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Update on Prevalence of Periodontitis in
Adults in the United States: NHANES
2009 to 2012

Paul I. Eke,* Bruce A. Dye,  Liang Wei,’ Gary D. Slade,$ Gina O. Thornton-Evans,| Wenche S.
Borgnakke,1 George W. Taylor,* Roy C. Page,** James D. Beck,$ and Robert J. Genco''

Background: This report describes prevalence, severity, and extent of periodontitis in the US adult
population using combined data from the 2009 to 2010 and 2011 to 2012 cycles of the National Health
and Nutrition Examination Survey (NHANES).

Methods: Estimates were derived for dentate adults, aged =30 years, from the US civilian non-
institutionalized population. Periodontitis was defined by combinations of clinical attachment loss (AL)
and periodontal probing depth (PD) from six sites per tooth on all teeth, except third molars, using standard
surveillance case definitions. For the first time in NHANES history, sufficient numbers of non-Hispanic
Asians were sampled in 2011 to 2012 to provide reliable estimates of their periodontitis prevalence.

Results: In 2009 to 2012, 46% of US adults, representing 64.7 million people, had periodontitis, with
8.9% having severe periodontitis. Overall, 3.8% of all periodontal sites (10.6% of all teeth) had PD
>4 mm, and 19.3% of sites (37.4% teeth) had AL >3 mm. Periodontitis prevalence was positively associated
with increasing age and was higher among males. Periodontitis prevalence was highest in Hispanics
(63.5%) and non-Hispanic blacks (59.1%), followed by non-Hispanic Asian Americans (50.0%), and lowest
in non-Hispanic whites (40.8%). Prevalence varied two-fold between the lowest and highest levels of socio-
economic status, whether defined by poverty or education.

Conclusions: This study confirms a high prevalence of periodontitis in US adults aged =30 years, with
almost fifty-percent affected. The prevalence was greater in non-Hispanic Asians than non-Hispanic whites,
although lower than other minorities. The distribution provides valuable information for population-based
action to prevent or manage periodontitis in US adults. J Periodontol 2015,86:611-622.
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adults in the United States and is an important

dental public health problem.! The monitor-
ing and reduction of moderate and severe peri-
odontitis in the adult US population through
national disease surveillance and health promotion
activities is part of the Healthy People 2020 national
health objective? and is an important strategic ob-
jective of the Centers for Disease Control and Pre-
vention (CDC).34

The burden of periodontitis in the adult dS
population is currently assessed through the Na-
tional Health and Nutrition Examination Survey
(NHANES). Since 1999, NHANES has been a con-
tinuous, annual survey capable of producing national
estimates on selected health characteristics within
2-year periods. However, the protocol for assessing
periodontitis has varied. Beginning in 2009 and
ending in 2014, NHANES will have applied a full-
mouth periodontal examination (FMPE) protocol to
collect probing measurements from six sites per
tooth for all teeth (except third molars).! The FMPE
optimizes clinical measurements for surveillance of
periodontitis and represents better accuracy in de-
tecting cases of periodontitis compared with es-
timates derived from partial-mouth periodontal
examination (PMPE) protocols used in previous
NHANES surveys, such as 1999 to 2004 or 1988 to
1994 .59 Also, the FMPE protocol optimizes the use
of standard case definitions for surveillance of peri-
odontitis, minimizes misclassification of periodontitis
cases, and can be applied to various case definitions
owing to the comprehensive measurements.!0-14
With use of the FMPE protocol, it was estimated in
2009 to 2010 that 47% of US dentate adults aged 230
years (representing ~65 million adults) had peri-
odontitis, with 38% of the adult population aged >30
years and 64% of adults 265 years having either
severe or moderate periodontitis.! These initial findings
revealed a much higher burden of periodontitis in US
adults than previously reported.!

In this report, the authors provide updated prev-
alence estimates using combined data from the
NHANES survey periods 2009 to 2010 and 2011 to
2012. Based on a larger sample size, the 4-year
combined data provide more stable estimates, es-
pecially for smaller subpopulations, than the in-
dividual data sets. Importantly, the 2011 to 2012
data provide the first occasion at which NHANES
data generated reliable estimates of periodontitis
among non-Hispanic Asian Americans.

Periodontal disease is highly prevalent among

MATERIALS AND METHODS

The present study uses data from NHANES 2009 to
2012.1> NHANES is a stratified multistage probability
sample of the civilian non-institutionalized pop-

612

ulation in the United States and the District of
Columbia. NHANES oversamples different sub-
populations to improve estimate accuracy, and in
2011 to 2012, non-Hispanic Asian Americans were
oversampled.'® Oral health data collection pro-
tocols!” were approved by the CDC/National Center
for Health Statistics (NCHS) Ethics Review Board
(an institutional review board equivalent), Atlanta,
Georgia, and all survey participants provided written
informed consent.

All periodontal examinations were conducted in
a mobile examination center (MEC). All MEC dental
examiners were trained and calibrated by the sur-
vey’s reference examiner (BD).!8 The latter un-
dertook both the initial training and calibration, but
also visited each examiner in the field and replicated
25 to 30 periodontal examinations each time. Dye
et al.'® have described in detail the oral health
component, including its quality assurance for the
2009 to 2010 examinations, providing interexa-
miner statistics expressed as percent agreement, k
statistics, and intraclass correlation coefficients.
For the CDC/American Academy of Periodontology
(AAP) moderate and severe periodontitis case
definitions taken together, the k scores were 0.70
and 0.71 for the two examiners, whose agreement
rates with the reference examiner were 87.5% and
85.7%, respectively. The intraclass correlation co-
efficients for mean AL were >0.80 for both exam-
iners. Hence, the level of data quality is acceptable.!8
Results from such data reliability analyses are not
currently available for the data collected in 2011 to
2012.

