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Abstract
Background: Iron disorder and abnormal expression of hepcidin play important roles in many diseases, but it is still
unclear in chronic periodontitis (CP) and type 2 diabetes mellitus (T2DM). We aimed to assess ferritin and hepcidin
levels in serum and saliva of CP patients with or without T2DM.
Methods: Serum and unstimulated whole saliva samples were collected from 88 participants, who were categorized
into 4 groups based on the presence or absence of CP or T2DM. Demographics and general health
parameters were recorded. Full-mouth clinical periodontal parameters including probing pocket depth,
clinical attachment loss, bleeding index, and plaque index were recorded. Chemiluminescence microparticle
immunoassay and enzyme-linked immunosorbent assay were used to detect ferritin and hepcidin
concentrations, respectively, in serum and saliva.
Results: Serum ferritin and hepcidin levels in the CP and CP with T2DM groups were higher than in the control group
(P < 0.05). Serum hepcidin and serum ferritin are linear correlated (P < 0.001). Serum hepcidin/ferritin values in the CP
with T2DM group were significantly lower than those in the T2DM and control groups. Moreover, salivary ferritin levels
in the CP and T2DM groups were higher than those in the control group (P < 0.05). There was positively correlation
between salivary ferritin and serum ferritin (P = 0.017). Hepcidin concentrations were relatively low in saliva.
Conclusions: These results suggest that iron overload and hepcidin inadequacy existed in CP with T2DM patients.
Salivary ferritin might provide a reference for body iron load.
Trial registration: ChiCTR-ROC-17012780
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Background
Chronic periodontitis (CP) is a bacteria-induced chronic
inflammatory disease of tooth-supporting tissues [1].
Type 2 diabetes mellitus (T2DM) is characterized by
chronic hyperglycemia caused by impaired insulin secretion and/or insulin resistance [2]. An association between
CP and T2DM has been established, which is bidirectional
[3]. Periodontitis has been accepted as a T2DM risk factor
(odds ratio [OR] =1.5–2.1), which is mainly due to the oral
chronic inflammatory condition leading to T2DM development by altering insulin resistance [4, 5]. It is known
that T2DM affect the occurrence and development of
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periodontal disease by reducing resistance to infection
[6, 7]. Although impaired immune response, microangiopathy, varying oral microflora, and disorders in collagen
metabolism have proved to play key roles in the association
between DM and periodontitis [8–10], the understanding
is still incomplete and warrants further exploration. Studies
have shown that majority of key periodontopathogens
possess haemolytic activity, which lead to iron excess by
the dissolution of erythrocyte [11]. Iron excess by such
periodontal pathogens may lead to increased local iron
concentrations and eventually cause iron disorder.
Iron is an indispensable nutrient for the human body;
it is essential to maintain systemic iron homeostasis
because iron disorder in the body can lead to various
clinical diseases [12]. Recent evidence suggests that
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increased body iron stores play a role in the pathogenesis of T2DM. Yeap et al. detected serum ferritin, iron,
and transferrin saturation among 1834 men and 2351
women and reported that higher serum ferritin levels
were independently associated with DM. Since ferritin is
commonly used as a marker of body iron stores, this
study suggested that increased body iron stores is a risk
factor for DM [13]. Excessive systemic iron can cause
oxidative stress injury in hepatocytes and pancreatic β
cells, forming the basis of diabetes, which may lead to
insulin resistance, reduction in insulin secretion, and
eventually, development of T2DM [14, 15]. In addition,
it has been reported that insulin can directly up-regulate
hepcidin expression in hepatocellular carcinoma
(HepG2) cells by enhancing signal transducers and activators of transcription 3 (STAT3) protein synthesis and
DNA binding activity [16], indicating that insulin disorder in T2DM can lead to inadequate hepcidin concentrations. Evidence suggests to us that insulin resistance
accompanied by inadequate hepcidin levels can progress
to overt diabetes through more dysfunction of cells via
iron overload [17]. Hepcidin, a key hormone synthesized
in the liver, can regulate iron homeostasis [18]; it can
prevent iron efflux from enterocytes, macrophages, and
hepatocytes into the plasma by inducing internalization
and degradation of the iron exporter ferroportin in these
cells [19], which indicates that the iron overload is
further aggravated by inadequate hepcidin in T2DM.
Hepcidin expression can be regulated by iron-mediated
pathways through signaling of JAK/STAT and BMP/
SMAD [20]. In CP patients, iron disorder might also
exist. However, levels of ferritin and hepcidin are still
lack of investigation in CP patients with or without
T2DM. Thus, we detected concentrations of ferritin and
hepcidin and the hepcidin/ferritin ratio in serum and
saliva of CP patients with or without T2DM. This may
be useful for further studies to explore the association
between DM and periodontitis concerning iron disorder.
Iron stores can be detected using several techniques
including liver biopsy [21], iron stains on bone marrow
trephine biopsy [22], and serological detection. Serum
ferritin level is now widely used in clinical practice and
is considered the most convenient and cost-effective
method to detect iron load [13]. And also, Serum hepcidin has been proved to be an indicator of iron load [23].
Moreover, the serum hepcidin/ferritin ratio has been
used to evaluate iron metabolism of the body as it represents both body iron load and adequacy of hepcidin production for a given iron load [24]. Saliva, as a potential
fluid for monitoring health and disease, has received increasing attention; its collection is noninvasive, and its
utilization has high repeatability and is safe and inexpensive [25]. Although saliva and serum may contain similar
components such as ferritin and hepcidin [26, 27], levels
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of constituents in saliva can be affected by the synthesis
and secretion of parotid acinar cells [28], and might thus
inconsistent with serum. To our knowledge, no study
has been conducted to determine whether saliva could
provide reference for serum in detecting ferritin and
hepcidin levels and hepcidin/ferritin ratios in CP patients with or without T2DM.

