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INTRODUCTION 

Dietary advice in the dental setting predominantly focuses on the prevention of dental caries 

with very little thought given to periodontal disease, indeed the common risk factor approach 

proposed by Sheiham and Watt (2000) links diet to dental decay, obesity, cancers and 

cardiovascular disease – it does not associate diet with periodontal disease¹. However, 

periodontal disease is the 6th most prevalent disease affecting approximately 20-50% of the 

global population ². At least 1 in 10 adults worldwide suffer from periodontal disease, making 

it more prevalent than cardiovascular disease³ ⁴ ⁵. Severe periodontitis has a standardised 

prevalence of 11.2% worldwide⁶ and is a significant public health concern⁷. Recent studies 

have questioned the role of dietary intake in the reduction of periodontal inflammation, it is 
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plausible that future dietary advice may include specific advice to reduce such periodontal 

inflammation. 

 

PERIODONTAL DISEASE AND INFLAMMATION 

Periodontal diseases are mediated as a result of an inflammatory response to microorganisms 

within the dental biofilm⁸. The bacteria within dental biofilm release biologically active 

components, such as lipopolysaccharides, chemotactic peptides, and organic acids⁹. 

Detection of microbial pathogen-associated molecular patterns (PAMPs) by the host immune 

pattern recognition receptors (PRRs) induces the immune response and the production of 

pro-inflammatory cytokines including tumour necrosis factor alpha (TNF-α), interleukin- (IL-) 

6, IL-8, IL-12, interferon-γ (IFN-γ) and acute-phase proteins such as C-reactive protein (CRP)¹⁰ 

¹¹ ¹² ¹³. Activation of the complement system produces complement peptides, anaphylatoxins 

C3a, C4a and C5a that attract host immune cells monocytes, lymphocytes and neutrophils¹⁴.  

Not only is complement is a central component of the innate immune system, it is an 

important mediator of the adaptive immune responses¹⁵. The complement cascade can be 

activated through three pathways: classical, lectin, and the alternative pathways. Periodontal 

diseases primarily activate the alternative pathway via bacterial polysaccharides, including 

aggregated IgA and lipopolysaccharide, through properdin (factor P) to cleave C3. Factors B 

and D, along with C3b convert C5 into C5a and C5b and the cascade continues until 

completion⁸ ¹⁶. 

This signals the transition from the innate to the acquired immune response. The presence of 

pro-inflammatory cytokines results in the recruitment of host immune cells and the 

infiltration of neutrophils, natural killer (NK) cells, and lymphocytes to recognise antigens on 

dendritic cells¹⁷. T-lymphocytes, B-lymphocytes, macrophages and plasma cells predominate, 

collagenolytic activity increases, blood flow decreases⁸. T-lymphocytes express CD8+ 

(cytotoxic) and CD4+ (helper T-cell) cells that generate pro-inflammatory cytokines IL-1, IL-4, 

IL-10, TNF-α, IFN-γ and transforming growth factor β (TGF-β)¹¹. Additionally, CD4+ 

lymphocytes produce the cytokine RANK-L, that signals the stimulation of reactive oxygen 

species (ROS) in osteoclasts¹⁸ ¹⁹. The presence of ROS is increasingly implicated in the 

connective tissue degradation, particularly the alveolar bone¹⁸ ²⁰. 
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The presentation of antigens to the dendritic cells attracts polymorphonuclear leukocytes 

(PMNs) to the site; degranulation of PMNs releases proteases and other lytic enzymes, 

defensins and ROS that help in degrading the pathogens during phagocytosis²¹. However, 

whilst this aids in the elimination of the microbial burden, it also has the effect of connective 

tissue fibres destruction, resulting in an additional local damage.  

The excessive inflammatory response (both innate and acquired) mediates the connective 

tissue damage and alveolar bone loss²². Furthermore, the tissue breakdown products provide 

a nutrient source for the pathogenic bacteria thus inducing an unfortunate self-sustainable 

feed-forward cycle of escalating dysbiosis and disease progression²³ ¹³ ²⁴. Consequently, 

although the initial inflammatory response in periodontal inflammation is of microbial origin, 

the subsequent tissue destruction is predominantly host mediated¹³. 