The same examiners made two measurements at
each periodontal site: gingival recession (GR) (dis-
tance between the free gingival margin [FGM] and the
cemento-enamel junction [CEJ]) and probing depth
(PD) (distance from FGM to the bottom of the sulcus
or periodontal pocket). GR was recorded as a nega-
tive value when the FGM was positioned apically to
the CEJ and positive when positioned coronally.
Measurements were made at six sites per tooth
(mesio-, mid-, and disto-buccal; mesio-, mid-, and
disto-lingual) for all teeth, excluding third molars. A
periodontal probe with 2- to 4-, 6- to 8-, and 10- to
12-mm graduations*f was positioned parallel to the
long axis of the tooth at each site, and measurements
were rounded to the lower whole millimeter. Data
were recorded directly into an NHANES oral health
data management program that instantly calculated
clinical attachment loss (AL) as the difference be-
tween PD and recession (PD — REC). Bleeding on
probing (BOP) and the presence of dental furcations
were not assessed. The periodontal protocol for

¥+ PCP 2, Hu-Friedy, Chicago, IL.
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NHANES 2009 to 2012 was restricted to adults aged
>30 years with >1 natural teeth and no health con-
dition requiring antibiotic prophylaxis before peri-
odontal probing. A total of 9,402 adults aged =30
years participated in NHANES MEC examinations.
Among these, 1,631 were excluded from the oral
health assessment for medical conditions or for other
reasons did not complete their oral examination,
whereas 7,771 persons underwent complete oral
examinations, including 705 who were edentulous.
Periodontal measurements were collected for
the remaining 7,066 participants (3,515 males and
3,551 females, aged 30 to 80 years; mean age: 51
years), representing a weighted population of ap-
proximately 141 million civilian non-institutionalized
American adults aged >30 years.

Prevalence of periodontitis was calculated using
three approaches. 1) Prevalence was reported using
the suggested CDC/AAP case definitions for sur-
veillance of periodontitis.!®2% Severe periodontitis
was defined as having >2 interproximal sites with AL
>6 mm (not on the same tooth) and >1 interproximal
sites with PD >5 mm. 2) “Other” periodontitis
comprised two lesser amounts of disease: moderate
periodontitis, defined as >2 interproximal sites with
AL 24 mm (not on the same tooth) or >2 in-
terproximal sites with PD =5 mm, also not on the
same tooth; and mild periodontitis, defined as >2
interproximal sites with AL >3 mm and >2 in-
terproximal sites with PD >4 mm (not on the same
tooth) or one site with PD >5 mm. These subgroups
are not truly ordinal as the label suggests, because
many of the “moderate” cases had insufficient PD to
qualify as “mild,” and therefore they have been
combined with the label “other” periodontitis. 3)
Total periodontitis was defined as the presence of
either severe or “other” periodontitis.

For comparison with other national and in-
ternational studies published, the authors also ap-
plied case definitions of the European Federation of
Periodontology (EFP), using the AL categories for
manifest (interpreted as equivalent-to-severe) and
incipient (interpreted as equivalent-to-mild) peri-
odontitis, although these case definitions were
designed specifically to identify risk factors for peri-
odontitis when supplemented with some measure of
current inflammation in addition to the past tissue loss
measured by AL.2! Second, the severity and extent of
PD and AL are reported using measurements from all
six sites per tooth. Severity was also reported as the
mean and prevalence of AL and PD cut points ranging
from 3 to 7 mm. Extent of disease was reported by
specific PD and AL values at 5%, 10%, and 30% of sites
and teeth, respectively.

Age and sex were used as collected by NHANES.
For this report, age was stratified as 30 to 34, 35 to

49, 50 to 64, and =65 years old. Race/ethnicity was
self-reported in four groups: 1) Hispanics (a com-
bination of Mexican Americans and other Hispanics),
2) non-Hispanic Asian American, 3) non-Hispanic
whites, and 4) non-Hispanic blacks. Marital status
was reported as: married, widowed, divorced, sepa-
rated, never married, or living with a partner. Edu-
cation was classified as less than high school, high
school graduate or General Education Development
(GED) high school equivalency test, and more than
high school. Smoking status was constructed from
responses to two questions: 1) “Have you smoked at
least 100 cigarettes in your entire life?”’! and 2) “Do
you now smoke cigarettes?”’? Respondents who re-
ported smoking every day or some days and had
smoked >100 cigarettes were catedgorized as current
smokers; respondents who reported currently not
smoking but having smoked >100 cigarettes in the
past were categorized as former smokers; and re-
spondents who reported having smoked <100 ciga-
rettes ever were categorized as non-smokers.

Poverty status was based on family income, family
size, and the number of children in the family, and for
families with <2 adults, on the age of the adults in the
family. The poverty level was based on definitions
originally developed by the Social Security Admin-
istration that include a set of income thresholds,
which vary by family size and composition. Families
or individuals with incomes below their appropriate
thresholds were classified as below the poverty level
according to the thresholds that are updated annually
by the US Census Bureau.??

Applying MEC examination weights, data were
analyzed$8 while adjusting for the effects of the
sampling design, including the unequal probability of
selection.