Methods
Selection and characteristics of study population

After receiving approval from the Ethical Committee of
the Second Xiangya Hospital of Central South University,
we recruited 22 T2DM patients, 22 CP patients, 22 CP
patients with T2DM, and 22 healthy individuals; the age of
the participants ranged 40–83 years. All participants provided a written informed consent, and all steps of the clinical examination and sampling procedures were explained
to each participant. Participants were diagnosed with
T2DM by specialist physicians at the hospital according to
the American Diabetes Association criteria [29]. A single
examiner performed periodontal examination of all participants by using a manual periodontal probe (UNC15; HuFriedy, Chicago, IL, USA). According to American
Academy of Periodontology, CP was diagnosed if ≥30%
periodontal bone loss with teeth having a clinical attachment level (CAL) of ≥5 mm and a periodontal probing
depth (PD) of ≥5 mm at one or more sites on the teeth at
multiple sites of all four quadrants of the mouth [30].
Full-mouth periapical radiographs were taken to determine
the level of periodontal bone loss in the patients. For detailed evaluation of the periodontal status, bleeding index
(BI) and plaque index (PI) were also recorded [31, 32]. The
criteria for enrolment included (i) patients with T2DM
who were diagnosed with T2DM for > 1 year; (ii) no history
of receiving professional periodontal treatment during the
past 6 months; (iii) no use of antibiotics or steroidal and
nonsteroidal anti-inflammatory medications during the
past 3 months; and (iv) no treatment with immunosuppressive chemotherapy, no current acute illness, and no
ongoing pregnancy or lactation.
Data regarding demographic and clinical characteristics,
including age, body mass index (BMI), fasting blood glucose (FBG), triglyceride (TG), cholesterol (CHOL), highdensity lipoprotein (HDL), low-density lipoprotein (LDL),
alanine transaminase (ALT), and aspartate transaminase
(AST), were recorded in physical examination reports of
all participants. Clinical registration information of this
study could be found on the International Clinical Trials
Registry Platform (http://apps.who.int/trialsearch/Trial2.
aspx?TrialID=ChiCTR-ROC-17012780).
Collection and storage of biological samples

