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1  | INTRODUC TION

Diabetes, especially if poorly controlled, can increase the risk of per-
iodontal disease and ultimately tooth loss. On the other hand, in indi-
viduals with diabetes, concurrent periodontitis can adversely affect 
glycemic control and increase the risk of complications such as car-
diovascular disease, retinopathy, and kidney disease. This has been 
called the “2-way street”, describing the bidirectional link between 
diabetes and periodontal disease. In this review, we will focus on the 
effects of periodontal disease on glycemic control and complications 
of patients with diabetes. We will also review the emerging evidence 
of the effects of periodontitis on increasing the risk of incident dia-
betes and prediabetes. Diabetes is a major cause of death and mor-
bidity and is increasing in prevalence. Periodontal disease is one of 
the most common chronic infections of man, hence the reciprocal 
adverse relationship between these diseases is of great importance 
in clinical practice and in design of public health measures to manage 
these diseases.

2  | THE BURDEN OF DIABETES

Diabetes mellitus is a group of metabolic disorders in which hy-
perglycemia occurs, resulting from definitive insulin function and/
or reduced insulin production. In the USA, 30.3 million individu-
als (9.4% of the population) had diabetes in 2015. The prevalence 
increases with age, and 1 in 4 adults aged ≥65 years affected by 
diabetes. About 25% of those with diabetes in the USA are una-
ware of having the disease. Type 2 diabetes accounts for ~90% of 
the cases in the USA, whereas type 1 diabetes, caused by autoim-
mune beta cell destruction, and gestational diabetes mellitus, ac-
counts for the majority of the remaining cases.1 There are other 
types of diabetes that are caused by a genetic defect in insulin 

secretion or insulin production (monogenic diabetes, congenital 
diabetes), diseases (cystic fibrosis-related diabetes), or drugs/
chemicals (steroid diabetes), which can be misdiagnosed as type 
1 or type 2 diabetes.

One 3rd of adults in the USA have prediabetes with elevated 
levels of blood glucose which predisposes to diabetes, with almost 
a half of adults aged >65 years being affected.2 Hyperglycemia 
affects 16% or 1-in-6 pregnancies worldwide, of which 84% are a 
result of gestational diabetes.3 A large proportion of women with 
gestational diabetes mellitus will eventually develop type 2 dia-
betes. For example, they are 17 times more likely to do so in the 
3-6 years postpartum than women without gestational diabetes 
mellitus.4 The estimated number of adults with type 2 diabetes 
globally almost tripled between 2002 and 2017, not only reflect-
ing increases in the USA, but also in most other countries in the 
last 2 decades.2

3  | DIABETES COMPLIC ATIONS

Complications of diabetes include acute and chronic complications 
such as dehydration, poor wound healing, myocardial infarction, 
stroke, limb ischemia, kidney disease, neuropathy, neurocognitive de-
cline, hyperosmolar coma, retinopathy, and serious foot infections.5

People with diabetes and chronically poor glycemic control ex-
perience death, heart disease, and stroke at rates that are 2-4 times 
higher than those without diabetes.6,7 Diabetic retinopathy is the 
leading cause of new cases of blindness, and diabetic kidney disease 
is the leading cause of kidney failure in the USA.5 As the incidence 
of diabetes increases, so do the complications leading to significant 
morbidity and mortality. Since it is mainly hyperglycemia (especially 
of long duration) that leads to complications, they are similar for 
most types of diabetes.
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4  | BURDEN OF PERIODONTAL DISE A SE

