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Background: The aim of this study was to evaluate the effects of ginger supplementation on

inflammatory, antioxidant, and periodontal parameters in type 2 diabetes mellitus (T2DM)

patients with chronic periodontitis (CP) under non-surgical periodontal therapy (NSPT).

Material and methods: In this double-blind clinical trial study, 46 T2DM patients with CP

were randomly allocated to intervention and control groups and received either 4 tablets 500 mg

(2 g) ginger or placebo twice a day for 8 weeks. All patients were treated with NSPT during the

intervention period. Serum levels of tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6),

hs-C-reactive protein (hs-CRP), superoxide dismutase (SOD), catalase (CAT), glutathione

peroxidase (GPx), periodontal indices including clinical attachment loss (CAL), bleeding on

probing (BOP), pocket depth (PD), and plaque index were evaluated in all subjects pre- and post-

intervention.

Results: Following 8 weeks of ginger treatment with NSPT, significant reductions were

observed in the mean levels of IL-6 (p=0.001), hs-CRP (p=0.03), TNF-α (p=0.007), CAL,

and PD (p<0.001) in the intervention group. The mean serum levels of SOD and GPx were

significantly increased in the intervention group after the intervention (p=0.001 and 0.002,

respectively). At the end of the study, the mean changes of GPx were significantly higher in

the intervention group compared with the control group (p=0.04). Also, after the adminis-

tration of the ginger with NSPT, significant decrease occurred in the mean change of IL-6

(p=0.009), hs-CRP (p=0.049), TNF-α (p=0.049), CAL (p=0.003), and PD (p=0.04) compared

with the control group.

Conclusion: It is recommended that ginger supplementation along with NSPTmay be effective

in the improvement of inflammation, oxidative, and periodontal status in T2DM with CP.

Keywords: type 2 diabetes mellitus, periodontal disease, ginger, inflammation, antioxidant

enzymes

Introduction
Periodontal disease (a common oral disease all over the world) is an inflammatory

condition affects on the supportive tissue of teeth. The prevalence of periodontal

disease was reported to be over 50%.1,2 According to previous studies, there was no

specific relationship found between the pathogenesis of type 2 diabetes and
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periodontal disease, evidence recently indicated that these

two conditions are broadly in association.3,4 Some factors

involved in the pathogenesis of these diseases included

smoking, impairment of neutrophil function, age, and

polygenic backgrounds.4,5 On the other hand, various stu-

dies reported that the prevalence and severity of period-

ontal disease is greater among diabetic patients.

Multivariate risk analysis showed that the prevalence of

periodontal disease in diabetic patients is more than three-

fold of normal subjects.6 The development of periodontal

disease may be considered as a complication in diabetes

mellitus (DM). Moreover, the progression of periodontal

disease is quicker in diabetic patients and interfere glyce-

mic control and may ultimately result in a vicious cycle.7

Moreover, it was found that the macro- and microvascular

complications of DM are commonly observed in diabetic

patients with periodontal disease.8 Various mechanisms

were proposed for the role of DM in the progression of

periodontal disease. Because of the infectious nature of

periodontal disease, the results of some studies indicated

changes in subgingival microbial flora of diabetic

patients.9 The other mechanisms involved are changes in

the function of immune cells such as neutrophils, mono-

cytes, and macrophages,10 increased levels of inflamma-

tory factors such as tumor necrosis factor-alpha (TNF-α)
and altered wound healing.11

Recent studies reported that the treatment of period-

ontal disease may improve glycemic control and decrease

the severity of such faulty cycle.12 Ginger (Zingiber offi-

cinale), of the Zingiberaceae, is one of the medicinal

plants which is used in many countries.13 The active

ingredients in ginger such as β-bisabolene, shogaol, gin-
gerol, and paradol have glycemic control, anti-inflamma-

tory, anti-oxidant, anti-cancer, and anti-obesity effects.14,15

The effectiveness of ginger in treating some diseases such

as nausea, rheumatism,16 and lipid profile disorders17 was

suggested in some studies. Furthermore, ginger may

improve glycemic control18 and reduce inflammatory mar-

kers (TNF-α, IL-1β, IL-6)19 in diabetic patients and it can

significantly decrease levels of malondialdehyde and

increase levels of antioxidant enzymes (superoxide dismu-

tase [SOD], catalase [CAT], glutathione peroxidase [GPx],

glutathione reductase [GR]) and glutathione.20 Studies

have also indicated that the non-surgical periodontal ther-

apy (NSPT) including oral health education, scaling, and

root planning is aimed to reduce the bacterial challenge

and inflammation, which may lead to restoration of insulin

sensitivity over time and improve metabolic control in

diabetic patients and reduce the serum levels of TNF-α
and IL-17 in patients with periodontal disease.21,22