Before periodontal examination, unstimulated whole saliva samples were collected using a standard spit method
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according to the description by Navazesh [33]. Participants were requested to refrain from eating, drinking,
and performing basic oral hygiene for 2 h before sample
collection. Saliva sample was transferred from the plastic
container to a centrifuge tube and then centrifuged at
4 °C at 13000 rpm for 20 min. Saliva samples contain
sputum or blood would be discarded. Blood samples
were collected from the antecubital fossa through
venipuncture by using a 20-gauge needle with a 5-mL
syringe. All collections were performed by well-trained
nurses at the nursing station. Serum was separated from
blood by centrifuging at 3000 rpm for 5 min. Blood samples which occurred hemolysis would be gave up. Each
saliva or serum sample was given a tracking number and
stored at − 80 °C until further analysis.
Laboratory assays

Ferritin and hepcidin were tested in saliva and serum
samples on the same day by using chemiluminescence
microparticle immunoassay (CMIA) and enzyme-linked
immunosorbent assay (ELISA), respectively. Ferritin
assay was performed according to the manufacturer’s instructions described in the assay procedure. A two-step
immunoassay was required. Ferritin present in the
sample binds to antiferritin-coated microparticles. After
washing, antiferritin acridinium conjungate was added.
Subsequently, Pre-Trigger and Trigger Solutions were
added to the reaction mixture; the resulting chemiluminescent reaction was measured as relative light units
(RLUs). A direct relationship exists between ferritin concentrations in the sample and RLUs detected by the
ARCHITECT i optical system. Hepcidin concentrations
in saliva and serum were determined using an ELISA kit
(CUSABIO Inc., Wu Han, China) according to the
manufacturer’s protocol. Ferritin and hepcidin levels in
serum and saliva were presented as ng/mL.
Statistical analysis

Data analysis was performed using the SPSS statistical
program (Version 17.0; SPSS, Chicago, IL, USA). We
compared characteristics of participants in each group,
including age, FBG, BMI, TG, CHOL, LDL, and AST by
using analysis of variance (ANOVA), while HDL, ALT
were compared using the nonparametric Kruskal–Wallis
test. Constituent ratio of gender was analyzed by Chisquare test. As a result of the skewed distributions of
periodontal parameters, non-parametric tests kruskalWallis were used, when we analyzed periodontal condition. The constituent ratio of gender was analyzed using
chi-square test. Test of normality showed that log serum
ferritin, serum hepcidin, 1/(serum hepcidin/ferritin), log
salivary ferritin, 1/salivary hepcidin, and log (salivary
hepcidin/ferritin) were in accordance with the normal
distribution. Thus, analysis of covariance (ANCOVA)
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was used both for comparing levels of ferritin, hepcidin,
and hepcidin/ferritin in serum and saliva among each
group and for controlling the effect of age. We analyzed
the relationship between serum hepcidin and serum ferritin; serum ferritin and salivary ferritin by curve fitting.
In addition, stepwise linear regression analysis was used
to explore risk factors of serum ferritin, hepcidin, and
hepcidin/ferritin that could be entered into the model.
P values < 0.05 represented statistical significance.

Results
Characteristics and clinical periodontal parameters in
subjects

Table 1 summarizes the demographic characteristics of
study participants: the mean participant age in the
control, CP, T2DM, and CP with T2DM groups was 52.
45 ± 10.01, 58.09 ± 9.97, 56.45 ± 11.80, and 62.82 ± 10.
72 years, respectively. Fasting blood glucose levels were
significantly higher in patients with T2DM than in those
without T2DM (P < 0.05). However, no significant intergroup differences were noted in terms of sex, BMI, TG,
CHOL, HDL, LDL, ALT, and AST (P > 0.05).
Periodontal parameters including PD, CAL, BI, and PI
of each group are enlisted in Table 1. On comparing these
parameters between both groups at a time, values of PD,
CAL, BI, and PI were higher in CP patients (P < 0.05).
Measurement of ferritin, hepcidin, and hepcidin/ferritin
levels in serum and saliva

