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Abstract

Background.—The authors conducted a study to assess recent trends in dental care provider mix
(type of dental professionals visited) and service mix (types of dental procedures) use in the
United States and to assess rural-urban disparities.

Methods.—Data were from the 2000 through 2016 Medical Expenditure Panel Survey. The
sample was limited to respondents who reported at least 1 dental visit to a dental professional in
the survey year (N = 138,734 adults = 18 years). The authors estimated rates of visiting 3 dental
professionals and undergoing 5 dental procedures and assessed the time trends by rural-urban
residence and variation within rural areas. Multiple logistic regression was used to assess the
association between rural and urban residence and service and provider mix.

Results.—A decreasing trend was observed in visiting a general dentist, and an increasing trend
was observed in visiting a dental hygienist for both urban and rural residents (trend Pvalues
<.001). An increasing trend in having preventive procedures and a decreasing trend in having
restorative and oral surgery procedures were observed only for urban residents (trend P values
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<.001). The combined data for 2000 through 2016 showed that rural residents were less likely to
receive diagnostic services (adjusted odds ratio [AOR], 0.82; 95% confidence interval [CI], 0.72 to
0.93) and preventive services (AOR, 0.87; 95% Cl, 0.78 to 0.96), and more likely to receive
restorative (AOR, 1.11; 95% CI, 1.02 to 1.21) and oral surgery services (AOR, 1.23; 95% Cl, 1.11
to 1.37).

Conclusions.—Although preventive dental services increased while surgical procedures
decreased from 2000 through 2016 in the United States, significant oral health care disparities
were found between rural and urban residents.

Practical Implications.—These results of this study may help inform future initiatives to
improve oral health in underserved communities. By understanding the types of providers visited
and dental services received, US dentists will be better positioned to meet their patients’ oral
health needs.
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Increasing access to preventive and therapeutic oral health services is an objective of
Healthy People 2020.1 Disparities in access to these services exist for people living in rural
communities.Z~4 Of the 62 million Americans living in rural areas, 43% lack regular oral
health care,? resulting in poorer oral health outcomes, such as a higher prevalence of
complete tooth loss.® In addition to barriers in accessing oral health services,” rural residents
may also experience disparities in the type of dental services received once they have
accessed care, such as being more likely to undergo a tooth extraction and less likely to
undergo dental prophylaxis, which can be an indicator of quality of care.®

Results of studies exploring the issue of the receipt of dental procedures®-14 and use of
different dental professionals!2.1® found that the receipt of preventive services significantly
increased, whereas receipt of restorative services declined from 1999 through 2009.9:11 A
few studies examined the rural-urban differences in dental services received but they were
limited to single states.16:17

To our knowledge, no study has systematically assessed trends in the use of dental care
providers and dental procedures by US adults in rural communities over the past decade and
whether the rural-urban disparity in oral health care has narrowed over time. To fill these
gaps in the literature, this study aimed to assess the trend of dental professionals visited and
the trend of dental services received by rural and urban residents and to evaluate the
disparity over time from 2000 through 2016. In addition, extending from prior research that
applied binary rural-urban classification, which failed to account for variation among the
rural counties such as population size and adjacency to a city, we also aimed to explore the
intrarurality variation in dental professionals visited and services received. This study
provides important information for initiatives specifically aimed to improve oral health in
rural communities.18
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METHODS

Data source

Data were from the annual, cross-sectional Medical Expenditure Panel Survey (MEPS) from
2000 through 2016. The MEPS provides nationally representative estimates of health care
use, expenditures, sources of payment, and health insurance coverage for the US civilian
noninstitutionalized population. Detailed information about MEPS can be found elsewhere. !

The variables used in this analysis are from the MEPS Household Component and the
Dental Visits Files. Rural and urban residential data were obtained from the Agency for
Healthcare Research and Quality. The sample for this analysis was limited to respondents
who reported at least 1 dental visit to any type of dental professional in the survey year,
including general dentists, dental hygienists, dental technicians, and dental specialists—
138,734 adults 18 years and older who participated in the MEPS 2000-2016. This study used
deidentified data; therefore, the East Carolina University institutional review board
exempted the study from the need for review.

Measurement
Outcomes

Provider mix.: In MEPS, data on the types of dental professionals visited during the last
visit were collected by asking, “What type of dental provider did [you/person] see during
this visit?” Response options included the following 8 dental professionals: general dentist,
dental hygienist, technician, oral surgeon, orthodontist, endodontist, periodontist, and other.
Thus, if any of these 8 dental professionals were recorded in a visit in the past year, then the
person was classified as having consulted that type of dental professional. All 8 provider
type variables were coded as binary outcomes: Yes or No. The answer “Don’t know” was
treated as missing.

