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Prevalence and trend of periodontal diseases 2
in Iran from 1990 to 2017: a national study
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Abstract

Introduction and aims Periodontal diseases are significant public health challenges, affecting millions globally. This
study aimed to analyze the national and subnational trends of periodontal diseases in Iran from 1990 to 2017.

Methods A comprehensive analysis was conducted using data from national health surveys, the Behvarz Health
Study, and published literature from 1990 to 2017. The Age-Spatial-Temporal (AST) Bayesian hierarchical model was
employed to estimate the prevalence of bleeding on probing (BOP), shallow pocket (SP), and deep pocket (DP),
adjusting for covariates such as age, sex, education, and socioeconomic factors.

Results From 1990 to 2017, the age-standardized prevalence of BOP increased significantly by 73.77%, from 27.11%
(95% Ul: 22.86%-31.36%) to 47.11% (95% Ul: 40.11%-54.12%). Similarly, SP prevalence rose by 70.01%, from 14.34% to
24.38%. Conversely, DP prevalence declined by 69.27%, from 8.98% to 2.76%. Geographic disparities were observed,
with provinces such as Tehran and Sistan and Baluchistan experiencing contrasting burdens. Trends highlighted
increasing BOP and SP prevalence among younger populations.

Conclusion The study underscores the growing burden of BOP and SP in Iran, reflecting inadequate preventive
measures and healthcare disparities. The findings highlight an urgent need for policy reforms prioritizing preventive
care, equal access to dental services, and targeted interventions addressing socioeconomic and geographic
inequalities. More focus should be put on training mid-level or intermediary oral health providers.
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Introduction

Periodontal diseases represent a significant public health
concern globally, affecting millions of individuals and
leading to severe health complications. Approximately 1
in 5 adults globally, or over 1 billion people, suffer from
severe forms of gum disease. The World Health Organi-
zation (WHO) reported that about 19% of the adult pop-
ulation is affected by severe periodontal disease, with an
estimated global prevalence of nearly 60% for all stages of
periodontitis. The burden of periodontal disease is par-
ticularly high among older adults, with studies indicat-
ing that about 79.3% of individuals aged 65 and older are
affected [1-3]. Additionally, the prevalence of periodon-
tal disease varies across age groups, with approximately
42% of adults aged 30 years or older suffering from some
form of periodontal disease [4—6].

Implementing effective policies to lower the ever-ris-
ing burden of periodontal diseases requires data-driven
decision-making based on the WHO’s global oral health
improvement strategy [7]. Thus, elucidating the pattern
and trend of global or national health concerns are among
the primary and crucial steps in this process. In Iran, the
existing literature predominantly focuses on specific age
groups or regions, often lacking a nationwide perspective
that encompasses diverse demographics. This data gap is
concerning, particularly as oral diseases can contribute
to the exacerbation of other health issues and complica-
tions of the treatment for chronic conditions [8—10]. The
Iranian healthcare system faces challenges in addressing
these diseases, especially in underserved regions where
access to dental care is limited and public awareness of
personal oral health care is low. This is also a global chal-
lenge due to the scarcity of original studies focusing on
trends of periodontal diseases. A majority of the studies
used the data from the Global Burden of Disease (GBD),
which has its own limitations [11].

This study aimed to fill the existing knowledge gap by
providing a comprehensive analysis of the national and
subnational prevalence and trends of periodontal dis-
eases in Iran from 1990 to 2017, utilizing the Age-Spa-
tial-Temporal (AST) Bayesian hierarchical model [12,
13].

Methods and materials

Study design

The burden of oral diseases (BOD) project was part of a
national project called the National and Subnational Bur-
den of Diseases (NASBOD) in Iran. NASBOD aimed at
estimating the burden and trend of non-communicable
diseases using the AST model in national and provincial
levels, among both genders, and 14 age groups. Further
information regarding the methodology of our study and
the NASBOD project is available [14, 15].
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The main aim of the BOD was to estimate the trend of
dental caries, periodontal diseases, and tooth loss in Iran
from 1990 to 2017. The results of the trend of dental car-
ies for deciduous and permanent teeth were published
previously [16, 17]. This study focuses on the national
and subnational trends of periodontal diseases in Iran
from 1990 to 2017 (Tables 1 and 2).

Definition of periodontal disorders

Periodontal disorders were defined based on the 10th
version of the international statistical classification of dis-
eases and health problems (ICD-10, Code: K05.0-K05.6).
Gingivitis was defined as the presence of gingival inflam-
mation and bleeding on probing based on clinical exami-
nation. Shallow and deep pockets were defined as having
a periodontal pocket between 3 to 5 mm and 6 mm or
higher, respectively, based on clinical examination [18].

Data sources

We used several data sources to feed our AST model.
These data sources included: (1) National oral health
surveys (1998, 2002, 2004, 2013, and 2016), (2) National
health surveys (1990 and 1999), (3) Behvarz Health
Study (2013-2017), and (4) Published literature (1990 to
2017). The first three data sources have been extensively
explained in the study protocol [15-17].

Literature published in English and Persian was
searched in the following databases (Appendix 1):
PubMed, Web of Science, Scopus, and Iranian Databases
(IranMedex and SID [Scientific Information Database],
and IranDoc). In the next phase, a comprehensive qual-
ity assessment form was used to assess the quality of
studies with different sampling and measuring methods
(Appendix 2). Data extraction was performed after qual-
ity assessment using the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) State-
ment [19]. A data extraction sheet was used to prepare
a summary of findings based on sex, age, sample size,
prevalence, and confidence intervals (Appendix 3). After
quality assessment, 16 articles and 5 national oral health
surveys were included for data extraction.

This study complies with the Guidelines for Accurate
and Transparent Health Estimates Reporting (GATHER)
[16, 17, 20, 21]. The full GATHER checklist is available in
Appendix 4.