 

LOW-CARBOHYDRATE DIETS 

A Western lifestyle, high in carbohydrates with a high ratio of Omega-6 to Omega-3 fatty acids 

can promote inflammatory processes²⁵. Diets containing glucose-rich refined carbohydrates 

cause exaggerated postprandial surges in glucose and triglycerides²⁶; ROS is generated at a 

rate that exceeds that of antioxidant defences, resulting in oxidative stress²⁷ ²⁸. This 

postprandial dysmetabolism is associated with the initiation of inflammation²⁶ ²⁸.  

The National Diet and Nutrition Survey²⁹ report a daily average intake of carbohydrates of 

198g for women and 252g for men, representing approximately 47-48% of food energy intake. 

The parameters of a low-carbohydrate diet range between 100-150g of carbohydrates daily 

and due to claims of weight loss success, have gained substantial popularity in recent years³⁰ 

³¹. As carbohydrates work directly to raise the blood glucose concentration, a low-

carbohydrate diet is often recommended in the management of type 2 diabetes³². Similarly, 

the palaeolithic or ‘stone age’ diet attempts to emulate the diet of our ancestors and restricts 

food intake to lean meats, fish, insects, eggs, fruit, berries, vegetables, and nuts while limiting 

grains and legumes. Notably, dairy products and refined carbohydrates are excluded from the 

diet³³. It has been observed that adopting a palaeolithic diet can not only promote weight loss 

but is also associated with reduced systemic inflammation³⁴ ³⁵. 
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Several studies have investigated the role of nutrition in the prevention and management of 

periodontal inflammation³⁶ ³⁷. It is known that both micro and macronutrients modulate pro-

inflammatory or anti-inflammatory cascades, influencing inflammatory status²⁶. Much of this 

research is focused around micronutrients³⁸ ³⁹ ⁴⁰ ⁴¹. It is considered that such inflammatory 

processes can be resolved with the aid of Omega-3 fatty acids⁴². Additionally, dietary 

antioxidants are crucial for maintaining redox equilibrium to reduce oxidative stress⁴³;  

several studies have demonstrated a positive impact of antioxidants Vitamin C and D on 

periodontal inflammation⁴⁴. Few studies have assessed the effects of macronutrients⁴⁴, even 

less investigating the effects of a low-carbohydrate diet on periodontal inflammation³⁸.  

This review critically evaluates the empirical evidence to establish whether reducing 

carbohydrate intake can reduce periodontal inflammation in patients with periodontal 

disease. 

 

METHOD 

A systematic review was conducted using PICO methods to align the inclusion and exclusion 

criteria with the research question to facilitate development of the research strategy. 

Concepts and synonyms were used to identify key words to be used when searching 

databases. After searching the Cochrane Register for existing systematics reviews on the 

research topic, bibliographic databases Medline, Dentistry and Oral Sciences Source, CINAHL 

Complete and ProQuest were searched. Investigation of the grey literature and citation 

chaining completed the searches.  

 

INCLUSION AND EXCLUSION CRITERIA 

The inclusion and exclusion criteria were defined using the PICO model⁴⁵ to objectively 

identify those papers relevant to the research question⁴⁶. The exclusion criteria include 

factors or characteristics that may be confounders for the outcome parameter (see Table 1). 
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SEARCH RESULTS 

An initial 354 papers were identified and following de-duplication, 342 abstracts were 

screened for relevance with 331 papers excluded based on inclusion and exclusion criteria. 

Full text papers were retrieved for 11 studies; a further 7 papers were excluded at this stage. 

A final 4 papers were included in the review: 3 RCTs and 1 case series. 

The process by which the papers were identified can be seen in the PRISMA flow diagram (Fig. 

