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Abstract

Introduction—Concomitant (same-day) delivery of two or more vaccines to adolescents is
effective, safe, and efficient. Increasing concomitant vaccination could improve coverage for
recommended adolescent vaccines, but little is known about who receives vaccines concomitantly.

Methods—Data came from healthcare provider—verified records on 70,144 adolescents (aged
13-17 years) in the 2008-2012 versions of the National Immunization Survey—Teen who had
received at least one dose of tetanus, diphtheria, and acellular pertussis (Tdap) booster,
meningococcal conjugate vaccine (MenACWY), or human papillomavirus (HPV) vaccine.
Separately for each vaccine, multivariable logistic regression identified adolescent and household
correlates of concomitant versus single vaccination, stratified by adolescent sex. Vaccination took
place in 2007-2012, data collection in 2008-2012, and data analysis in 2015.

Results—Among vaccinated adolescents, 51%—-65% of girls and 25%-53% of boys received two
vaccines concomitantly. Concomitant uptake of each vaccine increased over survey years (e.g.,
2012 vs 2008: girls’ Tdap booster, OR=1.88, 95% CI=1.56, 2.26; boys’ Tdap booster, OR=2.62,
95% Cl1=2.16, 3.16), with the exception of HPV vaccination among boys. Additionally,
concomitant vaccination was less common as adolescents got older and in the Northeast (all
p<0.05). For MenACWY and HPV vaccine, concomitant uptake was less common for girls whose
mothers had higher versus lower education and for boys who lived in metropolitan versus non-
metropolitan areas (all p<0.05).

Conclusions—Missed opportunities for concomitant adolescent vaccination persist, particularly
for HPV vaccine. Future interventions targeting groups with low rates of concomitant vaccination
could improve population-level coverage with recommended vaccines.
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Introduction

Methods

The Advisory Committee on Immunization Practices recommends that adolescents aged 11—
12 years routinely receive three vaccines: tetanus, diphtheria, and acellular pertussis (Tdap)
booster, quadrivalent meningococcal conjugate vaccine (MenACWY), and human
papillomavirus (HPV) vaccine.! In 2014, national coverage for these vaccines among
adolescents aged 13-17 years reached 88% for Tdap booster, 79% for MenACWY, and 60%
and 42% for initiation of the three-dose HPV vaccine series among girls and boys,
respectively.2 These rates were lower than coverage observed for routine childhood
vaccinations,3 and coverage levels for MenACWY and HPV vaccine among adolescents
aged 13-15 years were lower than national goals.? ° Failing to improve vaccination
coverage could result in considerable morbidity and mortality for young people now and as
they age.1 6.7

Concomitant vaccination (also called simultaneous or same-day vaccination) refers to the
receipt of two or more vaccines during a single healthcare encounter.l: 8 Concomitant
vaccination maintains each vaccine’s immunogenicity®-13 and safety profile,8-14 and it also
saves time by reducing the number of healthcare visits needed to complete the adolescent
vaccination platform. Thus, concomitant vaccination is an efficient way to increase
adolescent vaccination coverage by reducing missed opportunities,19- 11 especially important
because adolescents seek preventive health care less often than younger children.1> A 2014
study from the Centers for Disease Control and Prevention (CDC) estimated that routine
concomitant vaccination among female adolescents could almost double the rates of HPV
vaccine initiation and thus substantially reduce risk of HPV-associated diseases.16

Despite these benefits, many parents remain reluctant to consent to concomitant vaccination
for children and adolescents,17~19 and providers may also hesitate to deliver vaccines
concomitantly.18-20 Missed opportunities for concomitant vaccination, particularly with
HPV vaccine, are common.18. 21. 22 parents’ hesitancies could arise from fears about side
effects, such as pain or “overburdening” the immune system.23-25 Some clinicians share
these concerns!8: 19 or overestimate parents’ concerns,?4 and thus may hesitate to
recommend concomitant vaccination. Health communication campaigns that target groups
who are least likely to concomitantly vaccinate could overcome these barriers.

Although some studies have examined the prevalence of having received all three adolescent
vaccines,26: 27 no studies have investigated the frequency or correlates of concomitant
adolescent vaccination. The present study examined associations between adolescent and
household characteristics and concomitant vaccination within a nationally representative
sample. Findings from this study can inform future programs that intend to increase
concomitant vaccination and, as a result, increase vaccination coverage.

Procedures and Sample

Each year, CDC conducts the National Immunization Survey (NIS)-Teen, a population-
based telephone survey of caregivers (hereafter called “parents”) of adolescents aged 13-17
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years.28 Data for the present study came from the 20082012 versions of NIS-Teen.
Sampling frames for survey years 2008-2010 were U.S. landline phone numbers, and
sampling frames for survey years 2011-2012 were U.S. landline and cell phone numbers.
The NIS-Teen interview included questions assessing adolescents’ sociodemographic and
healthcare information (including adolescent vaccination). If parents provided consent, NIS-
Teen staff verified vaccination through written questionnaires mailed to the clinics of the
adolescents’ healthcare providers.