Statistical analysis

Converting CPI max to BOP, SP, and DP

Among the included data sources, some reported the
maximum value of Community Periodontal Index (CPI)
and did not report BOP, SP, and DP separately. Hence, as
the reported outcome was different from what we defined
for our outcome measures, we either had to exclude these
surveys or come up with a new method to convert CPI
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Table 1 National prevalence of bleeding on probing, shallow pocket, and deep pocket
Age Groups Year BOP SP DP
Male Female Both Male Female Both Male Female Both
Mean (95% Ul) Mean (95% Ul) Mean (95% Ul)
5-9 1990 451 6.81(261— 564 0.92 0.40 0.67 0.00 0.00 0.00
(0.49—8.57) 11.01) (1.53—9.76) (0.24—2.43) (0.07—1.31) (0.16— (0.00—0.00) (0.00- (0.00-
1.88) 0.00) 0.00)
2000 7.98 10.38 9.16 (5.25— 1.04 048 0.77 0.00 0.00 0.00
(408—11.89) (6.48— 13.06) (031—256) (0.11—1.37) (0.21— (0.00—0.00) (0.00- (0.00-
14.29) 1.98) 0.00) 0.00)
2070 1202 1447 13.22 1.26 0.62 0.95 0.00 0.00 0.00
(6.59—17.50) (9.09— (7.81— (035—3.24) (0.15—1.82) (0.25— (0.00—0.00) (0.00- (0.00-
19.87) 18.66) 2.55) 0.00) 0.00)
2017 15.20 17.68 16.41 147 0.76 1.13 0.00 0.00 0.00
(8.28—2226) (10.74— (9.48— (0.36—4.08) (0.16—2.38) (0.26— (0.00—0.00) (0.00- (0.00-
24.64) 2342) 3.25) 0.00) 0.00)
10-14 1990 18.17 19.58 18.85 4.48 2.56 3.55 0.90 0.76 0.83
(14.28—22.07) (1543— (14.84— (230—7.85) (1.11—5.03) (1.72— (0.25—224) (0.18— (0.22—
23.73) 22.87) 6.49) 2.02) 2.14)
2000 2287 25.01 2392 517 3.19 4.20 0.25 0.21 0.23
(19.30—2645) (21.25— (20.25— (3.01—8.25) (1.68—546) (2.36— (0.05—0.82) (0.03— (0.04—
28.78) 27.59) 6.88) 0.72) 0.77)
2010 2727 29.83 2852 5.83 379 483 0.04 0.03 0.04
(22.10—3245) (24.63— (23.34— (3.19—9.68) (1.94—661) (2.58— (0.00—0.31) (0.00—  (0.00—
35.05) 33.72) 8.17) 0.26) 0.29)
2017 3027 3304 3162 632(3.10— 4.26 532 0.01 0.01 001
(23.50—37.07) (26.25— (24.84— 11.33) (1.96—8.00) (2.54— (0.00—0.26) (0.00—  (0.00—
39.84) 3842) 9.70) 0.23) 0.25)
15-19 1990 2730 26.12 2673 1042 599 (325— 828 257 201 230
(23.29—31.30) (22.02— (22.68— (6.37— 10.07) (4.86— (1.09—5.03) (0.76— (0.93—
30.23) 30.78) 16.04) 13.15) 421) 4.63)
2000 33.77 3543 3460 12,55 860 (5.54— 1060 1.20 1.05 112
(30.05—37.51) (31.51— (30.77— (8.67— 12.68) (7.13— (048—247) (037— (043—
39.36) 3842) 17.54) 15.13) 2.29) 2.38)
2010 4058 4337 41.95 15.28 1127 13.30 049 044 0.46
(35.33—45.84) (37.96— (36.62— (1047— (7.34— (8.93— (0.11—1.40) (0.09—  (0.10—
48.80) 47.30) 21.39) 16.41) 18.94) 1.34) 137)
2017 4539 4850 4691 17.59 13.39 15.53 023 021 022
(38.54—52.25) (41.54— (40.01— (11.35— (8.27— (9.85— (0.02—1.03) (0.02— (0.02—
55.47) 53.83) 25.81) 20.31) 23.12) 0.98) 1.01)
20-24 1990 29.39 26.02 27.73 15.02 824 (4.84— 11.69 424 3.11 3.68
(25.26—33.52) (22.07— (23.69— (9.68— 13.10) (7.30— (204—766) (1.39— (1.72—
29.97) 31.77) 22.24) 17.74) 5.88) 6.79)
2000 37.77 38.13 37.95 19.23 13.03 16.10 2.50 2.07 228
(33.91—4164) (34.32— (34.12— (13.92— (8.97— (11.42— (1.21—4.50) (0.94—  (1.08—
41.94) 41.79) 25.86) 18.23) 22.01) 391) 4.20)
2010 4567 4891 4729 2336 1836 20.86 127 122 125
(4031—51.04) (43.46— (41.89— (1691— (12.85— (14.87— (043—287) (039— (041—
54.36) 52.70) 31.30) 25.29) 28.29) 2.83) 2.85)
2017 5120 55.64 5339 27.63 2266 25.19 0.80 0.79 0.80
(44.10—58.31) (48.56— (46.30— (18.87— (15.16— (17.04— (0.15—246) (0.15—  (0.15—
62.74) 60.49) 38.75) 32.34) 35.60) 2.46) 2.46)
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Table 1 (continued)
Age Groups Year BOP SP DP
Male Female Both Male Female Both Male Female Both
Mean (95% Ul) Mean (95% Ul) Mean (95% Ul)
25-29 1990 30.95 25.85 2841 19.89 1032 15.14 6.30 (3.28— 442 537
(26.67—35.24) (21.94— (2431— (13.21— (6.34— (9.79— 10.79) (219— (2.74—
29.76) 32.51) 28.74) 15.89) 22.35) 7.83) 9.32)
2000 39.07 36.62 37.85 24.28 14.80 19.58 3.87 2.89 339
(35.09—43.05) (32.97— (34.04— (17.89— (10.49— (14.22— (205—657) (148— (1.77—
40.27) 41.67) 32.16) 20.26) 26.26) 5.03) 5.81)
2010 4755 4929 4841 29.67 21.90 25.81 224 1.96 2.10
(42.11—53.00) (43.97— (43.04— (21.98— (15.79— (18.90— (0.92—4.49) (0.78—  (0.85—
54.62) 53.81) 39.00) 29.43) 34.25) 4.03) 4.26)
2017 5351 5848 5597 3467 28.88 31.81 153 1.54 153
(46.42—60.63) (51.43— (48.90— (24.47— (20.02— (22.27— (042—3.89) (042— (042—
65.54) 63.05) 47.35) 40.04) 43.73) 3.94) 3.92)
30-34 1990 3262 2637 29.54 19.62 11.65 15.69 778 (431— 585 6.83
(2861—36.63) (2247— (25.59— (13.10— (7.28— (10.24— 12.76) (3.10— (3.71—
30.26) 33.49) 28.22) 17.67) 23.03) 9.92) 11.36)
2000 3972 3543 37.61 23.19 15.64 1947 480 3.77 429
(36.00—43.44) (31.86— (33.96— (17.18— (11.23— (14.25— (2.73—7.75) (2.08— (241—
39.01) 41.25) 30.58) 21.20) 25.96) 6.22) 7.00)
2010 4742 46.64 47.03 27.86 21.66 24.80 2.79 245 262
(42.19—52.66) (41.47— (41.83— (20.74— (15.75— (18.28— (1.26—5.25) (1.08— (1.17—
51.83) 52.25) 36.48) 2891) 32.74) 4.72) 4.99)
2017 5330 55.70 5449 3234 2822 30.30 1.88 1.92 1.90
(46.49—60.14) (48.87— (47.67— (23.08— (19.80— (21.46—  (060—4.42) (061— (061—
62.56) 61.34) 43.81) 38.74) 41.30) 4.51) 4.46)
35-39 1990 33.16 26.82 30.03 19.97 14.34 17.19 947 (547— 791 8.70
(29.19—37.13) (22.83— (26.05— (13.39— (9.24— (11.34—  15.09) (445—  (497—
30.82) 34.02) 28.64) 21.25) 24.99) 12.85) 13.99)
2000 4047 35.03 37.80 24.05 1836 21.26 6.12 5.16 5.65
(36.84—44.11) (31.36— (34.15— (17.95— (13.40— (15.72—  (3.67—952) (3.03— (3.35—
38.70) 4146) 31.54) 24.54) 28.11) 8.16) 8.85)
2010 4767 43.84 45.80 28.32 2291 25.67 3.66 3.17 342
(42.52—52.84) (38.70— (40.65— (21.20— (16.87— (19.09—  (1.81—6.52) (1.54— (1.68—
48.99) 50.96) 36.89) 30.27) 33.65) 5.75) 6.14)
2017 53.02 50.60 51.83 3214 27.41 29.81 250 227 239
