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Abstract: 
 
Title of Thesis: Can treating oral inflammation lead to the reduction in a systemic 

outcome? A systematic review looking into pregnancy and diabetes. 

Veronica Guy, Master of Science in Biomedical Science, 2018 

Thesis Directed by: Dr. Thomas W. Oates 

 The contribution of periodontal disease to the development of adverse systemic 

consequences remains controversial. It is hypothesized that inconsistencies between 

studies is due in part to limitations in study design. This review assessed systemic 

conditions including adverse pregnancy outcomes and glycemic control for patients with 

diabetes in a combined manner based on a shared inflammatory mechanism of 

consequence. It is thought that the systemic consequences of periodontal inflammation 

can directly influence these systemic conditions. Therefore, this systematic review aimed 

to evaluate the consideration of the patients’ medical management during the study and 

also the number of study participants as two important factors influencing the study 

outcomes. An article search was performed using OVID Medline, Cochrane library and 

EMBASE and a manual search was performed through November 2017. Randomized 

controlled trials published between 2000 and 2017 looking into the effectiveness of 

periodontal therapy on the rate of pre-term birth in a pregnant population and on glycated 

hemoglobin A1c in a type 2 diabetics were included. Primary outcomes were changes in 

HbA1c and differences in frequency of occurrence of pre-term birth.  Medical 

management of the systemic condition under study was categorized from 0-3, based on 

stringency of study design and consideration for medical management during study 

participation. Risk of bias regarding randomization, allocation of sequence concealment, 



blinding, incomplete outcome data, selective outcome reporting and other biases were 

averaged using a cumulative assessment of factors considered in prior systematic reviews 

with shared studies. After article selection, randomized controlled trials including 17 on 

diabetes and 13 on pregnancy were combined for evaluation. Both increased sample size 

(R2=0.09, R value = 0.3) and improved stringency of medical management (Figures 13 & 

14) were associated with diminished effects of periodontal therapy on systemic outcomes. 

Interestingly, risk of bias as assessed in previous systematic reviews showed a modest 

correlation (R2=0.104, R value= 0.32) with primary outcomes. This systematic review 

demonstrates that the disparate results in studies of periodontal therapy affecting systemic 

outcomes may be explained in part by study design, specifically stringency in 

consideration of medical management and sample size.  The potential for confounding 

factors influencing outcomes remains a concern.
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I. Introduction 
 
  In recent decades, many studies have been performed looking into a possible 

relationship between periodontal disease and systemic conditions, most notably, a 

correlation between the inflammatory processes. Two of the systemic conditions under 

greatest scrutiny include pregnancy, specifically pre-term birth and low birth weight as 

well as diabetes. It is thought that the pathological mechanism associated with 

periodontal inflammation can directly contribute to these systemic conditions.  

 Periodontitis has been reported to affect approximately 46% of the American 

population (1). It occurs and progresses from a state of reversible inflammation of the 

gingiva (gingivitis) to bone loss. This is due to an overwhelming combination of bacterial 

and host factors.  

 According to the American Diabetes Association, in 2015, 30.3 million, or 9.4% 

of Americans had diabetes and 1.5 million new cases are diagnosed every year (2). WHO 

estimates the world prevalence in 2014 exceeded 422 million cases (3). Of those 

diagnosed in America, 15.6% of these adults had an A1C value higher than 9% (4). Type 

2 diabetic patients are said to be 2.8 times more likely to be affected by periodontitis than 

a healthy patient (5). 

 According to WHO, every year an estimated 15 million babies are born preterm, 

before 37 weeks of gestation and this number is rising (6). Preterm birth complications 

are the leading cause of death among children under 5 years of age, responsible for 1 

million deaths in 2015 alone (6). The CDC reports that 1 in 10 infants born in the US is 

preterm (7). 
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 There have been inconsistencies in the literature showing whether or not 

periodontal therapy has a positive effect on pre-term birth, low birth weight and glycemic 

control. In the assessment of the effects of periodontal therapy on these systemic 

conditions, multiple systematic reviews have documented design and reporting 

limitations to the many randomized, controlled trials exploring this question.  Several 

systematic reviews have evaluated their outcomes with consideration for risk of bias.  

Each of these studies has identified significant periodontal treatment effects in studies 

deemed at higher risk of bias, but have failed to identify treatment effects in studies with 

lower risk of bias.  Together, these systematic reviews support potential bias as a likely 

explanation for the varied results found in the randomized, controlled trials evaluating 

periodontal interventions on either glycemic control or pregnancy outcomes. In addition 

to this, due to study design, a smaller sample size could lead to an outcome that would be 

otherwise if the N value was larger.  
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Figure 1. Common Pathway for Adverse Systemic Outcome. 
  
 It is clear in review of the literature that each of these conditions, diabetes and 

adverse pregnancy outcomes, has been investigated heavily through a number of 

randomized clinical trials.  Investigation of these relationships also include numerous 

systematic reviews looking to more broadly coalesce these findings for each condition 

into a clear and relevant conclusion. Most recently, Lopez  evaluated the effects of 

periodontal therapy on pregnancy outcomes through a systematic review of systematic 

reviews emphasizing the importance of bias assessment(8).  Three meta-analyses that 

considered risk of bias were identified, with all three failing to see a treatment effect in 

studies with a low risk of bias.  Interestingly, each of these systematic reviews ended up 
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with different RCTs included based on unique criteria.  This further supports the potential 

role for bias in explaining disparate outcomes found in the literature. 

 Lopez 2015 also discussed the importance of considering confounding factors in 

preterm birth as exclusion criteria (8).  While critical in minimizing bias by proper 

inclusion of participants, it is equally critical to consider medical confounders that may 

develop during the intervention and assessment phases of the trials (8). 