For each of 5 survey years, >30,000 parents completed the NIS-Teen phone survey.28 Of
these, around 65% had provider verification of vaccination history (7=99,921 across survey
years). Exclusion criteria included non-receipt of any of the three adolescent vaccines
(m=21,574), as previous studies have already identified correlates of adolescent vaccination
(single or concomitant) versus non-vaccination, and receipt of vaccines outside of the study
period (/=8,203).2%-32 The study period was January 1, 2007, through December 31, 2012,
as national guidelines! began recommending all three routine adolescent vaccines by early
2007 (for HPV vaccination, the initial recommendation was among girls only33). Although
data collection for the 2012 NIS-Teen continued into the early months of 2013, vaccinations
that took place after December 31, 2012 were excluded to allow analysis of time trends
across whole years. The final analytic sample included 70,144 adolescents. Data analysis
took place in 2015.

The National Center for Health Statistics Research Ethics Review Board approved data
collection for NIS-Teen. Analysis of de-identified data from the survey is exempt from
federal regulations for the protection of human research participants. Analysis of restricted
data through the National Center for Health Statistics Research Data Center is also approved
by the National Center for Health Statistics Research Ethics Review Board. The IRB at the
University of North Carolina exempted this study from review.

Predictor variables included adolescent and household characteristics gathered during the
phone interviews across the 5 survey years. Adolescent characteristics were sex (male or
female), age (range, 13-17 years), race/ethnicity (non-Hispanic white, non-Hispanic black,
Hispanic, or other), private health insurance status (no or yes), and preventive checkup in the
last year (no or yes). Household characteristics were mother’s age (<34 years, 35-44 years,
or =45 years), mother’s education level (high school or less, or at least some college), annual
household income (below poverty level, above poverty level, or unknown), urbanicity (non-
metropolitan or metropolitan); U.S. Census region of residence (South, Midwest, Northeast,
or West), and number of children in the household (1 or >2). In NIS-Teen reports? and other
studies, 2932 these variables have correlated with adolescent vaccination.

Dichotomous indicator variables reflected whether adolescents received Tdap booster,
MenACWY (one or more dose, though adolescents aged >16 years may receive a booster),
and HPV vaccine (one or more dose of the three-dose series)! singly or concomitantly,
according to provider records. Providers reported the date on which adolescents received
their vaccines on the written survey. Adolescents were classified as singly vaccinated (coded
as 0) if they received the target vaccine but no other adolescent vaccine on the same day

Am J Prev Med. Author manuscript; available in PMC 2017 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moss et al.

Page 4

(e.g., only Tdap booster on a given day). They were classified as concomitantly vaccinated
(coded as 1) if they received the target vaccine and another adolescent vaccine on the same
day (e.g., Tdap booster on a given day, with MenACWY or HPV vaccine on the same day).
Adolescents did not contribute to a model if they did not receive a particular vaccine, but
they were retained in models of other vaccine(s) they received. MenACWY included
meningococcal conjugate and unknown type of meningococcal vaccine, following NIS-
Teen.2 To be consistent with other studies,2%-32: 34-37 HPV vaccination referred to series
initiation (receipt of the first dose).

Statistical Analysis

Results

Analyses included multivariable logistic regressions to examine the relationships between
concomitant vaccination and all of the adolescent and household characteristics described
above, given their associations with vaccination behaviors in previous studies.2%-32 Analyses
also included NIS-Teen study year. In the regression models, adolescent age was treated as a
continuous variable.

Because the adolescents in this sample were aged 13-17 years, they were eligible to have
already received Tdap booster, MenACWY, and HPV vaccine (assuming they had no
medical contraindications!) when they were aged 11-12 years. The one caveat is for HPV
vaccine among male adolescents: The Advisory Committee on Immunization Practices
issued a recommendation for routine HPV vaccination among female adolescents in 2007,33
but issued a permissive recommendation for HPV vaccination in male adolescents in 2009
and a recommendation for routine vaccination in 2011.38 Therefore, regression analyses
were stratified by adolescent sex.

Analyses were implemented in SAS, version 9.2, using a two-tailed p-value of 0.05. NIS-
Teen sampling weights were applied to account for non-equal probability of selection into
the survey. Results include unweighted frequencies and weighted proportions and effect
estimates.

Adolescents were fairly evenly distributed across survey year, sex, and age (Table 1). Most
adolescents were non-Hispanic white (57%), had a preventive checkup in the last year
(88%), and lived in households above the poverty level (74%). Over the study period (2008—
2012), national vaccination coverage increased for Tdap booster (41% to 85%), MenACWY
(42% to 74%), and HPV vaccine (37% to 54%, initiation among female adolescents).39
From 2010 to 2012, HPV vaccine initiation among male adolescents increased from 1% to
21%.%°

Among vaccinated female adolescents, about half received Tdap booster concomitantly with
another adolescent vaccine, about two thirds received MenACWY concomitantly, and about
half received HPV vaccine concomitantly (Table 2). For each vaccination outcome,
concomitant uptake increased over survey years (Table 2, Figure 1A).
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In addition, concomitant Tdap booster vaccination was less common among female
adolescents who were older (OR=0.81, 95% CI1=0.79, 0.84), lived in households with
unknown income (compared with below poverty level: OR=0.71, 95% C1=0.55, 0.91), and
lived in the Northeast region (compared with South: OR=0.77, 95% C1=0.68, 0.86) (Table
2). Concomitant Tdap booster vaccination was also negatively related to mothers’ age, and
positively related to Hispanic ethnicity and living in metropolitan areas.