RESULTS

Overall, 44.7% (SE: + 2.4%) of adults aged >30 years
in the United States had periodontitis during 2011 to
2012 (Table 1). This estimate was statistically con-
sistent with the 47.2% (standard error [SE]: £ 2.1%)
reported for NHANES 2009 to 2010 cycle. For the
combined period of 2009 to 2012 (representing
~141 million adults >30 years old), the prevalence of
periodontitis was 45.9% (Table 1). The mean number
of teeth per participant was 24 (range: 1 to 28).
Sixteen participants with only one tooth were cate-
gorized as not having periodontitis as per the CDC/
AAP case definitions because of the requirement for
measures from >1 tooth. When the previously used
NHANES 1II and NHANES 2001 to 2004 PMPE
protocols were applied to the 2009 to 2012 NHANES

8§88 SAS-callable SUDAAN software, v.10.0, Research Triangle Institute,
Research Triangle Park, NC.

613



Volume 86 ¢ Number 5

Periodontitis Prevalence in US Adults 2009 to 2012

Sl F 1'8€ 91 F+CLE €88 [SL€  O0CTFC9E CTLFCSE [43 898l TCFGOF ETFEC6E £'e8 688'I 100Y2s Y3iy ueyy 2ol
I'CF LSS CCF LSS S'6C 716 6CF6LS 6CF6LS ¥'6C 669 0€+9€S CTEFGES 9'6C S8 d39/100yds YdiH
L1 FL99 L1 F0L9 I'€C ¥8L'| YC+899 ¥CF '[9 g ¥SL ECFL99 YT+ 699 8'€C 0£0'l  |00Yds Y3y ueyy s537)
uolyeonpg
0C F 869 CTF I'6S ISl 4! 8CF+ 665 TEFL6ES €Sl 6E8 0€ F L6S '€ F 989 0§l €L9 >Pe|q dluedsiH-UoN
81 +86¢ I'C F 80F 026 810€ TTFUB8E LTFO6E 8'86 9Tl 9TFSIy 0EF9W 1’56 6L SUYM DIUBdSIH-UON]
puERLRWY
VIN VIN VIN VIN gEF6I1S LE€F00S 9L 8Ly VIN V/IN V/IN VIN Ueisy diuedsii-UoN|
Sl F+89 L1 F9€9 ol 820’ YC+999 E€CFv¥09 1 93 8l F+0L €LY 601 €L9 diuedsiy
dnou3 oiuyie/eoey
91 +8LE 8l F¥'LE 0L ISS€  €CF69¢ 9T FG9E v, 089'I CTF88E FTFH8E 9'69 148" SS[ewWaS
Sl F €99 9l F 6%S 0'69 GISE  E€TF6ES  YTFVES S0L &9l 61 F899 I'C F 99 S'/9 /8 SR
X35
CTF 089 8'€C 16 0€ F 099 LYC €89 0€ F 1'0L 6CC 88 sJeak G9T
€CF LTS 6'Sh v1TT SCTF L8y ¥'8y 980' 9CFTLS 1434 8Cl'l sieak 1,9 01 0G
L F7TLE (034 S6h'C 6CF8LE (034 1 91 +99¢ 0vS (A sseak ¢} O3 G¢
61 F8%C Ll 98 9T F €S¢ LLI (k% LTF Ve 91 194 S4Bk € 01 OF
(Yre31 §7 ‘ueSW) 23y
:_899& +007
Tl F¢9¢C Tl F€9¢ L0y vw0L  ¥IFSST €1 F9SC PAdd €' 61 FE€LC 0TF LT 8'9¢€| €eL'e 0} |00C SANVHN
'l + 488l I'l ¥88l L0y 0L 'l 8l 'l 8l PAdd o1g'e 81 F9%6l 61 F G6l 8'9¢€| €eL'c  glosoroud |jl SINVHN
(z10z 0% 6007
Sl F LYY 91l + 65F Olvl 990L  CCFTCSy  FTUF LYy Shad €CE'e 61 F LY ITFCLY (WA /e SINVHN) IV
@S+ %) @sF % (suoijiw) u @EsF %) @sF%  (uogpw) u o L3SFR  GSFR  k(uopu) SSLISIOBIRYD
PoZIpJEPUB)S  SIHIUOPOLIRY U PIYSIoAA POZIPJEPUB)S  SIHIUOPOLIS4 U PRIYSISAA POZIpJepUB)S  SIIUOPOLISY U PRIyYSISAA
3y [e10] a3y [e10| a8y [e10]
‘SIHIUOPOLIS ‘SIHIUOPOLIS ‘SIHIIUOPOLID
[EICN (B2 B2l
(T10T ©1 110T PUe 0107 10T 9} | 10T SANVHN 010¢C ©} 600C SANVHN

01 600 SINVHN P3UIquoD) 7|0T OF 6007 SANVHN

2102 01 1102 PUB 0102 O3 6002 ‘S93IBIS PONU) 9y} Ul SIedL 0EX PIBy s[enpiaipy]
10§ $9[2A) SANVHN [eNnpIAIpU] pue sdlsualdRIRYD) PIJOIRS Aq el STNVHN Buisp snijuopolsd [0 jJo 9duUseAdld

1 SlqeL

614



Eke, Dye, Wei, et al.