 It is clear that the occurrence of medical complication and/or management during 

an ongoing trial presents a major confounding factor. Given the complex nature of these 

conditions, the medical management of the systemic condition represents a critical 

component of quality assessment for these interventional studies that has yet to be 

considered in a systematic manner.  The goal of the current review is to look collectively 

for methodologic consistencies that clarify the variations in the associations of these 

medical outcomes as having shared pathologic mechanisms vulnerable to periodontal 

intervention.  It is hypothesized that discrepancies in findings of effects between studies 

across both systemic conditions may in part be explained by the confounding of medical 

management during periodontal intervention and underpowered studies which therefore 

allow the process of randomization to effectively mitigate this component. 

 

  

  



   5 

II.  Materials and Methods 
  

 The objective of this systematic review is to bring together current knowledge in 

high quality randomized controlled trials reinforced with systematic reviews across 

several heavily investigated systemic conditions.   In doing so, this review updates 

existing reviews by proposing a novel filtering threshold for study quality in a structured 

review of the literature, and reinforced utilizing the most current systematic reviews to 

provide a comprehensive interpretation of these clinical conditions having a shared 

mechanistic plausibility. The specific research question addressed in this review is: In 

randomized human clinical trials, do medical management and subject number have an 

effect on the systemic outcomes of periodontal therapy relative to glycemic control and 

preterm birth?  

A. Search Strategy 
  

 To identify relevant articles for this systematic review, a medical librarian 

conducted searches in OVID Medline, EMBASE, and the Cochrane Library (MW) 

databases from 2000 through November 18, 2017. Additionally, the search was limited to 

those in English and which focused on human subjects. Search strategies were developed 

for each database based on the OVID Medline keywords/MESH terms, but revised to 

account for differences in subject headings and syntax rules. Subject headings and 

keywords relating to Diabetes Mellitus included, but were not limited to: diabetes 

mellitus, blood glucose, glycosylated hemoglobin A. To capture the pregnancy aspect, 

sample terms included:  pregnancy complications, low birth weight infants, and 

premature labor. Periodontal disease terms included, but were not limited to: periodontal 
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diseases, periodontitis, periodontal abscess, and periodontal pocket. Appropriate subject 

headings and keywords were utilized to restrict the search results to specific publication 

types, such as randomized controlled trails, meta-analysis and blinded studies. Additional 

manual hand searches were performed based on literature citations found in previous 

systematic reviews for each condition extending back through 2015 (RS). 

 

The search strategy employed was Periodontal Disease Terms AND ( Diabetes Mellitus 

Terms OR Pregnancy Terms)with terms defined as follows for OVID MEDLINE Search: 

Diabetes Mellitus Terms: 

diabetes mellitus/ or exp diabetes mellitus, type 1/ or exp diabetes mellitus, type 

2/ or exp Hyperglycemia/ or Hemoglobin A, Glycosylated/ or Blood Glucose/ or 

(Blood adj (sugar$1 or glucose)).ti,ab. or (Hypoglycemi$1 or (diabetes adj 

mellitus)).ti,ab. or (Glycohemoglobin$1 or Glycohaemoglobin$1).ti,ab. or 

((Hemoglobin or Haemoglobin) adj A1$).ti,ab. or (hb a1$4 or hba1).ti,ab. or 

((Glycosylated or glycated or glucosylated or glycolated) and (hemoglobin$1 or 

haemoglobin$1)).ti,ab. 

Pregnancy Terms: 

exp Pregnancy Complications/ or exp Infant, Low Birth Weight/ or exp Infant, 

Premature/ or ((pregnanc$3 and complicat$4) or (complicat$4 and 

pregnanc$3)).ti,ab. or ((low adj birth adj weight$1) or (low adj 

birthweight$1)).ti,ab. or ((Spontaneous and abortion) or ((Fetal or foetal) adj 

death$1)).ti,ab. or (preemie$1 or (Neonatal adj prematurity)).ti,ab. or exp 

Obstetric Labor, Premature/ 
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Periodontal Disease Terms: 

periodontal diseases/ or exp gingivitis/ or pericoronitis/ or exp periodontitis/ or 

tooth loss/ or ((Periodontal adj disease$1) or Gingiviti$3 or (Gingival adj 

pocket$1)).ti,ab. or (Periocoroniti$3 or periodontit$3).ti,ab. or ((Periodontal adj 

abscess$3) or (Periodontal adj pocket$1)).ti,ab. or ((Tooth adj loss) or (loss adj 

(teeth or tooth))).ti,ab. 

 

Final Search Re-ordered Beginning with Search Statement #1: 

 

#1 'diabetes mellitus'/de OR 'insulin dependent diabetes mellitus'/exp OR 'non 

insulin dependent diabetes mellitus'/de OR 'hypoglycemia'/exp OR 'glucose blood 

level'/de OR 'hypoglycemi*':ab,ti OR 'diabetes mellitus':ab,ti OR 'blood sugar?':ab,ti 

OR 'blood glucose':ab,ti OR ((glycosylated:ab,ti OR glycated:ab,ti OR 

glucosylated:ab,ti OR glycolated:ab,ti) AND (hemoglobin?:ab,ti OR 

haemoglobin?:ab,ti)) OR glycohemoglobin:ab,ti OR glycohaemoglobin*:ab,ti OR 

(((hemoglobin OR haemoglobin) NEAR/2 a1*):ab,ti) OR 'hb a1*':ab,ti OR hba1:ab,ti 

 

#2 'pregnancy complication'/exp OR 'low birth weight'/exp OR 'prematurity'/exp 

OR ((pregnanc* NEAR/3 complicat*):ab,ti) OR 'low birth weight?':ab,ti OR 'low 

birthweight?':ab,ti OR 'small for gestational age':ab,ti OR premature:ab,ti OR 

preterm:ab,ti OR preemie?:ab,ti OR 'neonatal prematurity':ab,ti OR 'spontaneous 

abortion?':ab,ti OR 'fetal death*':ab,ti OR 'foetal death*':ab,ti 
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#3 'periodontal disease'/de OR 'gingivitis'/exp OR 'periodontitis'/exp OR 