Concomitant MenACWY vaccination was less common among female adolescents who
were older (OR=0.82, 95% CI=0.80, 0.85), whose mothers had higher education (OR=0.80,
95% CI=0.71, 0.90), who lived in households with higher or unknown incomes (OR=0.81,
95% CI1=0.68, 0.96 and OR=0.75, 95% CI=0.58, 0.96, respectively), and who lived in the
Northeast region (compared with South: OR=0.66, 95% C1=0.59, 0.74) (Table 2).
Concomitant MenACWY vaccination was also negatively related to having private health
insurance, having a preventive checkup in the last year, and mother’s age, and positively
related to living in the West region.

Concomitant HPV vaccination was less common among female adolescents who were older
(OR=0.87, 95% CI1=0.83, 0.90), whose mothers had higher education (OR=0.85, 95%
Cl=0.75, 0.96), and who lived in the Northeast region (compared with South: OR=0.74, 95%
Cl=0.65, 0.84) (Table 2). Concomitant HPV vaccination was also negatively related to
having private health insurance, and positively related to living in the West region.

Among vaccinated male adolescents, about half received Tdap booster concomitantly with
another adolescent vaccine, about half received MenACWY concomitantly, and only one
quarter received HPV vaccine concomitantly (Table 3). For Tdap booster and MenACWY,
concomitant uptake increased over survey years (Table 3, Figure 1B).

In addition, concomitant Tdap booster vaccination was less common among male
adolescents who were older (OR=0.74, 95% CI=0.72, 0.77) and who lived in the Northeast
region (compared with South: OR=0.78, 95% CI=0.70, 0.87). Concomitant Tdap booster
vaccination was also positively related to non-Hispanic black race/ethnicity, Hispanic
ethnicity, and living in metropolitan areas.

Concomitant MenACWY vaccination was less common among male adolescents who were
older (OR=0.65, 95% CI=0.62, 0.67), who lived in metropolitan areas (OR=0.85, 95%
Cl=0.75, 0.96), and who lived in the Northeast region (compared with South: OR=0.68, 95%
CI=0.61, 0.77). Concomitant MenACWY vaccination was also positively related to non-
Hispanic black race/ethnicity and living in the Midwest or West regions, and negatively
related to having a preventive checkup in the last year.

Concomitant HPV vaccination was less common among male adolescents who were older
(OR=0.71, 95% CI=0.62, 0.81), who lived in metropolitan areas (OR=0.49, 95% CI1=0.33,
0.73), and who lived in the Northeast region (compared with South: OR=0.43, 95% CI1=0.25,
0.76).
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Discussion

Missed opportunities for concomitant vaccination were common, with two thirds or less of
U.S. adolescents who had initiated vaccination receiving two doses during the same
healthcare visit. However, the frequency of concomitant administration has increased for
most vaccines since 2008. Clear differences in concomitant vaccination emerged among key
demographic groups. Future public health promotion campaigns could encourage this
behavior among targeted subgroups in order to safely, effectively, and efficiently increase
adolescent vaccination coverage and protect against future disease.

Important temporal patterns to concomitant vaccination emerged, specifically around survey
year and adolescent age. Almost all of the concomitant vaccination outcomes demonstrated
clear increases over the survey years. It is possible that, in the years since the introduction of
the national guidelines for routine vaccination, adolescents and their parents have become
more accustomed to the doses in the adolescent vaccination platform, increasing their
acceptability individually and in combination, or that providers have become more
comfortable recommending concomitant vaccination. Concomitant HPV vaccination among
boys may not have demonstrated the same pattern owing to the low rates of this behavior in
general, which precluded the detection of stable trends. In addition, concomitant vaccination
was less common among adolescents who were older at the time of their parents’
participation in NIS-Teen. Again, this pattern could have emerged because of the relatively
higher acceptability of vaccines in more recent years (when younger adolescents would have
become eligible to receive their vaccines). Alternatively, providers may be more comfortable
delivering multiple vaccines concomitantly when adolescents are aged 11-12 years, given
that most of the safety and efficacy data have focused on younger adolescents. Future studies
should monitor trends in concomitant (versus single) vaccination over time and how these
contribute to trends in overall vaccination coverage.

Another consistent pattern was that, compared with adolescents living in the South,
adolescents in the Northeast were less likely to receive every vaccine concomitantly.
However, adolescents in the West were more likely to concomitantly receive MenACWY
(girls and boys) or HPV vaccine (girls only). These findings provide a contrast to the NIS-
Teen reports of overall vaccination coverage,? which indicate that, generally, states in the
Northeast and West regions have the highest rates of coverage in the nation. Thus, high rates
of vaccination coverage have emerged in the Northeast, despite the low rates of concomitant
vaccination, and high rates of vaccination coverage have emerged in the West, potentially
due (at least in part) to the high rates of concomitant vaccination. One potential explanation
for this pattern is the high density of healthcare providers (both in terms of pediatricians*°
and in school-located health centers®?) in the Northeast; adolescents in that region who did
not receive their vaccines concomitantly had relatively easy access to healthcare facilities
where they could return for multiple visits to receive vaccines individually. A recent study
by Jeyarajah and colleagues?2 found a similar pattern, reporting that HPV vaccination by age
13 years among adolescent females was highest in the West, despite the overall higher levels
of coverage in the Northeast; clearly, vaccination patterns, including concomitant and on-
time uptake, vary meaningfully across the U.S.
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Among adolescent girls, concomitant vaccination differed by SES and healthcare access.
Girls living in households below the federal poverty level and whose mothers had the lowest
education were more likely to concomitantly vaccinate, especially with MenACWY. Vaccine
refusal or delay*2 43 is less common lower-SES families than higher-SES families, and these
patterns likely extend to concomitant vaccination. A related pattern was that girls who did
not have private health insurance and did not have a recent preventive checkup were more
likely to concomitantly vaccinate, especially with MenACWY. These families, who may not
have easy or consistent access to healthcare providers,** may be especially motivated to
concomitantly vaccinate because returning to the medical office to receive individual
vaccines could be prohibitive. More research is needed to understand parents’ motivations
for concomitant vaccination.