Service mix.: To ascertain the procedures provided during the dental visit, respondents were
asked: “What had [you/person] done during this visit?” If more than 1 procedure was
undergone, respondents were also asked, “What else was done?” The following 9 procedure
categories were included: diagnostic, preventive, restorative, prosthetic, periodontic,
endodontic, oral surgery, orthodontic, and other.! If any of these services were provided
during the visit, then the respondent was classified as having been provided the service.
Procedures that belonged to different categories were treated separately. For example, if a
respondent underwent an examination, dental prophylaxis, and a partial denture repair
during a particular visit, these 3 services were counted under the diagnostic, preventive, and
prosthetic categories, respectively. All 9 categories of services were coded as binary
outcomes: “Yes/ No.” The answer “Don’t know” was treated as missing.

Owing to the small sample size in some categories of providers and procedures, as has been
done in prior research,12 we focused on 8 outcome variables—3 types of providers (that is,
general dentist, dental hygienist, oral surgeon) and 5 dental procedures (that is, diagnostic,
preventive, restorative, prosthetic, oral surgery).
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Covariates: Covariates were selected according to those variables used in the existing
literature on this topic.1® Demographic variables were age (18-44, 45-64, and = 65 years),
sex (female, male), race or ethnicity (non-Hispanic white, non-Hispanic black, Hispanic
[regardless of race], and other), married (Yes/No), and employed (Yes/No). Socioeconomic
status (SES) variables were family income level by the federal poverty threshold (poor, near
poor, low income, middle income, high income), educational attainment level (less than high
school graduate, high school graduate, some college or above), and dental insurance (Yes/
No). Health status included self-reported health status (excellent/very good, good, fair/poor).
We also included contextual variables: region (Northeast, Midwest, South, West), and rural
residence (Yes/No), defined by the Rural-Urban Continuum Code (RUCC), which classifies
metropolitan counties by the population size of their metropolitan area, and nonmetropolitan
counties by the degree of urbanization and adjacency to a metropolitan area.?? In this study,
we classified RUCC categories 1 through 3 as urban residence and RUCC categories 4
through 9 as rural residence.2

The unit of analysis was the number of respondents who reported at least 1 dental visit in the
past year. For the 8 outcome variables (3 provider types, 5 dental procedures), we first
calculated the proportions of respondents who visited each type of provider and the
proportions of respondents who underwent each type of procedure using predictive margins.
Predictive margins are a type of direct standardization, in which the predicted values from
the logistic regression models are averaged over the covariate distribution in the population.
22 Second, we estimated the time trend by regressing these proportions of the 8 outcome
variables on the survey year (2000-2016), with the survey year as the independent
continuous variable. Third, we assessed factors associated with the 8 outcome variables and
whether rural-urban differences in the 8 outcome variables have changed over time from
2000 through 2016 (by assessing an interaction term—year by rural residence). Finally, we
compared the proportions of the 8 outcome variables by different RUCC categories to assess
the inter-RUCC changes from 2000 through 2016 (between-group comparisons) and the
intra-RUCC variation in 2000 and 2016 (within-group comparisons). We conducted the
analyses of the merged data files at the Agency for Healthcare Research and Quality
Research Data Center in Washington, DC, in April 2019.

Sampling weights embedded in the MEPS were incorporated into all the analyses to obtain
national estimates. Because of the large sample size, the significance level was set at £< .01;
as an exception we used P < .05 for significance in assessing the time trend. Data analyses
were conducted using SAS Version 9.4 (SAS).

Sample characteristics

As shown in Table 1, the composition of the sample changed from 2000 through 2016. For
instance, the proportion of MEPS respondents in the rural areas declined from 15.3% to
11.7%, and the proportion of respondents 65 years and older increased from 16.9% to 24.2%
during the period.
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Trend analysis results

Figures 1A, B, and C display trends of the proportions of respondents visiting the 3 dental
professionals by rural and urban residents. As shown, the rate of decrease (that is, the slope
[b]) was significant in visiting general dentists by both rural (b, —0.23; 95% confidence
interval [CI], —0.33 to —0.12; trend £<.001) and urban (b, 0.18; 95% CI, —0.26 to —0.11];
trend P < .001) residents; the rate of increase was significant in visiting dental hygienists by
both rural residents (b, 0.71; 95% CI, 0.51 to 0.91; trend £ < .001) and urban residents (b,
0.67; 95% Cl, 0.52 to 0.82; trend £ < .001). The trends of the proportions of respondents
visiting oral surgeons were not significant for either rural or urban residents (trend P values
> .05). Overall, there was a significant decreasing trend for visiting general dentists (b,
-0.19; 95% ClI, —-0.26 to —0.12; trend £ < .001) and a significant increasing trend for visiting
dental hygienists (b, 0.68; 95% CI, 0.54 to 0.81; trend £ < .001).