) Periodontol * May 2015

'2102 01 1102 SANVHN Ul A[juo sueduawy ueisy diuedsiy-uou jo BuiidwesianQ [y

‘sjuelpenb pajos[as Ajuuopuel om) Ul SIejOW Py} URY) J9YJ0 199} [[B Wolj (JeddNd-0)sIp pue ‘[eddNng-olsaul ‘[eddnqg-piu) yjoo) Jad sayis 931y}
AJuo woy Ty pue qd Jo siuswainseaw Buisn ‘400z 01 1002 SANVHN Ul pasn [020301d JdWd 2U uo paseq sajewnss aduseaaid :eep Z10Z 01 6002 SANVHN 01 paiidde jod0j01d 002 01 1002 SANVHN ||

‘sjueipenb pajos[es Ajuopuel om} Ul SIR[OW PIIY} URY} JOYJ0 Y39d) [[B wolj (Sa)s _muu:n_ oIsaW pue [e3dNg-piul) Y300}

1ad seys om) Ajuo woy sjuswRINSEAW Ty PUB 0d YIM 000Z O3 6661 PU [l SANVHN U! pasn sjo20j01d Fdwd U3 uo paseq sajewnsa adusjeadld :e1ep Z10Z 03 6002 SANVHN 03 paiidde , [0d0101d ||| SANVHN §

‘uoneindod g 000 243 jo :o;:nzum:u abe 0} pazipiepuelg 4

| 'suoniuyap ased dyy/d>ad 2y 0} Buipiosoe sniuoponad a19Ass pue ‘sjelspow ‘pliw Jo ddud[eAald jo wns ‘sniuopouad [ejo] L
'syyBrom HFw BuiAdde pajussaidai uonendod soinog

‘1oa9] Ajanod [e1apa) = 144 ‘1593 Adus[ealnba [jooyss ybiy juswdojaas uonednpy [elsusn = gD ‘d]|qediidde jou =y/N

vl + 86¢ Gl F €8¢ YA 9%6'€ 81 F €8¢ I'C ¥ 89¢ G508 868" OTFVIy ITFG6E 1'8L 850°C Lol
0CF Ty ST+ L8Y VA3 69L'1 8¢+ I'ty +¥EFO €8¢ I8 9C+S9% '+ STS L'SE LS6 O SO
9l +80L 81 +999 oY 8ee’| CCFYLL  SCF L8 6'GC 019 9CF+ .89 9CF V9 cec 8CL JOXNOWS Jua.IND
Snye3s SuBjows
G¢F ¥'89 SEFOYS S'6 S6t I'SF+965  CSFCIS 80l 0S¢ S F¥09 ¥ +9LS 1’8 4¢ Joued yum SuiAn
9CF61S SCF 8Yy hd 18 BEF I'6Y  LE€EF IPb 991 1€y 8CFC9S 6C+ LS €l 06€ PEILUIELL JEREIN|
LY F 099 'S+ 909 8¢ 96¢ Yo9+699 6LFE€09 [4% [S1 89999 65F609 ¥'e g paje.edag
SCF+9¢S LTF9€ES VA v/8 oY + €SS Sy ++LS 181 [0 4 6CF96y 8CF V6L 9l Uy [PERUIOI
SS9 F 6y 9EFEI9 &L 8 CLF8IS 99 F 09 0L €eC 69F 1Yty SY+ T 9L 6¢ [PEIACIRIAA
91 F I'ty LI F61y ¥'88 0%  ITF66E E£TFG6E 1’88 €581 ITFEPY  TTFCHY G'88 961°C [PEIELIE
SN1eIS [elLIe|L|
vl F6te 81 +0¢€¢ ¥'ES 88’ Sl F£0€ 81 FL0¢C 13949 888 ECFCSE 0EFHSE ¥'Cs 096 1d4 9%6004<
STF 8Ly LTF T8y 9LE 099'1 EYF09% 6V + (9% vLE qSL 9CF L6y SCF C0S LLE S06 1d4 %661 01 %600¢
0C+ €89 0C+0LS 6%C £89'l LTF8LS ST+ 99S I'LC 8L 0E+¢&6s  0OE+VLS LT 106 1d4 %661 ©1 %001
91 + €9 91 + T qSl LST| 0C+ 609 I'C + 865 YL €9 6CF9L9 SCTFV9 qel SC9 1d4 %00 1>
SwWody|
@sF % @sF %) (suoijiw) u @sF %) @sF%  (uoguw) u o 3SFR L ESFR u SISLISIOBIRYD
PSZIpJEPUB)S  SIHIUOPOLISY U PIySIopA poZIpJepUBLS  SIHIUOPOLIR4 U Ume_o>> PoZIpJEpUB)S  SIHIUOPOLIRY U vaw_o>>
a3y [e3o| a3y [eyo| a3y [e3o|
‘SI}IUOPOLIS 'SIHIUOPOLIS 'SIHIIUOPOLISY
[e1eL [exel [eo]

(T10T ©1 10T PUe 0107

01 6007 SINVHN PaUIquoD) 710T OF 6007 SANVHN

¢10C % | 10¢ SANVHN

010¢ ©% 600¢ SANVHN

2102 03 1102 PUB 0102 O3 600T ‘S93IBIS PONU) Sy} Ul SIedA 0E PIBy s[enpiaipy]
10§ s9[2A) SANVHN [BNPIAIPU] pue sdisuRjdRIRYD PRIO9[RS Aq ele@ SANVHN Buisp siuopousd [e1o] jo adusfessid

