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Abstract
Purpose The aim of this updated systematic review and meta-analysis was the association between hyperglycemia and 
periodontitis.
Methods We searched PubMed/MEDLINE, Web of Science, and Scopus until March 2021. The key search words were 
based on "periodontitis" and "hyperglycemia." We included cohort, case–control, and cross-sectional studies, restricted 
to publications in English. The quality assessment of included studies and data extraction were done by two independent 
reviewers. Meta-analysis was performed for cross-sectional studies using the random-effects model.
Results The literature search yielded 340 studies, and finally, 19 and 11 studies were included in systematic review and 
meta-analysis, respectively. The total sample size of the eligible studies in the meta-analysis was 38,896 participants, of 
whom 33% were male with a mean age of 51.20 ± 14.0 years. According to a random-effect meta-analysis in cross-sectional 
studies, the pooled odds ratio (OR) for the association between hyperglycemia and periodontal indices was statistically sig-
nificant (OR: 1.50, 95%CI: 1.11, 1.90). There was evidence of publication bias (coefficient: − 3.53, p-value = 0.014) which, 
after imputing missing studies, the pooled OR of the association between hyperglycemia and periodontitis change to 1.55 
(95%CI: 1.20, 1.90).
Conclusion Results of the present study show that hyperglycemia was positively associated with periodontitis. However, 
more cohort and prospective longitudinal studies should be conducted to find the exact association. Overall, it seems the 
management of hyperglycemia could be considered as a preventive strategy for periodontitis.
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Introduction

Periodontitis is a chronic inflammatory disease that can 
accumulate during a lifetime. There is an increased preva-
lence of periodontitis in the aging population as they keep 
their teeth [1, 2]. In 2010, 10.8% (743 million) people 
worldwide were affected by severe periodontitis, with the 
maximum prevalence at the age of 40 [3]. National Health 
and Nutrition Examination Survey in 2009–2014 reported a 
higher prevalence of periodontitis among dentate US adults 
with the age of 30–79 years than previous studies. Also, it 
was established that 42.2% of dentate US individuals older 
than 30 years had some category of periodontitis, including 
7.9% with severe periodontitis and 34.4% with non-severe 
periodontitis [2]. Periodontitis is also the sixth major com-
plication of diabetes [4]. It is generally accepted that the 
cause of most chronic diseases such as diabetes and meta-
bolic syndrome is a pro-inflammatory state derived from 
excessive calorie intake, over nutrition, and chronic inflam-
matory dysfunctions [5]. This pro-inflammatory state leads 
to an increase in inflammatory mediators such as tumor 
necrosis factor-alpha (TNF-α) and oxidative stress, which 
causes impairment in several crucial biological mechanisms 
[6]. It seems that hyperglycemia has the most common rela-
tionship to periodontal disease. The chronic hyperglycemia 
state resulting in increased oxidative stress in the periodon-
tium, and it causes elevated levels of inflammatory media-
tors. These mediators finally lead to the destruction of the 
crestal alveolar bone and cause periodontitis [7, 8]. Due to 
the prevalence of periodontitis and the importance of moni-
toring, this study aims to collect and summarize all evidence 
of the association between hyperglycemia and periodontitis 
based on clinical periodontal examinations.

Methods

This systematic review and meta-analysis were done accord-
ing to the PRISMA guideline [9]. To assess the association 
between hyperglycemia with periodontitis, we conducted a 
systematic review in all related studies which were searched 
from comprehensive international databases of PubMed and 
NLM Gateway (for MEDLINE), Web of Science, and Sco-
pus up to March 2021.

Search strategy

The main bases for the development of search strategies 
were extracted from “periodontitis” or “hyperglycemia,” 
and all related terms were included according to this main 
strategy. The databases were searched by two reviewers 
independently (Supplementary 1).

Eligibility criteria and selection study

All observational studies (cross-sectional, case–control, and 
cohort) that investigated the association between hypergly-
cemia with periodontitis were considered eligible. Studies 
that were conducted on non-human-subjects, those with 
duplicate citations, and the non-generalized studies that were 
limited to sub-group populations were excluded. In the case 
of multiple publications from the same study, the study with 
the most comprehensive sample size was included.

After removing duplicate studies, two independent 
reviewers examined titles and abstracts as well as full texts 
for relevance. Disagreement between these reviewers was 
resolved by a third reviewer.