To the best of our knowledge, there is no randomized

controlled trial assessing the effects of ginger on diabetic

patients with periodontal disease and because of insuffi-

cient information, this study was designed to evaluate the

effects of ginger supplementation on inflammatory, anti-

oxidant, and periodontal parameters in T2DM patients

with CP under NSPT.

Materials and methods
Subjects
Forty-six T2DM patients with CP (30–60 years) were

enrolled in this randomized double-blind placebo-controlled

trial. The subjects were included who had a confirmed

diagnosis of T2DM (FBS≥126 mg/dL and HbA1c≥6.5%
or 2-hr glucose) 2 hpp (≥200 mg/dL)23 and CP according

to the American Academy of Periodontology criteria.24 The

inclusion criteria considered in this study were as follows:

males and females aged 30–60 years old, body mass index

of 18.5–30 kg/m,2 confirmed diagnosis of T2DM for >5

years, individuals with mild and moderate periodontitis

(PD≥4 mm and CAL=1–4 mm). Also, the exclusion criteria

were as follows: having any systemic diseases, kidney dis-

order, pregnancy, breastfeeding, smoking, using systemic

antibiotic and any dietary supplements or antioxidants,

received periodontal treatment in the previous 6 months

and using any form of immunosuppressant and anti-inflam-

matory agents, noticeable change in consumption of medi-

cations and treatment of diabetes, the consumption of <90%

of ginger tablets, severe periodontitis, and using anticoagu-

lant medications such as warfarin and aspirin.

The ethics approval was obtained fromAhvaz Jundishapur

University of Medical Science, Iran (Ref No. IR.AJUMS.

REC.1396.925) and was registered in the Iranian Registry of

Clinical Trials website (IRCT20170304032874N2). Also,

written informed consent was collected from patients.

Study design
This randomized double-blind placebo-controlled trial was

performed at endocrinology and metabolism clinics of

Imam Khomeini Hospital of Ahvaz Jundishapur

University of Medical Science, Iran. In order to diagnose

and confirm periodontal disease, all recruited subjects

were referred to the Dental Clinic. Finally, 46 subjects

were randomly allocated to two groups, including inter-

vention (n=23) or placebo (n=23). The randomization was
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done through a random permuted block procedure (block

design) based on the combined analysis as all recruited

subjects were assigned to six groups in four blocks con-

sidering two code series of A and B according to the block

design (first step; AABB, BBAA, ABAB, BABA, ABBA,

BABA and second step; AABB, BBAA, ABAB, BABA,

ABBA, BA). The code allocation planning in this study

was done by a third blind person (who was not informed

of the research) in the health care system. Moreover, the

researchers and patients did not inform of the allocation of

subjects to either intervention or control groups (double-

blinded). To continue the routine treatment considered for

DM, daily diet, and lifestyle without any modification

during the entire study period were recommended to the

patients.

Intervention protocol
The intervention and control groups received 2 g/d (4

tablets of 500 mg as two tablets before lunch and dinner)

ginger (containing zingiberene, ar-curcumene, geranial,

zingiberol, and Z. officinale) and placebo (containing pea

flour), respectively for 8 weeks. The ginger and placebo

tablets were produced by Dineh Company, Iran. The pla-

cebo tablets were matched with the ginger tablets in terms

of shape, color, size, and taste. Any reports regarding with

possible side effects of supplements were monitored three

times during the study. To evaluate the compliance of

subjects the tablet remaining were quantified. Subjects

with the consumption of <90% of ginger tablets or self-

reported of sensitivity to ginger consumption were

excluded from the study.

Measurement of anthropometric indices

and assessing dietary intake
Height and body weight were measured while the subjects

had light clothing and no shoes. The BMI was calculated

by dividing the body weight (in kilograms) by the height

(in meters squared). All subjects completed a 3 day 24 hrs

dietary recall at baseline and end of the study. The dietary

intake was analyzed by Nutritionist IV software specified

for Iranian foods. All subjects were advised to maintain

their usual diet and physical activity during the study.