Figures 1D through 1H present the trends of the proportions of respondents undergoing the 5
dental procedures. The rate of increase in having preventive procedures was significant only
for urban residents (b, 0.28; 95% ClI, 0.16 to 0.40; trend £ < .001). The rates of decrease in
having restorative procedures were significant for both rural residents (b, —0.29; 95% ClI,
-0.47 to 0.11]; trend £<.001) and urban residents (b, —0.31; 95% CI, —0.39 to —0.23; trend
P <.001), and were significant for having prosthetic procedures for both rural residents (b,
-0.24; 95% CI, —0.36 to —0.11]; trend £ < .001) and urban residents (b, —0.31; 95% ClI,
-0.35 to —0.26; trend P < .001). The rate of decrease in undergoing oral surgerys was
significant only for urban residents (b, —0.07; 95% CI, —=0.14 to 0.01; trend P=.02). The
rates for undergoing diagnostic procedures were not significant for either rural or rural
residents. Overall, the trends were all significant except for undergoing diagnostic
procedures. There was a significant increasing trend for undergoing preventive procedures
(b, 0.26; 95% ClI, 0.15 to 0.37; trend P < .001) and decreasing trends for undergoing
restorative procedures (b, —0.26; 95% CI, —0.39 to -0.22; trend £ < .001), prosthetic
procedures (b, —0.30; 95% ClI, —0.33 to —0.26; trend £ < .001), and oral surgery (b, =0.07;
95% Cl, —0.13 to 0.02; trend P=.02).

Multiple logistic regression results

The interaction—year by rural residence—was not significant, indicating that the likelihood
of visiting different dental professionals and undergoing different dental procedures for rural
and urban residents did not change significantly from 2000 through 2016 (Tables 2 and 3).

Table 2 presents the results for the 3 types of providers. The year variable was significant in
2 models, suggesting an significant decease in seeing a general dentist (adjusted odds ratio
[AOR], 0.97; 95% ClI, 0.96 to 0.97) and a significant increase in seeing a dental hyginist
(AOR, 1.03; 95% ClI, 1.02 to 1.04) during the study period. The rural variable was not
signficant. Results of other covariates were mostly significant. Briefly, respondents with
higher incomes, higher education levels, and dental insurance were more likely to have
visited a general dentist or dental hygienist, whereas respondents from racial or ethnic
minority groups were less likely to have done so (all < .01). Respondents with higher
incomes and education levels were less likely to have visited an oral surgeon in the past year,
whereas respondents from minority groups were more likely to have done so (all < .01).
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Table 3 presents the results for the 5 types of dental procedures. The year variable was
significant in 4 of the 5 models, suggesting a signficant increase in undergoing a preventive
procedure (AOR, 1.02; 95% CI, 0.98 to 0.99) and a significant decrease in undergoing
restorative, prothetic procedures, and oral surgery procedures (all £<.001) from 2000
through 2016. Rural residents were less likely than urban residents to have received
diagnostic services (AOR, 0.82; 95% CI, 0.72 to 0.93) or preventive services (AOR, 0.87;
95% ClI, 0.78 to 0.96) and more likely to have received restorative services (AOR, 1.11; 95%
Cl, 1.02 to 1.21) and oral surgery services (AOR, 1.23; 95% Cl, 1.11 to 1.37) than urban
residents. Respondents with higher incomes and education levels were more likely to have
undergone diagnostic, preventive, restorative, and prosthetic procedures than respondents
from minority groups (all A< .01). The opposite was observed for having oral surgery.
Respondents with higher income and higher education levels were less likely to have
undergone an oral surgery procedure than respondents from racial or ethnic minority groups
(all £<.01). The dental insurance variable was positively associated with having recevied
diagnostic and preventive procedures but negatively associated with undergoing oral surgery
procedures (all < .01).

Intra-RUCC and inter-RUCC comparisons

Table 4 presents the results of visiting dental care providers in 2000 and 2016 by the 7
RUCC categories (owing to the small sample size, we combined RUCC categories 6 and 8
and coded them as 6 and combined RUCC categories 7 and 9 and coded them as 7). Thus,
the rural (nonmetropolitan) counties are RUCC categories 4 through 7. Overall, no
significant difference was observed among intra-RUCC categories 1 through 7 (P >.01) in
visiting different dental professionals in 2000 or 2016. Yet, residents in the most rural
counties (RUCC category 7) were less likely to have visited a dental hygienist (39.8% versus
62.5%) or an oral surgeon (1.5% versus 3.4%) than those residents in the least rural counties
(RUCC category 4). An inter-RUCC comparison between 2000 and 2016 showed a
significant decrease of 2.4 percentage points (P < .01) in visiting general dentists and a
significant increase of 29.7 percentage points (P < .001) in visiting dental hygienists only
among those residents in the most populous urban counties (that is, RUCC category 1
counties).