'periodontal disease?':ab,ti OR 'gingivit*':ab,ti OR 'gingival pocket?':ab,ti OR 

'periocoroniti*':ab,ti OR 'periodontiti*':ab,ti OR 'periodontal abscess*':ab,ti OR 

'periodontal pocket?':ab,ti OR 'tooth loss':ab,ti OR 'loss teeth':ab,ti OR 'loss tooth':ab,ti 

 

#4 #1 AND #3 

 

#5 #2 AND #3 

 

#6 #4 OR #5 

 

#7 (#4 OR #5) AND [english]/lim 

 

#8 (#4 OR #5) AND [english]/lim AND [2000-2017]/py 

 

#9 #8 NOT ([animals]/lim NOT [humans]/lim) 

 

#10 #9 AND ('clinical trial'/de OR 'controlled clinical trial'/de OR 'controlled study'/de 

OR 'major clinical study'/de OR 'meta analysis'/de OR 'multicenter study'/de OR 

'randomized controlled trial'/de OR 'randomized controlled trial (topic)'/de OR 

'systematic review'/de) 
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#11 randomization'/de OR 'clinical study'/exp OR 'controlled clinical trial'/exp OR 

'clinical trial'/exp OR 'controlled study'/exp OR 'meta analysis'/exp OR 'systematic 

review'/exp OR 'multicenter study'/exp OR 'double blind procedure'/exp OR 'single blind 

procedure'/exp OR 'placebo'/de OR (((clinical OR control*) NEAR/2 (study OR studies 

OR trials?)):ab,ti) OR random*:ab,ti OR placebo:ab,ti OR trial:ti OR trials:ti OR 'meta 

near/1 analysis':de,ab,ti OR 'systematic review*':ab,ti OR (((multicenter OR multicentre) 

NEAR/1 (trial? OR study OR studies)):ab,ti) OR (((doubl* OR single) NEAR/1 

blind*):ab,ti)  

 

#12 #9 AND #11 

 

#13 #10 OR #12 

 

#14 - #18: limited to years for purposes of exporting RefWorks 

 

#19 AND ('conference abstract'/it OR 'conference paper'/it) 

 

#20 #9 NOT #13 (remainder of results that were not limited to the study types 

requested) 

Cochrane Library – TRIALS only 

 

Date Searched: 11-2017 

 



   10

B. Study Selection 
 

 Types of studies included in the systematic review included: 1) Randomized 

controlled clinical trials, including a negative control group, with 2) periodontal 

intervention inclusive of non-surgical and surgical approaches and/or the use of 

adjunctive therapies, including antibiotics, 3) some assessment of the periodontal 

intervention employed, and 4) primary outcomes consistent with our predetermined list, 

change in HbA1c or percent frequency of preterm birth, within an appropriate time frame 

specific to each clinical condition. Additionally, the search was limited to those 

publications in English. 

 Following article selection, initial screening was performed by two authors (VG 

& CJ) through Covidence, with a review of titles and abstracts to rule out studies that did 

not meet the inclusion criteria.  All studies consistent with inclusion criteria or with 

questions unanswered were included in a full article review by the same two authors. If 

consensus was not achieved a third author adjudicated article inclusion (TO).   
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Figure 2. Search Strategy. 

 
C. Medical Management Assessment 
 

 For all included publications, there was an assessment of the level of 

consideration given in study design and reporting for the medical management of the 

systemic condition under investigation.  Medical management was assessed during the 

period of intervention and observation for each included study independently by two 

reviewers using full article review, with adjudication of disagreement by a third reviewer 

(TO). Studies were categorized at one of four levels: Level (0) being no mention or 

awareness of the patient’s medical management apparent in study design. Level (1) with 

only the mention or consideration of medical management during the study period, either 
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specific to the study methodology or in general discussion.  Level (2) were studies that 

reported an assessment of the patients’ medical management as part of the study design, 

whether or not the specific findings of that assessment were reported.  Level (3) studies 

included study design consideration of patients’ medical management and reported 

findings relevant to the medical management. Once the medical management was scored, 

the studies were assessed collectively across clinical conditions. 

 

D. Study Quality Assessment 
 

 Study quality was assessed systematically using bias grading across previously 

completed systematic reviews from 2010 to 2017 for each condition that considered 

publications selected in this review.  Risk scores were calculated for each publication 

considered within a systematic review as a percentage of criteria in which bias risk was 

graded (ranging from 3-13) as low for that criterion.  Percentage scores, with 100% 

equaling least bias, were then determined per study by averaging scores across all 

systematic reviews in which study was included. Therefore, this review collectively 

reports the qualitative assessments for each primary report selected for this review of the 

quality assessments provided in each of these previous systematic reviews.  (Table #1 & 

2).  For studies not previously assessed for quality in a systematic review, the study was 

not evaluated in this part of the analysis. 

 The following search terms were used in identifying systematic reviews in a 

PubMed search using the filter for systematic reviews: periodont*; and diabet* or 

pregnancy; preterm birth. Consideration for risk assessment was based on the following: 
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(i) random sequence generation; (ii) allocation concealment; (iii) blinding of participants 

and personnel; (iv) incomplete data outcome; and (v) selective reporting. For diabetes, we 

started with the systematic review by Madianos and included the risk assessment score 

for all articles covered in the systematic reviews he addressed where applicable (39). We 

added additional risk scores calculated from other studies where available. 3 studies were 

not included in this analysis because they were not evaluated in previous systematic 

reviews. For pregnancy, we used the systematic review by Lopez 2015 and included the 

risk assessment scores for all studies within that review (8). A risk score was not reported 

in a previous systematic review for 4 pregnancy studies included in this review and 

therefore were not included in this part of our analysis. Additional risk scores were 

included where available. 