There is recent evidence of a significantly greater burden of peri-
odontitis among US adults than reported previously.8 An accurate 
estimate of prevalence of periodontitis using whole mouth probing 
among US adults aged ≥30 years comes from the National Health 
and Nutrition Examination Survey (NHANES) cycles 2009-2012.9 
Using the Chronic Disease Control and Prevention/American 
Academy of Periodontology definition of mild, moderate, and severe 
periodontitis, this study found that the prevalence of total periodon-
titis is 46.5%.10 Importantly, in US adults aged ≥65 years, almost 2 
of 3 (62.3%) among those with diabetes had periodontitis,9 mean-
ing that 18 900 000 individuals (5.4% of the US adult population) 
have both diabetes and periodontitis. This high burden of periodon-
tal disease is observed globally.11 Severe periodontal disease is the 
sixth most prevalent disease in the world.12 Globally, higher levels of 
periodontal disease are seen in populations with poorly controlled 
diabetes, as well as those with HIV.9,12

5 | EFFECT OF PERIODONTITIS ON GLYCEMIC 
CONTROL, AND COMPLICATIONS IN 
INDIVIDUALS WITH DIABETES

Recent systemic reviews of studies investigating the effects of peri-
odontal disease on glycemic control in diabetic individuals show a 
worsening of glycemic control over time in those with periodonti-
tis.13,14 There is also strong evidence that diabetic subjects with peri-
odontitis affected by more severe diabetic complications than those 
with little or no periodontitis. One of the first studies showing the 
effect of periodontitis on glycemic control in patients with diabetes 
comes from a study of individuals in the Gila River Indian commu-
nity. Among the native Americans in this community type 2 diabetes 
prevalence is very high, approaching 50%. In a longitudinal study of 
this population, severe periodontitis at baseline was associated with 
poorer glycemic control at follow-up after 2 years in those with both 
diabetes and periodontal disease compared with those with diabetes 
and little or no periodontal disease.15

Further studies of the Gila River Indian community found that 
death from cardiovascular disease and diabetic nephropathy increased 
in those individuals with diabetes and periodontitis compared with 
those with diabetes and little or no periodontitis.16 Periodontitis was a 
predictor for future ischemic heart disease and diabetic nephropathy 
after adjusting for age, sex, diabetes duration, glycated hemoglobin, 
macroeconomic study, body mass index, cholesterol, hypertension, 
electrocardiogram abnormalities, and smoking in this study. The sys-
tematic analyses of Borgnakke et al. and Graziani et al.13,14 summa-
rized studies that confirm and extend these findings showing that 
retinopathy, diabetic nephropathy, neuropathic foot ulceration, pro-
teinuria, cardiovascular complications, and death are correlated with 
the severity of periodontitis in individuals with diabetes.

A wide array of diabetic complications has been particularly as-
sociated with deterioration of periodontal status. These associations 

have been noticed for both type 1 and type 2 diabetes. Retinopathy 
has been largely associated with deterioration or progression of 
periodontitis in a dose-dependent manner.16-19 Cardiovascular com-
plications, including cardiovascular mortality, coronary heart disease 
or cerebrovascular events, and subclinical heart disease, have been 
significantly associated with type 2 diabetes.20-22 Subjects with di-
abetes and periodontitis show a higher mortality rate, both for car-
diovascular death and for all-cause mortality, over a 10 year period 
compared with subjects with diabetes alone.23

6  | EFFEC TS OF PERIODONTITIS ON THE 
INCIDENCE OF NE W C A SES OF DIABETES

An emerging series of studies has suggested that periodontitis may 
play a role in the incidence of new cases of type 2 diabetes, and pos-
sibly gestational diabetes.11,13,14 In addition, there are studies that 
show healthy subjects with periodontitis manifest moderate hyper-
glycemia compared with those with little or no periodontitis. These 
effects of periodontitis on incident diabetes and glycemic control in 
healthy individuals need further study to determine the extent to 
which this occurs, and to provide information on the mechanisms in-
volved. Also, further studies showing the effects of prevention and 

Implications for clinical practice and public health 
arising from these studies include:

•	 Clinicians should be aware of the “2-way street” or dis-
ease cycle that results in greater periodontal disease in 
those with diabetes and poorer glycemic control in 
those with diabetes and periodontitis. In their clinical 
practice, healthcare providers should inform patients 
with diabetes of this link and engage in oral health edu-
cation programs. Patients should be aware that proper 
periodontal treatment may have beneficial effects on 
their glycemic control and diabetes complications. 
Patients should be advised that the cycle linking perio-
dontal disease and diabetes can be managed for better 
oral and general health.