(panunuod) *| s|qeL

615



Volume 86 ¢ Number 5

X3 £99 8l 44 €¢ el L LTI 56 154 Joupied Yum SUIAr
0¢ 979 Il 6 0¢ (VA3 Cl 8/ hd 18 paLJBW JIASN
143 ¥'59 §'¢ L'6] 1A% A% 6'¢ L1 8'¢ 96¢C pareJedsg
6'C 619 I'C 8'ql [43 "1 9l Sl (A ¥/8 p=2JoAId
(6 0/9 9¢C §ee 143 0S Sl 11 €L §¢S PIMOPIAA
ol 099 90 [0l 9l 14743 90 YL 7’88 640 pale|
SNIEIS [BIIE|
9l 799 L0 6'S 9l 08¢ yA() 61 ¥'eS 88| dd %00%<
9l §'S9 Il [ ¥ |'O% 60 08 9'/E 099 dd %66€ ©3 %00¢
9l 9 €l €6l €T 97 ¥l L€l 61 £89'I dd %661 01 %00 |
L 719 9l LT 0¢ iy Cl 67| §ql LST'| d4 %00 1>
Swiody|
€l 899 90 89 9l e 90 LS €88 VAYAS [00Yds Y31y Ueyy U0
9l €99 id L1 0¢ 8ty 60 611 S§6C 4 d3ao/leoyss ydiy
L S9 9l LT L 66 Sl (WA ["€C ¥8.'| [ooyds y3ly ueyy ssa
uonesnp3
Sl 919 9l [y gl Sty 7l 96| I'G| 4K >Pe|q d1uedsiH-UoN
i ¥'59 60 6'6 6l 0e L0 89 06 810°¢ SHYM DIURdS|H-UON|
I'C 0€L ST 9| 9C 8'/E 0¢ |1"CI 9L 8/ gUEdsWY UBlSy 21uedsii-uoN|
9l £0L i 891 6l YAVAZ L 8'G| Ol 870l SluedsiH
dnous oiuyie/eory
[ 9€9 90 9L L LCE S0 LY 0L |GG'E S9eWRS
€l |89 60 S91 L 9l 60 £el 069 GIS'E SI[|A
X35
L (ONVA 9l 9'0C [4é 0/S ¥l Ol 8'€C 116 SJeA G9Z
Sl 00L | 8'ql [ 80t ol 611 6'St ¥1TT sIeaA 1,9 01 0§
gl 091 L0 |8 i 1L'6C 80 S, 0%S S6¥'C sJeaA 64 O3 GE
9¢C 619 S0 ¢ 8l LT S0 (e CLl 948 sdeak ¢ 01 OF
(Y1931 7 uesw) 23y
il ¥y S0 6, ol (4% 70 X3 a4l 0L t0u9ﬁoa #00¢ ©% 000C SANVHN
i 8'6¢ S0 59 ol Ll 0 9l a4l €v0'L tOUBOLa Il SANVHN
ol 899 L0 0l gl (WAS 90 68 Ol¥l 990'~L C10C ©3% 600C SANVHN
35 9% ‘3ua1du| 3S % '9JI3NSS EN % 2410 S % ‘SINSS < (SUOI[IW) U PRIYSISAA u SonsURPRIRYD
A_cho_ﬁccoa 9SeD) d43) ShIUOpOLId Ao_mco_tccoa 9seD) dVV/DdD) SHIUOpOLIRd

Periodontitis Prevalence in US Adults 2009 to 2012

2102 01 6002 SANVHN :sdnsuajoeley) pajdd[eg Aq sied)
0€< paby synpy Buowy suomuygag ase) d4d pPue dvv/DAD Aq sauobaje) sijjuopouad 9A1309dsay JO dUd[eAdld

‘T dlqeL

616



) Periodontol * May 2015 Eke, Dye, Wei, et al.

data, 18.8% and 26.3%, respectively, of adults aged
>30 years were estimated to have some type of
periodontitis. During 2009 to 2012, the distribution of
periodontitis in the adult US population based on
the CDC/AAP case definitions was 8.9% for severe
periodontitis and 37.1% for other periodontitis (Ta-
ble 2). Similarly, when periodontitis was classified by
the EFP definitions, an estimated 12.0% and 65.8%
were detected for severe and incipient periodontitis,
respectively.

The distributions of total periodontitis by race/
ethnicity, as well as by socioeconomic and smoking
status, are also shown in Table 1. Results are ac-
cording to self-reported race and ethnicity in the four
groups for which statistical reliability was adequate.
Within the race/ethnic subgroups, data from 2011 to
2012 provide the first estimate of a prevalence of
50.0% total periodontitis among non-Hispanic Asian
Americans. For the combined 2009 to 2012 period,
periodontitis prevalence was highest in Hispanics
(63.5%) and non-Hispanic blacks (59.1%), and least
among non-Hispanic whites (40.8%). In addition,
prevalence was highest among adults with less than
high school education, adults below 100% of the federal
poverty level (FPL), and current smokers.

In 2009 to 2012, 8.9% of adults 230 years old
had severe periodontitis (Table 2). Within the soci-
odemographic groups studied, severe periodontitis
was more prevalent among adults age >50 years,
males, Hispanics and non-Hispanic blacks, those not
completing high school, people living below 200% of
FPL, and current smokers. These risk indicators
showed a similar pattern for severe periodontitis
when disease was classified by the EFP definition.
Table 2 also shows the 2011 to 2012 distribution of
periodontitis by case definitions among non-Hispanic
Asian Americans; namely, ~12% had severe peri-
odontitis and 38% had other periodontitis.

The distribution of AL in 2009 to 2012 by selected
thresholds is presented in Table 3. Approximately 88%
had >1 sites with AL >3 mm, with the estimates reaching
the highest prevalence (96.4%) among adults >65
years, closely followed by widowed adults (95.6%) and
current smokers (93.6%). Overall, 14.7% of adults aged
>30 years had the most severe attachment loss, i.e., AL
>7 mm, and the highest prevalence was seen in adults
with less than a high school education (27.9%) and
current smokers (27.0%). Mean AL for the total adult
population surveyed was 1.72 mm in 2009 to 2012.
Results from 2011 to 2012 indicate that non-Hispanic
Asian Americans experience a mean AL of 1.95 mm,
and 15.4% had AL 27 mm.