2). 
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Assessment of Methodological Quality 

Identified studies were reviewed, data extracted and critically appraised for their 

methodological quality using the Effective Public Health Practice Project (EPHPP) Tool⁴⁷. This 

tool has the advantage of continuity and consistency as it is applicable across a variety of 

intervention study designs and not specific to any one study design⁴⁸. The overall outcome of 

the quality assessment for each study is rated as either strong, moderate, or weak; the results 

are summarised in Table 2. Critical analysis of the methodological quality of the included 

papers enabled consideration of impact of the quality assessment on the review findings and 

recommendations. 

Table 2. Summary of Quality Assessment using EPHPP Tool 

 
 
Reference 

 

S
e

le
c

ti
o

n
 B

ia
s
 

S
tu

d
y

 D
e

s
ig

n
 

C
o

n
fo

u
n

d
e

rs
 

B
li

n
d

in
g

 

D
a
ta

 

C
o

ll
e

c
ti

o
n

 

M
e

th
o

d
s
 

W
it

h
d

ra
w

a
ls

/ 

D
ro

p
o

u
ts

 

G
lo

b
a

l 
R

a
ti

n
g

 

Baumgartner et al., 
2009⁴⁹ 

M
o

d
e
ra

te
 

M
o

d
e
ra

te
 

M
o

d
e
ra

te
 

W
e
a
k
 

S
tr

o
n
g
 

M
o

d
e
ra

te
 

M
o

d
e

ra
te

 

Woelber et al., 2016⁵⁰ 

M
o

d
e
ra

te
 

S
tr

o
n
g
 

S
tr

o
n
g
 

W
e
a
k
 

S
tr

o
n
g
 

S
tr

o
n
g
 

M
o

d
e

ra
te

 

El Makaky et al., 
2019⁵¹ 

M
o

d
e
ra

te
 

S
tr

o
n
g
 

S
tr

o
n
g
 

M
o

d
e
ra

te
 

S
tr

o
n
g
 

M
o

d
e
ra

te
 

S
tr

o
n

g
 

Woelber et al., 2019⁵² 

M
o

d
e
ra

te
 

S
tr

o
n
g
 

S
tr

o
n
g
 

M
o

d
e
ra

te
 

S
tr

o
n
g
 

M
o

d
e
ra

te
 

S
tr

o
n

g
 

 

After assessment of the individual quality components, two of the RCTs⁵¹ ⁵² had a strong global 

rating, characterised as having no weak ratings in any component. The paper by Baumgartner 

et al., (2009)⁴⁹ and the RCT by Woelber et al., (2016)⁵⁰ were appraised as being of moderate 

quality due to both being considered weak when assessing the blinding component of the 

quality assessment⁴⁷.  As no papers received a global rating of weak, no paper was excluded 
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on this basis. However, the various limitations observed across the papers will need to be 

considered when interpreting the results. 

DATA EXTRACTION AND STUDY CHARACTERISITICS OF INCLUDED STUDIES 

The data extraction form was adapted from the Cochrane Effective Practice and 

Organisation of Care (EPOC) data extraction tool for randomised and non-randomised 

trials⁵³. Two reviewers extracted and evaluated relevant data to enable a comparison of 

methodology and outcomes to facilitate the assessment of the effectiveness of the 

regimes⁵⁴. 

A summary of findings, including pertinent characteristics of participants, oral hygiene, and 

dietary regimes along with the outcomes have been summarised in Tables 3, 4, 5 and 6. 

The considerable heterogeneity in terms of interventions, populations and study duration 

precluded statistical synthesis in the form of meta-analysis, consequently, data extracted 

from the studies was synthesised to form a narrative in which to determine the range of 

clinical outcomes reported⁵⁵. 
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REVIEW FINDINGS 

Clinical Parameters 

The included studies were appropriate to address the aims of this review. There were 

disparities in terms of participants and study design, particularly between the case series⁴⁹ 

and the three RCTs⁵⁰ ⁵¹ ⁵². Despite this, in relation to the research question, there were 

comparable similarities observed in the primary and secondary outcomes measured. 