•	 Diabetologists and physicians should seek evidence for 
the presence of periodontitis in patients with diabetes, 
and ask about signs and symptoms (bleeding gums, drift-
ing dentition, tooth mobility, halitosis, and gum sore-
ness), and in case of a positive history, a referral to an 
oral health practitioner should be encouraged.

•	 Oral care providers should perform a periodontal examina-
tion in each newly diagnosed case of diabetes and an an-
nual periodontal evaluation should be recommended for all 
patients of any age with diabetes. Periodontitis should be 
treated with no delay and oral rehabilitation should be sug-
gested in order to restore masticatory function.
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treatment of periodontitis on metabolic control, and diabetic com-
plications, as well as effects on hyperglycemia in healthy individuals, 
are needed to establish the basis for managing periodontal disease 
in both the management and possible prevention of diabetes.

7  | PRESENT STATUS OF STUDIES ON THE 
EFFEC TS OF PERIODONTAL TRE ATMENT 
ON GLYCEMIC CONTROL IN PATIENTS 
WITH DIABETES

One of the first randomized controlled studies of periodontal treat-
ment in individuals with diabetes was carried out on individuals from 
the Gila River Indian community.24 In this study, individuals with 
severe periodontitis and poorly controlled type 2 diabetes were 
randomized to receive 5 different methods of periodontal therapy, 
including systemic minocycline and topical antimicrobial agents. All 
subjects received a complete scaling and root planing under local 
anesthesia, and extraction of hopeless teeth. Glycated hemoglobin 
levels were decreased in the groups receiving systemic antibiotics 
and topical chlorhexidine in addition to extraction and scaling and 
root planing treatment, in contrast to those only receiving extensive 
scaling and root planing.

This finding was of considerable interest because it suggested 
that effective periodontal therapy in patients with poorly con-
trolled diabetes could reduce hyperglycemia, the hallmark patho-
genic measure of diabetes. Subsequently, many studies replicated 
and extended these findings, although a few studies reported little 
or no effect of periodontal therapy on glycated hemoglobin levels. 
These included studies of type 1 as well as type 2 diabetes; some 
compared adjunctive topical as well as systemic antibiotics, and they 

were carried out in countries worldwide. There are 2 Cochrane sys-
tematic reviews of these studies25,26, as well as a meta-analysis of 
these 2 reviews along with a critical analysis of the type 1 and type 2 
diabetes studies by Madianos and Koromantzos.27 These authors27 
assessed and rated 9 systematic reviews published during 2013-
2017 as being of either high or medium quality using the multiple 
systematic reviews tool, which takes into account 11 criteria.28 The 
average multiple systematic reviews score was 8.2 (high quality) with 
a range of medium (score of 7) to high quality (8-11). The studies 
that evaluated the reduction in glycated hemoglobin at 3-4 months 
after periodontal treatment showed a reduction in glycated haemo-
globin, ranging from −0.27% to −1.03%. About a third of these stud-
ies reported data from 6 months after periodontal treatment, which 
showed a smaller degree of glycated hemoglobin reduction, ranging 
from −0.02% to −1.18%. There was also a reduction in fasting plasma 
glucose, ranging from −8.95 to −9.04 mg/dL at 3-4 months, which 
was consistent with the reduction in glycated hemoglobin. The re-
sults of these meta-analyses indicate that effective nonsurgical peri-
odontal treatment in people with diabetes results in a statistically 
significant reduction (~0.40%; 0.27%-0.65%) in glycated hemoglobin 
levels at 3 months. Such a reduction in hyperglycemia, if prolonged, 
might reduce diabetic complications and improve quality of life.29,30 
The studies did not show any significant additional impact of adjunc-
tive antibiotic use on glycemic control. Figure 1 shows the system-
atic reviews and meta-analyses evaluated in this review.