Finally, there were no consistent patterns in concomitant vaccination by race/ethnicity.
Though descriptively, non-Hispanic white adolescents had the lowest rates for most of the
concomitant vaccination outcomes, these differences were not generally statistically
significant in the multivariable models. These results reflect a pattern toward increased
concomitant vaccination among minority adolescents, which stands in contrast to findings
that minorities have less favorable attitudes toward vaccines.*®> However, it is possible that
these racial/ethnic patterns in concomitant vaccination are confounded with measures of
healthcare access (described above). Given that minorities are less likely to have access to
high-quality preventive health care,*® they may be more accepting of concomitant
vaccination because of the challenge they may face in returning to the medical office for
individual administration of vaccines. Future studies should monitor racial/ethnic differences
in concomitant vaccination, especially as the Affordable Care Act makes preventive
healthcare services more accessible.4”

In terms of study strengths, data came from a large, nationally representative, multiyear
sample.28 In addition, NIS-Teen includes provider verification of vaccination, which was
crucial to the operationalization of concomitant vaccination (i.e., determining if adolescents
received more than one vaccination on the same day, according to medical records).
Moreover, this study is the first investigation of correlates of concomitant vaccination, a
behavior noted as crucial to increasing vaccination coverage by CDC, the American
Academy of Pediatrics, the American Academy of Family Physicians, and the American
Medical Association.1: 16. 48

In terms of study limitations, the 2008—-2010 NIS-Teen exclusively used landline phone
numbers to contact participants, whereas in 2011-2012, they also contacted participants
through cell phone numbers; this difference in data collection mode could introduce some
systematic differences in samples across years. Each year’s NIS-Teen sample is intended to
be representative of a given calendar year28 and combining across years creates an average
and not a valid representation of vaccination behaviors at a given time. In addition, this
preliminary investigation of the frequency and correlates of concomitant vaccination focused
on demographic characteristics of adolescents and their households; other factors, including
those related to adolescents’ contraindications for vaccination, local attitudes and norms,
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healthcare policies, and provider behaviors,20 may also contribute to concomitant
vaccination. Additional studies are needed to parse the relationships among these variables
and concomitant vaccination, especially in subgroups with low rates of concomitant
vaccination. Similarly, this investigation was limited to only Tdap booster, MenACWY (first
dose), and HPV vaccine (first dose), excluding concomitant administration of other vaccines
(e.g., seasonal influenza vaccine, catchup of childhood vaccines); thus, the prevalence of
concomitant vaccination among adolescents may be underestimated. Finally, the Advisory
Committee on Immunization Practices released their recommendation for routine HPV
vaccination in girls in March 2007, which could have reduced concomitant HPV vaccination
during 2007, potentially leading to artificially inflated estimates of time trends in
concomitant vaccination in later survey years. However, given the consistency of the
increases in concomitant vaccination each year (except for HPV vaccination among boys),
this pattern does not appear to have unduly influenced the findings.

Conclusions

Missed opportunities for concomitant adolescent vaccination are common, though
concomitant vaccination seems to be increasing over time. Subgroups with lower rates of
concomitant vaccination include adolescents who are older, live in the Northeast, and have
higher SES and better healthcare access. Future public health interventions could build upon
these findings to target subgroups that are less prone to concomitant adolescent vaccination
in order to promote this behavior. Increases in concomitant vaccination and vaccination
coverage will confer more protection for adolescents from several infectious and chronic
diseases, including multiple types of cancer, both now and as they get older.
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Concomitant uptake of adolescent vaccines for (A) female and (B) male adolescents across

years of participation in National Immunization Survey (NIS)-Teen.

Notes: Tdap, tetanus, diphtheria, and acellular pertussis booster; MenACWY, meningococcal
conjugate and unknown types of meningococcal vaccine; HPV, human papillomavirus

vaccine (first dose)
Errors bars represent SEs.

Am J Prev Med. Author manuscript; available in PMC 2017 November 01.



Page 13

Moss et al.

0/8 926'0€ 088 ¢69'TE G'/8 886'T9
0€T V.0V 02T 280" GZT  99T'8
€09 z/E'€c 0T9 viv've L09 9v8'ly
L'6€ TI8'0T 06 PIT'TT €68 GS26'T¢
g, 918z T8 950t 08  ¢/8'G
€0z LlZ9v 90C¢ S/8% §0Z 20S'6
€Yl GV’ YYD Y09't VYT 640°L
9'/S Sh'sc 695 6£TVC  TLS  T69'LY
€67 T1€Z'6s  €.T 6809 V¥9T 0ZETT
T6T v.¥'9 66T ¢60'L 96T 99G°€T
0¢¢ 2ST'L 0ce 18V'L 02¢ €€9'vT
9TZ 0£L'L 0z €65'L 0TZ €TE'ST
6TC €8L'L 0z 6IS'L TTZ 2OE'ST
692 GI8'8 €¥Z 00T'8 GSZ ST6'OT
6vC 1686 T€Z ¥85'6 6€Z 18Y'6T
80Z 206'0 S0z 602'.L L0Z TITYT
v9T 209's  ¢8T 91§59 v.T 8TICT
0TT ST’ 8€T S9E'y  G2T  6IS'.
6Ly 0.E'vE TS viL'GE YrT'0L
(%) wu (%) u (%) u
39BN 3lewsH w_QEmm leiol

