents a large
number of infants likely to be at increased risk for
developing vaccine-preventable infections. We found
that maternal receipt of fewer prenatal care visits,
younger maternal age, infants having birth order of
third or higher, and receiving care at public health
clinics were the strongest predictors for likelihood of
being a late starter and of time to first immunization,
suggesting that early intervention may be a key strategy
to prevent underimmunization.
The association between late initiation of immunizations and maternal prenatal care is consistent with previous studies. Maternal prenatal care could be a marker
of self-efficacy or health literacy and has been strongly
associated with both infant immunization status and the
likelihood of receiving well-child visits.7,8,10,12,20,22,24 We
found that lower maternal education was a predictor
for likelihood of being a late starter, but did not have
a significant effect on actual time to first immunization among late starters. This suggests that the effect
of maternal education is complex. Lower educational
attainment may have a strong association with healthcare-seeking behavior and health-care access. Both
of these factors are likely to be associated with being
a late starter. Other studies show that less-educated
parents are less likely to support compulsory vaccination, have higher levels of concern regarding vaccine
safety, or perceive that they have enough information

Figure 1. Prevalence of late starters for immunization
by census tract, Philadelphia County, 2002–2004
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regarding vaccines.31–35 On the other hand, research
suggests that mothers with hesitancy toward vaccines
tend to have more knowledge regarding vaccines and
seek out information from a variety of sources to make
their decisions.36 Our finding that maternal education
was weakly associated with time to first immunization
may reflect a subset of infants for whom parents with
more vaccine knowledge have made a choice to delay
immunizations. This combination of findings suggests
that quantifying the degree to which these attitudes
affect actual vaccine receipt warrants further investigation. Maternal education may not provide the best

way for practitioners and immunization programs to
assess the effect of knowledge on attitudes toward
vaccination.
Our finding that birth order was strongly associated
with late initiation of immunizations is also consistent
with results from previous studies.6–8,10,24,25 However, the
association that we found between younger maternal
age and late initiation of immunization has not been
consistent in previous studies.7,8,12,22,23,25 A wide body of
literature describes an association between adolescent
pregnancy and adverse birth outcomes, even when
adjusting for socioeconomic factors.37 Previous research

Table 3. Logistic and Cox regression analyses of predictors for likelihood
of being a late starter and time to first immunizationa
Characteristic

AOR

95% CI

Sex
Male
Female

1.02
Ref.

0.96, 1.09
NA

P-value

AHR number
of days late

95% CI

0.62

0.54

Race/ethnicity
White
Black
Asian/Pacific Islander
Hispanic
Other/unknown

Ref.
1.22
0.97
1.18
1.37b

NA
1.07, 1.40
0.77, 1.22
0.99, 1.40
1.16, 1.63

Maternal education
High school
High school equivalent
Some college or higher

1.23b
1.10
Ref.

1.08, 1.38
1.01, 1.20
NA

Maternal age (in years)
17
18–24
25–29
30–34
35

1.79c
1.54c
1.26d
1.02
Ref.

1.46, 2.20
1.31, 1.81
1.07, 1.50
0.85, 1.21
NA

Number of prenatal visits
No prenatal care
1–4 visits
5–9 visits
10 visits

2.31c
2.11c
1.43c
Ref.

1.95, 2.73
1.89, 2.4
1.32, 1.54
NA

Prenatal cigarette use
No cigarette use
Cigarette use

Ref.
1.25c

NA
1.15, 1.36

Birth order
First child
Second child
Third child

Ref.
1.57c
2.08c

NA
1.43, 1.72
1.90, 2.28

Practice type
Hospital/university clinic
Private pediatric clinic
Family practice clinic
FQHC: other
FQHC: public health center
Other

1.54d
Ref.
1.32
1.13
2.02c
1.84

1.12, 2.12
NA
1.03, 1.68
0.87, 1.48
1.42, 2.88
0.74, 4.59

P-value

1.0
Ref.

0.99, 1.01
NA
0.65

0.0005
Ref.
1.00
1.02
1.01
0.99

NA
0.97, 1.04
0.98, 1.05
0.98, 1.09
0.94, 1.04

0.98
1.00
Ref.

0.97, 0.99
0.99, 1.02
NA

0.02

0.006

<0.0001

<0.0001
0.95
0.95d
0.97
0.99
Ref.

0.92,
0.92,
0.95,
0.97,
NA

0.99
0.98
1.00
1.02

<0.0001

NA
NAe
NAe
NAe
NAe

0.0001
Ref.
0.98b
<0.0001
Ref.
NAe
NAe

NAe
NAe
NAe
NAe
NA
0.96, 0.99
NAe
NAe

0.04

0.001

NA

0.02
0.97
Ref.
0.98
0.98
0.91d
0.78

0.93, 1.01
NA
0.95, 1.01
0.89, 1.06
0.86, 0.97
0.54, 1.14

continued on p. 49
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Table 3 (continued). Logistic and Cox regression analyses of predictors for likelihood
of being a late starter and time to first immunizationa
Characteristic

AOR

95% CI

Practice size
10 infants
10–100 infants
101–500 infants
501–1,000 infants
1,000 infants

1.79
1.94b
0.98
0.84
Ref.