Concentrations of ferritin, hepcidin, and hepcidin/ferritin were represented as median and interquartile range
(Table 2, Fig. 1). As some of the raw data were skewed,
log and reciprocal transformations were performed,
which are also presented as mean and standard deviation
in Table 2. Serum ferritin levels in the CP (P1 = 0.008)
and CP with T2DM (P2 = 0.015) groups were higher than
those in the control group. The CP group exhibited
higher serum ferritin compared with the T2DM group
(P3 = 0.036). The change trend of serum hepcidin was
similar to that of serum ferritin. Serum hepcidin levels
were higher in the CP (P1 = 0.003) and CP with T2DM
(P2 = 0.036) groups than in the control group. Moreover,
serum hepcidin levels were higher in the CP group than
in the T2DM group (P3 = 0.04). The serum hepcidin/ferritin value was significantly lower in the CP with T2DM
group (mean = 0.88) than in the T2DM and control
groups (mean = 1.00 for both). Serum hepcidin levels were
positively correlated with levels of serum ferritin (R2 = 0.
790, P < 0.001, Fig. 2). On the other hand, salivary ferritin
levels were significantly higher in the CP (median = 16.
74 ng/mL) and T2DM (median = 12.61 ng/mL) groups
than in the control group (median = 6.50 ng/mL). The
hepcidin concentrations in saliva were relatively low.
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Table 1 Characteristics and periodontal parameters of participants
Control

CP

T2DM

CP + T2DM

P-value

52.45 ± 10.01

58.09 ± 9.97

56.45 ± 11.80

62.82 ± 10.72

0.017a*

Males

64% (14)

73% (16)

68% (15)

77% (17)

0.779b

Females

36% (8)

27% (6)

32% (7)

23% (5)

FBG (mg/dL, Mean ± SD)

5.26 ± 0.55

5.27 ± 0.56

8.09 ± 2.22

7.64 ± 2.32

< 0.001a*

BMI (Mean ± SD)

24.43 ± 2.33

25.85 ± 3.51

25.48 ± 3.45

25.00 ± 2.34

0.471a

TG (mmol/L, Mean ± SD)

1.95 ± 0.89

2.82 ± 4.66

2.27 ± 1.59

1.90 ± 1.14

0.435a

CHOL (mmol/L, Mean ± SD)

5.00 ± 1.08

4.62 ± 0.85

4.44 ± 1.02

4.47 ± 1.18

0.284a

HDL (mmol/L, Median (IQR))

1.17 (1.03, 1.51)

1.10 (0.93, 1.18)

1.10 (0.97, 1.35)

1.17 (0.94, 1.23)

0.511c

LDL (mmol/L, Mean ± SD)

2.88 ± 0.72

2.61 ± 0.82

2.52 ± 0.78

2.59 ± 1.03

0.523a

ALT (u/L, Median(IQR))

20.00 (14.03, 29.28)

20.50 (13.10, 26.10)

20.80 (15.33, 29.65)

20.55 (15.55, 25.30)

0.992c

AST (u/L, Mean ± SD)

21.87 ± 4.95

22.29 ± 7.62

21.00 ± 6.43

22.40 ± 6.33

0.887a

PD (Mean ± SD)

2.00 ± 0.71

2.80 ± 0.45

2.00 ± 0.65

3.02 ± 0.27

< 0.001c*

CAL (Mean ± SD)

0.08 ± 0.20

3.04 ± 0.32

0.26 ± 0.34

4.07 ± 0.17

< 0.001c*

BI (Mean ± SD)

0.18 ± 0.54

1.55 ± 0.64

0.37 ± 0.59

1.82 ± 0.47

< 0.001c*

PI (Mean ± SD)

1.00 ± 0.48

2.23 ± 0.55

1.28 ± 0.57

2.61 ± 0.29

< 0.001c*

Age (in years, Mean ± SD)
Gender, % (n)

T2DM type 2 diabetes mellitus, CP chronic periodontitis, CP + T2DM chronic periodontitis with type 2 diabetes mellitus, SD standard deviation, IQR interquartile
range, FBG fasting blood glucose, BMI body mass index, TG triglyceride, CHOL cholesterol, HDL high density lipoprotein, LDL low density lipoprotein, ALT alanine
transaminase, AST aspartate transaminase, PD probing pocket depth, CAL clinical attachment loss, PI plaque index, BI bleeding index
P1: Control vs CP; P2: Control vs T2DM + CP; P3: CP vs T2DM; P4: T2DM vs T2DM + CP
a
Analysis of variance (ANOVA)
b
Chi-square test
c
Kruskal-Wallis test
*
Significantly different P < 0.05