All four papers observed reductions in periodontal inflammation, as measured by reduced 

gingival inflammation, bleeding on probing and reduced pocket probing depths. The three 

RCTs observed significant reductions in GI and BoP⁵⁰ ⁵¹ ⁵², only the case series observed an 

increase in GI from baseline to the end of the study however, it was of no statistical 

significance⁴⁹.  Similar reductions were observed for bleeding on probing with Baumgartner 

et al., (2009)⁴⁹ and Woelber et al., (2016)⁵⁰ reporting significant reductions. BoP also reduced 

significantly in the intervention group in the RCT by Woelber et al., (2019)⁵², however when 

compared to the control group, the difference was not significant. These results, in 

conjunction with the increases seen in the control groups are indicative of the effectiveness 

of the intervention as both gingival index and bleeding on probing are accurate indicators of 

gingival health⁷. Likewise, probing depth is an important clinical parameter in the assessment 

of the clinical status of periodontal tissues⁵⁶. The three papers that evaluated the effect of 

the dietary regime on PPD all observed significant reductions within the intervention groups⁴⁹ 

⁵⁰ ⁵². 

A relatively new index, PISA is considered beneficial for quantifying periodontal 

inflammation⁵⁷ as it integrates multiple periodontal indices, such as BoP, PPD, and PI into a 

single numerical index. The two RCTs that carried out this index observed reduced 

inflammation in the intervention groups compared to the control groups⁵⁰ ⁵². Although the 

reduction observed in the more recent RCT⁵²  was not deemed statistically significant, the 

results align with the findings of the other periodontal indices. 

 

Age Differences 



16 | P a g e  
 

The participants in one RCT⁵¹ were children between the ages of 10-14-years; there are 

inherent challenges in assessing periodontal indices in children with a mixed dentition due to 

the presence of false pocketing as the permanent teeth are only partially erupted⁶⁷, 

additionally, possibly due to hormonal changes, the prevalence of gingivitis peaks during 

puberty⁵⁸. It is acknowledged in the case series⁴⁹ that such challenges may impact the results 

however, they observed no trends of differences to suggest any such impact that would 

differentiate the children from the adult participants within their study.  

 

Oral Hygiene Regimes and Plaque 

Interproximal cleaning is important in maintaining interproximal gingival health⁷ and the 

consequence of having no access to oral hygiene aids and being prohibited from carrying out 

interdental cleaning is reflected by the increase in supragingival plaque scores observed in 

two of the studies⁴⁹ ⁵¹. Interestingly, the increases in plaque levels observed were not 

accompanied by a corresponding increase in the severity of gingival inflammation which 

would normally be expected⁷. Indeed, it was concluded that even in the presence persistent 

plaque levels, an anti-inflammatory diet significantly decreased gingival inflammation⁵⁰. 

 

Dietary Regimes 

When assessing compliance with dietary regimes, two studies⁵⁰ ⁵² assessed dietary habits 

using self-reported diaries. Using diaries is not without challenges; they rely on subjects to 

accurately recall and record the relevant data and have questionable validity and reliability⁵⁹.   

Determining compliance was not necessary in the simulated Stone-Age case series⁴⁹, 

although the authors acknowledge that it was difficult to assess precise dietary intake 

because analysis of carbohydrate consumption and other macro/micronutrients was not 

possible. However, this simulated palaeolithic environment likely precludes subjects 

exceeding carbohydrate limits imposed in the other studies included in this review.  

 

Carbohydrates and Inflammation 
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Diets high in refined carbohydrates can cause an exaggerated postprandial surge in glucose 

and triglycerides²⁶. This postprandial hyperglycaemia results in increased production of ROS and 

release of inflammatory cytokines⁶⁰. It has already been established that dietary antioxidants 

maintain redox equilibrium, reducing oxidative stress⁴³ and not only do the dietary 

requirements in the three RCTs restrict carbohydrates to less than 130g daily, they also 

incorporate elements that are anti-inflammatory; as such, the reduced clinical inflammation 

observed may be related to these components. Both studies by Woelber et al., (2016; 2019)⁵⁰ 

⁵² acknowledge it may be difficult to attribute the improved clinical parameters observed in 

the intervention group to any one specific component of the diet, although regression 

analysis did show significant association between reduced clinical parameters and 

carbohydrate-reduction in the 2016 trial⁵⁰. 