E. Data Extraction 
 

 Data was extracted by multiple reviewers and included authors’ names, year of 

publication, systemic condition, randomization methods (CJ), treatment provided for 

experimental and control groups (RS), sample size for each group (RS), medical 

management category (VG, TO & RS), HbA1c values at baseline for treatment and 

control groups with their respective standard deviation  (PL), HbA1c values at 3 months 

for treatment and control groups with their respective standard deviation when reported 

(PL), HbA1c values at 4 months for treatment and control groups with their respective 

standard deviation when reported (PL), HbA1c values at 6 months for treatment and 

control groups with their respective standard deviation when reported (PL), a calculated 

difference in HbA1c from baseline to final measurement for treatment and control groups 
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(PL), percentage of preterm birth for treatment and control groups (TO), percentage of 

low birth weight for treatment and control groups when reported (TO), PD for treatment 

and control groups at 1, 3, 4 and 6 months where reported with respective standard 

deviation (VG), a calculated difference in PD from baseline to final measurement for 

treatment and control groups (VG), BOP for treatment and control groups at 1, 3, 4 and 6 

months where reported with respective standard deviation (VG), a calculated difference 

in BOP from baseline to final measurement for treatment and control groups (if BOP was 

not reported, GI was collected but not analyzed in this paper) (VG), CAL for treatment 

and control groups at 1, 3, 4 and 6 months where reported with respective standard 

deviation (VG), a calculated difference in CAL from baseline to final measurement for 

treatment and control groups (VG), and periodontal inclusion criteria (VG). 

F. Outcomes of Review 
  

 Primary outcomes from RCTs for each clinical condition were established a priori 

and were initially evaluated for that condition. For the diabetes studies, the primary 

outcome was change in percent glycated hemoglobin (HbA1c %) over a 3 to 6 month 

period.  For adverse pregnancy outcomes, pre-term birth (<37weeks gestation) was the 

primary outcome as applied within each study. Data was collected for low birth weight 

where available. 

 Outcomes when assessing the systematic reviews included the quality 

assessments risk for bias criteria.  A percentage score was calculated based on the 

number of criteria under consideration (ranging from 3-13) and the number of criteria for 

which the study received a scoring of “low risk of bias,” “high quality” or “adequate. A 
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study having met all criteria would receive a 100% score.”  The mean percent risk was 

then calculated across the systematic reviews under consideration. 

 Subsequent analysis was on based the collective assessment of the study 

outcomes for the periodontal intervention.  Of the possible periodontal parameters 

collected, BOP was the most frequently reported in the pregnancy studies however PPD 

was most commonly reported in the diabetes studies. Since BOP is a fair marker for the 

presence of inflammation, BOP was calculated where reported across both arms of the 

study, for pregnancy and diabetes. PPD was then included where available for the 

diabetes studies as a separate analysis.  

 Statistical correlations using continuous variable including risk assessment scores, 

study size, and primary outcomes calculated using Spearman’s Rank Correlation 

Coefficient were used. Analysis of categorical data for medical management groups 

assessed using ANOVA at p<0.05 level.  Individual between group differences 

determined using t-test with Bonferroni correction for multiple comparisons.  
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III. Results 
  

A. Study Selection 

 

Figure 3. Study Selection. 

  

 The initial searches identified 2,097 clinical reports for review at the level of title 

and abstract.  Of these studies, 73 were selected for full article review. All eligible 
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randomized controlled studies comparing periodontal treatment, including SRP with or 

without antibiotics, periodontal surgery, mouthrinse and full mouth extraction with a 

negative control group and a reported systemic outcome, a change in HbA1c for diabetes 

studies and preterm birth frequency in pregnancy studies were included. Trials were 

considered eligible regardless of the severity of the periodontal disease. For trials with 

multiple treatment groups, concomitant treatment like antibiotics in addition to SRP, for 

example, a separate arm of the study was broken down to include the treatment groups as 

2 individual studies, compared against the same control. Articles were excluded based on 

study design, lack of applicable outcome measures, lack of randomization, subject data in 

a prior report, periodontal parameters not measured or reported and studies including a 

prediabetic population. Following full text review, 30 RCTs remained, 17 measuring 

diabetes outcomes and 13 for adverse pregnancy responses following periodontal therapy 

(9-37). 