Table 5 presents similar residential comparisons for receipt of dental services. Significant
intra-RUCC differences were observed in undergoing restorative procedures and oral surgery
in 2000, having preventive procedures in 2016, and having prosthetic procedures in both
2000 and 2016 (all £<.01). Among residents in rural counties (RUCC categories 4 through
7), similar to the results for dental professionals presented earlier, overall, residents in the
most rural counties (RUCC category 7) were less likely to have undergone preventive
procedures (68.0% versus 84.0%) and more likely to have undergone prosthetic procedures
(19.8% versus 16.4%) than those residents in the least rural counties (RUCC category 4) in
2016. Moreover, the intrarural (among RUCC categories 4 through 7) gaps seemed to have
increased from 2000 through 2016. For instance, for the preventive procedures undergone by
residents in RUCC categories 4 and 7, the difference was 9 percentage points (70.7% versus
79.7%) in 2000; it increased to 16 percentage points (68.0% versus 84.0%) in 2016. Finally,
from 2000 through 2016, a significant inter-RUCC increase in undergoing preventive
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procedures (Pvalues < .001) and a significant decrease in undergoing restorative procedures
(Pvalues < .05) and prosthetic procedures (P values < .01) were found only among those
residents in the urban counties (RUCC categories 1 through 3), not among those in rural
counties (RUCC categories 4 through 7).
DISCUSSION

Disparities in oral health outcomes and care are a significant problem in rural areas. To more
fully understand this issue, in this study we took an additional step beyond the dichotomy of
visiting or not visiting a dentist to examine the trends of types of services received and
providers visited by rural and urban residents from 2000 through 2016. Over this period, the
differences in visiting different dental care providers and undergoing different dental
procedures between rural and urban residents did not change significantly, as indicated by
the insignificant interaction of year by rural residence. Rural residents were less likely to
have undergo diagnostic and preventive procedures and more likely to have undergone
restorative and oral surgery procedures than urban residents. Moreover, there was
intrarurality variation in dental services received. The study results also showed that there
was a significant decreasing trend in visiting a general dentist and a significant increasing
trend in visiting a dental hygienist for both rural and urban residents. There were significant
decreasing trends in having restorative and prosthetic procedures for both rural and urban
residents, but a significant increasing trend in having preventive procedures and a significant
decreasing trend in having oral surgery procedures were observed only for urban residents.

These findings first showed significant rural-urban differences in the different type of dental
services received, with rural residents having more surgical procedures (restorative and
surgery) and fewer favorable (preventive and diagnostic) procedures. Second, the rural-urban
disparity in dental services persisted and worsened to some extent over time. For instance,
the rural-urban gap in having undergone preventive procedures was 0.8 percentage points in
2000; it increased to 5.2 percentage points in 2016 (Figure 1E). The lower likelihood to have
undergone preventive procedures and higher likelihood to have undergone invasive or
surgical procedures by rural residents might suggest that rural residents were not having
regular dental visits, and as a consequence, their oral health status was worse compared with
their urban counterparts, which necessitated the more complex surgical procedures.

Rural populations face greater difficulties accessing oral health care, including greater
financial barriers and shortages of dentists.®:” When rural residents seek dental care, the
reason is more likely due to dental problems; they are also more likely to report unmet
dental needs and less likely to have dental insurance.® Our study results of less preventive
care and more surgical care among rural residents can be an indicator of quality of care,®
which is linked to access of care, and equally important. The use of midlevel dental care
providers (for example, dental hygienists) could increase access to care for underserved
populations.23:24

In contrast to prior cross-sectional research on rural-urban differences in dental procedures
in single states (such as Virginial” and North Carolinal®) and an older analysis of the 1996
MEPS data,1® our study analyzed national data and systematically assessed the trends of
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rural-urban disparities in dental services received and professionals visited from 2000
through 2016. Nonetheless, consistent with prior study results, our results showed disparities
in dental services received by rural residents.

To our knowledge, our study is the first to reveal intrarurality differences in dental services.
Even though we did not find a linear relationship between the extent of rurality and the
extent of having preventive oral services, there is some evidence that residents in the most
rural areas (RUCC category 7) had the least preventive and the most surgical services.
Furthermore, the gap in dental procedures between residents in the most rural and those in
less rural areas (for example, RUCC category 4) and between those in urban communities
was widening. This pattern should be monitored closely in future studies.

Overall, our study results showed an increase in using preventive care and a decrease in
restorative, prosthetic, and dental surgery procedures. These findings are consistent with
those of prior cross-sectional studies.1:12 One 2014 study found that from 1999 through
2009 a small but statistically significant increase in the proportion of preventive and
diagnostic procedures and a decrease in restorative procedures undergone by working adults
in the United States.1! Thus, a change in dental care needs as a result of improved oral
health status2> might account for these findings from our study and prior studies.11:12 These
findings can be useful for practitioners deciding the types of services most needed and
shaping their practices in light of dental service trends.

Althought SES was not the focus of this study, the results also showed that people with
lower SES and from racial or ethnic minority groups were less likely to receive preventive
and diagnostic services than those with higher SES and from non-Hispanic white groups.
These findings are consistent with prior research that racial or ethnic minority populations
and people with lower SES had limited access to dental care and poor oral health status.26-30
Non-Hispanic black and Hispanic adults are more likely to have a higher rate of untreated
dental caries and complete tooth loss than white adults.3!