Measurement of biochemical parameters
Fasting blood samples (5 mL) were collected from all

subjects at baseline and end of the study and centrifuged

for 15 mins and stored in − 70°C until biochemical

analyses. Serum levels of SOD, CAT, and GPx were

measured by reliable spectrophotometric methods using

the Zell Bio GmbH kit instructions (Germany). Serum

levels of IL-6 and TNF-α and hc-CRP were measured by

ELISA kits (hc-CRP ELISA, LDN, Germany) and

(Human IL-6 and TNF-α: Elisa kit [IBL, Germany]). All

assay procedures were done according to the related kit

instructions. (details have not been explained).

Measurement of periodontal indices
The first visit of NSPT (scaling and root surface debride-

ment) was performed for all subjects in intervention and

control groups at baseline and the second visit was done

with the start of the second month of the intervention. The

NSPT involved careful cleaning of the root surfaces to

remove plaque and calculus from deep periodontal pockets

and surfacing tooth root to remove bacterial toxins.

Moreover, some instructions on dental hygiene such as

brushing and correct application of dental floss were pro-

vided for all subjects. The subjects were asked to avoid

using any mouthwash during this study.

Bleeding on probing (BOP) and plaque (the measure-

ment of the status of oral hygiene), PD and CAL were

measured as the main periodontal indices in this study by a

dentist. The measurement of all periodontal indices was

done at six sites of a tooth comprised of mesiobuccal,

midbuccal, distobuccal, mesiolingual, midlingual, and dis-

tolingual. The CAL was measured by a full – mouth

periodontal examination and determined through measur-

ing the distance between cement – enamel junction and the

bottom of the gingival crevice. Periodontitis is considered

as severe in individuals with CAL≥5 mm (not on the same

tooth) or moderate in individuals with CAL of 3–4 mm

(not on the same tooth) or weak in individuals with CAL

of 1–2 mm (not on the same tooth). PD (the distance

between gingival margin and the base of the gingival

sulcus or periodontal pocket) was measured using a

UNC-15 (University of North Carolina No. 15) manual

periodontal probe.25

Statistical analysis
The results were presented as mean±SD. The P-value of

<0.05 was considered statistically as significant in all

analyses. The Kolmogorov–Smirnov and Shapiro–Wilk

test were used to assess the normality of variables distri-

bution. The Independent sample t-test was done to com-

pare the results between the two groups. The Paired

sample t-test was also used to compare the results within
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groups post-intervention. For analyzing the qualitative

data, Chi-square test was used. All the statistical analysis

was performed using SPSS (version 19). According to

Danwilai et al’s study26 and considering GPx as the main

variable, the sample size was calculated with a 95% con-

fidence interval and 90% power of the study. The formula

of sample calculation is given in the following:

n ¼ z1�α
2þz1�βð Þ2 δ1

2þδ2
2ð Þ

μ1�μ2ð Þ2 . The sample size was deter-

mined as 19 subjects in each group. However, considering

a 20% withdrawal rate, 23 subjects were selected for each

group.

Results
Baseline characteristics of the subjects,

anthropometric parameters, energy,

macro-, and micronutrients
All variables in this study had a normal distribution. Forty-

two patients were recruited for the study (control group

n=21, and intervention groups n=21). Two patients were

excluded from the statistical analysis for each group

because they did not use tablets regularly or they did not

continue the intervention (Figure 1). The mean age of

patients in the intervention and control groups was 52.81

±6.44 and 51.62±5.95 years, respectively. No significant

differences were seen in demographic characteristics,

including age, sex, weight, BMI, hip circumferences,

waist circumferences, duration of diabetes, medication

uses, and physical activity between two groups at baseline

(p≥0.05) (Table 1). No significant differences were also

observed between two groups for dietary intake including

energy, macronutrients, and micronutrients such as antiox-

idant vitamins C, E, A, beta-carotene, α-tocopherol, and
selenium at baseline and after the intervention (p≥0.05)
(Table 2).