The data was extracted through a checklist which included 
the following items; information of study; demographic and 
bibliographic characteristics; methodological information; 
definition of hyperglycemia and periodontitis, and results 
of each study.

Quality assessment

Quality assessment was assessed using the Newcas-
tle–Ottawa quality assessment scale by study design (cross-
sectional, case–control, and cohort study) [10]. Two review-
ers independently evaluated quality assessment and any 
disagreement resolved by a third reviewer.

Statistical analysis

Meta-analysis was performed for studies that reported odds 
ratio (OR) and 95% confidence interval (CI) as a measure 
of the association between hyperglycemia and periodon-
titis. Due to the small number of cohort and case–control 
studies in the healthy population, meta-analysis was per-
formed only in cross-sectional studies. Chi-square-based Q 
test and I-square statistics were used to assess the heteroge-
neity among studies. I-squared values, 0%, 25%, and 75% 
showed low, moderate, and high heterogeneity, respectively. 
If heterogeneity were statistically significant (P-value < 0.1) 
[11], the random-effect meta-analysis model was used (using 
the Der-Simonian and Laird method) to find the associa-
tion between hyperglycemia and periodontitis. Subgroup 
analyses were done with quality assessment, hyperglycemia 
definition (fasting blood sugar (FBS) and Glycated hemo-
globin (HbA1c)), and dental indices (periodontal disease 
(PD), and clinical attachment loss (CAL)). Publication bias 
was estimated by Egger’s test and the result of this test was 
considered to be statistically significant at P < 0.1. Publica-
tion bias was presented schematically using a funnel plot. 
When potential publication bias existed, the trim and fill 
correction method was used to impute missing studies and 

1328 Journal of Diabetes & Metabolic Disorders (2021) 20:1327–1336



1 3

correct publication bias. Sensitivity analysis was performed 
to identify the effectiveness of exclusion of each study on the 
pooled effect size. We undertook a meta-regression analy-
sis to detect the source of heterogeneity. All analyses were 
conducted using Stata 11 (version 11; StataCorp, College 
Station, Texas).

Results

Search strategy

The literature search yielded 340 studies, and after the 
screening, 19 and 11 studies were included in systematic 
review and meta-analysis, respectively. Figure 1 summarizes 
the screening process of the studies. No studies were added 
during the examination references list of relevant studies.

Qualitative synthesis

The main characteristics of included studies and their 
quality score are shown in Table 1. Of 19 studies that met 
the eligibility criteria in the systematic review, 11 were 

cross-sectional study, 4 case–control, and 2 cohorts which 
one study reported beta coefficient and one other had not 
eligible dental indices.

The total sample size of the eligible studies in the system-
atic review was 41,300, of whom 25% of participants were 
male with a mean age of 50.0 ± 13.0 years. The total sample 
size of the eligible studies in the meta-analysis was 38,896 
participants, of whom 33% were male with a mean age of 
51.20 ± 14.0 years. Periodontal indices and hyperglycemia 
were measured by using different methods. By type of Com-
munity Periodontal Index (CPI), four studies [12–15] used 
CPI ≥ 3 mm, and two studies used CPI ≥ 4 mm [16, 17]. By 
type of CAL periodontal index, 4 studies used CAL ≥ 3 mm 
[12–15], 3 used CAL ≥ 4 mm [18–20], one studies used 
CAL ≥ 5 mm [21] and 5 studies used CAL ≥ 6 mm [18, 19, 
21–23]. By type of PD periodontal index, 6 studies used 
PD ≥ 4 mm [14, 17, 18, 20, 23, 24], 4 used PD ≥ 5 mm [19, 
21–23], 2 studies used PD ≥ 2 mm [25, 26], and 1 study 
PD ≥ 6 mm [24]. Also, by type of hyperglycemia based 
on HbA1c, 4 studies used HbA1c ≥ 6% [22, 23, 27, 28], 
one study used HbA1c ≥ 7.5% [29] and one study used 
HbA1c ≥ 8% [26]. By type of hyperglycemia based on high 
FBS, 6 studies used FBS ≥ 110 mg/d [12–14, 18, 25, 30] and 

Fig. 1  PRISMA flowchart of 
the study selection process
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one studies used FBS ≥ 126 mg/dl [19]. The studies were 
published between 2001 and 2017 years, and most were con-
ducted in Asian countries. Sixteen studies reported adjusted 
OR at least for two confounders; the most commonly con-
founding factors were age, gender and smoking status. In 
2 cohort studies, effect measure were ranged between 0.86 
(95%CI: 0.36–2.06) and 1.88 (95%CI: 0.86- 4.10). In 4 
case–control studies, OR and confidence interval was ranged 
between 1.76 (1.03–3.00) and 4.20 (2.41–7.30).