(46.28—59.78) (43.83— (45.07— (23.03— (19.27— (117—  (091—543) (080— (0.85—
57.39) 58.60) 43.40) 37.58) 40.53) 505) 5.24)
40-44 1990 34.01 26.50 30.28 19.79 16.07 17.95 11.31 9.92 10.62
(2997—38.05) (22.39— (2621— (13.22— (10.50— (11.87—  (6.73— (580— (6.27—
30.61) 34.36) 28.46) 23.56) 26.03) 17.63) 15.66) 16.65)
2000 4155 34.70 38.19 2465 20.67 22.69 767 (478— 674 7.21
(37.90—4521) (30.91— (34.47— (1844— (15.22— (1686—  1157) @12—  (446—
38.50) 4192) 32.25) 27.41) 29.87) 1032)  10.96)
2010 4856 4338 46.00 28.33 25.25 2681 4.69 429 4.50
(43.41—53.71) (38.17— (40.83— (21.28— (18.76— (20.04—  (248—799) (223— (2.35—
48.60) 51.20) 36.81) 33.12) 34.99) 7.40) 7.70)
2017 53.50 49.71 51.65 32.00 2943 30.74 330 313 322
(46.63—60.39) (42.89— (44.80— (22.65— (20.81— (21.75—  (1.29—6.85) (124— (1.26—
56.54) 58.51) 43.60) 40.15) 41.91) 6.48) 6.67)
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Table 1 (continued)
Age Groups Year BOP SP DP
Male Female Both Male Female Both Male Female Both
Mean (95% Ul) Mean (95% Ul) Mean (95% Ul)
45-49 1990 33.78 2733 3061 19.17 1842 18.80 13.15 12,61 12.88
(29.55—38.01) (23.09— (26.37— (12.69— (1217— (1243— (7.97— (763— (7.80—
31.57) 34.84) 27.77) 26.74) 27.27) 20.21) 19.42) 19.82)
2000 4161 3427 37.93 24.74 22.20 2347 925 (592— 841 883
(37.86—4536) (30.33— (34.09— (18.49— (16.39— (17.44— 13.67) (529— (561—
38.21) 41.78) 32.39) 29.39) 30.89) 12.61) 13.14)
2070 49.69 4239 46.07 29.01 26.28 27.66 6.01 541 571
(4447—54.92) (37.13— (40.83— (21.83— (19.60— (20.72— (3.34—9.86) (295— (3.15—
47.67) 51.32) 37.63) 34.36) 36.01) 9.00) 9.43)
2017 5538 48.06 51.78 32.75 20.77 31.28 438 391 415
(48.46—62.30) (41.18— (44.89— (23.32— (21.04— (22.20— (1.88—8.55) (1.65— (1.77—
54.95) 58.69) 44.40) 40.65) 42.56) 7.77) 8.17)
50-54 1990 33.60 2829 31.08 17.98 19.92 18.90 15.01 15.40 15.19
(29.14—38.07) (23.97— (26.69— (11.73— (13.22— (12.44— (9.24— (9.56—  (9.39—
3261) 35.48) 26.35) 28.80) 27.51) 22.80) 23.25) 23.01)
2000 4171 34.49 38.12 24.41 23.60 24.00 1096 1040 1068
(37.75—45.68) (30.44— (34.12— (18.12— (17.45— (17.79— (7.13— 6.71—  (6.92—
38.53) 42.12) 32.14) 31.18) 31.66) 15.98) 15.27) 15.63)
2010 4966 4162 4565 28.16 26.50 2733 719 (4.12— 660 6.90
(44.28—55.05) (36.28— (40.29— (21.05— (19.73— (20.39— 11.54) (3.74— (3.93—
46.98) 51.02) 36.73) 34.71) 35.72) 10.70) 11.12)
2017 5535 46.88 51.15 3132 29.29 3031 534 (241— 4.79 5.07
(48.28—62.43) (39.97— (44.16— (22.08— (20.67— (21.38—  10.11) (214—  (2.28—
53.80) 58.15) 42.80) 40.06) 41.44) 9.16) 9.64)
55-59 1990 33.04 29.68 31.51 17.67 23.06 2012 17.23 19.24 18.15
(28.32—37.76) (25.23— (26.92— (11.41— (15.50— (13.27—  (10.75— (1226— (11.43—
34.13) 36.11) 26.09) 32.99) 29.22) 25.92) 28.49) 27.08)
2000 40.89 34.88 37.95 23.85 26.11 24.96 1272 12.99 12.85
(36.71—45.08) (30.68— (33.75— (17.58— (19.40— (1847—  (8.39— (859—  (849—
39.09) 42.15) 31.58) 34.37) 32.95) 18.36) 18.72) 18.54)
20710 49.23 4134 4524 27.88 28.12 28.00 857 (5.03— 823 8.40
(43.68—54.81) (35.84— (39.71— (20.72— (20.90— (2081—  1352) (479— (491—
46.86) 50.78) 36.54) 36.87) 36.71) 13.06) 13.28)
2017 5535 46.09 50.72 30.29 29.62 29.95 6.36 (299— 583 6.09
(4811—62.62) (39.12— (43.61— (21.18— (20.92— (21.05— 11.71) (274— (2.86—
53.08) 57.84) 41.64) 4048) 41.06) 10.77) 11.24)
+60 1990 3673 34.12 35.57 1753 33.15 2449 23.80 3042 2675
(30.73—42.73) (29.31— (30.10— (10.72— (22.81— 1611—  (14.74— (20.16— (17.16—
38.93) 41.04) 26.94) 46.48) 35.65) 35.98) 4368)  3941)
2000 4147 38.01 39.84 21.18 36.62 2847 17.46 2216 19.68
(36.05—46.90) (33.28— (34.74— (14.78— (27.42— (20.75—  (11.38— (1523— (13.19—
42.74) 44.94) 29.33) 47.83) 38.06) 25.44) 30.96) 28.05)
2010 46.70 4243 4455 2347 38.06 30.82 1212 1517 1366
(40.21—53.21) (36.38— (38.28— (16.52— (2851— (2256—  (7.16— (952—  (8.35—
48.48) 50.83) 32.18) 49.56) 40.93) 19.01) 22.73) 20.89)
2017 49.64 4513 47.36 21.69 36.13 2899 7.86 (3.69— 10.27 9.08
(41.68—5761) (37.74— (39.68— (14.08— (25.69— (1995—  1444) (5.40—  (4.55—
52.53) 55.05) 31.63) 49.06) 40.44) 17.52) 16.00)
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Table 1 (continued)
Age Groups Year BOP SP DP
Male Female Both Male Female Both Male Female Both
Mean (95% Ul) Mean (95% Ul) Mean (95% Ul)
All Ages 1990 2441 22.16 2331 11.88 9.39(590— 1067 6.22 (3.55— 5.76 6.00
(20.19—28.63) (18.02— (19.14— (7.54— 14.32) (6.74— 10.06) (336— (3.46—
26.29) 27.50) 17.88) 16.15) 9.24) 9.67)
2000 32.76 3132 32.05 16.22 13.54 14.90 4.60 444 452
(28.85—36.67) (27.45— (28.16— (11.67— (9.64— (10.67— (278—7.18) (2.73— (2.76—
35.20) 35.95) 22.02) 18.54) 20.31) 6.87) 7.02)
2010 42.11 4134 4173 21.84 19.51 20.68 343 3.52 348
(36.72—47.53) (35.97— (36.35— (15.90— (14.11— (15.01— (1.81—593) (191— (1.86—
46.73) 47.13) 29.22) 26.24) 27.74) 6.00) 5.97)
2017 4733 46.88 47.11 25.09 23.65 2438 267 285 276
(40.29—54.38) (39.92— (40.11— (17.36— (16.39— (16.88— (1.10—548) (1.24— (1.17—
53.86) 54.12) 34.97) 3291) 33.95) 5.68) 5.58)
Age-standardized 1990 2887 25.25 27.11 1538 13.51 14.34 899 (5.26— 9.06 8.98
(24.55—33.19) (21.09— (22.86— (9.96— (8.74— (9.27— 14.24) (546—  (5.32—
2941) 31.36) 22.71) 20.01) 21.23) 14.09) 14.11)
2000 3558 32.82 3423 19.02 16.84 17.88 6.11 6.19 6.13
(31.62—39.55) (28.92— (30.30— (13.85— (12.19— (12.98— (3.77—936) (3.90— (3.82—
36.72) 38.17) 25.52) 22.70) 24.05) 9.34) 9.33)
2010 4244 40.99 4173 2241 20.51 2146 3.89 403 3.96
(37.03—47.87) (3562— (36.33— (16.37— (14.93— (15.65— (208—6.62) (223— (2.15—
46.38) 47.14) 29.89) 27.45) 28.67) 6.75) 6.68)
2017 4733 46.88 47.11 25.09 23.65 2438 267 285 2.76
(40.29—54.38) (39.92— (40.11— (17.36— (16.39— (16.88— (1.10—548) (1.24— (1.17—
53.86) 54.12) 34.97) 3291) 33.95) 5.68) 5.58)