The findings of these meta-analyses are supported by a 
population-based US study of >5000 individuals with diabetes.27 In 
this study of insurance records and dental records, patients who had 
periodontal surgery showed glycated hemoglobin levels 0.25% lower 
than in patients who had ≥1 quadrants of periodontal surgery, com-
pared with a <0.1% reduction in those who had nonsurgical therapy. 

F IGURE  1 Change in glycated hemoglobin (HbA1c) at 3 mo following periodontal treatment. Nine systematic reviews and meta-analyses 
published during 2013-201726,31–38 are presented here. These reports evaluated a total of 66 individual studies, the majority of which 
included people with type 2 diabetes. The average glycated hemoglobin reduction was ~0.40%. Figure based on data presented in Madianos 
& Koromantzos40
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The difference was statistically significant. Both groups had peri-
odontitis as assessed by periodontal probing in this study. Another 
important population-based study of individuals with diabetes in 
Finland showed that those with better toothbrushing efficiency 
had lower plaque scores and lower glycated hemoglobin levels than 
those with less toothbrushing efficiency.39 These population-based 
studies suggest that the effects of periodontal therapy or preventive 
measures in reducing glycated hemoglobin in patients with diabetes 
observed in highly controlled trials can be achieved in clinical prac-
tice, and through patients paying attention to good plaque control.

Reduction in glycated hemoglobin is an established outcome mea-
sure of diabetes treatment and is related to reduction in hyperglycemia 
as well as reduction in the risk of a number of complications of diabe-
tes including retinopathy, kidney disease, and death.40,41 A reduction 
of 0.4% in glycated hemoglobin is comparable with that achieved by 
adding a second antiglycemic medication to the management of hyper-
glycemia in a patient with diabetes, and hence is clinically significant.

A recent periodontal treatment study was conducted to evaluate 
the role of local inflammation in the systemic inflammatory burden 

and glycemic control in people with type 2 diabetes. The findings of 
this 12-month follow up study42,43 following periodontal treatment 
are shown in Figure 2. The study included poorly controlled patients 
with type 2 diabetes and severe periodontal disease (n = 30). The 
periodontal treatment was designed to achieve a complete or near 
complete elimination of oral inflammation, and it consisted of a com-
bination of nonsurgical and surgical treatment with adjunctive use 
of systemic and local antibiotics as well as extraction of hopeless 
teeth and treatment of acute dental diseases (eg, caries and end-
odontic lesions). After this comprehensive treatment, the patients 
were clinically monitored every 2 months and received repeat 
supportive periodontal therapy and oral maintenance as needed, 
as well as assessment of glycated hemoglobin levels. Paralleling 
the improvement in periodontal health (reduction in pocket depth 
and bleeding on probing, and attachment level gain), glycemic con-
trol, measured by fasting serum glucose and glycated hemoglobin, 
showed a steady decrease following periodontal therapy (P < 0.05; 
Figure 2). The cumulative impact of continuous and strict periodon-
tal follow-up and maintenance at 2-month intervals following active 