Our study has limitations that should be considered. Treatment and provider data are self-
reported, which may be inaccurate. For instance, data are limited to those providers or
procedure types reported by respondents, but they may be unable to differentiate among a
dentist, dental hygienist, or dental assistant during the visit. The dental procedures reported
may not be fully exhaustive, and the variety of dental services actually received might have
been broader, potentially limiting the validity of these data. Multiple procedures of the same
type reported during a single visit are recorded as a single procedure type. For instance, a
respondent may have more than 1 restorative procedure but 1 such procedure was recorded,
which could lead to an underestimation. No data on the intensity of the procedures were
available. Yet, the MEPS is the only dataset that provides nationally representative estimates
on specific procedures and type of provider.

CONCLUSIONS

Although preventive dental procedures increased while surgical procedures decreased from
2000 through 2016 in the United States, significant oral health care disparities were found
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between rural and urban comunities. Limited access to dental health professionals in rural
areas may account for these findings. This study has provided empirical data on the trend of
rural-urban inequalities in types of providers visited and dental services received. These
results may help inform future initiatives to improve oral health in underserved
communities. By understanding the types of providers visited and dental services received,
US dentists will be better positioned to meet their patients’ oral health needs.
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Figurel.
Trend of proportion of respondents visiting general dentists (A), visiting dental hygienists

(B), visiting oral surgeons (C), undergoing diagnostic procedures (D), undergoing preventive
procedures (E), undergoing restorative procedures (F), undergoing prosthetic procedures
(G), and undergoing oral surgery (H).
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Descriptive statistics of the study sample (n = 138,734).

Table 1.

Page 13

VARIABLES YEAR, WEIGHTED %
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

L ocation

Rural 153 152 148 146 150 144 151 151 146 145 133 123 129 123 136 134 117

Urban 847 848 852 854 850 856 849 849 854 855 867 877 871 877 864 866 883

Age y

19-44 484 476 464 458 449 437 428 422 413 409 402 400 393 390 384 381 389

45-64 347 361 369 375 37.9 384 394 397 402 401 404 390 392 388 386 388 369

> 65 169 163 167 167 172 179 178 181 185 190 194 209 215 221 230 232 242

Sex

Male 426 425 426 429 431 434 433 430 428 433 433 433 433 434 433 441 437

Female 574 575 574 571 569 566 567 570 572 567 567 567 567 566 567 559 56.3

Married

No 376 371 374 377 375 374 379 383 382 388 389 392 392 403 401 390 403

Yes 624 629 626 623 625 626 621 617 618 612 611 608 608 597 599 610 59.7

Raceor

Ethnicity

\',\‘vﬁ?t;HiSpa”ic 838 819 814 807 789 792 799 791 789 787 717 712 764 756 752 740 738

E‘I‘;L‘I‘(His"a”ic 70 69 66 68 72 72 74 74 73 76 719 76 78 79 80 76 74

Hispanic 62 71 68 69 77 74 71 78 76 76 83 91 91 93 94 104 104

Other 31 40 52 56 61 62 56 57 62 62 60 61 68 71 73 80 84

Family

Income (%

of Poverty

Level)

Poor 60 60 58 60 60 61 56 59 62 67 71 71 72 70 72 64 68

Near poor 24 25 23 23 23 23 24 24 25 25 25 27 25 25 30 23 23

Lowincome 87 87 89 92 89 87 78 88 93 89 91 93 88 95 83 89 74

:\r’]'(':gﬂ‘; 298 294 278 281 294 287 282 215 280 277 219 282 287 217 255 244 251

Highincome 532 536 552 545 534 541 559 554 541 541 534 526 528 534 560 580 584

Education

Level

<Highschool 113 112 107 96 92 99 87 89 82 76 69 61 66 70 61 66 71

Highschool ~ 290 304 306 297 284 281 270 262 267 260 233 232 223 200 201 229 23.0

io?l‘;';: 59.7 583 587 607 624 620 643 649 651 665 699 707 711 730 738 705 69.9

Dental

Insurance

Yes 551 564 561 566 574 565 563 546 532 538 534 532 527 540 549 547 529
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VARIABLES YEAR, WEIGHTED %

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
No 449 436 439 434 426 435 437 454 468 462 466 468 473 46.0 451 453 471
Employment
Status
Notemployed 273 275 283 286 281 292 285 283 291 308 298 314 324 317 310 312 313
Employed 727 725 717 714 719 708 715 717 709 692 702 686 676 683 690 688 687
Health
Status
\Eé(rifggzg 640 640 648 648 633 640 633 642 643 641 642 640 634 648 639 631 639
Good 9.9 9.2 92 101 103 9.7 100 95 103 9.7 101 9.9 9.8 9.8 10.0 9.7 9.8
Poor/fair 261 268 261 251 264 262 268 263 254 262 257 261 268 254 261 271 263
Region
Northeast 215 209 216 209 204 205 205 198 203 196 192 195 190 194 185 194 195
Midwest 254 262 247 250 249 246 248 246 244 245 249 251 251 242 249 238 227
South 310 313 313 310 315 314 319 324 324 325 317 321 320 323 317 320 320
West 221 217 224 231 231 234 227 233 228 234 242 233 239 242 248 248 258
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Logistic regression model results of factors associated with visiting dental care providers (n = 138,734).