abe s ay1oN
SO1IS1I819BIRYD PlOYasNOH
SaA
ON
Jeak 1se| ul dn-323yd aAnuBAdId
SaA
ON
9oUBINSUI Y}jeay a)enlid
BY1o
oluedsiH
32e|q d1uedsiH-UoN
a1y d1uedsiH-UON
Auoruyie/eoey
LT
9T
ST
1
€T
MaIAIBIUI Je 3By
SO1IS1I8)0BIRYD 1UIS3|0pY
41014
TT0C
0T0C
600¢
800¢
Jeak Asning

TIENe)

ansiIeIvRIRYD

2102-8002 ‘U931 -(SIN) AeAINS uoleziunwiw| [euoiieN ul sjuediodnued Jo sansualoeseyd

T alqeL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Am J Prev Med. Author manuscript; available in PMC 2017 November 01.



Page 14

Moss et al.

‘paybram ale sabejusdiad pue ‘pajybiamun aie sa1ouanbaid 10N

Z0L O0T9'6T 869 6V0'6T 00, 659'8E
8'6c <¢OS'TT <208 LIE'TT 00 619'CC
Tve 68S'L 9vz O0£8'L vvZ 6IV'ST
G'6T 02S'L L6T 9€8'L 96T 9GE'ST
9Te €28'L ¥Tz 1008 STZ YeS'sT
L've  8EL'TT  E€VE  L0T'ZT SVE SY8'Ee
098 9v9'vZ GG8 [2l'Sc LS8 €L€'0S
OvT 692'0 ST L08'9 €¥T 9L0€T
TG 28T 0§ 92€T TS  899°C
oy, [£2'8C OVL L¥E'6C E€¥. ¥8S'.S
€0z 108'v 0Tz T0T'GS L0Z 206'6
§09 S99'vz ¥TI9 ¥SL'Se TT9  6IF'0S
v'6€ G0L'6  9'8€ 020'0T O06E SZL'6T
L'y LY'IT  SSy 96E'8T TSy £/8'GE
L'Sy TIEYT 8¥r 6ELVYT €Sy 080'6C
66 288’z L6 69T 96  12C'S
(%) u (%) u (%) u
9leIN 9lewsH m_QEmm |eiol

alow Jo g
T
ployasnoy ul uaJpjiyd Jo JaquinN
1S3\
1S23YLION
1SaMPIN
yinos
uoiBai snsuad
uenjodonai
ueljodoaw-uoN
Aoueqin
umouqun
1ons] Auanod anoqy
19n8] Auanod mojag
aWoaul [enuuy
aba|]02 awos 1ses| 1Y
s3] 10 j0oyds ybiH
|9A8] UO1IBINPA S JBYION
sIeaA Gy 2
sieak y—Gg

SIeAA v S

ansIIRRIRYD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Prev Med. Author manuscript; available in PMC 2017 November 01.



Page 15

Moss et al.

. ¥00'ST o 62€'6T 618'0C
680890 g9 gup s089  L(L6079L0)  9g0 0T9 /6z9TT  (OTT-88°0) 860 O9'6v /6YTOT
§16°2 £29'8 88¢€'6
(1) 685 /90'% (D) G0L  /918'S (381) %S /80T'S
820'C £9v'C 185'C
(6e'T-¥6'0) ¥T'T G95 /LI0'T (60'T-£20) 160 069 /EIST (0T'1T-620) €60 967 /82T
18¢g'c 0907 (S T-vT'D) 68TV
(0e'T-¥6'0)  OT'T 885 //98'T (921-26'0) 80T TTL /8187 «\WST VI zeT w65  j0Tv'e
vee'e 090°c 866'C
(8e'T-960) STT TW¥S /2€C'T (v2'1-26'0)  L0T €99 /666'T (Zz1-060) SOT 96 /Cv9'T
988'vT £25'8T 865'02
((ED)] 98y /9€8'9 (y21) 919 /0.2'TT (y21) 68y  /T00'0T
0607€8°0) ,gq £G8°0-08°0)  zgg 780620) 150
o 168'7 - 00L‘9 - 0592
L9STV0T) yz1 ovs  jesr'c «O08TSET) 09T ge9  /Teob  «9CT9ST) ggT pos  jelew
o 1€8'G - 108°2 . 9r.'8
L8PT-00T) 271 gzs sg06c  «O8TOET) g1 T8y pwe0's  «9TTTET) geT gos  jeesh
(65T-90'T) 60y (99 T-v0'T) ¥59'g P G9T'9
LSST90T) gz geg  fgrzz LWTVOT) ez peg  feer'e BTV 6y 905 /sve'E
(85T-20T) zee'y 198'7 666'7
LBSTL0T) g1 ges /90t (czT-280)  €0T  6%8G /LT (TrT-860)  8TT 6P /L8T'C
€80°c 780°c 908'z
((ED)] €Lly  IVOE'T (y21) 7’85  /GL9'T (y21) 8Ty /€0T'T
GE9'2Z 901'82 99€'0€
v'2S  [2v6'0T 9%9  /009'LT v'1S  /OVE'ST
1D %56 40 % N 1D %66 40 % N 1D %56 40 % N
©3UI0BA (AdH) (AMODVUSIN) 191s00q (dep) sissnitad