Table 4 shows the distribution of PD in 2009 to
2012 by selected thresholds. Approximately 42%
of adults had PD >4 mm at >1 sites. In contrast, the
highest prevalence of PD >4 mm was seen among

E
20
1.6
[.2

Incipient, %
62.0
66.9
664

1.8
1.2

SE
0.6

Periodontitis (EFP Case Definitions?')
7.0

Severe, %
25.6
13.5

SE
24
1.3

2.1

Other, %
477
39.2
32.8

1.7
[.0

0.6

Periodontitis (CDC/AAP Case Definitions'?)
SE

Weighted n (millions)*
24.6
37.1
79.3

1,338
1,769
3,956
applied to NHANES 2009 to 2012 data: prevalence estimates based on the PMPE protocol used in NHANES 2001 to 2004 using measurements of PD and AL from only

7

Former smoker
Non-smoker

Current smoker
three sites per tooth (mid-buccal, mesio-buccal, and disto-buccal) from all teeth other than third molars in two randomly selected quadrants.

§ Oversampling of non-Hispanic Asian Americans only in NHANES 2011 to 2012.

tooth (mid-buccal and mesio-buccal sites) from all teeth other than third molars in two randomly selected quadrants.

Characteristics
Smoking status

Prevalence of Respective Periodontitis Categories by CDC/AAP and EFP Case Definitions Among Adults Aged =30

Years by Selected Characteristics: NHANES 2009 to 2012

Severe, %
189
9.5
55
* Source population r%presented applying MEC weights.
T NHANES Il protocol” applied to NHANES 2009 to 2012 data: prevalence estimates based on the PMPE protocols used in NHANES Il and 1999 to 2000 with PD and AL measurements from only two sites per

Table 2. (continued)
¥ NHANES 2001 to 2004 protocol

617



Periodontitis Prevalence in US Adults 2009 to 2012

Volume 86 ¢ Number 5

Table 3.

Prevalence of AL by Severity and Overall Mean AL Among Adults Aged =30 Years by
Selected Characteristics: NHANES 2009 to 2012

Severity of AL, %

Characteristics 23mm SE 24mm SE =5 mm SE 26mm SE 27 mm SE Mean AL mm SE
Total 88.1 08 608 .6 409 4 242 1.0 147 06 1.72 0.03
Age (mean: 24 teeth)
30 to 34 years 72.3 1.8 326 23 164 [.8 8.3 1.0 32 07 1.23 0.04
35 to 49 years 85.7 [ 518 22 324 1.9 17.0 1.2 04 08 1.52 0.04
50 to 64 years 92.6 13 714 18 490 20 30l 1.8 18.8 1.0 [.94 0.06
=65 years 964 07 815 1.8 623 .7 407 1.8 247 1.5 2.14 0.06
Sex
Males 920 09 684 .6 492 [.5 306 l.2 94 09 1.95 0.04
Females 84.4 [l 53.6 19 330 I.7 18.0 [l [0.1 0.7 1.50 0.03
Race/ethnic group
Hispanic 950 09 716 .6 521 25 339 20 218 |7 201 0.06
Non-Hispanic Asian American® 929 0.8 65.0 33 41.2 32 274 3.1 154 20 1.95 0.1
Non-Hispanic white 86.6 2 572 20 370 1.8 205 1.3 [1.8 08 .62 0.04
Non-Hispanic black 90.0 13 697 21| 51.1 20 357 20 237 1.5 2.09 0.08
Education
Less than high school 937 09 770 .7 598 .8 420 23 279 1.6 2.35 0.07
High school/GED 90.2 [l 682 20 489 .7 308 .8 204 1.0 1.95 0.05
More than high school 86.0 1.0 541 .7 332 [.5 |74 1.0 93 06 |.48 0.03
Income
<100% FPL 92.4 4 718 .6 524 4 352 .6 232 |4 2.25 0.06
100% to 199% FPL 929 09 684 5 483 .7 322 16 214 1.2 2.04 0.05
200% to 399% FPL 87.4 2 630 27 432 27 249 2l [4.5 1.2 .69 0.05
>400% FPL 84.8 l4 513 20 310 [.7 156 09 84 07 1.43 0.03
Marital status
Married 868 09 567 .7 376 4 216 1.0 128 06 .62 0.03
Widowed 95.6 2 797 23 591 3.1 388 23 240 20 2.15 0.08
Divorced 92.2 [l 692 32 472 29 292 2l 192 2.1 1.93 0.07
Separated 920 22 736 29 570 43 350 44 237 33 2.12 0.13
Never married 86.7 .6 600 28 36 30 208 24 [1.4 |4 |.68 0.06
Living with partner 882 23 652 37 470 36 284 25 180 2.1 1.92 0.09
Smoking status
Current smoker 93.6 1.0 752 |4 583 1.8 416 19 270 1.6 2.40 0.08
Former smoker 89.6 [ 658 23 439 25 278 20 164 1.3 1.78 0.06
Non-smoker 858 09 541 1.8 341 [.4 172 1.0 100 06 .49 0.03

* Oversampling of non-Hispanic Asian Americans only in NHANES 2011 to 2012.

current smokers (63.1%), closely followed by
Hispanics (62.7%) and adults living below 100% of
FPL (59%). The highest prevalence of the most se-
vere PD, i.e., PD >7 mm, was found in Hispanics
(11.9%) and current smokers (6.8%). Mean PD for the
total adult population examined was 1.61 mm in
2009 to 2012. About 5% of non-Hispanic Asian
Americans had a PD >7 mm, and the mean PD was
1.54 mm in 2011 to 2012.
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The severity and extent of AL and PD in 2009 to
2012 is shown in Table 5. At the probing site level,
58.2% of all adults had AL >3 mm in >5% of their probed
sites, whereas 21.3% had >30% of their probed sites
affected by AL >3 mm. For PD, 17.0% had PD >4 mm in
>5% of their probed sites, whereas 3.1% had >30% of
probed sites affected by PD >4 mm. At the tooth level,
80.1% of adults had >5% of their teeth with AL >3 mm,
whereas 47.4% had >30% of their teeth affected by
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Table 4.