Table 2.

Page 15

VARIABLES TYPE OF PROVIDER™
GENERAL DENTIST DENTAL HYGIENIST ORAL SURGEON

Aor' (@s% iy P AOR (95% Cl) P AOR (95% Cl) P
Year By Rural NS NS NS
Year 0.97 (0.96t00.97)  .0001 1.03(1.02t01.04) <.0001 1.00(0.99t01.01)  .693
Rural vs urban 0.96 (0.79t01.16)  .666  0.91(0.73to1.15)  .444  0.96(0.78t01.19)  .706
Age Group, y (Versus 18-44) <.0001 .015 .079
45-64 1.11 (1.04 to 1.18) .002 1.03 (0.98 to 1.07) 231 0.95 (0.88 to 1.03) .237
>65 129(1.17t01.42) <.0001 1.10(1.03t01.18) .004  1.06(0.96t01.17)  .277
Male 096 (0.91t01.02) 194  0.90(0.87t00.92) <.0001 1.15(1.08t01.22) <.0001
Married Versus Other 1.19(1.12t01.26) <.0001 1.04 (1.01to 1.08) .022 0.72 (0.67 to 0.77) . 0001
5\/&}%?3 Ethnicity (Versus Non-Hispanic < 0001 < 0001 < 0001
Non-Hispanic black 0.65(0.60t00.71) <.0001 0.54(0.50t00.59) <.0001 1.27(1.14t01.41) <.0001
Hispanic 0.77 (0.69t00.85) <.0001 0.51(0.48t00.55) <.0001 0.87 (0.77100.97)  .014
Other 0.75(0.67t00.84) <.0001 0.51(0.46t00.57) <.0001 1.14(1.01to 1.28) .04
Federal Poverty Threshold (Versus Poor) .024 <.0001 .002
Near poor 1.11 (0.95t0 1.29) .201 1.11 (1.00 to 1.22) .041 0.84 (0.70 to 1.00) .047
Low income 1.04 (092t01.17) 532  1.21(1.13t01.29) <.0001 0.87 (0.76100.99)  .036
Middle income 1.07 (0.96 to 1.19) .203 1.45(1.35t01.56) <.0001 0.83(0.74t0 0.93) .002
High income 116 (1.04t01.30) .008 1.72(1.60t01.85) <.0001 0.78 (0.69t00.88) <.0001
Education (Versus < High School) <.0001 <.0001 <.0001
High school 1.09 (0.99t01.20)  .094  1.31(1.23t01.38) <.0001 0.88(0.791t00.98)  .022
= Some college 1.27(1.15t01.39) <.0001 150(1.41t01.59) <.0001 0.81(0.72t00.90) <.0001
Dental |nsurance 126 (1.19t01.35) <.0001 1.24(1.19t01.30) <.0001 0.97 (0.91t01.04)  .441
Employed 1.00 (0.94 to 1.07) .946  0.95(0.91to0 1.00) .03 0.89 (0.82 to 0.96) .005
(Hagglé? Status (Versus Excellent/Very 709 < .0001 < .0001
Fair/poor 0.98(0.90t0 1.06) 592  0.72(0.69t00.76) <.001 1.43(1.30t0157) <.0001
Good 1.02(095t01.09) 631  0.90(0.87100.93) <.001 1.16 (1.09t0o1.24) <.0001
Region (Versus Northeast) <.0001 <.0001 <.0001
Midwest 159 (1.41t01.78) <.0001 1.38(1.20t01.58) <.0001 0.80 (0.72t00.88) <.0001
South 1.06 (0.95t01.18) 2879  0.75(0.65t00.86) <.0001 0.98(0.88t01.09)  .742
West 097 (0.86t01.08) 527  091(0.79t01.03) .132  0.83(0.74t00.92)  .001

*
Type of provider was the dependent variable.

fAOR: Adjusted odds ratio.

iCI: Confidence interval.
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§NS: Not significant.
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Logistic regression model results of factors associated with undergoing dental procedures (n = 138,734).

Table 3.