There was no correlation between salivary ferritin level
and salivary hepcidin level (P > 0.05, data not shown).
Absence or presence of CP can influence serum ferritin
and hepcidin levels and hepcidin/ferritin value

We selected serum concentrations of ferritin and hepcidin and value of hepcidin/ferritin as dependent variables

and considered gender, age, BMI, FBG, TG, CHOL,
HDL, LDL, ALT, AST, absence or presence of CP,
absence or presence of T2DM, and duration of T2DM
as independent variables (X1–X13, Table 3). Results of
multiple stepwise linear regression on serum ferritin
revealed that gender, age, and absence or presence of CP
could be entered into the model (Y = 503.687 + 110.

Table 2 Levels of ferritin, hepcidin and hepcidin/ferritin in serum and saliva
Control

CP

T2DM

CP + T2DM

P-value

log serum ferritin (Mean ± SD)

196.2 (106.6, 241.6) 265.1 (166.1, 358.5) 196.3 (88.8, 369.6) 197.7 (128.9, 366.6) P1 = 0.008a*
P2 = 0.015a* P3 = 0.036a*
2.20 ± 0.32
2.42 ± 0.20
2.23 ± 0.40
2.38 ± 0.31

Serum hepcidin (ng/ml, Mean ± SD)

179.37 ± 79.86

249.56 ± 77.15

197.92 ± 103.04

218.36 ± 94.05

P1 = 0.003a*
P2 = 0.036a* P3 = 0.040a*

Serum hepcidin/ferritin (Mean ± SD)

1.00 ± 0.18

0.95 ± 0.26

1.00 ± 0.31

0.88 ± 0.24

P2 = 0.007a* P4 = 0.015a*

Salivary ferritin (ng/ml, Median (IQR))

6.50 (5.49, 9.56)

16.74 (8.44, 23.93)

12.61 (7.47, 26.16) 12.81 (7.42, 18.13)

log salivary ferritin (Mean ± SD)

0.83 ± 0.32

1.14 ± 0.36

1.11 ± 0.46

1.06 ± 0.30

P1 = 0.008a*
P5 = 0.014a*

Salivary hepcidin (ng/ml, Median (IQR))

1.12 (0.89, 1.73)

1.64 (0.93, 3.19)

1.79 (0.93, 5.14)

1.54 (0.99, 3.80)

P = 0.307a

Serum ferritin (ng/ml, Median (IQR))

1/(salivary hepcidin) (Mean ± SD)

0.84 ± 0.38

0.66 ± 0.44

0.62 ± 0.44

0.63 ± 0.36

Salivary hepcidin/ferritin
(Median (IQR))

0.17 (0.12, 0.37)

0.11 (0.08, 0.34)

0.18 (0.90, 0.39)

0.13 (0.92, 0.34)

− 0.77 ± 0.51

−0.72 ± 0.42

− 0.77 ± 0.38

log (salivary hepcidin/ferritin) (Mean ± SD) −0.69 ± 0.34

P1: Control vs CP; P2: Control vs T2DM + CP; P3: CP vs T2DM; P4: T2DM vs T2DM + CP; P5: Control vs T2DM
a
Analysis of covariance (ANCOVA)
*
Significantly different P < 0.05

P = 0.939a

Guo et al. BMC Oral Health (2018) 18:63

A

*

Page 5 of 9

*
*

600

Serum control
Serum CP

Salivary control
Salivary CP

Serum T2DM

Salivary T2DM

Serum CP+T2DM

Salivary CP+T2DM

Ferritin (ng/ml)

400

*

200

*

15
10
5
0

*
*

B
500

*

Hepcidin (ng/ml)

400
300

Serum control
Serum CP

Salivary control
Salivary CP

Serum T2DM

Salivary T2DM

Serum CP+T2DM

Salivary CP+T2DM

200
100

537X11–4.991X2–100.828X1). Regarding serum hepcidin,
the results showed that gender, age, HDL, and absence or
presence of CP could be entered into the model (Y = 359.
086 + 47.604X11–30.911X7–1.946X2–54.76X1). Regarding
the serum hepcidin/ferritin value, results revealed that age
and absence or presence of CP could be entered into the
model (Y = 0.717–0.143X11 + 0.008X2).