snJainewo|jided uewnH

au129eA [e22020BUIUBW
adA1 umousjun pue

arebnluod [easodobulusin

Je|njjaoe

pue ‘etayydip ‘snueial

SOA
ON
aoue.INsUl
pjesy a1eAlld
IENTe)
oluedsiH
oe|q

oluedsiH-uoN

auym
o1uedsiH-uoN

Aduyiajaoey

(snonunuod)
MaIAIBUI Je 3By

SONISII910RIRYD
1U9S3|0PY
41014
1102
010C
6002
800¢
Jeak Asning

TEIENe)

ansiIeIvRIRYD

(P22'GE=V) S1UBISBI0OPY BleLaH Buowy UOITRUIDIIBA UBIIWOIU0D JO ‘S8lejalio) paisnipy pue ‘sabejusdlad paybispn pue Aousnbal4

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Am J Prev Med. Author manuscript; available in PMC 2017 November 01.



Page 16

Moss et al.

ST'9T 966'02 (66T-21'D) 129'12
(8T'T-260) v0OT 225 /068'L (ETT-680) 00T L€9 /6Tl 0T CTT) o1 €16 /986'0T
£y TSv'y 8el's
(y21) 6'TS /0¥0'C (y21) 6'G9 /808 ((ED) L9y /009'C
6€8 o v.0'T o L0T'T
(971-2,'0)  S60 L6v /TTv [960850) g0 go9  jovo (1607850) 10 gop  /ses
££0'8T (06'0-890) 0/6'22 956'vZ
(927-680) 90T €05 /89v'8  £9607890) 180 ez9 /eL0'vT  (60'T-080) €60 <205 /SEE'TT
€9/'€ 290'y €0€'y
(481) T65 /£90'C (y81) g€l //88'C (y81) T.S  /08¥'C
o 16L'ST o v8e'0z 80022
J960-SL0) g0 Tgr seTc. . 0807TLO) 0g0 gT9 Sp9geT  (S0T-£80) 260 667 /S8OT
vv8'9 L'l 85e'g
(y21) v'85 /e2l'e (y21) T0L /9€2'S ((ED) 6'€S /S6V'Y
LYS'TT o 269'vT o 925'ST
(T0T-¥90) 080 19v /2005  «/80°SS0) 690 o9 jozg's  «6607290)  zg0 ggr /g67s
092'6 (86'0-29'0) LIE'TT 98521
(92T-280) 20T 665 /8.8y  £8607C90) g0 999,052  (O'T-TLO) 980 €75 /€999
828'T 180'Z Y0€'z
(D)) 0T9 /290'T (D) 6'9L /L0S'T (381) €19 /6/€'T
§9/'02 (€6:0-590) 0v9'sz 02z'L2
(90T-690) €80 8TS /886 €600 ;0 o9 sep8ST  (€2T-680) YOT YIS /¥BI'ET
0/8'T 99v'z ovT'e
(y21) 185 /v90'T (y21) 6'0L //SL'T ((ED) 'S /959'T
1D %56 4O % N 1D %56 HO % N 1D %56 40 %  Nu

23UI9EA (AdH)

snainewo|jided uewnH

(AMOVUBIN)
3UI29eA [e220906UIUsW

adA1 umouxun pue
arebnfuod [easodobulusin

191500 (dep ) sissniaad

Je|njjaoe

pue “eayydip ‘snuelal

uoiBal snsua)
ueyijodoss |\
ueyjodosaw
-UON
Aoiueqin
umouyun
19n9]
Ayanod anoqy

1on9]
Auanod mojeg

aWooUl [enuuy

ELET o)
aWos 1ses| 1Y

SS9|
10 j00y2s ybiH

B
uo11eINP3 S JBYI0N

sieah Gy 2

sieak y—Gg
sIeaf g s
abe sJayloN

sonsLIvloRIRYD
ployasnoH

SaA
ON

Jeakse| ur dn
98U A1UBNBId

ansi4a10RIRYD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Prev Med. Author manuscript; available in PMC 2017 November 01.



Page 17

Moss et al.

‘Ajuo (asop 141} J0 1d19981) UOIIRIIIUI BUIDIBA >n=._m_

(T0°0>0 xx 'S00>0x) 90UBDLIUBIS [2I1ISIIEIS SAILIIPUI BIEYP|0Y

'S9|qeLIeA Jaylo 10} 10U INQ 8W0dUl [enuuy/ 1oy dnolb
LUMouNUN,, Ue 3pNjaUl aM ‘SWIoU U] -SIN Yim Buidaay| uj "auladen aAnoadsal ay) paaladal OYMm SJUSISa|ope ajeLa) Juasaidal S/ uwnjod pue ‘Apnls Japun aulddeA auo 1Ses| Je PaAIadal OUM SIUISa|ope
aeway syuasaidal (72/'Ge) U |[e49nQ parybram ale (4O pue) sabiejuadiad pue ‘pajybiamun ae sa1ouanbaid 'sYO paisnipe Buidalyal ‘[apow ajqerieAl|nw a|Buls B WOy W0 8UIIIBA YIea 10} SHNSaY .SaIoN