BOP Bleeding on Probing, SPS hallow Pocket, DP Deep Pocket, Ul Uncertainty Interval

max index to the three indices. Crosswalk is a method of
mapping equivalent, identical or similar information in
two or more datasets. Suppose you have a definition for a
certain type of disease that has changed overtime. Cross-
walk maps your data that was based on the previous defi-
nition to the new definition [22-26].

We used crosswalk to convert CPI-max to BOP, SP,
and DP. The 2012 survey and Behvarz health study did
not report the CPI index, rather reported the three indi-
ces separately. Therefore, we aggregated the results of
these studies in two formats, once with our indices and
then with CPI-max. The main objective was to find a for-
mula to convert CPI max into our three indices (BOP, SP,
and DP). Finally, a logistic regression model was fitted
including the data from 2012 national survey, Behvarz
study, and the following covariates (wealth index, years of
schooling, area of residence, urbanization, age, and sex)
to calculate BOP, SP, and DP from CPI-max based on the
following calculation (U stands for urbanization):

logit (BOP cpimaz) = Bo + B1BOP cpimaz + B2Y OS
+ B3W I + B4U + Bsmidage

nloglt (SP(:pimaw) = 50 + /81 Spcm'mal- + ﬁQYOS
+ BsWI + 84U + Bsmidage

IOglt (DPcpimux) = 50 + ﬁlDPcpimam + BQYOS
+ BsWI + 5,U + Bsmidage

AST model

The methods we used in this study have been used for
estimation of the burden of diseases in Iran previously
[27, 28]. For analyzing the categorized and cleaned data,
first, a random intercept mixed-effects model [29] was
designed for BOP, SP, and DP using these independent
variables: mean years of schooling (derived from Iran’s
household expenditure and income survey), wealth index
(derived from Iran’s household expenditure and income
survey), and mean weight of each age within each age
group (derived from Iran’s regular national census). Sec-
ondly, the correlation between age, space (in our study:
provinces), and time was estimated using the AST model.
The weight of these three components was estimated
based on the following calculations:

+ Spatial component (WLU): if two provinces
were adjacent, the weight was considered to be 1;
otherwise, 0 was considered as the spatial weight;

+ Temporal component (WTi]. ): Similar to
the LOESS (locally estimated scatterplot
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Table 2 Annual percentage change and growth rate of bleeding on probing, shallow pocket, and deep pocket from 1990 to 2017

based on different age groups

Age Metric Bleeding on Probing Shallow Pocket Deep Pocket
Male Female Both Male Female Both Male Female Both
5-9 TAPC 237.03% 159.62% 190.96% 59.78% 90.00% 68.66% - - -
CAGR 443% 347% 3.89% 1.69% 2.32% 1.88% - - -
10-14 TAPC 66.59% 68.74% 67.75% 41.07% 66.41% 49.86% —98.89% —98.68% —98.80%
CAGR 1.84% 1.89% 1.86% 1.24% 1.84% 1.46% —14.85% -14.33% -14.60%
15-19 TAPC 66.26% 85.68% 75.50% 68.81% 123.54% 87.56% —91.05% —89.55% —90.43%
CAGR 1.83% 2.23% 2.03% 1.89% 291% 2.27% —8.26% —7.75% —8.04%
20-24 TAPC 74.21% 113.84% 92.54% 83.95% 175.00% 115.48% -81.13% —74.60% —78.26%
CAGR 2.00% 2.75% 2.37% 2.20% 3.68% 2.78% —5.78% —4.78% —5.30%
25-29 TAPC 72.89% 126.23% 97.01% 74.31% 179.84% 110.11% —75.71% —65.16% -7151%
CAGR 1.97% 2.96% 2.45% 2.00% 3.74% 2.69% —4.93% —3.70% —4.39%
30-34 TAPC 63.40% 111.22% 84.46% 64.83% 142.23% 93.12% —75.84% —67.18% —72.18%
CAGR 1.77% 2.71% 221% 1.80% 321% 2.38% -4.95% -3.90% —4.47%
35-39 TAPC 59.89% 88.67% 72.59% 60.94% 91.14% 7341% —73.60% —71.30% —72.53%
CAGR 1.69% 2.29% 1.97% 1.71% 2.34% 1.99% -4.65% —4.36% -4.51%
40-44 TAPC 57.31% 87.58% 70.57% 61.70% 83.14% 71.25% —70.82% -68.45% —69.68%
CAGR 1.63% 2.27% 1.93% 1.73% 2.18% 1.94% —4.30% —4.04% —417%
45-49 TAPC 63.94% 75.85% 69.16% 70.84% 61.62% 66.38% —66.69% -68.99% —67.78%
CAGR 1.78% 2.04% 1.90% 1.93% 1.73% 1.83% —3.85% —4.10% —3.96%
50-54 TAPC 64.73% 65.71% 64.58% 74.19% 47.04% 60.37% —64.42% —68.90% —66.62%
CAGR 1.80% 1.82% 1.80% 2.00% 1.39% 1.70% -3.62% -4.09% —-3.84%
55-59 TAPC 67.52% 55.29% 60.96% 71.42% 28.45% 48.86% —63.09% —69.70% —66.45%
CAGR 1.86% 1.58% 1.71% 1.94% 0.90% 1.43% -3.50% —4.17% -3.83%
60+ TAPC 35.15% 32.27% 33.15% 23.73% 8.99% 18.37% —66.97% —66.24% —66.06%
CAGR 1.08% 1.00% 1.03% 0.76% 0.31% 0.60% —3.88% —3.80% —3.79%
All Age TAPC 93.90% 111.55% 102.10% 111.20% 151.86% 128.49% -57.07% -50.52% -54.00%
CAGR 2.39% 2.71% 2.54% 2.71% 3.35% 3.00% —2.98% —2.48% —2.74%
Age-std TAPC 63.94% 85.66% 73.77% 63.13% 75.06% 70.01% —70.30% —68.54% —69.27%
CAGR 1.78 2.23% 1.99% 1.76% 2.02% 1.91% —4.24% -4.05% -4.13%

TAP C Total Annual Percentage Change, CAGR Compound Annual Growth Rate, Age—std Age—standardized

smoothing) regression, we used the cubic power:

3
_ li—| A
WTij - (1 - (ATgMam(\i7j|+l)) ) .
o A\ is a smoothing parameter. Based on the previous
studies, this parameter was considered to be 2.

+ Age component (WAl j): assuming that increased
difference between two age groups is associated
with a reduction in their weight, defined as
Wa

= ﬁ in the matrix.

o w is a smoothing parameter that with lower
values of it, smoothing will be higher. Based
on the previous studies, this parameter was
considered to be 1.

To predict the uncertainty interval (UI), we used a boot-
strap method for multilevel models [30, 31]. Using this
method, first, we pooled the covariates we had -such as
sex, mean years of schooling, wealth index, and mean
weighting of the age group- using a fixed effects model

and province and year based on a random effects model.
Then, we evaluated the distribution of these pooled
covariates and fitted the bootstrap model based on their
distribution to estimate the UL The advantage of using
this method over other bootstrapping methods is that it
considers all the uncertainties [32, 33].

We calculated the age-standardized BOP, SP, and DP
at the provincial level for each age group, based on the
report of the population and housing census conducted
by Iran’s Statistical Center in 2016 [34]. We reported esti-
mations of BOP, SP, and DP from 1990 to 2017 with 95%
UL Total Annual Percentage Change (TAPC) and Com-
pound Annual Growth Rate (CAGR) were calculated
based on the following formula (¢ is the number of years,
which is 28 in our study):

Prevalenceendyear — Prevalencestartingyear

TAPC =

Prevalencestm‘tingycar

x 100
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CAGR = (( Prevalenceendyear

) —1)

Prevalencestartingyear
x 100

The statistical analyses and creating the figures were per-
formed using STATA V.14.0.0., V.17.0.0. and R V.3.5.2
(R Core Team, R Foundation for Statistical Computing,
Vienna, Austria; http://www.R-project.com) with the
Age-Spatial-Temporal Model V.0.1.0 (AST) package (htt
ps://cran.r-project.org/web/packages/AST/index.html).