F IGURE  2 Change in glycated hemoglobin (HbA1c) following periodontal treatment. (A) Periodontal treatment directed at elimination 
of oral inflammation, including reduction of periodontal inflammation, periodontal pocket depth, and removal of dental disease. Following 
completion of active treatment phase at 2 mo mean % bleeding on probing (BOP) and periodontal pocket depth (PPD) were significantly 
reduced compared with baseline (P < 0.05 compared with baseline). During the maintenance phase, at every 2 mo recall visit, the periodontal 
condition maintained its level obtained at 2 mo after active treatment (P < 0.05 at 4, 6, 8, 10, and 12 mo visits compared with baseline). (B) 
Control of periodontal inflammation affected glycemic control as indicated by a statistically significant reduction in HbA1c levels following 
completion and maintenance of periodontal condition throughout the observation period up to 12 mo (P < 0.05 at 4 and 8 mo, and P < 0.01 
at 12 mo compared with baseline). The average reduction in HbA1c was 1.3 ± 0.7% (from 9.2% at baseline to 7.6% at the end of 12 mo) 
without alterations in pharmacological treatment
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treatment resulted in even greater (non-significant) reduction in 
glycated hemoglobin levels at the end of the 12-month observation 
period. Change in glycemic parameters in response to the periodon-
tal treatment demonstrates that the infection and inflammation 
associated with periodontal disease significantly contributes to the 
inflammatory burden and negatively impacts the efficiency of phar-
macological control of type 2 diabetes, and that reduction of this 
inflammation by rigorous periodontal treatment can result in better 
glycemic control.

8  | PATHOLOGIC MECHANISMS BY 
WHICH PERIODONTITIS ADVERSELY 
AFFEC TS GLYCEMIC CONTROL AND 
COMPLIC ATIONS IN PATIENTS WITH 
DIABETES

Periodontal disease is a chronic inflammatory disease caused by 
subgingival biofilm. The inflammatory response is characterized by 
secretion of host-derived mediators triggered by biofilm products 
such as lipopolysaccharide. The major mediators include interleu-
kin-1 beta , interleukin-6, tumor necrosis factor-alpha, and the ma-
trix metalloproteinases, especially matrix metalloproteinases -8, -9, 
and -13. T-regulatory cytokines interleukin-12 and interleukin-18, 
and chemokines, are also involved. Bone resorption also occurs and 
is associated with some of the above mediators as well as prosta-
glandin E2, interleukin-17, and receptor activation of nuclear factor 
kappa-B ligand (RANKL) and osteoprotegerin. These mediators and 
inflammatory cells, as well as osteoclasts and osteoblasts, act lo-
cally, resulting in loss of the soft and hard tissues surrounding and 
supporting the tooth.44

There is evidence that these mediators are also elevated sys-
temically in individuals with periodontitis, especially in those with 
both diabetes and periodontitis, leading to generalized systemic 

inflammation. It is proposed that this elevated systemic inflam-
mation contributes to insulin resistance and eventually to diabetic 
complications. The resulting hyperglycemia can in turn activate 
pathways, including those involved in the formation of advanced gly-
cation end-products, which bind to receptors, leading to increased 
inflammation, oxidative stress, and apoptosis.18

Hence, the systemic inflammatory response associated with 
periodontal disease may adversely affect glycemic control and com-
plications of patients with diabetes, especially microvascular com-
plications. This may account for the worsening of glycemic control 
and increased risk of complications in patients affected by both peri-
odontitis and diabetes.

9  | INFL AMMATION COMMON TO 
PERIODONTAL DISE A SE -  DIABETES AND 
OBESIT Y

Diabetes types 1 and 2 and obesity are associated with elevated 
systemic inflammatory mediators.45 These elevated levels of in-
flammatory mediators contribute to increasing insulin resistance, 
hyperglycemia, and the risk of diabetic complications including peri-
odontal disease.

Hence, both diabetes and periodontal disease increase systemic 
inflammation with an increase in serum levels of mediators including 
interleukin-6, tumor necrosis factor-alpha, and C-reactive protein, 
as well as reactive oxygen species. In addition, obesity-related sys-
temic inflammation may contribute to both diabetes and periodon-
titis. For example, leptin and other obesity-related proinflammatory 
mediators may be important in enhancing periodontal inflammation 
in those affected by diabetes and obesity.46 A study by Hasturk et al. 
demonstrated that individuals with type 2 diabetes and periodon-
tal disease have increased serum levels of proinflammatory medi-
ators such as interleukin-6, granulocyte colony stimulating factor, 

Healthy T2DM
T2DM + chronic 
periodontitis

Granulocyte colony stimulating 
factor (pg/mL)