188'CT 69G'/T 670'6T alow 10 g
(TZ'1-16'0) 60T 9V¥S /0€0'L (Tz’1-660) 60T #99 /8e€'TT  (#TT-¥60) ¥OT 925 /¥00'OT
87.'8 1€5'0T LTE'TT 1
((ED)) €Ly [TT6'E ((ED) 7’09  /292'9 ((ED) 98y  /9EE'S
ployasnoy
ur ualpfiyd
10 JsquinN
(r2T-52T) rT's (rT-20°T) Gel's z€8'9 159
WHPLTSCT) gy g19 pige LIV pzT ogor eg'e (0£T-86'0)  €TT €SS /ELE’E
o 060'S o £05'9 o L19'9 1seayLoN
w807890)  y0 17y j9g07 L0650 990 zvs fzive (98078900 0 gpr  /9s87
€98'Y 1909 G18'9 1SaMPIIA
(0T'T-98°0) 160 GS0S /€82'C (80'T-/8°0) 160 6€9 /¥68'C (TT'T-060) 00T G0S /SIS
ovs'L 118'6 Z0T'0T yinos
(a1) 6TS  /608'E (D)) 029 /09%'9 (301) T€S /9.8'S
10 %56 40 % N 10 %66 40 % N 1D %66 40 % N ansuIsIoRIBYD
©3UI0BA (AdH) (AMODVUSIN) J91s00q (dep ) sissniaad
snuinewoyided uewnH aUI29eA [e220906UIUsW Jejnjjaoe
’ : adA1 umouxun pue pue ‘enayiydip ‘snueis ]

arebnfuod [easodobulus|n

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Prev Med. Author manuscript; available in PMC 2017 November 01.



Page 18

Moss et al.

62v'T 686'8 8.9'6
(y81) S8 /168 (481) 'S5 /8l8'Y (y81) 9TS  /66L'Y
zee G6E'2 25z
(0e'T-2v'0) €0 86T /28 (00'7-69°0) €80 90§ //22'T (STT-28°0) 260 8L /OTC'T
6TL 166'C - 0ST'Y
(0e'T-0Y'0) 2.0 99z /88T (6TT-280) 20T 695 /99T7  »WET00T) o1 pzs eerc
[2]4 (€5 T-6T'T) 1.0'€ (S T-9TT) 1€0'S
(9z1-9v'0) 9.0 8vZ /L6 w ESTETT) 187 gog  /209T  wMSTOTD) GeT  TYS /166
GT8'T ZLT'6T 102'12
(381) 6v¢ /06€ (€E=D) 705 /2196 (D) GGy /E6V'6
(180290 1,7 2 L90290)  ggqg e LL072L0) 4y
£90'2 . Liv'L e 251’8
(¥62-TT0) 950 TSz /5Ov  xxGSSBLE)  goy g9  feost . OTEOTD) 297 To5 /199
§50'T (1eb92) £9g'8 (057-8T) £82'6
(8T'2-80°0)  TV0 822 /92 s+« LLEWOC)  gTe  g95  /689F  «x\99CBLT) eTZ 915 229w
9.1 (b87-95'T) 989'G (66T-16T) 2029
(I85-LT0) 860 0GE /SG 78T 9T)  gez go5  /299C  «\66TLET) g9T @Gy /159°C
- GSS'y £V9'y
(L2'9-200) TL0 S62 G~ 2 OLT8TT)  pp7  g6e 89T (9v'1-86'0) 02T Z6E /S89'T
B 8vS'z zee'z
((ED)) §9e g (y21) v'1€ /608 (y21) TG /608
g8ze's 629'82 216'0€
0'Se /LS. S8 29T e8y  /82r'YT
12 4 %  Nu 1D %56 40 % N/u o) 4 % Nu
%56 o) %56 0

23UI9BA (AdH)

snainewo|jided uewnH

(AMODVYUBIA) auld9eA [eadodoburusw adAy

umouun pue a1ebnfuod [easosobulusiy

1915009 (dep ) sissniiad

Je|njjaoe

pue ‘euisyydip ‘snuelal

ON
daue.NsUl
yeay arentld
Bsy10
oluedsiH
oe|q o1uedsiH

-UoN

alym o1uedsiH
-UON

Anoruyiaseoey
(snonunuoo)
MBIAIBIUL

1e aby

ansia81oRIRYD
1U9S3|0PY
41014
1102
010C
6002
800¢
Jeak Asning

TEIENe)

ansiIeIvRIRYD

(0L£'7E=V) S1UBISOIOPY BRI BuoWY UOITRUIDIBA JURILIOIUOD JO ‘salejallo) paisnipy pue ‘sabeiusdiad paiybiapn pue Aouanbal4

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Am J Prev Med. Author manuscript; available in PMC 2017 November 01.



Page 19

Moss et al.