Prevalence of Periodontal PD by Severity and Overall Mean PD Among Adults Aged =230
Years by Selected Characteristics: NHANES 2009 to 2012

Severity of PD, %

Characteristics 23mm SE 24mm SE 25mm SE 26 mm SE =/ mm SE Mean PD, mm SE
Total 79.6 12 421 1.3 19.6 [.0 102 08 4.1 0.4 [.61 0.02
Age (mean: 24 teeth)
30 to 34 years 710 24 323 23 12.0 12 59 1.0 18 05 1.47 0.03
35 to 49 years 77.6 4 392 1.8 [8.1 1.3 9.4 1.0 38 05 .60 0.03
50 to 64 years 83.1 .7 461 19 227 |4 12.0 . 50 07 [.66 0.03
265 years 83.8 I8 483 24 227 20 1.9 |4 47 08 [.64 0.03
Sex
Males 85.3 4 506 I3 264 [.2 [4.4 . 63 07 [.76 0.03
Females 74.1 14 340 I.5 [3.1 0.9 62 07 20 04 1.46 0.02
Race/ethnic group
Hispanic 91.5 [ 627 24 359 29 216 24 9 20 [.95 0.05
Non-Hispanic Asian American* 805 30 454 30 229 26 12.3 1.8 5.1 0.9 [.54 0.07
Non-Hispanic white 76.9 .6 369 1.6 [5.6 1.2 75 08 26 03 [.52 0.03
Non-Hispanic black 86.5 .3 568 18 318 22 18.6 1.8 8.2 1.0 1.89 0.05
Education
Less than high school 86.4 4 594 .6 323 25 17.5 1.6 74 [ [.96 0.05
High school/GED 837 2.l 50.1 2.1 25.6 |4 3.4 1.3 50 07 [.71 0.04
More than high school 76.5 .3 349 [.5 4.3 .1 72 07 30 04 [.48 0.02
Income
<100% FPL 879 [ 59.0 .6 306 1.6 16.1 |4 6.2 [ 1.92 0.03
100% to 199% FPL 84.8 4 531 .7 251 1.9 [4.1 1.5 60 08 1.80 0.04
200% to 399% FPL 80.8 15 429 23 204 1.9 10.5 [ 43 06 1.59 0.03
>400% FPL 730 2.1 30.2 I.7 122 1.3 56 07 23 04 [.43 0.03
Marital status
Married 77.8 3 383 1.5 16.9 1.0 82 06 34 03 [.55 0.03
Widowed 805 27 458 35 230 27 12.9 1.8 5.1 1.3 [.66 0.04
Divorced 825 .7 505 29 245 [.6 13.6 1.7 5.6 [ 1.69 0.04
Separated 877 35 559 43 313 48 194 37 69 1.3 1.89 0.08
Never married 81.8 19 424 30 183 23 9.7 |4 42 09 |.64 0.04
Living with partner 845 28 540 34 315 26 179 23 5.7 |4 1.79 0.06
Smoking status
Current smoker 88.7 4 631 .7 346 22 185 2.1 6.8 [ 1.99 0.05
Former smoker 80.5 4 435 22 18.6 |4 10.4 [ 49 07 1.58 0.03
Non-smoker 764 .5 350 1.6 [5.5 1.0 76 07 29 04 [.51 0.03

* Oversampling of Non-Hispanic Asian Americans only in NHANES 2011 to 2012.

AL >3 mm. For PD, 32.8% had >5% of their teeth
affected by PD >4 mm, whereas 12.5% had >30% of
their teeth affected by PD >4 mm.

DISCUSSION

Based on CDC/AAP case definitions for periodontitis,
the results from this study indicate that about half
of non-Hispanic Asian American adults have peri-
odontitis compared to 60% of Hispanic and non-

Hispanic blacks. Non-Hispanic Asian Americans had
mean PD prevalence similar to that of non-Hispanic
whites and mean AL prevalence similar to that of
Hispanics.

NHANES 2009 to 2012 estimated that ~46% of
US dentate adults aged >30 years (representing
~141.0 million adults) had periodontitis, with 8.9%
having severe periodontitis and 37.1% having other
periodontitis, which was less severe. About 88% had
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Table 5.

Site- and Tooth-Specific Prevalence and Extent of Periodontal PD and Clinical AL Among
Adults Aged 230 Years by Severity: NHANES 2009 to 2012

Severity
>3 mm >4 mm >5 mm >6 mm >7 mm
Extent % SE % SE % SE % SE % SE
Site specific
PD
>5% sites 449 2.2 7.0 0.9 6.3 0.6 2.4 0.3 0.6 0.09
>|0% sites 31.2 |.8 10.6 0.6 3.1 04 [.2 0.2 0.2 0.05
>30% sites [2.8 1.0 3.1 04 0.8 0.1 0.2 0.04 0.02 0.01
Mean 1.9 0.7 3.8 0.2 |2 0.1 0.5 0.05 0.1 0.01
AL
>5% sites 58.2 |.6 31.8 |.4 17.3 0.8 9.7 0.5 53 04
>|0% sites 43.8 |.6 219 [.0 1.7 0.6 6.4 04 3.6 0.3
>30% sites 213 I.0 10.0 0.7 5.0 04 29 03 |.6 0.2
Mean [9.3 0.8 9.8 0.5 52 0.3 29 0.2 |.5 0.1
Tooth specific
PD
>5% sites 70.6 |.6 32.8 .2 14.6 0.8 7.1 0.7 2.5 0.3
>10% sites 614 1.9 257 0.9 104 0.7 4.6 0.5 [.5 0.2
>30% sites 355 2.0 12.5 0.7 39 04 [.5 0.2 0.3 0.05
Mean 284 [.3 10.6 0.5 3.7 0.3 |.6 0.2 0.5 0.05
AL
>5% sites 80.1 [.1 495 1.7 315 .2 18.0 0.8 10.7 0.5
>10% sites 73.2 | .4 424 [.5 24.7 0.9 134 0.6 79 0.5
>30% sites 474 1.7 234 1.0 2.0 0.7 6.4 04 3.5 0.3
Mean 374 [ 19.2 0.8 10.6 0.5 59 0.3 32 0.2