Page 17

VARIABLES TYPE OF PROCEDURE”™
DIAGNOSTIC PREVENTIVE RESTORATIVE PROSTHETIC SURGERY
AORT (95% o AOR b AOR o AOR(95% o (A9(5)§ b
t (95% Cl) (95% Cl) cl) °
cI™) Cl)
Year By Rural NS§ NS NS NS NS
Year 1.00 (0.99 to .656 1.02(1.01 <.0001 0.98(0.98 <.0001 0.98(0.97to <.000 0.99 .001
1.01) t0 1.02) to 0.99) 0.98) 1 (0.98 to
0.99)
Rural versus 0.82 (0.72 to .003  0.87(0.78 007 1.11 (1.02 .012 0.92 (0.83to .098 1.23 .000
urban 0.93) t0 0.96) to 1.21) 1.02) (1.11to
1.37)
Age Group, y 341 <.0001 <.000 .010
(Versus 18-44) 1
45-64 0.97 (0.93 to 142 1.02 (0.98 353 0.87(0.84 <.0001 2.70(257to <.000 1.01 782
1.01) to 1.07) 10 0.91) 2.83) 1 (0.96 to
1.06)
=65 0.98 (0.92 to .567 1.17(1.10 <.0001 0.94(0.89 .021 2.46 (3.24t0  <.000 0.91 .007
1.05) to 1.24) to 0.99) 3.68) 1 (0.86
to .98)
Male 0.89 (0.86 to <.000 0.84(0.82 <.0001 0.99(0.96 .702 1.00 (0.97 to .838 1.30 <.000
0.92) 1 t0 0.87) to 1.03) 1.04) (1.25t0 1
1.35)
Married Versus  1.07 (1.03 to .002 1.13(1.09 <.0001 0.95(0.92 .002 0.99 (0.96 to .753 0.81 <.000
Other 1.12) to 1.17) to 0.98) 1.03) (0.77to 1
0.85)
Raceor <.000 <.0001 <.0001 .009 <.000
Ethnicity 1 1
(Versus Non-
Hispanic
White)
Non-Hispanic 0.62 (0.58 to <.000 0.56(053 <.0001 0.74(0.70 <.0001 0.91(0.85to .003 1.65 <.000
black 0.66) 1 to 0.60) t0 0.79) 0.97) (1.54 to 1
1.76)
Hispanic 0.69 (0.64 to <.000 0.79(0.75 <.0001 0.96 (0.91 .160 0.93 (0.87 to .028 1.10 .005
0.74) 1 to 0.84) to 1.02) 0.99) (1.03 to
1.18)
Other 0.74 (0.68 to <.000 0.82(0.76 <.0001 0.89(0.83 .001 0.94 (0.88 to .095 1.18 .000
0.80) 1 t0 0.89) to 0.95) 1.01) (1.08 to
1.29)
Federal <.000 <.0001 <.0001 .003 <.000
Poverty 1 1
Threshold
(Versus Poor)
Near poor 1.01 (0.92 to .89 1.07 (0.98 142 1.02 (0.92 751 1.08 (0.95 to 217 0.95 415
1.11) t0 1.18) to 1.13) 1.23) (0.85t0
1.07)
Low income 1.09 (1.01 to .021 1.23(1.15 <.0001 1.04(0.96 .346 0.97 (0.89 to 49 0.85 <.000
1.18) t0 1.23) to 1.11) 1.06) (0.78 o 1
0.92)
Middle income 1.20 (1.12to <.000 154(1.44 <.0001 1.04(0.97 276 1.07 (0.99 to 102 0.66 <.000
1.28) 1 t0 1.64) to 1.11) 1.15) (0.62to 1
0.71)
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VARIABLES TYPE OF PROCEDURE™
DIAGNOSTIC PREVENTIVE RESTORATIVE PROSTHETIC SURGERY
AORT (95% o AOR b AOR b AOR (95% o 8(5)(5 o
cF) (95% Cl) (95% Cl) cl) CI)O
High income 1.43(1.33t0 <.000 2.19(2.05 <.0001 0.92(0.86 .009 1.11(1.03 to .009 0.48 <.000
1.53) 1 to 2.34) t0 0.98) 1.20) (0.44 to 1
0.52)
Education <.000 <.0001 .006 .294 <.000
(Versus< High 1 1
School)
High school 122(1.15t0  <.000 134(1.27 <.0001 1.11(1.04 .002 0.96(0.89tc .19 0.73 <.000
1.30) 1 to 1.42) to 1.18) 1.02) (0.69 to 1
0.77)
Some college or  1.58 (1.48 to <.000 192(1.81 <.0001 1.10(1.03 .03 0.98 (0.92 to .601 0.48 <.000
above 1.68) 1 t0 2.04) t0 1.17) 1.05) (0.45 to 1
0.51)
Dental 1.26 (1.21to <.000 145(1.39 <.0001 1.00(0.97 .813 1.03 (0.98 to .239 0.77 <.000
Insurance 1.32) 1 to 1.51) t0 1.04) 1.07) (0.73to 1
0.81)
Employed 0.92 (0.88 to .003 0.94 (0.89 007 0.94 (0.90 .004 0.93 (0.89 to .002 0.99 761
0.97) t0 0.98) t0 0.98) 0.97) (0.94t0
1.05)
Health Status <.000 <.0001 <.0001 <.000 <.000
(Versus 1 1 1
Excellent/Very
Good)
Fair/poor 0.76 (0.71 to <.000 052049 <.0001 120(1.14 <.0001 140(1.32to <.000 1.90 <.000
0.80) 1 t0 0.55) to 1.27) 1.49) 1 (1.79to 1
2.02)
Good 0.89 to <.000 0.76(0.73 <.0001 1.11(1.06 <.001 1.20(1.15t0 <.000 1.38 <.000
(0.850.94) 1 t0 0.79) to 1.15) 1.25) 1 (1.31to 1
1.44)
Region (Versus <.000 <.0001 <.0001 <.000 <.000
Northeast) 1 1 1
Midwest 1.38 (1.25to0 <.000 1.09(1.01 022 0.92 (0.87 .002 1.02 (0.95 to .628 1.03 481
1.51) 1 to 1.18) t0 0.97) 1.09) (0.95 to
1.10)
South 0.93 (0.84 to 131 0.88(0.83 <.0001 0.77(0.73 <.0001 1.01(0.94to .846 1.17 <.000
1.02) t0 0.94) t0 0.82) 1.08) (1.09 to 1
1.25)
West 0.98 (0.90 to .682 0.99 (0.93 833 0.88(0.83 <.0001 1.18(1.11to <.000 1.03 491
1.07) to 1.06) t0 0.93) 1.26) 1 (0.96 to
1.10)