1.03, 3.11
1.37, 2.75
0.72, 1.35
0.61, 1.17
NA

Median tract income
(for every $10,000 increase)

1.01

0.99, 1.04

P-value

AHR number
of days late

95% CI

0.89
0.86c
0.97
0.99
Ref.

0.77, 1.02
0.81, 0.91
0.94, 1.01
0.96, 1.02
NA

0.99

0.98, 1.00

0.0001

0.16

P-value
0.0001

0.05

Among late starters

a

b
c

p0.001 compared to reference group

p0.0001 compared to reference group

d

p0.01 compared to reference group

Because of the interaction between prenatal care and birth order, adjusted hazard ratios were unable to be calculated for these two variables
separately.

e

AOR 5 adjusted odds ratio
CI 5 confidence interval
AHR 5 adjusted hazard ratio
Ref. 5 reference group
NA 5 not applicable
FQHC 5 federally qualified health center

also suggests that young maternal age can result in
negative health outcomes for their children.38,39 These
studies indicate that younger mothers are more likely to
come from economically disadvantaged backgrounds,
have fewer social supports, engage in health-risk behaviors, and receive less prenatal care. However, young
maternal age remained independently associated in our
study even after adjusting for some of these factors.
While our findings suggest that maternal characteristics are the most important predictors for late initiation
of immunizations, community characteristics are often
utilized to identify areas with at-risk populations or to

target outreach activities. Area-level socioeconomic
measures have been found to correlate fairly well
with individual socioeconomic markers and are used
increasingly both as proxy measures and to measure the
effect of neighborhood context on health outcomes.40,41
Median tract income was not significantly associated
with our outcomes in adjusted analyses. There may be
collinearity between median household income and
some of our other predictors. Also, tract income may
not be a good proxy measure for individual household
income in this population.
We found that proximity to an immunization

Table 4. Interaction between prenatal care and birth order: incidence of late starters for immunization between
infants with and without prenatal care across birth order
Number of prenatal visits

Birth order 5 1
AHR (95% CI)

Birth order 5 2
AHR (95% CI)

Birth order 3
AHR (95% CI)

No visits

0.93 (0.87, 1.00)

0.87 (0.81, 0.93)

0.71 (0.66, 0.76)

1–4 visits

0.94 (0.91, 0.98)

0.84 (0.81, 0.88)

0.77 (0.74, 0.81)

5–9 visits

0.97 (0.96, 0.99)

0.93 (0.91, 0.95)

0.87 (0.85, 0.90)

0.97 (0.95, 0.98)

0.95 (0.93, 0.97)

10 visits

Ref.

AHR 5 adjusted hazard ratio
CI 5 confidence interval
Ref. 5 reference group
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provider was not associated with being a late starter.
However, there was significant variation in prevalence
of late starters across census tracts, and we found a high
prevalence of late starters in some census tracts with
higher median incomes. Though these neighborhoods
may be considered lower risk due to higher density of
resources, our findings suggest that there may be pockets of high-risk families in these neighborhoods who
have difficulty accessing available services or who are
not being reached by outreach initiatives. Increasing
amounts of research assess the relationship between
individual and area-level socioeconomic indicators
on health outcomes.40–42 This phenomenon could be

applicable to outcomes such as immunization status
and represents an area of future research.
The last category of risk factors that we assessed was
provider characteristics. Our results showed significant
variation in time to first immunization and prevalence
of late starters across individual practices. Our findings
also suggest that smaller practices and public health
and hospital/university-based clinics were associated
with increased likelihood of being a late starter. An
association with public clinics has been noted in other
studies investigating risk factors for underimmunization
and receipt of well-child services.1,2,12,16,43 These clinics
are more likely to serve uninsured and publicly insured

Figure 2. Probability of becoming a late startera for immunizations for selected risk factor profiles

Late starters are infants who fail to initiate two-month office-based immunizations by 3 months of age.