Results

National trend of BOP, SP, and DP

Age-standardized prevalence of BOP increased from
27.11% (95%UL: 22.86%-31.36%) in 1990 to 47.11%
(95%UI: 40.11%- 54.12%) in 2017, indicating a 73.77%
increase. Prevalence of BOP was slightly higher among
males than females both in 1990 (24.41% vs. 22.16%) and
2017 (47.33% vs 46.86%), however, this gap decreased
in 2017. The age-standardized prevalence of SP in Iran
increased significantly from 14.34% (95%UI: 9.27-21.23)
in 1990 to 24.38% (95%UI: 16.88—33.95) in 2017, marking
a rise of 70.01%. In contrast, the age-standardized preva-
lence of deep pocket decreased by 69.27%, from 8.98%
(95%ULI: 5.32-14.11) in 1990 to 2.76% (95%UL: 2.76—5.58)
in 2017. Initially, males had a higher prevalence than
females, but by 2017, females showed a slightly higher
prevalence than males (Figs. 1, 2, 3 and 4).

Children and adolescents (5-9, 10— 14, and 15— 19 years)

The prevalence of BOP increased from 5.64% (95%Ul:
1.53-9.76%) in 1990 to 16.41% (95%UI: 9.48-23.42%) in

Female
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2017 among children aged 5-9 years. The trend indi-
cated a notable increase in BOP (18.85% vs 31.62%)
and shallow pocket (3.55% vs 5.32%), among the 10-14
years old children. Almost similar pattern was observed
among the 15-19 years old adolescents, with BOP and
SP increasing from 26.73% (95%UI: 22.68-30.78%) and
8.28% (95%UI: 4.86—13.15) in 1990 to 46.91% (95%UL:
40.01-53.83%) and 15.53% (95%UL 9.85%—23.12%)
in 2017, respectively. No cases of deep pockets were
recorded among the 5-9-year-olds and showed similar
decreasing pattern among the other age groups.

Young adults (20— 24, 25-29, and 30— 34 years)

Among the young adults, BOP and SP showed a con-
sistent 80% increase in all age groups, with the highest
increase being for the 25-29-year-olds in prevalence of
BOP (96.96%, 28.41% vs 55.97%) and 20-24-year-olds in
prevalence of SP (115.47%, 11.69%-25.19%). Deep pocket
showed an approximate 70% steady decrease across all
age groups. The highest prevalence in 2017 was for the
30-34-year-olds with 1.90% (95%UL: 0.61%—4.46%).

Middle aged Adults (35 -39, 40 — 44, and 45 — 49 years)

The increase in the prevalence of BOP ranged from 60 to
88% with females showing more pronounced rise in the
prevalence across all age groups. More importantly, the
prevalence of BOP and SP among the middle-aged adults
was the highest across all age groups (from 5 to 60+)
with the prevalence of BOP and SP being 51.78% (95%UT:
44.89%—58.69%) and 31.28% (95%UI: 22.20%—42.56%)
in 2017, respectively. Across all age groups, males expe-
rienced higher prevalence, although the data shows

Male

Prevalence (%)
30 40 50

20

10

1990 1995 2000 2005 2010 2015

— Bleeding

Dotted lines indicate the age standardized estimates.

— Shallow pocket

1990 1995 2000 2005 2010 2015

Year

— Deep pocket

Fig. 1 National trend of bleeding on probing, shallow pocket, and deep pocket from 1990 to 2017 among all ages
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Fig. 2 Pyramid plot of the prevalence of bleeding on probing among age groups in 1990 and 2017

higher increase among females. The trend of BOP and
SP reaches its peak in this age category and from here
on shows a downward trend in older age groups. There
was a significant reduction in the prevalence of DP. For
instance, the 35-39 age group showed a decrease from
8.70% (95%UTI: 4.97%—13.99%) to 2.39% (95%UI: 0.85%—
5.24%). The downward trend was similar in the 40-44
and 45-49 age groups. However, a rising trend was evi-
dent from younger to older age groups with the 45-59
age group demonstrating the highest prevalence 4.15%
(95%UTI: 1.77%—8.17%).

Older adults (50—54 and 55— 59 years)

BOP prevalence increased from approximately 31.08%
to 51.15% in the 50-54 age group and from 31.51% to
50.72% in the 55-59 age group. Regarding SP, the preva-
lence increased from 18.90% to 30.31% for those aged
50-54, and from 20.12% to 29.95% for the 55-59 age
group. The prevalence of DP declined similarly to the
middle-aged groups, with the 50-54 age group decreas-
ing from 15.19% (95%UL 9.39%—23.01%) to 5.07%
(95%UI: 2.28%—9.64%), and the 55-59 group declined
from 18.15% to 6.09%.

Elderly adults (>60 years)

The BOP prevalence increased by 33.14% from 35.57%
(95%UI: 30.09%-41.04%) in 1990 to 47.36% (95%UL
39.68%-55.04%) in 2017. The lowest increase of SP was
observed in this age group with a 18% increase from
24.49% (95%UL 16.10%-35.65%) in 1990 to 28.98%
(95%UIL: 19.95%-40.44%) in 2017. This age group had
also the highest prevalence of DP among all age groups
in both 1990 (26.75% [95%UL 17.16%-39.41%]), and
2017 (9.08% [95%UL: 4.55%—-16.00%]). The prevalence of
DP was higher among females than males in both 1990
(30.42% vs 23.80%) and 2017 (10.27% vs. 7.86%).