B. Extracted Data from Selected Studies 
 
Table 1. Extracted Data from Selected Studies 
 Author Year P 

or 
D 

Total 
Sample 
Size 

Med 
Mngmt 
Group 

(Mean) 
Tx 
Group 
Systemic 
Diff 

(Mean) 
Control 
Group  
Systemic 
Diff 

Mean 
Calculated 
Outcome 
Diff  

Calcuated 
Mean 
Risk % 

Mean 
Diff 
BOP 

1 Chen 2012 D 83 1 0.21 -0.13 0.34 0.73 18.24 
 Chen 2012 D 84 1 0.42 -0.13 0.55 0.73 14.76 
2 Engebretson 2013 D 514 3 0.15 0.09 0.06 0.86 16.6 
3 Gay 2014 D 126 3 0.6 0.3 0.3 0.76 10.7 
4 Jeffcoat  2010 P 322 1 52.4 6.8 6.8   
5 Jeffcoat 2011 P 226 1 5.6 21.9 16.3  24.2 
6 Jiang 2016 P 466 2 2.4 -1.3 -1.3   
7 Jones 2007 D 165 3 0.61 0.63 -0.2 0.79  
8 Kapellas 2017 D 44 3 0.4 0.3 0.1   
9 Katagiri 2007 D 49 3 0.2 0.1 0.1 0.37 18.4 
10 Kaur 2015 D 100 2 0.88 -0.18 1.06 1 38.24 
11 Khader 2010 D 50 3 1.37 0.28 1.09   
12 Kiran 2005 D 44 2 0.86 -0.31 1.17 0.59 31.91 
13 Koromantzos 2011 D 60 3 0.72 0.13 0.59 0.81 33.77 
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14 Lopez 2002 P 351 3 6.38 5.28 5.28 0.43 42.1 
15 Michalowicz 2006 P 812 3 12.8 0.8 0.8 0.81 20.6 
16 Mizuno 2017 D 37 3 0.1 0.1 0  11.9 
17 Moeintaghavi 2012 D 40 3 0.74 -0.25 0.99 0.64  
18 Newnham 2009 P 1078 3 9.3 -0.4 -0.4 0.70  
19 Offenbacher 2009 P 1,806 3 11.5 -1.6 -1.6 0.73 12.3 
20 Offenbacher 2006 P 74 2 43.8 18.1 18.1 0.21 24.2 
21 Oliveira 2011 P 225 2 21.24 23.21 1.97 0.24 26.1 
22 Pirie 2013 P 99 2    0.93  
23 Raman 2014 D 32 0 0.7 0.5 0.2 0.31 12.91 
24 Reddy 2014 P 20 1 0 10 10   
25 Singh 2008 D 30 1 0.6 -0.07 0.67 0.37  
 Singh 2008 D 30 1 0.79 -0.07 0.86 0.37  
26 Sun 2011 D 157 1 0.5 0.14 0.36 0.42  
27 Tarannum 2007 P 188 1 74.4 20.9 20.9 0.35  
28 Telgi 2013 D 40 0 0.58 0 0.58 0.5  
 Telgi 2013 D 40 0 0.25 0 0.25 0.5  
29 Weidlich 2013 P 199 3 9.09 -2.63 -2.63 0.86 18.7 
30 Zhang 2013 D 71 2 0.17 -0.12 0.29 0.29 30.7 
Table 1. Extracted Data from Selected Studies continued 
 
 After data collection, the mean difference in A1c was calculated. We looked at 

the differences in HbA1c from baseline to final measurements. A difference was then 

calculated looking between the treatment and control groups. Mean differences were 

calculated for percentage of preterm birth between the treatment and control groups. 

Periodontal parameters were examined looking at the differences from baseline to final 

and then the differences between the treatment and control groups. 

 First we wanted to look to see how sample size compared against the mean 

systemic outcomes, change in HbA1c and difference in percent of preterm birth. The 

conditions were looked at individually and then combined. Here, the mean difference in 

A1c is reported compared relative to the sample size (Figure #4). In addition, we can 

appreciate the medical management categories. Green represents the medical 

management group “0”, black represents medical management group “1”, blue represents 

medical management group “2” and red indicates medical management group “3”. There 

is less of a difference in A1c change between the treatment and control groups as the 
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sample size increased. Also, it appears that the studies having the greatest level of 

consideration for medical management (category 3, red in the graph below) tend to those 

having the least intervention effects. 

 

 
Figure 4. Mean % Difference HbA1C versus Sample Size. 
 

 The mean difference in frequencies of adverse pregnancy outcomes (preterm 

birth) are compared relative to sample size (Figure #5). Like before, we can appreciate 

the medical management categories. No medical management groups of “0” were 

identified in the pregnancy studies. The trend again favors less of difference in 

frequencies of preterm birth between the treatment and control groups as the sample size 

increases. 

R² = 0.1013

-0.20

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

0 100 200 300 400 500 600

M
ea

n 
%

 D
iff

er
en

ce
 H

bA
1c

Sample Size

Mean Diff A1c vs Sample Size

Med Mngmt Groups
Green- 0
Black- 1
Blue- 2
Red- 3



   20

Figure 5. Mean Difference in Preterm Birth % Between Tx and Control Groups versus 
Sample Size. 
 
 
 Liner transformation of the HbA1c data (factor of 10) allowed consideration with 

pregnancy outcomes relative to sample size (Figure #6). Looking at differences in A1c 

with preterm birth outcomes combined relative to sample size we see that there is a 

diminishing systemic effect associated with increasing sample size.  
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Figure 6. Total Sample Size (Diabetes and Pregnancy) versus Mean Difference in 
Systemic Outcomes Between Treatment and Control Groups. 
 

C. Medical management 
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of changes in medications, treatments, or medical evaluations. Several studies accessed 

medical records to identify alterations or additions in medical care for the studied 

condition, and a few studies relied on communications with the medical provider to 

minimize alterations in management of the medical condition. 

 
 We next wanted to see if a more stringent medical management category would 

yield a less significant difference in the primary measured outcome between the treatment 

and control groups. The next 2 figures compare the difference in A1c to the respective 

medical management category and difference in percent of preterm labor to the medical 

management category. In figure #7 , the change in A1c from baseline to final 

measurement is compared individually across studies, looking at the treatment and 

control groups independently. There is less of a difference in the overall spread between 

the treatment and control groups as the groups are better managed medically. 

 

 
Figure 7. HbA1c % Differences per Study. 
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 The same data was run looking at the difference in preterm birth for the treatment 

and control groups compared to the medical management category (Figure #8). Here we 

find a large spread with higher rates of preterm birth in the less medically managed 

categories as compared to those studies that are more stringent.  

 

 
Figure 8. Preterm Birth % Per Study. 
 
 
 Medical management was assessed across the diabetes studies relative to the 

mean difference in HbA1c. An ANOVA test was run but no group differences were 

found. 
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Figure 9. Mean % Difference HbA1c versus Medical Management Category. 
 