a

Profile 1: Infants whose mothers had $5 prenatal care visits and were first or second in birth order
Profile 2: Infants whose mothers had 0–4 prenatal care visits and were $3 in birth order
Profile 3: Infants whose mothers had 0–4 prenatal care visits, were $2 in birth order, and received care at a hospital or university-based clinic
Profile 4: Infants whose mothers had 0–4 prenatal care visits, were $2 in birth order, and received care at a public health clinic
Profile 5: Infants whose mothers had 0–4 prenatal care visits, were $2 in birth order, received care at a hospital or university-based clinic, and
whose maternal age was ,24 years
Profile 6: Infants whose mothers had 0–4 prenatal care visits, were $2 in birth order, received care at a public health clinic, and whose maternal
age was ,24 years
Profile 7: Infants whose mothers had 0–4 prenatal care visits, were $2 in birth order, received care at a hospital or university-based clinic, whose
maternal age was ,24 years, and maternal education was #high school
Profile 8: Infants whose mothers had 0–4 prenatal care visits, were $2 in birth order, received care at a public health clinic, whose maternal age
was ,24 years, and maternal education was #high school
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children. Some of these families may be at higher risk
for irregular access to care, and being uninsured has
been shown to be associated with underimmunization.44,45 Families who seek care at a public health clinic
may also be less likely to use the clinic as a medical
home and previous work has indicated that the identification of a medical home increases the likelihood
of being up-to-date with immunizations.45,46 We were
not able to determine from our data sources whether
or not infants within our cohort had a medical home;
this would be a valuable area for future study.
We assessed birth hospital size based upon the
hypothesis that larger hospitals are more likely to have
staff and infrastructure to implement perinatal guidelines and give anticipatory guidance regarding wellinfant care to mothers before they leave the hospital.
Previous studies suggest that birth hospitals’ administration of the hepatitis B birth dose can increase the
likelihood of being up-to-date for subsequent immunizations.47–49 Birth hospital size was not a significant
factor in our results but may not have been a good
proxy measure for birth hospital practices. Also, during
the study period, Philadelphia had only eight dedicated
birth hospitals, and we therefore had limited statistical
power to identify subtle patterns among hospitals.
Limitations
Our work did have limitations. Overall, there was likely
residual confounding that was not adjusted for in our
model. Therefore, we cannot definitively establish
cause and effect between the predictors that we identified and our outcomes. Control of confounding and
determination of causality are important if an intervention is to be directed at changing the risk factor itself. If,
on the other hand, these results will be used to predict
late-starter status, then demonstrating causality is not
required. Another consideration is the use of an immunization registry. Registries have resulted in significant
improvements in immunization coverage, but they have
also been difficult to fully implement.50,51 The KIDS
registry represents approximately 95% of children in
Philadelphia, but does require reporting from providers, which is subject to potential inaccuracy depending
upon the method of reporting.26 However, reporting
method was included in our models as a confounder
and did not significantly affect our results.
Interpretation of our findings was also subject to
several caveats. First, though the study population
included infants from a wide range of socioeconomic
backgrounds and practice types, the results may not be
applicable to suburban or rural settings. Second, we did
not take into account the potential effect of medical
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diagnoses, such as prematurity, that influence the timeliness and recommended schedule of immunizations,
because this information was not reliably available in
the KIDS registry or birth record database. However,
given the large sample size, we anticipated that there
was a small proportion unable to receive vaccines and
excluded infants who had not received any vaccines
by 1 year of age from the analysis. Lastly, there was a
small amount of missing data (approximately 10%) for
infant racial/ethnicity, even after utilizing birth record
data. We did not impute missing racial/ethnicity data
and counted these infants as other/unknown race.
However, because nearly 7,000 infants were included in
the other/unknown category, it is difficult to interpret
the variability in immunization status that we did find
among race/ethnicity.
CONCLUSIONS
Despite these limitations, our findings provide a
rich assessment of risk factors for late initiation of
immunizations, taking into account the important
individual, provider, and community characteristics
that work together to affect the receipt of vaccinations.
Although our findings support the work of previous
studies, the strength of association with maternal risk
factors emphasizes the importance of targeting at-risk
mothers early, even prenatally. This early outreach has
not been a focus of many immunization programs and
can potentially be applied in similar settings. In Philadelphia, efforts are underway to use these results to
inform the immunization outreach activities conducted
by the PDPHIP. Specifically, partnerships with maternal and child health services and obstetric practices
at three Philadelphia academic medical centers have
been initiated to begin vaccine education and promote
prenatal pediatric visits as an integral part of prenatal
care. Previous work shows that prenatal pediatric visits, which have been previously recommended by the
American Academy of Pediatrics, can positively impact
some health-care outcomes.52
The PDPHIP will also use registry data to begin outreach to infants delayed at 3 months of age. Pediatric
practices can outreach within their patient populations and implement more targeted reminder/recall
initiatives or establish new strategies to partner with
prenatal health-care providers to ensure that newborns
receive timely preventive care. Birth hospitals can use
birth certificate information to identify which infants
match the risk profiles for becoming a late starter to
ensure that timely follow-up with a pediatric provider
is carefully planned. Investing in early prevention can
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ensure that children are up-to-date and fully protected
throughout their infancy and childhood.
All data extraction, management, and analysis took place at the
Philadelphia Department of Public Health (PDPH) Division
of Disease Control. Statistical support was provided by the
PDPH Epidemiology Unit, Division of Disease Control, and the
University of Pennsylvania School of Medicine Center for Clinical
Epidemiology and Biostatistics statistical consulting services.
Dr. Feemster was supported by the Robert Wood Johnson Clinical Scholars Program at the University of Pennsylvania School of
Medicine
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