*
Type of procedure was the dependent variable.

fAOR: Adjusted odds ratio.

11‘CI: Confidence interval

§NS: Not significant.

JAm Dent Assoc. Author manuscript; available in PMC 2021 August 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Luo et al.

Table 4.

Page 19

A comparison of 2000 and 2016: proportions of respondents visiting dental care providers (n = 14,700).

RUCC CATEGORY TYPE OF PROVIDER

GENERAL DENTISTS (%) DENTAL HYGIENISTS (%) ORAL SURGEONS (%)

2000 2016 RelativeChange 2000 2016 RelativeChange 2000 2016 Relative Change

1 947 924 o4l 428 556 29.7% 49 50 16
2 947 917 3% 46.0  60.4 31.4° 56 58 34
3 945 916 -3.2 506  69.5 37.4° 63 42 -339
4 957 888 7% 481 625 29.9 36 34 -5.8
5 953  96.0 038 465 534 14.7 57 11 —80.8°
6 928 921 -0.7 36.0 548 52.0 30 57 91.8
7 934 957 25 461 398 -136 47 13 —73.1%
P 935 716 720 015 428 021

Rural-Urban Continuum Code (RUCC) categories are defined as 1: metropolitan area with = 1 million population, 2: metropolitan area with
250,000-1 million population, 3: metropolitan area with < 250,000 population, 4: nonmetropolitan area with urban population 2,500-19,999
adjacent, 5: nonmetropolitan area with urban population = 20,000 not adjacent, 6: nonmetropolitan area with urban population 2,500-19,999
adjacent, 7: nonmetropolitan area with urban population 2,500-19,999 not adjacent, 8: nonmetropolitan area with < 2,500 urban population
adjacent, 9: nonmetropolitan area with < 2,500 urban population not adjacent. (Category 6 includes RUCC categories 6 and 8, and category 7
includes RUCC categories 7 and 9.) P values indicate significance test values for comparison between RUCC categories.

fP< 0L

¢P< .001.

§P< .05.
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Table 5.

A comparison of 2000 and 2016: proportion of respondents undergoing dental procedures (n = 14,700).

Page 20

RUCC
CATEGORY TYPE OF PROCEDURE
DIAGNOSTIC (%) PREVENTIVE (%) RESTORATIVE (%) PROSTHETIC (%)  ORAL SURGERY (%)
Relative Relative Relative Relative Relative
2000 2016 Change 2000 2016 Change 2000 2016 Change 2000 2016 Change 2000 2016 Change
1 846 85.4 10 762 825 g3’ 214 176 _q7g7 197 160 _j9of 97 82 -153
2 827 863 43 767 861 1937 225 177 _p13% 208 131  _3597 104 88 -15.1
3 840 8658 34 779 867 1147 253 175 _319f 153 118 -230 111 75 -32.1
4 829 790  -47 797 840 55 198 167 210 150 164 89 97 92 -5.2
5 850 771 -93 827 766  -74 186 213 144 137 119  -133 112 98 -12.6
6 822 874 63 715 792 108 229 243 60 159 127  -200 158 92  -422*
7 844 726 -140 707 680  -38 271 201  -260 247 198 -197 111 161 444
P 972 013 425 30'8 008 097 007 008 009 045

RUCC: Rural-Urban Continuum Code (see Table 4 for category definitions).

fP< .001.

1Z‘P< .01.

§P< .05.
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