IL-6, hs-C-reactive protein (hs-CRP), and

TNF-α
At baseline, there were no significant differences in the

mean serum levels of IL-6, TNF-α, and hs-CRP between

two groups (p≥0.05). The mean serum levels of IL-6, hs-

CRP, and TNF-α were significantly decreased in the inter-

vention group after the intervention (2.33±0.7 vs 1.72±0.73

pg/mL, respectively; p=0.001), hs-CRP (1482±541 vs 1081

±428 ng/mL, respectively; p<0.03) and TNF-α (11.67±3.28

vs 9.6±3.59 pg/mL, respectively; p<0.007). Also, the mean

changes of IL-6, hs-CRP, and TNF-α were significantly

lower in the intervention group compared with the control

group (−0.6±0.71 vs −0.04±0.61 pg/mL, respectively;

p=0.009), hs-CRP (−401.35±801.12 vs −9.33±339.40 ng/

mL, respectively; p<0.03) and TNF-α (−2.07±3.13 vs −0.19
±2.8 pg/mL, respectively; p<0.007) (Table 3).

SOD, CAT, and GPx
No significant differences were observed in the mean

serum levels of SOD, CAT, and GPx between two groups

at baseline (p≥0.05). The results of this study showed that

the mean serum levels of SOD and GPx were significantly

increased in the intervention group after the intervention

(14.90±3.28 vs 15.71±3.01 U/mL, respectively; p=0.001)

and GPx (131.80±27.73 vs 150.23±27.58 U/mL, respec-

tively; p=0.002). In addition, the mean changes of serum

levels of GPx were significantly higher in the intervention

group compared with the control group (18.42±23.56 vs

4.14±21. U/mL, respectively; p=0.04) (Table 3).

Periodontal parameters (PD, CAL, BOP,

and plaque)
Within-group comparison in the intervention group

showed that there were no significant differences in the

mean of CAL and PD between two groups (p≥0.05). The
mean of PD and CAL was significantly decreased in the

intervention group post-intervention (4.95±1.16 vs 4.42

±1.39 mm, respectively; p<0.001) and CAL (3.04±0.86

vs 2.47±0.60 mm, respectively; p<0.001). At the end of

the study, there was a significant difference in the mean

changes of CAL and PD between intervention and control

groups (−0.57±0.50 vs −0.14±0.35 mm, respectively;

p=0.003) and PD (−0.52±0.51 vs −0.19±0.51 mm, respec-

tively; p=0.04) (Table 4). Although the plaque and BOP

were reduced in both intervention and control groups after

the intervention, the differences were not significant

between two groups post-intervention (p=0.14 vs p=0.11,

respectively) (Figure 2).

Discussion
According to recent studies, it was indicated that the pre-

vention or delaying the cellular damages mediated by the

pathogenesis of free radical is possible due to the oxidative

defense capacity of the cell through antioxidant intake.

Therefore, much attention has been devoted to health ben-

eficial effect of natural antioxidants in biological systems.27

Ginger is considered as an antioxidant with high antioxidant

properties and capability of scavenging several free radicals
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and protect cell membrane lipids from oxidation.28 To the

best of our knowledge, there is no study investigates the

effects of ginger supplementation along with NSPT on

inflammatory, antioxidant, and periodontal parameters in

T2DM patients with CP.

Ginger and inflammatory markers
The results of the present study showed that ginger supple-

mentation with NSPTsignificantly reduced the serum levels of

IL-6, TNF-α, and hs-CRP in the intervention group post-

intervention. Similarly, Rehman et al showed that the treat-

ment with zingerone significantly decreased ROS levels,

inhibited the nuclear factor-kappa B (NF-kB) activation and

reduced the levels of other inflammatory markers including,

TNF-a, IL-6, and IL-1b in type 2 diabetic Wistar rat.29 In

agreement with the findings of this study, in a double-blinded

clinical trial in which diabetic patients received ginger supple-

mentation for 2 months, the results showed that the interven-

tion significantly reduced the levels of TNF-α, IL-6, and hs-

CRP in ginger group post-intervention.30 Also, another study

reported that administration of ginger supplementation signif-

icantly reduced the levels of hs-CRP and PGE2 in patients

with T2DM in compare to the control group; however, in this

study there was no significant difference in TNF-α between

two groups.18 Almost similar results were observed in several

studies showing the reducing effects of ginger on

Figure 1 Flow Diagram of the study.