5
4
3
2
1
0

Curve correlations between serum ferritin concentration
and salivary ferritin level

C

*
Hepcidin/ferritin

2.0

Fig. 1 Box diagrams showing concentrations of ferritin, hepcidin,
and hepcidin/ferritin (ng/mL, median [IQR]) in serum and saliva
among the control, CP, T2DM, and T2DM with CP groups. Blue
boxes represent control group participants, yellow boxes represent
CP participants, purple boxes represent T2DM participants, and red
boxes represent CP with T2DM participants. Median and interquartile
range was presented by boxes, and maximum and minimum values
were indicated using bars of each group. One indicator of both
serum and saliva was put into one image. Shaded boxes represent
indicators of saliva detection, whereas no shadows represent those
of serum detection. Serum ferritin and hepcidin levels were
significantly higher in the CP and CP with T2DM groups than in the
control group (a, b, P* < 0.05). In addition, serum ferritin and
hepcidin concentrations were significantly higher in the CP group
than in the T2DM group (a, b, P* < 0.05). The change trend of serum
hepcidin was similar to that of serum ferritin. The serum hepcidin/
ferritin value was significantly lower in the CP with T2DM group
than in the T2DM and control groups (c, P* < 0.05). Detection of
saliva samples revealed higher ferritin levels in the CP and T2DM
groups (a, P < 0.05). The salivary hepcidin levels were relatively low
(b). Significant differences are indicated by asterisk (*, P < 0.05)

*

Serum control

Salivary control

Serum CP

Salivary CP

Serum T2DM

Salivary T2DM

Serum CP+T2DM

Salivary CP+T2DM

We performed curve fitting between serum ferritin
concentration and salivary ferritin level. The results showed

1.5

1.0
0.5
0.0

Fig. 2 linear correlations between serum hepcidin levels and serum
ferritin concentrations. We used the serum ferritin level as X, and the
serum hepcidin level as Y. Dots of the graph represent the detected
concentration value. Lines of the graph represent the linear
correlation between them (R2 = 0.790, P < 0.001). The equation is
presented in Fig. 2 (Y = 0.46X + 93.14).
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Table 3 Multiple linear regression analysis of serum ferritin, hepcidin, and hepcidin/ferritin
Serum ferritin

Serum hepcidin

Serum hepcidin/ferritin

Model

b

S.E.

Constant

503.687

108.718

Gender

−100.828

37.012

Age

−4.991

absence or presence of CP

110.537

b’

t

P

4.633

< 0.001*

−0.265

− 2.724

0.008*

1.582

−0.315

−3.154

0.002*

35.156

0.316

3.144

0.002*

Constant

359.086

58.876

6.099

< 0.001*

Gender

−54.760

19.875

−0.275

−2.755

0.007*

Age

−1.946

0.819

−0.235

−2.376

0.020*

HDL

−30.911

15.367

−0.203

−2.012

0.048*

absence or presence of CP

47.604

18.327

0.260

2.598

0.011*

Constant

0.717

0.141

5.097

< 0.001*

Age

0.008

0.002

0.354

3.391

0.001*

absence or presence of CP

−0.143

0.052

−0.287

−2.752

0.007*

X1: gender (1 = male, 2 = female); X2: age (year); X3: BMI; X4: FBG (mg/dl); X5: TG (mmol/l); X6: CHOL (mmol/l); X7: HDL (mmol/l); X8: LDL (mmol/l); X9:ALT (u/l);
X10:AST (u/l); X11: absence or presence of CP (1 = non-CP; 2 = CP); X12: absence or presence of T2DM (1 = non-DM; 2 = DM); X13: duration of T2DM (0 = non-T2DM,
1 = 1–5 years, 2 = 6–10 years, 3 = more than 10 years)
Stepwise method used; *Significantly different P < 0.05

that there was correlation between them (R2 = 0.064, P = 0.
017, Fig. 3), furthermore, the level of serum ferritin
increased with salivary ferritin (Y = exp. (5.46–1.17/X)).