Provinces

In 1990, for BOP, the provinces with the lowest values were
South Khorasan (22%, 95%UI: 17%, 26%), Kurdistan (22%,
95%UL: 18%, 27%), and Hormozgan (24%, 95%UI: 20%,
28%). Regarding SP, Ardabil had the lowest value at 10%
(95%UL: 6%, 15%), followed by Hormozgan (15%, 95%UL:
10%, 23%) and Alborz (14%, 95%UL: 9%, 21%). For DP, the
lowest values were found in East Azerbaijan (7%, 95%UL:
4%, 11%), Kurdistan (8%, 95%UL: 4%, 12%), and Alborz
(10%, 95%UIL: 6%, 15%). The provinces with the highest
BOP prevalence were Tehran (32%, 95%UlL: 28%, 37%),
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Fig. 3 Pyramid plot of the prevalence of shallow pocket among age groups in 1990 and 2017

Qom (29%, 95%UL: 25%, 34%), and Isfahan (28%, 95%UI:
24%, 33%). In terms of SP, Sistan and Baluchistan had the
highest value at 24% (95%UI: 15%, 37%), followed by Teh-
ran (21%, 95%UL 14%, 29%), and Kerman (18%, 95%UI:
12%, 26%). For DP, Sistan and Baluchistan had the highest
value of 11% (95%UI: 6%, 18%), followed by Tehran (11%,
95%UL: 7%, 17%) and Markazi (11%, 95%UL: 7%, 18%).

In 2017, the provinces with the lowest BOP prevalence
were Kurdistan (37%, 95%UI: 31%, 43%), East Azerbai-
jan (37%, 95%UL: 29%, 45%), and South Khorasan (41%,
95%UI: 33%, 49%). For SP (Figs. 5 and 6), the lowest
values were recorded in Khorasan North (17%, 95%UI:
11%, 26%), Gilan (21%, 95%UI: 13%, 30%), and Khorasan
Razavi (23%, 95%UI: 17%, 30%). For DP, the lowest values
were found in Kerman (3%, 95%UI: 1%, 6%), Tehran (4%,
95%UTl: 2%, 7%), and Kurdistan (2%, 95%UL 1%, 3%). The
provinces with the highest BOP prevaalence were Koh-
kiluyeh and Boyer-Ahmad (54%, 95%UL: 46%, 62%), Fars
(54%, 95%UL: 46%, 62%), and Isfahan (53%, 95%UL: 46%,
61%). Sistan and Baluchistan had the highest value for
SP at 41% (95%UTI: 28%, 58%), followed by Tehran (33%,
95%UL: 25%, 44%), and Hormozgan (26%, 95%UIL: 17%,
37%). For DP, the worst provinces were Sistan and Balu-
chistan (4%, 95%UL: 2%, 8%), Tehran (4%, 95%UL: 2%, 7%),

and Kohkiluyeh and Boyer-Ahmad (1%, 95%UI: 0%, 3%).
Further information regarding the provincial prevalence
of the three indices is available in Appendix 5 to 11.

Discussion
Our study aimed at evaluating the prevalence and trend
of BOP, shallow pocket and deep pocket across all age
groups from 1990 to 2017. Based on our results, the
prevalence of BOP and SP showed a consistent increase
from 1990 to 2017 while DP showed a decreasing pat-
tern. There were gender disparities across different age
groups, however, from 1990 to 2017 the prevalence of
BOP and SP not only increased among females but also
surpassed malesin some age groups. Conversely, the age-
standardized prevalence of DP decreased by 69.49% and
the highest prevalence for both years remained among
the + 60-age group. These trends underscore shifts in age
and gender patterns over time, highlighting a growing
burden of periodontal diseases in younger populations.
As shown in Fig. 2, 3 and 4 and the above summary, the
results suggest that prevalence of BOP and SP increased
while the prevalence of DP decreased. Approximately
half of the Iranian population are suffering from gingival
inflammation. The starting point is around the age of 10
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Fig.5 Provincial prevalence of bleeding on probing, shallow pocket, and deep pocket in 1990 and 2017

to 14 and reaches its peak around 40 to 45 years-of-age.
The decreasing pattern can be attributed to two factors.
First, increased utilization of dental care and improved
oral health or secondly and more probably, to higher

extraction rates, thus, increasing the prevalence of tooth
loss rather than increasing the prevalence of deep pocket
itself. This is more reasonable when we take into account
the fact that the peak of SP prevalence changed from
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60 + age group to 45—49 age group. Overall, this could be
interpreted as this: the onset of gingival inflammation in
the form of BOP has decreased and younger people are
experiencing gingivitis and this inflammation tends to
persist and transform into mild to moderate periodon-
titis. When the condition gets more severe and causes
severe periodontitis, patients often seek extraction, thus
justifying the lower prevalence of DP among the 60 +age
group. This explanation is supported by previous evi-
dence. Based on a previous study regarding the national
DMFT among Iranians, it was found that the mean of
Missing Teeth (the M component of the DMFT index)
was 10 among 45-49 years old adults and increased to
21.5 among those older than 60 years [17]. The signifi-
cant lower rates of Decayed Teeth across the adult popu-
lation in this study compared to the Missing teeth, also
points towards an underlying condition (severe forms of
periodontitis) other than tooth decay for extraction of
teeth. Two other studies also reported relatively similar
results. A recent meta-analysis study reported that the
mean M was 24 among the elderly population in Iran
[35]. Another study in Iran reported the mean DMFT of
26 and M of 22 to 24 among the elderly population [8].

If we delve deeper into the underlying causes for the
results of our study, we should mention the basic oral
health care package in Iran. The ministry of health, as
the guardian of oral healthcare in Iran, provides a basic
oral healthcare package. This package is comprised of
two main categories: (1) oral health education and pri-
mary care interventions including only fluoride therapy
and pits and fissures sealant therapy (only for permanent
first molars), and (2) dental treatments including restora-
tion, scaling and root planing, extraction, and pulpotomy.
In the first glance, this appears to be a valid basic pack-
age for improvement and maintenance of oral health.
However, the target population for this package are: (1)
children up to 6 years of age, (2) children from 7 to 14
years of age, and (3) pregnant women up to 1 year after
their labor. Thus, it is evident that a majority of the Ira-
nian population and more importantly vulnerable elderly
populations, cannot benefit from basic interventions
such as scaling and root planing that can significantly
improve their oral and periodontal health care and post-
pone or prevent gingival inflammation, periodontitis,
and tooth loss [36—39]. This should be mentioned that
the first initiative for national provision of this package
started in 2013 -due to the national oral health reform
plan- and was finally implemented in 2015. Currently,
no valid report is available regarding its coverage and
cost-effectiveness.