42.15 ± 5.23 48.84 ± 5.20* 50.33 ± 5.27*

Interferon-gamma (pg/mL) 5.02 ± 0.43 5.43 ± 0.44 5.15 ± 0.36

Interleukin-10 (pg/mL) 9.66 ± 0.94 7.80 ± 0.92* 4.95 ± 1.00**

Interleukin-15 (pg/mL) 6.37 ± 0.49 5.82 ± 0.51 4.10 ± 0.60**

Interleukin-4 (pg/mL) 14.15 ± 1.95 11.84 ± 1.94* 8.26 ± 2.03**

Interleukin-6 (pg/mL) 1.51 ± 0.27 2.20 ± 0.26 2.47 ± 0.32

Tumor necrosis factor-alpha (pg/mL) 6.49 ± 0.63 6.99 ± 0.63 7.08 ± 0.57

sFas ligand (pg/mL) 10.44 ± 1.82 12.52 ± 1.78 8.33 ± 1.90**

C-reactive protein (ng/mL) 21.89 ± 2.34 21.96 ± 2.38 23.41 ± 2.47**

Adiponectin 159.87 ± 15.60 159.26 ± 16.33 120.26 ± 17.83*

Results are shown as mean ± SD.
*P < 0.05 compared with healthy. 
**P < 0.05 compared with T2DM. 

TABLE  1  Inflammatory cytokines and 
mediators in people with type 2 diabetes 
(T2DM; n = 16) and type 2 diabetes and 
periodontal disease (T2DM + chronic 
periodontitis; n = 24) compared with 
healthy individuals (n = 21)
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tumor necrosis factor-alpha, and C-reactive protein, while also hav-
ing significantly decreased levels of cytokines and mediators with 
anti-inflammatory actions such as interleukin-4, interleukin-15, in-
terleukin-10, adiponectin, and soluble Fas-ligand (Table 1).

10  | WHAT IS THE MECHANISM 
WHICH  E XPL AINS THE EFFEC TS 
OF PERIODONTAL TRE ATMENT IN 
REDUCING HYPERGLYCEMIA (GLYC ATED 
HEMOGLOBIN) IN PATIENTS WITH 
DIABETES AND PERIODONTAL DISE A SE? 

Periodontal treatment reduces blood levels of inflammatory media-
tors including tumor necrosis factor-alpha, interleukin-6, matrix met-
alloproteinases, and the acute phase C-reactive protein made by the 
liver in response to serum mediators such as tumor necrosis factor-
alpha and interleukin-6.47-51

These are likely associated with increasing insulin resistance by 
interfering with the function of the insulin receptor, leading to hyper-
glycemia. Reducing these mediators by removing the biofilm, leading 
to the reduction of systemic inflammation, probably accounts for the 
reduction of hyperglycemia by periodontal treatment.

Differences in the subgingival microflora in patients with diabe-
tes compared with those without diabetes may also account for the 
reduction of hyperglycemia with periodontal treatment. For exam-
ple, 1 or more of the periodontal pathogens may produce an agent 
(or agents) that lead(s) directly or indirectly to insulin resistance, and 
therefore removal of the organism may help lower hyperglycemia. 
To date, studies do not show a clear difference in the subgingival 
microflora of periodontal disease in those with diabetes compared 
with healthy individuals that could account for different effects on 
diabetic control, although these differences may exist.52

Large randomized controlled intervention trials are necessary 
to better understand the potential for management of periodon-
tal disease and glycemic control and related complications such 
as heart and kidney diseases in individuals with diabetes. These 
findings are important to help establish the validity of the role of 
periodontal disease affecting diabetes glycemic control and com-
plications. Also, if studies are positive, then they may be important 
clinically, because for each reduction of 1% in glycated hemo-
globin levels (like those achieved in some studies of periodontal 
intervention), there is an associated 25% reduction in risk for cer-
tain complications of diabetes, including death, nephropathy, and 
retinopathy.29,40
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