 When looking at the difference between treatment and control A1c values 

compared to the medical management groups, it appears that categories 1 and 2 have the 

greatest differences with treatment.  Theses findings include the studies by Moeintaghavi 

and Khader, which had larger differences than the other studies and may be considered as 

outliers (19,25). 

 
 Correlations of medical management groups (0-2 or 3) were assessed across study 

sample size relative to the mean differences in HbA1c (Figures 10 & 11). HbA1c, when 

compared between the two medical management category groups shows a distinct 

pattern. The studies having greater consideration of medical management show a 

diminishing intervention effect with larger study populations than the studies with less 

medical management. 
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Figure 10. Mean % Difference HbA1c of Combined Medical Management Categories 0-
2  versus Sample Size. 
 

 
Figure 11. Mean % Difference HbA1c of Medical Management Category 3 versus 
Sample Size. 
 
 Medical management was assessed across the pregnancy studies relative to the 

mean difference in percent of preterm birth. A significant group effect was determined 

using ANOVA (p=0.033). Between group differences examined using t-test with 

Bonferroni correction for multiple comparisons using p<0.0125. A difference was found 

to be significant across all 3 categories compared (p=0.033). Comparison of groups 1-2 

and groups 2-3 were found to not be significant, while groups 1-3 were found to be 

significant (p=0.004) (Figure #12). 
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Figure 12. Mean Difference % in Preterm Birth per Medical Management Category. 

 

 The combined data for both systemic conditions then were broken down by 

medical management groups “0-1” and then “2-3” and mean systemic outcome 

differences were compared relative to the sample size. Here we show an inverse 

relationship. Logarithmically, as the sample size increases in groups “0-1”, the difference 

in systemic outcome increases (Figure #13). Meanwhile, in medical management groups 

“2-3”, the greater the sample size, the less difference in the systemic outcome (Figure 

#14).  

 

0
2
4
6
8

10
12
14
16

1 2 3

M
ea

n 
D

iff
er

en
ce

 %
 In

 P
re

te
rm

 B
ir

th

Medical Management Category

Mean Diff in Preg Outcomes per 
Med Mgmt Group



   27

 
Figure 13. Mean Difference in Systemic Outcomes (Pregnancy and Diabetes) of Medical 
Management Categories 0-1 versus Sample Size. 
 

 
Figure 14. Mean Difference in Systemic Outcomes (Pregnancy and Diabetes) of Medical 
Management Categories 2-3 versus Sample Size. 
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studies that were included in this systematic review. In the first row, one can appreciate 

the published systematic review studies that had previously evaluated the studies this 

paper looked into, therefore capitalizing on and capturing their recorded risk value score 

(38-48). Between the studies that were previously evaluated, in the last column, the mean 

risk average was calculated across studies where a score was previously reported.  
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Table 2. Calculated Mean Risk Average- Diabetes Studies. 
 

 Kappellas and Mizuno were not evaluated since the studies were completed in 

2017 and Khader was not previously assessed as it was excluded in prior reviews due to 

treatment intervention (16, 19, 24).  
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 RCT sample size for the diabetes outcomes studies shows a positive correlation 

between sample size and decreasing treatment effects. A similar correlation is seen 

between treatment effects and the risk of bias with additional factoring of the sample size. 

The mean value for risk of bias from diabetes RCTs is evaluated relative to sample size 

(Figure #15). 

 

 
Figure 15. Mean Risk Assessment versus Sample Size- Diabetes. 
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Pregnancy 
Studies 

Schwendicke 
2015 

Uppal 
2014 

Fogacci 
2011 

Polyzos 
2010 

Chambrone 
2011 

George 
2011 

Kim 
2012 

Iheozor‐
Ejiofor 
2017 
 

Mean 
Risk 
Average 

Author % of 7 
criteria  

% of 5 
criteria  

% of 3 
criteria  

% of 4 
criteria 

% of 4 
criteria  

% of 13 
criteria 

% of 5 
criteria  

% of 7 
criteria  

 

Lopez 0.71 0.20 1 0 0.5 0.85 0.2 0.43 0.43 
Michalowicz 1 1 1 1 1 0.85 0.6 0.86 0.81 
Newnham 0.71 1 0.67 1 0.75 0.85 0.6 0.71 0.70 
Offenbacher 
2009 

0.43  1 1 1 1 1 0.43 0.73 

Offenbacher 
2006 

0.43   0 0.5   0.14 0.21 

Oliveira 0.43   0 0.5   0.29 0.24 
Pirie 1       0.86 0.93 
Tarannum 0.57 0.20 0.33 0 0.5 0.85 0.4 0.43 0.35 
Weidlich 0.86        0.86 
Table 3. Calculated Mean Risk Average- Pregnancy Studies. 
 
 4 pregnancy studies were not considered in previous systematic reviews. 2 were 

mouthrinse studies, Jeffcoat 2011 and Jiang (13, 14). Jeffcoat 2010 and Reddy were not 

considered either (12, 31). The mean value for risk of bias from pregnancy RCTs is 

evaluated relative to sample size (Figure #16). Again, lower risk is appreciated in studies 

with a larger sample size as well as a higher consideration for medical management. 
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Figure 16. Mean Risk Assessment versus Sample Size- Pregnancy.  

 The studies were then combined to see the mean risk assessment for both 

pregnancy and diabetes (Figure #17). Again, one can appreciate a lower risk score 

associated with larger studies that are better medically managed. Overall, a R2 value was 

found to be 0.104. 
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Figure 17. Mean Risk Assessment versus Total Sample Size- Pregnancy and Diabetes 
Combined. 
 

E. Periodontal interventions 
  

 Periodontal interventions ranged in approach from scaling and maintenance to 

periodontal flap surgery and full mouth extractions. Some studies reported mouthrinse as 

an intervention while others used systemic antibiotics in conjunction with their local 

periodontal therapy (Table 4).  