Whilst the case series⁴⁹ did not specifically refer to this within their study, the dietary regime 

the participants were subjected to included berries high in antioxidants⁶¹. Although honey 

isn't a refined carbohydrate, it is a pure sugar and as such one might have expected this to be 

reflected in the results observed, however the reduced periodontal inflammation observed 

by the authors is possibly due to the anti-inflammatory and anti-bacterial properties of 

honey⁶². Indeed, the authors concluded it was likely the combination of a restriction of refined 

carbohydrates and the supplemental intake of antioxidants that reduced the observed 

periodontal inflammation and that consequently, dietary advice for patients with gingivitis 

and periodontitis may be very important. 

 

Additional outcomes 

One RCT⁵² observed significant weight loss in the intervention group likely due to the reduced 

total energy intake associated with the low-carbohydrate regime. As evidence suggests low 

calorie intake is associated with improved periodontal health⁶³, it is possible this had an 

adjunctive effect on the reduced inflammation observed in this study. Additionally, they 

found no significant differences between or within groups in relation to the subgingival 

microbiome. The significance of this being that the clinical results observed were likely a result 

of an altered immunological response due the dietary regime and not resulting from an 

altered microbial composition of the subgingival biofilm. This supports the findings observed 
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in the case series⁴⁹, which despite reporting an increase in subgingival bacterial counts found 

no pathogenic bacteria associated with periodontitis. 

 

CONCLUSION AND RECOMMENDATIONS  

Despite the heterogeneity and variable methodological quality of the studies, all four studies 

reported similar outcomes in that despite reduced oral hygiene measures, the restricted 

carbohydrate intake reduced periodontal inflammation.  

However, all papers included anti-inflammatory components to the dietary regimes, 

consequently how much of this decrease in periodontal inflammation can be attributed to 

the reduction in carbohydrates alone and how much was as a result of additional anti-

inflammatory components in the diets is difficult to ascertain.  

 

Nevertheless, the results provided by these studies highlight the potential of combining 

dietary advice relating to anti-inflammatory low-carbohydrate diets with appropriate oral 

health regimes.  

The implications of the findings of this review may have a wider impact on  patients’ general 

health and on healthcare; if periodontal inflammation can be reduced through the adoption 

of a low-carbohydrate diet, then systemic inflammation and the risk for other inflammatory 

conditions may also be reduced. This supports previous research reporting improved systemic 

inflammation as a result of low-carbohydrate dietary regimes³⁴ ³⁵. Although the most recent 

RCT⁵² observed no significant difference in serological markers between control and 

intervention groups, another⁵¹ reported significant reductions in serological inflammatory 

parameters TNF-α and IL-6.  

As periodontal disease has been linked to several non-communicable diseases, reducing the 

incidence and prevalence of periodontal disease may subsequently decrease the incidence 

and prevalence of such conditions as cardiovascular disease. Not only will this reduce the 

overall burden of disease and the associated financial impact of such, but more importantly, 

improve the quality of life of patients. 

Unfortunately, the paucity of high-quality research currently available suggests despite the 

positive results of this review, it is far from enough to inform policy change; it may however 
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generate enough interest to influence further research in this arena. On considering a change 

in recommended treatment modalities in the management and prevention of periodontal 

disease, it seems that the next logical step would be a well-structured, sufficiently powered 

RCT investigating the effects of a low-carbohydrate diet, possibly as an adjunctive treatment 

to NSPT with a comparator group receiving NSPT alone. 

From the limited evidence currently available, it is plausible that in addition to periodontal 

therapy, in the management of periodontal diseases dental professionals should consider 

assessing dietary habits with particular reference to intake of refined carbohydrates and an 

anti-inflammatory diet, providing dietary advice to reduce periodontal inflammation. 

However, further high quality longitudinal RCTs are needed in this topic area to strengthen 

the evidence base.      
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