687 285 €0L'S
((ED) 8l [6LT ((ED) LSS LT¥'T ((ED) 6y 10.€'C
LT 12T'T 8.T'T
(15'1-€2°0) 650 TVYT /12 (ze'1-120) 10T 06y /21§ (r2'1-62°0) 160 ¥'S¥  /€0S
gev'e 0T¥'eT €5t'se
(80T-TL0) 290 T2ZZ /L0§ (8T'1-58°0) 00T 2TS  /208'TT (TTT-T80) S60 TLy /0L9'TT
8.L 8607 182'7
(331) €Te /622 (y81) 895  /862C (y81) 67 /952'C
0812 9/5'02 0S2'22
(8T'T-€5°0) 6.0 LT [ev (00T-08°0) 680 10§ /L.2'0T (20T-28°0) 260 TLy /T9T'OT
8rT'T £50'8 299'8
((ED) 98z [VIE ((ED) SvS  /SEE'Y ((ED) 00S /L92'V
88G'T 60L'YT GT9'sT
(ov'z-€L0)  ¥€T L0z /.82 (#0'T-0%°0) G8'0 8LV  /v¥8'9 (0T'T-92°0) 260 8vr [zvl'9
07T 06L'TT 956'2T
(T002-99°0) ST'T L¥Z /1S€ (80'1-€2°0) 880 E€VS  /EGK'9 (0T'T-220) 260 867 /08E'9
8ee 0£T'C Tre'e
(3a1) 8¢ [6TT (381) €9 /SIET (381) LS [90E'T
GoT'E . 1€6'92 215'12
(ET-€80) 190 €tz /889  xx(OL070S0)  gc0 gos  joze'cT  (T0T-9L0) /80 Ly [WSLZT
€971 869'C oov'e
((ED) 99 /69 ((ED) %9 /989'T ((ED) €275 79T
8/8'T v81'6T 1.0'T2C
(62T-¥50) €80 802 /29€ (21'1-88°0) 66'0 867 /659'6 (80T-98°0) 160 097 //SS'6
12 4 % Nu 1D %56 40 % N/u 120 4 % Nu
%G6 o) %66 o}

gouUI%eA (AdH)

snainewo|jided uewnH

(AMODWVUSIA) 8U199eA [e220206UIUBW 3dAY

umouxun pue a1efnfuod [easosobulusin

191s00q (dep) sissnitad

Je|njjaoe

pue ‘etayydip ‘snueisl

uenjodosaw
-UoN

Aoiueqin

umouxun

1an8] Auanod
anoqy

19n8] Auanod
mojag

awooul [enuuy

aba)j00
aWos 1ses| I

Ss9| Jo
[ooys ybiH

|9A8] uoIEINpPa
s JayloN

SIeaA Gy 2

sIeak yi—Gg
SIedA yg s

abe sJay1oN

s8Ry
ployssnoH

SaA

ON

Jeak ise|
ur dn-2ayd
aAUaNald

SaA

a1Is1I8I0RIBYD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Prev Med. Author manuscript; available in PMC 2017 November 01.



Page 20

Moss et al.

‘(suoreAlasqo QT>) zIs 1189 |[ews 031 anp passaiddns Aouanbai

q

‘Ajuo (asop 15414 J0 1d18981) UOIRIIIUL BUIDIRA >n=._m

“(T0"0>0 xx :G0"0>0x) 90URDIIUBIS [ONSIES SBIRIIPUI 90B)P|Og

"$8]qeLIBA 1310 10} 10U INg SWIOJUI [BNUUY 10}
dnoib  umoujun,, Ue apnjoul am ‘swiiou Uaa -SIN Yum Buidaay u| "auraoen an1zoadsal sy} paaadal oym sjuadsajope ajew Juasaidal s/ uwinjod pue ‘Apnis Japun aulddeA auo 1sea| e PaAladsl OUM SIUSIsa|ope
alew syuasaldal (0LEVE) U [1_IDAQ "palybiam aJe (SHO pue) sabejuaalad pue ‘paybiamun ale saiousnbaly 's4O paisnipe Bunoajjal ‘|opow ajgerieAlnw ajBuls B Wol) SW0I dUIIIRA UIBa 10} S)NSaY “SaIoN

PMC 2017 November 01.

in

available

Am J Prev Med. Author manuscript

1612 T0T'8T 0T9'6T alow Jo g

(€zT-850) ¥80 8V /91§ (TT'7-16°0) 10T 8€S /0TL'6 (LT'T-/60) LOT 867 /9656
LET'T 825'0T 20€'TT T

((ED) L'Se  [1ve ((ED) €8y /206y (324) 9y /E€8'Y
pjoyasnoy
ur uaIpiyd
10 JaquinN
62L (v T—0T) 2LL's 0.6'9 1S9

(88 T¥50) 980 LSz etz «WPTOD) yzT 9gs  fesT'E (921-96'0) OT'T 667 /260'E
o €08 S 029'9 . vv9'9 15ealLoN

L0000 gpg ger 16 W00 go0  pTy  00sT  wxUB00L0) g0 yTr jg99
65 CZT=10) 4% 2589 1SaMpIIN

(08T-y20) STT g8z /8T LLETIOT  erT  gys  ecte (€z1-66'0) TU'T 067 /OOE'E
202'T §60°0T 9vv'0T yinos

(1) 18C /965 (D) 8YS  /2Tv'S (1) v'0S  /89€'S
uoiBal snsusd
o 1012 o 9eT'TZ o €€6'Tc  Uenjodonai

«ELOEE0) g0 TOz fegE  L(960°SL0) g gey  sgoc'or  «(0ETTSOTD)  orT  zup  se0T0T
10 4 % N/U 1D %56 40 % N/u 12 34 % N/U ansiIgRIRYD

%G6 o %56 o
191s00q (dep) sissniaad
goUIo%eA (AdH) (AMDVUSIA) au199eA [eao0a0buiusw adA1 BETERL

snainewo|jided uewnH umouun pue a1ebnfuod [easosobulusiy pue ‘etayiydip ‘snueial

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



	Abstract
	Introduction
	Methods
	Procedures and Sample
	Measures
	Statistical Analysis

	Results
	Discussion
	Limitations

	Conclusions
	References
	Figure 1
	Table 1
	Table 2
	Table 3