Table 4. Periodontal Interventions for Treatment and Control Groups. 
Chen 2012 TX: SCRP & maintenance 

Control: No Tx 
Chen 2012 TX: SCRP & prophy recall 

Control: No Tx 
Engebretson 2013 TX: SCRP + Chx and maintenance at 3 & 6 months 

Control: No Tx 
Gay 2014 TX: SRP & OHI  

Control: OHI 
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Table 4. Periodontal Interventions for Treatment and Control Groups Continued. 
Jeffcoat 2011 TX: CPC Rinse 

Control: No rinse 
Jiang 2016 TX: CPC rinse + OHI 

Control: OHI & toothbrush/ toothpaste 
Jones 2007 TX for 4 months: SRP & doxycycline for 14 days and CHX 

for 4 months 
TX for 12 months: SRP every 4 months 
Control (usual care)for 4 months: usual care then 4 months of 
tx and then usual care 
Control (usual care) for 12 months: usual care and then 12 
months of tx 

Kapellas 2017 TX: SRP + OHI 
Control: No Tx 

Katagiri 2007 TX: SRP + minocycline 1, 3 & 6 months 
Control: OHI 

Kaur 2015 TX: SRP 
Control: No tx 

Khader 2010 TX: Full mouth EXT 
Control: OHI 

Kiran 2005 TX: SRP + OHI 
Control: No tx 

Koromantzos 2011 TX: SRP + maintenance  
Control: Supragingival prophy + OHI 

Lopez 2002 TX: SCRP + OHI with CHX and maintenance every 2-3 
weeks until delivery 
Control: No tx 

Michalowicz 2006 TX: SRP, OHI & maintenance Control: Oral Exam 
Mizuno 2017 TX: SRP, OHI & maintenance 

Control: OHI only 
Moeintaghavi 2012 TX: SRP & OHI 

Control: OHI only 
Newnham 2009 TX: Comprehensive nonsurgical Phase 1 therapy 

Control: No tx 
Offenbacher 2009 TX: SCRP in 2nd trimester 

Control: No tx 
Offenbacher 2006 TX: SRP & OHI 

Control: Supragingival debridement & manual toothbrush 
without instruction 

Oliveira 2011 TX: SRP, OHI & maintenance every 3 weeks until delivery 
Control: No tx 

Pirie 2013 TX: SRP, OHI and polishing 
Control: Supragingival cleaning & OHI 

Raman 2014 TX: SRP & CHX 
Control: OHI 

Reddy 2014 TX: SRP & maintenance 
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Control: OHI 
Control: No tx 

Singh 2008 TX: SRP 
Control: No tx 

Singh 2008 TX: SRP + doxycycline 
Control: No tx 

Sun 2011 TX: OHI, SRP, flap surgery, extraction of hopeless teeth, 
occlusal adjustment & Tinidazole & Ampicillin for 3 days 
prior and after intervention 
Control: No tx 

Tarannum 2007 TX: NSPT & CHX 
Control: OHI only 

Telgi 2013 TX: SRP, CHX & brushing 
Control: Brushing only 

Telgi 2013 TX: CHX & brushing 
Control: Brushing only 

Weidlich 2013 TX: SRP, OHI & maintenance 
Control: OHI and supragingival calculus removal 

Zhang 2013 TX: SRP, OHI 
Control: Exam only 

Table 4. Periodontal Interventions for Treatment and Control Groups Continued. 
 

 Each of the studies under consideration in this review had by design an 

assessment of periodontal outcomes.  The clinical periodontal outcomes showed overall 

improvement in all parameters (Table 5). 

Author Medical 
Management 
group 

BOP Tx 
Baseline 

BOP 
Tx 
Final 

BOP Tx 
Difference 

BOP 
Control 
Baseline 

BOP 
Control 
Final 

BOP 
Control 
Difference 

BOP 
Difference 
(Tx-
Control) 

Raman 0 20.8 1.18 19.62 21.56 14.85 6.71 12.91 
Chen 1 37.74 13.86 23.88 34.01 28.37 5.64 18.24 
Chen 1 32.42 12.02 20.4 34.01 28.37 5.64 14.76 
Sun 1 2.98 1.92 1.06 2.97 2.86 0.11 0.95 
Jeffcoat 
2011 

1 58.7 62 -3.3 49.7 77.2 -27.5 24.2 

Kiran 2 54.38 23.9 30.48 50.48 51.91 -1.43 31.91 
Zhang 2 55.7 26* 29.7* 52.8 55* -2.2* 31.9 
Kaur 2 73.68 38.96 34.72 75.36 78.88 -3.52 38.24 
Offenbacher 
2006 

2 43.9 11.5 32.4 47.7 39.5 8.2 24.2 

Oliveira 2 41.5 19.2 22.3 31.1 34.9 -3.8 26.1 
Mizuno 3 29.4 23.1 6.3 23.1 28.7 -5.6 11.9 
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Katagiri 3 36.5 12 24.5 24.9 18.8 6.1 18.4 

Koromantzos 3 71.55 33.43 38.12 69.27 64.92 4.35 33.77 

Gay 3 51.2 25.7 25.5 51.8 39.5 12.3 10.7 

Engebretson 3 61.2 42.2 19 59.6 53.7 5.9 13.1 
Weidlich 3 49.56 11.51 38.05 49.4 46.84 2.56 35.49 
Lopez 3 49.9 14.9 35 55.4 62.5 -7.1 42.1 
Michalowicz 3 69.6 46.9 22.7 69 66.9 2.1 20.6 
Newnham 3 70.2 28.7 41.5     

Offenbacher 
2009 

3 47.1 39.25 7.85 45.2 49.68 -4.48 12.3 

Table 5. Recorded Periodontal Parameters 

 The mean difference in BOP was calculated and compared against the medical 

management categories for the pregnancy studies. After analysis with ANOVA, no 

statistically significant outcome was detected (p= 0.98) (Figure #18). 