Abbreviations: TNF-α, tumor necrosis factor-alpha; hs-CRP, hs-C-reactive protein; SOD, superoxide dismutase; CAT, catalase; GPx, glutathione peroxidase; NSPT, non-

surgical periodontal therapy.
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Table 1 The characteristics of subjects at baseline

Variable Control group

(n=21)

Intervention group

(n=21)

*P-value

Age (years) 51.62±5.95 52.81±6.44 0.53

Gender

Female (N) (%) 12 (57.14) 11 (52.38) 0.75**

Male (N) (%) 9 (42.86) 10 (47.62)

Weight (kg) 73.28±6.48 72.14±10.09 0.66

Height (cm) 164.38±9.58 166.33±7.20 0.46

BMI (kg/m2) 27.18±2.15 26.06±3.33 0.20

WC (cm) 97.28±4.14 95.23±8.96 0.35

HC (cm) 102.76±3.54 102.33±8.24 0.82

WHR 0.94±0.02 0.93±0.05 0.25

Physical activity (met-min/week) 285.85±162.06 311.76±170.99 0.61

Notes: Values are expressed as means±SD. P<0.05 was considered as significant. *P<0.05 was considered as significant using independent t-test between the two groups at

baseline. **P<0.05 was considered as significant using Chi-square test.

Abbreviations: BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, waist to hip ratio.

Table 2 Mean±SD of energy, macronutrients, and micronutrients intake at baseline and post-intervention

Variable Baseline Post-intervention **P-value

Energy (kcal/d)

Control group 1910.98±174.28 1879.58±143.56 0.4

Intervention group 1898.68±157.76 1864.64±151.19 0.21

*P-value 0.81 0.74

Carbohydrate (g/d)

Control group 259.67±18.20 254.44±17.86 0.16

Intervention group 258.49±21.31 252.49±19.47 0.2

*P-value 0.84 0.73

Protein (g/d)

Control group 70.77±5.42 72.99±6.80 0.21

Intervention group 71.38±6.12 72.71±6.54 0.42

*P-value 0.73 0.89

Fat (g/d)

Control group 64.17±6.08 62.98±5.57 0.43

Intervention group 63.01±5.71 61.88±5.12 0.21

*P-value 0.53 0.5

Cholesterol (g/d)

Control group 134.68±35.57 142.68±38.63 0.15

Intervention group 137.11±34.55 142.54±42.61 0.47

*P-value 0.82 0.99

Saturated fat (g/d)

Control group 19.43±3.84 18.48±2.61 0.06

Intervention group 19.52±4.07 18.43±2.54 0.34

*P-value 0.94 0.95

(Continued)
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inflammatory markers. It is indicated that ginger may inhibit

the synthesis of both prostaglandinand leukotriene. Such dual

inhibition of cyclooxygenase and lipoxygenase (LOX)

causes it a more effective anti-inflammatory agent.31

Proinflammatory cytokines such as IL1-β, IL-6, and TNF-a

are activated through activation of NF-kB because of reactive

oxygen species activity in T2DM patients with CP.32

Moreover, ginger is considered as a serotonin blocker and

prevents the secretion of substance of P. There are several

compounds found in ginger acting as a blocker of serotonin

receptors.33 Some laboratory studies have also indicated that

the inhibition of serotonin receptors may be correlatedwith the

reduction of TNF-α, IL-1β, IL-6, IL-2, and prostaglandins.34

Ginger and antioxidant status
Several studies have reported that the balance between

oxidant and antioxidant system in diabetic patients with

periodontal disease disturbed and decreased the production

of antioxidant enzymes, such as CAT, SOD, GST, GPx, and

GR.35 It was indicated that these antioxidant enzymes may

help to protect against the toxic effects of ROS under

normal physiological conditions.36 The results of the pre-

sent study showed that ginger supplementation with NSPT

significantly increased mean serum levels of SOD and GPx

in intervention group. Similarly, Shanmugam et al indicated

that consumption of the ethanol extract of ginger for 30

days significantly increased the activity of GPx, GR, CAT,

and SOD in diabetic rats. However, in contrast to this study,

in our study increasing CAT was not significant.20 In

another study in which the diabetic rats received a pow-

dered ginger along with a normal diet for 30 days, the

results showed that 2% concentration increased the levels

of antioxidant enzymes (SOD, CAT, GPx, GR) and

glutathione.37 Another clinical study showed that receiving

ginger extract along with moderate-to-high emetogenic

potential adjuvant chemotherapy for 64 days in cancer

Table 2 (Continued).