Quality assessment

The results of the qualitative assessment showed that 15 
studies had a high quality, and the remains had a moder-
ate quality. Also, no low-quality studies were observed. The 
quality scores ranged from 6 to 9.

Quantitative synthesis

The results of the meta-analyses on the association between 
hyperglycemia and periodontitis according to quality 
assessment, hyperglycemia, assessed periodontal indices, 
and hyperglycemia-periodontal indices in cross-sectional 
studies are shown in Table 2 and Fig. 2. Significant het-
erogeneity was observed among the included studies 
(I-squared = 84.1%, P < 0.001). There was a significant asso-
ciation between hyperglycemia and periodontal indices (OR: 
1.50; 95% CI: 1.11, 1.90). By type of periodontal index, 
hyperglycemia has a significant association with PD (OR: 

1.66; 95% CI: 1.06, 2.26) but not with CAL (OR: 1.07; 95% 
CI: 0.53, 1.61) and PD/CAL (OR: 1.19; 95% CI: 0.92, 1.45).

According to hyperglycemia definition, we don’t found 
any significant association between FBS with PD (OR: 1.62; 
95% CI: 0.95, 2.28), CAL (OR: 1.07; 95% CI: 0.53, 1.61), 

Table 2  Meta-analysis of the association between hyperglycemia and periodontitis in cross-sectional studies according to study characteristics

Overall periodontitis risk No point Sample size Pooled OR (95% CI) Heterogeneity assessment

Model I-squared % Q test P-value of 
heterogene-
ity

By Quality assessment
 Moderate 2 11,660 1.85 (0.68, 3.00) Random 85.90 7.08 0.008
 High 15 46,800 1.44 (1.02, 1.87) Random 86.50 106.81  < 0.001

By hyperglycemia definition
 FBS 15 55,755 1.47 (1.04, 1.89) Random 87.60 112.06  < 0.001
 HbA1c 2 2,712 1.87 (1.38, 2.36) Fixed 0.00 0.90 0.343

By dental indices
 PD 9 28,602 1.66 (1.06, 2.26) Random 92.00 104.76  < 0.001
 CAL 3 1,365 1.07 (0.53, 1.61) Fixed 0.00 0.98 0.612
 PD/CAL 5 28,500 1.19 (0.92, 1.45) Fixed 0.00 3.62 0.460

By hyperglycemia—dental indices
 FBS-PD 8 26,120 1.62 (0.95, 2.28) Random 93.10 101.85  < 0.001
 FBS-CAL 3 1,365 1.07 (0.53, 1.61) Fixed 0.00 0.98 0.612
 FBS-PD/CAL 4 28,264 1.18 (0.86, 1.50) Fixed 12.50 3.43 0.330
 HbA1c-PD 2 2,712 1.87 (1.39, 2.37) Fixed 0.00 0.90 0.343

Fig. 2  Forest plot of the association between hyperglycemia and peri-
odontitis according to the definition of hyperglycemia, dental indices, 
and hyperglycemia & dental indices in the cross-sectional studies
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and PD/CAL (OR: 1.18; 95% CI: 0.86, 1.50). There was 
also a significant association between HbA1c and PD (OR: 
1.87; 95% CI: 1.39, 2.37). By quality assessment, studies 
with high quality had a significant association (OR: 1.44; 
95% CI: 1.02, 1.87) than those with moderate quality (OR: 
1.85; 95% CI: 0.68, 3.00).

Publication bias

There was evidence of publication bias (coefficient = -3.53, 
p-value = 0.014) (Fig. 3). Trim-and-fill analysis indicated 
that if missing studies are included in the analysis, the 
pooled OR of the association between hyperglycemia and 
periodontitis change from 1.50 (95%CI: 1.11, 1.90) to 1.55 
(95%CI: 1.20, 1.90).

Meta‑regression

Based on the results of the meta-regression analysis, none of 
the covariates, including sample size, quality score, hyper-
glycemia definition, and dental indices affect the observed 
heterogeneity (p-value > 0.10).