AL 23 mm and 42% PD >4 mm at 21 sites. These
findings are consistent with the authors’ previous report
based on 2009 to 2010 NHANES,' signifying a much
higher prevalence of periodontitis in the adult US
population than previously reported. These US esti-
mates appear to be much lower than those reported
from certain European populations. For example,
a large population-based study in West Pomerania in
the former East Germany used the original CDC/AAP
no/mild, moderate, and severe case definitions2°
among 3,255 persons aged 20 to 79 years, as-
sessing four sites on all teeth other than third molars
in two quadrants (half-mouth).%3 They found 20.0%
(versus 8.9% in NHANES 2009 to 2012) with severe
and 35.3% (versus 30.9%) moderate periodontitis,
leaving less than half (44.7%) of the population with
only mild or no periodontitis.23 This is in spite of
inclusion of individuals <10 years younger than the
NHANES participants and exclusion of those >80
years old.

The present findings confirm disparities in the bur-
den of periodontitis by sociodemographic segments of
the population. Beginning in 2011 to 2012, for the
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first time in any US national examination survey,
NHANES oversampled non-Hispanic Asian Ameri-
cans to generate more stable prevalence estimates in
that subpopulation. Among racial and ethnic groups,
Hispanics had the highest prevalence of peri-
odontitis, closely followed by non-Hispanic blacks,
then non-Hispanic Asian Americans, and non-
Hispanic whites had the lowest. The prevalence of
periodontitis increased with increasing poverty levels
and lower education, with ~62% of persons with
<100% of FPL having periodontitis. Overall, the
highest prevalence of periodontitis in the adult dS
population was seen among Hispanics, adults with
the lowest education, with <100% of FPL, and cur-
rent smokers. These sociodemographic patterns
remain consistent with findings from previous
NHANES, 24 although more detailed multivariable
analyses controlling for factors associated with prev-
alence of periodontitis will be required to confirm these
observations.

Strengths and Limitations
The greatest strengths of this report are the large
dataset combined from two nationally representative
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NHANES survey cycles and the unprecedented ap-
plication of an FMPE protocol that together result in
the hitherto most valid representation of persons,
teeth, and sites assessed. Examining all 28 teeth is
superior to assessing only index teeth (or their re-
placements) or all seven teeth in random quadrants
(excluding the third molars) in estimating disease
prevalence.?:10.13.14 Moreover, the gold standard in
clinical periodontal examinations is clinical assess-
ment for periodontal measures at six sites around
each tooth. For the first time in the history of
NHANES, the 2009 to 2012 cycles applied this gold
standard and assessed both periodontal PD and lo-
cation of the CEJ for clinical AL to be calculated. This
protocol allows estimation of the true presence of
periodontitis, as periodontitis is defined as a combi-
nation of PD and AL. Examining all teeth and probing
six sites on each for both PD and CEJ optimizes the
potential to capture true disease. Additionally, the
comprehensive FMPE optimizes the utilization of
standard case definitions for surveillance of peri-
odontitis and is hence more likely to capture true
disease. Collectively, these factors ensure minimal
misclassification of disease status in the population
and produce a historic dataset that is highly superior
to previous NHANES data for surveillance and epi-
demiologic research alike.

However, several factors may still have led to un-
derestimation of disease prevalence. Notably, using
conservative case definitions that do not incorporate
measurements from all six sites may underestimate
disease. For example, the conservative CDC/AAP case
definitions are based on only measurements from the
four interproximal sites due to the assumption that those
sites are most often affected. Thus, measurements from
the mid-buccal and the mid-lingual sites—which po-
tentially could indicate furcation involvement—are not
included in the prevalence calculations. In addition,
neither BOP (indicative of active inflammation) nor
furcation involvement was assessed, although such
measures could provide additional information re-
garding periodontal disease status when applying dif-
ferent case definitions. These prevalence estimates only
include gingivitis that may accompany periodontitis
cases detected but do not include individuals with
gingivitis only, owing to lack of measurements of gin-
givitis. Hence, the prevalence of cases that include all
forms of periodontal disease would likely be even
higher. No data were collected around third molars, so
any disease present on those teeth was automatically
missed. Finally, exclusion of individuals for medical
reasons, incomplete oral examinations for any reason,
and not sampling institutionalized persons, for instance
nursing home residents, may have introduced some
selection bias.

CONCLUSIONS

In conclusion, this study confirms the high burden of
periodontitis in the United States, with nearly half
(45.9%) the population aged =30 years affected. A
better understanding of the factors influencing these
findings and the disparities among sociodemo-
graphic groups is important for public health action
to prevent and control periodontitis in US adults.
Also, these findings provide a firm baseline for com-
parison with future NHANES studies to determine
trends in periodontitis in US adults.
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