Variable Baseline Post-intervention **P-value

Vitamin A (mcg/d)

Control group 363.36±95.97 370.42±99.13 0.77

Intervention group 385.53±121.25 380.50±125.81 0.88

*P-value 0.51 0.77

Beta-carotene (mcg/d)

Control group 4390.40±1559.94 4318.85±1420.45 0.86

Intervention group 4445.26±1784.20 4018.04±1061.34 0.25

*P-value 0.91 0.44

Selenium (mcg/d)

Control group 51.03±13.47 54.95±10.49 0.13

Intervention group 55.91±13.35 53.90±8.30 0.50

*P-value 0.24 0.72

Vitamin C (mg/d)

Control group 100.67±46.21 103.26±41.94 0.79

Intervention group 98.35±34.31 102.19±36.71 0.67

*P-value 0.85 0.93

α-Tocopherol (mg/d)

Control group 7.67±1.78 7.72±2.03 0.88

Intervention group 7.39±2.13 7.90±2.22 0.08

*P-value 0.64 0.77

Vitamin E (mg/d)

Control group 2.29±0.71 2.19±0.55 0.51

Intervention group 2.18±0.72 2.02±0.61 0.25

*P-value 0.63 0.37

Notes: Values are expressed as means±SD. *P<0.05 was considered as significant at baseline and post-intervention using independent t-test between two groups. **P<0.05
was considered as significant using Paired t-test.
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patients significantly increased activity of antioxidant

enzymes, including SOD, CAT, GPx, and GSH/GSSG.26 It

is suggested that having a different population, using dif-

ferent dosage of ginger, duration of intervention, size effect

of ginger may be considered as possible reasons for differ-

ent findings. The active components of Z. officinale includ-

ing 6-shogaol and 6-gingerol are considered as potent

antioxidants. A 6-shogaol-rich ginger extract may enhance

the antioxidant defense capacity by induction of nuclear

factor erythroid 2 (NFE2)-related factor 2 (Nrf2). Nrf2

activation is suggested to protect against oxidative stress

in vitro and in vivo. These findings indicate that Z. offici-

nale may protect against oxidative damages in diabetes

patients through decreasing oxidative stress and preventing

antioxidant depletion.38 The anti-oxidative effects of ginger

are suggested to be due to induction of SOD activity,

enhancement of glutathione levels, and decreasing ROS.

Moreover, ginger may have an inhibitory effect on xanthine

oxidase system which is responsible for the production of

reactive oxygen species like superoxide anion.39

Ginger and periodontal parameters
There is no clinical study evaluating the effects of ginger

supplementation along with NSPT on periodontal para-

meters in T2DM. The results of the present study reported

that consumption of ginger supplement for 8 weeks along

Table 3 Inflammatory and antioxidant markers at baseline and post-intervention

Variables Intervention group (n=21) Control group (n=21) P-value* P-value**

SOD (U/mL)

Baseline 14.90±3.28 15.04±2.94 0.88

End 15.71±3.01 15.28±2.53 0.278

P-value 0.001 0.3

Difference 0.8±0.92 0.23±1.04 0.06

CAT (U/mL)

Baseline 16.68±3.73 16.49±3.16 0.85

End 16.77±3.35 16.30±2.69 0.250

P-value 0.49 0.36

Difference 0.09±0.61 −0.19±0.94 0.25

GPx (U/mL)

Baseline 131.80±27.73 128.47±25.83 0.68

End 150.23±27.58 132.61±24.10 0.03

P-value 0.002 0.39

Difference 18.42±23.56 4.14±21.74 0.04

TNF-α (pg/mL)

Baseline 11.67±3.28 11.62±3.76 0.90

End 9.6±3.59 11.42±3.88 0.12

P-value 0.007 0.76

Difference −2.07±3.13 −0.19±2.8 0.049

IL-6 (pg/mL)

Baseline 2.33±0.7 2.45±1.04 0.66

End 1.72±0.73 2.41±0.87 0.009

P-value 0.001 0.74

Difference −0.6±0.71 −0.04±0.61 0.009

hs-CRP (ng/mL)

Baseline 1482±541 1326±380 0.20

End 1081±428 1317±409 0.643

P-value 0.03 0.90

Difference −401.35±801.12 −9.33±339.40 0.049*

Notes: Values are expressed as means±SD. P<0.05 was considered as significant using Paired t-test. *P<0.05 was considered as significant using independent t-test between
the two groups at baseline and post-intervention. **P<0.05 was considered as significant changes using independent t-test between the two groups post-intervention.