Another contributing factor is insufficient mid-level
or intermediary oral health providers in Iran. Currently,
valid reports regarding the number of intermediary
oral health workers are scarce. Bayat et al. performed
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a concise analysis on the number oral health workers
encompassing both dentists and auxiliary personnel from
1962 to 2014 [40]. The number of active dentists were
26,958 with a dentist to population ratio of 1:2908 and
an annual growth rate of 8 to 10%, while the number of
active intermediary personnel was only 789. The dentist
to dental auxiliary personnel ratio was 1:33. This num-
ber ranges between 1:1 to 1:4.5 among developed coun-
tries such as Japan and United Kingdom with preventive
national oral health policies [40]. Although a study by
Khoshnevisan et al. [41] has emphasized the fact that
for a preventively-oriented oral health plan, intermedi-
ary oral health personnel are necessary, no evidence is
available regarding the training of these work forces [42,
43]. Studies have highlighted that Iran’s health system
has struggled with integrating preventive measures into
broader health policies, with a greater emphasis placed
on treatment rather than prevention [44, 45]. Further
studies should focus on this issue for more precise and
updated statistics.

The rise in BOP and SP corresponds to national studies
which showed that oral health conditions, including peri-
odontal diseases, have worsened over time. For instance,
from 1990 to 2010, the Global Burden of Disease study
reported a significant increase in Disability-Adjusted
Life Years (DALYs) due to periodontal diseases in Iran,
reflecting an increase in both prevalence and the bur-
den associated with these conditions. This increase was
largely driven by risk factors such as poor oral hygiene
practices, lack of access to dental care, and lifestyle fac-
tors including unhealthy diet and smoking, which have
been documented across most Iranian provinces [46,
47]. Moreover, the national and subnational trends of
oral health studies also show the impact of socioeco-
nomic factors on the worsening of oral health conditions.
Research that assessed dental caries trends from 1990 to
2017 in Iran identified a 58% increase in the DMFT index
with poor oral hygiene and limited access to preventive
care as contributing factors. Such findings parallel with
the increasing BOP and SP in our study, where younger
age groups consistently exhibited higher prevalence rates
than before [17].

Currently there are no other studies available to report
the national and subnational trend of periodontal dis-
eases in Iran based on original studies. However, based
on the publicly available GBD dataset, the prevalence of
periodontal disorders was estimated to be 7.82% (95%UL:
5.78%—9.86%) in 1990 for both sexes in national level
and experienced a steady increase to 13.53% (95%UL:
10.59%—16.5%) in 2017. This result should not be com-
pared to ours, as we did not aggregate the prevalence of
BOP, SP, and DP. However, if we calculate the percent
change for the GBD dataset, which is 73.01%, and com-
pare it to our percent change for BOP (73.77%) and SP
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(70.01%), we see that they are almost equal. But as men-
tioned earlier, this comparison may be erroneous in
essence and should be read with caution [48].

The inequalities in oral health between provinces
in Iran, align with broader socioeconomic disparities
observed in access and utilization of dental care across
the country. Studies revealed that dental care utilization
is highly concentrated among wealthier households. For
instance, a recent study in 2017 showed that only 4.67%
of Iranian households used dental care services in a
given month, while the utilization rates were significantly
higher in urban areas compared to rural areas, indicating
a strong urban—rural divide. Wealthier provinces such as
East Azarbaijan and Isfahan had much higher utilization
rates, while provinces like Sistan and Baluchestan had
utilization rates below 1% [49]. Another major contribut-
ing factor to these disparities is the improper distribution
of dentists across Iran. Wealthier provinces tend to have a
higher density of dental professionals, while less affluent
and rural areas struggle with limited dental care availabil-
ity [50]. In comparison to other countries in the region,
similar trends are observed. For example, studies from
Turkey and Saudi Arabia also highlight that access to
dental care is closely tied to socioeconomic status, with
wealthier urban populations experiencing better peri-
odontal health outcomes [49, 51]. The Gini coefficient,
which measures income inequality, revealed that dental
care expenditures were distributed more unequally com-
pared to general healthcare spending. Such disparity is
particularly pronounced in restorative dental care like
filling and root canal treatments [52]. Policymaking chal-
lenges have further exacerbated these issues. Evidence
shows that dental health has not yet been a priority in
Iran's public health policy, and limited insurance cover-
age for dental services have all contributed to the limited
accessibility to dental care in Iran [45]. Although stating
that increasing insurance coverage is widely accepted
as one of the key answers for the question “How can we
improve oral health?’; however, current evidence regard-
ing this matter shows mixed results. Extensive studies
have shown that increasing insurance coverage is associ-
ated with increased utilization of dental or periodontal
care in middle-aged and elderly individuals, however [53,
54], direct and reliable association between insurance
coverage and improved oral health is less clear [55]. This
matter should be investigated in future studies.

Strengths and limitations

This study has several strengths, including its compre-
hensive national and subnational coverage of Iran over a
28-year period across different demographics. Another
major strength is the application of the Age-Spatial-Tem-
poral Bayesian hierarchical model to estimate the missing
point data which is one of the most prevalent problems in
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epidemiological studies. However, the study has encoun-
tered some limitations. As demonstrated in Fig. 5, a
worsening pattern is evident for BOP and SP. Although
our estimation of the prevalence of these indices is the
best we could get based on the available data, however,
the better status of earlier years should be interpreted
cautiously due to the fact that published literature and
national surveys were scarce for those years and this may
have affected our results towards a general underestima-
tion. Although the AST model the best method we could
use to estimate and fill missing data point, we did not
compare the accuracy and performance of AST versus
other methods such as joinpoint regression or linear time
trend models.

Policy implications

+ Shifting the national oral health plan towards a
preventively oriented policy

+ Making the role of intermediary oral health providers
clearer in the national health plan

+ Incentivizing and training more people to study such
fields

» Expanding insurance coverage for preventive and
basic oral health treatments for all age groups with
a focus on more vulnerable populations such as the
elderly population

A national governance on the quality of provided
oral health care

Conclusions

Based on the results of this study, there has been a sig-
nificant increase in the prevalence of BOP and SP in
Iran from 1990 to 2017, while the prevalence of DP was
decreasing. The rise in BOP and the geographic dispari-
ties in periodontal disease highlight the growing burden
of oral health issues, especially in provinces with lower
access to dental care. These findings emphasize the need
for targeted public health policies focusing on preven-
tive strategies, improving dental service accessibility, and
addressing socioeconomic and regional disparities to
mitigate the long-term impact of periodontal diseases.
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