Sensitivity analysis

The sensitivity analysis result was demonstrated that 
the pooled results were robust, and excluding each study 
couldn’t be affected on the pooled estimate.

Discussion

In the present systematic review and meta-analysis, we 
aimed to assess the association between hyperglycemia 
and periodontitis indices. To the best of our knowledge, 
up to now, it is the first comprehensive systematic review 

run on this topic. All observational studies included in 
this systematic review revealed the associations between 
high levels of plasma glucose and periodontitis. Based on 
findings, hyperglycemia was associated with periodontitis. 
This association was significant regardless of the type of 
indicators, and definition of diabetes.

Considering the increasing trends of diabetes, MetS, 
and other metabolic risk factors, attention to the role of 
these potential risk factors in the incidence or progression 
of other comorbidities has become an interesting field of 
research [8, 31]. In this regard, there is some evidence on 
the association between hyperglycemia and periodontal 
diseases. This assumption explains that increased levels 
of plasma glucose could be a risk factor for periodontitis 
[32]. Our results are consistent with the previous evidence; 
that reveals a potential association between hyperglycemia 
and periodontitis [8, 16, 31–33]. Previous study revealed 
that regarding the chronic immune system activation in 
patients with diabetes, leukocytes and pro-inflammatory 
markers may be increased [34]. Moreover, the advanced 
glycated end products (AGEs) as a consequence of hyper-
glycemia, can increase the inflammatory processes which 
induce apoptosis [35]. The chronically increased level 
of plasma glucose and inflammation could be increas-
ing oxidative stress in the periodontium that could lead 
to elevated levels of inflammatory mediators. Following 
these procedures destruction of the crestal alveolar bone 
lead to periodontitis [8, 16, 36].

The methodological quality of included papers was mod-
erate and high. In cross-sectional studies, the sample size 
was mostly representative of the general population. The 
exposure was assessed through a defined standard measure-
ment tool. In case–control studies, the same procedures for 
setting the case and controls were conducted, and exposure 
was evaluated through the secure data. The criteria for the 
detection of periodontitis is the critical determinant. The 
clinical assessment is the gold-standard method of detec-
tion of periodontitis progression [31]. The variation of find-
ings may be rooted in different methodological and practical 
approaches in the selection of periodontal indices, sampling 
frames, and technical procedures of detection [37, 38].

Scientific experiments have shown that the promotion of 
general health and detection and treatment of many risk fac-
tors such as high plasma glucose could increase oral health 
and decrease oral diseases [31, 39]. Some of them even 
emphasized the bidirectional association between diabetes 
and inflammatory periodontal disease [40]. Considering 
the discussed results, as a practical implication of research; 
increasing the awareness about the importance of the con-
trol of plasma glucose and management of diabetes must be 
added to health programs to reduce adverse health outcomes 
of many oral diseases [31, 39].Fig. 3  Funnel plot of the association between hyperglycemia and per-

iodontitis in cross-sectional studies
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Compare with the parallel studies, the present study ben-
efited from many estrangements. It is the first comprehen-
sive systematic review and meta-analysis on the association 
of hyperglycemia and periodontitis which all available data 
were searched from international databases. We revealed 
the gaps of evidence in this field for future complementary 
researches.

There is some limitation in this study that should be con-
sidered. First, it is a secondary study and the quality and 
representativeness of our data were dependent on the accu-
racy of the data extracted from the primary studies. Sec-
ond, according to the cross-sectional nature, it is difficult to 
establish whether PD causes hyperglycemia or hyperglyce-
mia favors the incidence of PD. Third, because there were 
few case–control and cohort studies and heterogeneity of 
presented results, we could not analyze the sub-groups of 
sex, age, ethnicity, and other practical specifications. Forth, 
the adjustments of confounders were different in included 
primary studies; therefore, many other factors, such as the 
type of treatment and medication or supplement intakes that 
could influence the association between hyperglycemia and 
PD, have not been adjusted. Fifth, many potential co-factors 
of such as oral health, smoking, alcohol consumption, job 
description, and socio-economic class were not controlled.

Conclusion

The practical findings of the present study suggest an asso-
ciation between hyperglycemia and periodontitis. Thus, pre-
vention and control of hyperglycemia could be considered 
as a preventive strategy for periodontitis. This approach 
also could be a helpful method in usual tactic protocols in 
patients with periodontitis.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40200- 021- 00861-9.
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