Significant values have been placed in bold.

Abbreviations: TNF-α, tumor necrosis factor-alpha; hs-CRP, hs-C-reactive protein; SOD, superoxide dismutase; CAT, catalase; GPx, glutathione peroxidase.
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with NSPT significantly reduced the mean of PD and CAL

after the intervention. Also, in the control group, NSPT

reduced the periodontal parameters, but it was not

significant. It is suggested that the main causing factor of

developing periodontal disease is the proliferation of patho-

genic oral biofilms leading to dental plaque formation.40

The pathogenic biofilm are hard layers of mucilage

adhering to solid surfaces and are included several

species of bacteria (Gram-negative anaerobic such as

Porphyromonas gingivalis, Actinobacillus, Prevotella

intermedia, Fusobacterium nucleatum, Aggregatibacter

actinomycetemcomitans, Capnocytophaga spp, and

Veillonella spp.) and other microorganisms. This biofilm

may result in excessive proliferation of pro-inflammatory

mediators, including cytokines, prostanoids, and

enzymes.41 According to previous studies, ginger may

improve oral health and be beneficial in the management

of several oral diseases because of its several properties,

such as antioxidant, anti-inflammatory antimicrobial, anti-

bacterial, and antifungal.42 Similar to this study, it was

reported that gingerol-related components may prevent the

growth of oral bacteria related to CP in the human oral

cavity.40 One clinical trial study indicated that NSPT for 3

months could significantly reduce periodontal status in

patients with T2DM and CP.43 The different types of treat-

ment and the duration of the intervention may be explained

as the reasons for the different findings. Evidence suggests

that periodontal therapy may decrease the bacterial commu-

nity and inflammatory cytokines and increases the levels of

anti-inflammatory cytokines and also improves glycemic

control in T2DM patients with CP.43 Using only two groups

in this study would be a limitation. The inclusion of four

study groups in future studies (group 1; diabetes+no period-

ontal treatment+placebo, group 2; diabetes+no periodontal

Table 4 Periodontal status at baseline and post-intervention

Variable Baseline After 8 weeks Δ P-value P-value* P-value** P-value***

PD (mm)

Control group

(n=21)

4.85±1.01 4.66±0.91 −0.19±0.51 0.1 0.77 0.51 0.04

Intervention group

(n=21)

4.95±1.16 4.42±1.39 −0.52±0.51 <0.001

CAL (mm)

Control group

(n=21)

3.00±0.77 2.85±0.72 −0.14±0.35 0.08 0.85 0.07 0.003

Intervention group

(n=21)

3.04±0.86 2.47±0.60 −0.57±0.50 <0.001

Notes: Values are expressed as means±SD. P<0.05 was considered as significant using Paired t-test. *P<0.05 was considered as significant using independent t-test between
the two groups at baseline. **P<0.05 was considered as significant using independent t-test between the two groups post-intervention. ***P<0.05 was considered as

significant changes using independent t-test between the two groups post-intervention. Δ: difference between PD (mm) and CAL (mm) at baseline and after 8 weeks.

Abbreviations: CAL, clinical attachment loss; PD, pocket depth.

Figure 2 The effects of ginger with NSPTon qualitative indices of periodontal (BOP

and plaque) at baseline and post-intervention. The numbers are expressed in terms of

frequency and percentage. *P<0.05 was considered as significant using Chi-square test.
Abbreviations: BOP, bleeding on probing; NSPT, non-surgical periodontal therapy.
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treatment+ginger, group 3; diabetes+NSPT+placebo, group

4; diabetes+NSPT+ginger) is suggested.

Conclusion
Ginger supplementation along with NSPT decreased oxi-

dative stress and improved the inflammatory and period-

ontal status and increased serum levels of antioxidant

enzymes. Therefore, it is suggested that ginger supplemen-

tation along with NSPT may be more effective in the

control of systemic inflammation in T2DM patients

with CP.
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