Discussion
To our knowledge, no previous study has explored concentrations of ferritin and hepcidin and the hepcidin/ferritin ratio in serum and saliva of CP patients with or
without T2DM. The key findings of the present study
were that patients with CP and T2DM exhibited significantly higher serum ferritin and hepcidin levels and
lower serum hepcidin/ferritin ratio compared with controls. Absence or presence of CP was a significant

Fig. 3 Curve correlations between serum ferritin concentrations and
salivary ferritin levels. We used salivary ferritin levels as X, and serum
ferritin levels as Y. Dots of the graph represent the detected
concentration of ferritin. Lines of the graph represent the fitted
curves. The correlation was observed between them (R2 = 0.064,
P = 0.017). The equation is presented in Fig. 3 (Y = exp. (5.46–1.17/X))

predictor of serum ferritin concentration and the hepcidin/ferritin ratio. In addition, there was correlation between serum ferritin concentration and salivary ferritin
level. Thus, these results suggested that iron overload
and hepcidin inadequacy existed in CP with T2DM
patients. CP might be a potential risk factor for iron
overload and hepcidin inadequacy. Besides, salivary
ferritin might provide a reference for body iron load.
Iron is required in the body for several biological
processes, but it is also harmful when in excess [34].
Iron overload can be detected by ferritin which plays a
crucial role in iron storage and recycling [13]. A previous study reported increased serum ferritin levels in patients with CP [35], which is consistent with our results.
Moreover, it has been reported that Increased serum ferritin levels might be associated with the severity of CP
[36]. While S. Latha et al. found no difference in levels
of serum ferritin between the CP group and the control
group [37], which may be due to the differences in race,
sample size, and inclusion standards. Moreover, in the
present study, patients with CP and T2DM exhibited
higher serum ferritin levels compared with the controls.
These findings suggest existed iron overload in CP and
CP with T2DM patients. Given that iron overload
inhibits bone formation, Mandalunis et al. evaluated the
effects of iron on alveolar bone of rats and found that
iron overload led to decreased interradicular bone
volume [38]; this indicated that iron accumulation leads
to loss of alveolar bone and thus aggravates periodontitis. Iron overload also has been confirmed as an independent factor that leads to the development of T2DM
by causing oxidative stress injury in hepatocytes and
pancreatic β cells [16]. Therefore, measures to regulate
iron overload are crucial in CP patients with or without
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T2DM. Moreover, in the present study, patients with CP
exhibited higher serum ferritin levels than did those with
T2DM; this can be explained by the existence of periodontal pathogens, predominantly gram-negative anaerobes, which has been confirmed leading to increased
ferritin level after their infection [39, 40].
Hepcidin is a key regulator of systemic iron homeostasis, and its unbalanced production is responsible for the
pathogenesis of various iron disorders [18]. A previous
study showed that increased hepcidin production can be
regulated by plasma and liver iron levels, which function
as a feedback mechanism to maintain stable body iron
levels [41]. Similar results were found in the present
study: serum hepcidin levels were positively correlated
with levels of serum ferritin and the change trend of
these two indicators were similar, suggesting that the
state of iron overload could promote serum hepcidin
production. An experimental study conducted by Le
Guenno et al. in mice revealed decreased hepcidin levels
in a high-energy diet-induced insulin resistance model
[42], which might be result of regulation of abnormal insulin by enhancing STAT3 protein synthesis and DNAbinding activity [13]. And also, a study conducted by
Carvalho et al. found relatively higher levels of serum
hepcidin in chronic periodontitis, which may be caused
by chronic inflammatory stimulation [43]. Findings from
these previous studies could further explain the lower
hepcidin levels observed in the T2DM group compared
with the CP group in the present study.
Since hepcidin is regulated by iron levels, the concentration of hepcidin alone could not effectively reflect the
ability of the body to regulate iron load. The hepcidin/
ferritin ratio has been reported to reflect the adequacy
of hepcidin production for a given iron load; when this
ratio decreases, the hepcidin produced is insufficient for