 

 
Figure 18. Mean Difference in BOP per Medical Management Group- Pregnancy. 
 

 The same comparison was completed for the diabetes studies. After analysis with 

ANOVA, no statistically significant group effect was detected (p=0.066) (Figure #19). 
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Figure 19. Mean Difference in BOP per Medical Management Group- Diabetes. 
 

 Overall, there was not a large difference between the treatment and control groups 

from baseline to final in BOP when data was combined, where available, for pregnancy 

and diabetes. A total mean difference of approximately 17% can be appreciated. This was 

found to not be statistically significant with ANOVA (p=0.159) (Figure #20). 
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Figure 20. Mean Difference in BOP per Medical Management Category- Pregnancy and 
Diabetes Combined. 
 
 The mean probing depth change was also calculated for the diabetes studies, 

where reported. There was no statistically significant effect found with ANOVA 

(p=0.561) (Figure #21). 
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Figure 21.  Mean Periodontal Probing Depth Change per Medical Management Group- 
Diabetes. 
 

 Lastly, the mean difference in the systemic outcome for both conditions, adverse 

pregnancy outcomes and diabetes, was compared against the mean difference in BOP. 

One can appreciate that in higher medically managed studies, there is less of a systemic 

treatment effect as well as a less significant periodontal treatment effect. A R2 value was 

found to be 0.212 (Figure #22). 
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Figure 22. Mean Difference in BOP versus Mean Difference in Systemic Outcomes- 
Pregnancy and Diabetes Combined.  
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IV. Discussion 
 
 This investigation offers a unique explanation for the varied results found in the 

clinical trials investigating the systemic sequelae of periodontal therapy.  This systematic 

review was designed to evaluate the two most commonly investigated systemic 

conditions, diabetes and pregnancy. The studies evaluating these two conditions were 

merged in consideration based on their shared mechanistic plausibility based on oral 

infection and inflammation extending systemically. 

 The results of this systematic review and the critical analysis of its data have 

demonstrated that scientific rigor in study design may be a major factor explaining the 

differences seen between interventional studies.  The role of a larger study population in 

lessening the intervention effects is most clear in these results.  Similarly, the 

consideration of the medical management of the systemic condition under investigation 

during the study period appears to relate to the relative level of effect seen.  In both cases, 

sample size and medical management, there is the potential for confounding factors to go 

unrecognized or controlled.  These factors could explain much of the differences seen 

between studies.   

 When looking at change in HbA1c between treatment and control groups 

compared against their medical management categories, Moeintaghavi showed a large 

spread between the treatment and control, however this chart does not account for 

population size (25). That study had 40 subjects total and the findings were not reported 

to be statistically significant. The other outlier was the study by Khader (19). In this 

study, treatment included full mouth extractions. This treatment could have influenced 

the statistically significant outcome in A1c parameters. 
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 The graph looking at the mean difference in pregnancy outcomes versus the 

respective medical management group shows the only significant findings within our 

study (Figure 12). 4 of the category “3” studies actually reported a higher rate of preterm 

birth in their treatment group than the control group. These include Jiang, Weidlich, 

Newnham and Offenbacher 2009 (14, 26, 27, 36). 

 Looking at the recent literature investigating effects of periodontal therapy on 

glycemic control in diabetes, more reviews have been reported over the past five years, 

with most of these focusing on randomized controlled trials.  The primary question 

continues to be the role of oral inflammation in glycemic control.  Each of these 

systematic reviews has identified a positive effect for periodontal interventions, with 

associated reductions in HbA1c levels ranging from 0.27% to 1.03% (39).  These 

consistent findings suggest an important clinical benefit in glycemic management.  

However, a recent large, multi-centered clinical trial failed to identify any benefit from 

periodontal intervention (10).  This raises the question as to why this study along with 

several others, fail to identify what appears to be a collective consistency in smaller 

studies supporting a positive effect of periodontal intervention on glycemic status.   

 Similarly, there have been a number of large, well-controlled multi-centered 

studies evaluating the role of periodontal interventions on adverse pregnancy outcomes.  

While these robust studies have consistently failed to identify a significant impact for 

periodontal therapy, there are a large number of positive smaller studies, along with 

associative and mechanistic studies, that suggest oral inflammation and infection has a 

substantive impact on pregnancy outcomes. A recent systematic review of these 

systematic reviews reinforced the beneficial effects of periodontal therapy on glycemic 
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control, and postulated that inconsistent findings reported across studies are most likely 

due to insufficient or ineffective periodontal therapy, unique study populations, failed to 

control for many confounding factors, or any of numerous other methodologic limitations 

or inconsistencies (8). One recent randomized, controlled clinical trial designed to 

investigate the role of periodontal therapeutic effectiveness relative to adverse pregnancy 

outcomes. In contrast to the systematic review of reviews, this well-controlled study 

failed to show a reduction in adverse pregnancy events, while demonstrating successful 

periodontal therapeutic outcomes, lessening this discrepancy between studies’ control of 

inflammation as contributing to the varied outcomes (36). However, there has yet to be a 

thorough evaluation of major confounding variables as contributing to discrepancies in 

the literature regarding either pregnancy outcomes and glycemic control. 

 Although a plausible pathway with a commonality of inflammation, periodontal 

disease intervention relating to the improvement in systemic outcomes, notably a 

decrease in preterm birth percentages or a lowering in HbA1c, has yet to be proven. 

When major confounding factors are controlled for, there is less of an improvement in the 

systemic outcome, suggesting that other factors may in fact account for the improvement. 

More investigative work and randomized controlled studies should be performed with 

larger sample sizes and greater scrutiny of the medical management to definitely 

determine the role periodontal intervention has in improving systemic outcomes. 
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