the iron overload in the body [24, 44], which leads to
subsequent iron accumulation in the tissue [45]. This
might be the right time to introduce medications or
other therapeutic interventions. In the present study, the
decrease in the serum hepcidin/ferritin ratio in CP
patients with T2DM suggested inadequacy of hepcidin
in these patients. In addition, the hepcidin/ferritin ratio
in the CP with T2DM group was significantly lower than
that in the T2DM group, which indicated that CP might
be a primary cause of the aggravation of hepcidin
deficiency observed in T2DM patients.
CP is an inflammatory disease of the periodontal
supporting tissues caused by microorganisms in the
dental biofilm [46]. The majority of key periodontal
pathogens possess haemolytic activity [11]. It is reported
that between a third to three quarters of patients with
periodontitis harbor β-haemolytic bacteria, which can
lead to the dissolution of erythrocyte [47]. The iron
overload might be caused by the invasion of periodontal
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pathogens. In the present study, we found CP was the
risk factor of increased serum ferritin, increased serum
hepcidin and decreased hepcidin/ ferritin ratio. Therefore, a hypothesis can be proposed that CP might be
regarded as an independent risk factor for iron overload
in the body and inadequate hepcidin production. Moreover, T2DM might be promoted by iron excess and insufficient hepcidin production [14]. So, a speculation is
proposed that CP might promote T2DM development
by inducing iron overload and inadequate production of
hepcidin, which still need further explore. By correcting
hepcidin levels, we can prevent cellular iron overload
and reduce the risk of diabetes [48]. Some studies have
shown that increased hepcidin levels might help reduce the
incidence of T2DM. Thus, several hepcidin-modulating
drugs are currently under development [49]. For example,
Ramos E et al. found minihepcidins, small drug-like hepcidin agonists, could help reduce the body iron overload
[45]. Such new drugs may, at least hypothetically, ameliorate the endocrinal diabetic functions by reducing tissue
iron retention [50]. And also, previous studies showed that
after nonsurgical periodontal therapy, CP patients showed
decreased ferritin and prohepcidin (the prohormone of
hepcidin) levels, suggesting that the iron overload and inflammatory burden had improved after treatment [35, 51].
The results from the present study might provide theoretical evidence regarding the importance of control of
periodontitis by using periodontal therapy in patients who
are at a high risk of T2DM or those with T2DM.
Whole saliva is composed of secretions from major
and minor salivary glands as well as the gingival crevicular fluid [25]. Human saliva is a rich reservoir of biological markers that monitor systemic conditions.
Mythily et al. reported that T2DM-associated serum
proteins could be detected mostly in saliva, which might
be useful for T2DM screening [52]. On the other hand,
Abdolsamadi et al. indicated that salivary melatonin
plays a vital role in the pathogenesis of diabetes and
periodontal diseases and might become a key biomarker
in the diagnosis and treatment of these two diseases
[53]. However, to our knowledge, no study has explored
salivary indicators that can reflect iron metabolism disorder in T2DM patients with or without CP. In the
present study, salivary ferritin levels were significantly
higher in CP and T2DM groups compared with the control group. Curve fitting showed that the level of serum
ferritin increased with salivary ferritin. Based on these
results, salivary ferritin might be regarded as a reference
for body iron load. Cicek et al. found that hepcidin was
localized in the striated ducts of the sublingual and
parotid glands, and salivary hepcidin levels (mean = 714.
10 ng/mL, control group) were correlated with blood
hepcidin levels [27]. Our study results showed that hepcidin can indeed be detected in the saliva, but its levels
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remained low (median = 1.12 ng/mL, control group).
The wide difference between levels observed in our and
in the previous study might be attributed to differences
in participant age or race, which warrants further research for confirmation.

Conclusions
Our results imply that Iron overload and hepcidin inadequacy existed in CP with T2DM patients. Furthermore, salivary ferritin level might provide a reference
for body iron load. Additional studies are needed to
explore other potential influential factors of salivary
hepcidin concentrations.
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