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Abstract
Aim  To systematically review the existing scientific literature in providing a comprehensive, quantitative analysis on prog-
nostic ability of salivary lactate dehydrogenase (LDH) and ferritin in oral potentially malignant disorders (OPMD’s) through 
meta-analysis.
Methods  Review was adhered to Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guide-
lines 2020 and registered in PROSPERO – CRDXXXXX. Electronic databases were searched for studies having sufficient 
data on the effect of salivary LDH and ferritin on overall disease prognosis in patients with OPMD’s like Oral Submucous 
Fibrosis (OSMF), Oral Lichen Planus (OLP) and Oral Leucoplakia (OL) compared to healthy controls. Quality assessment 
of included studies was evaluated through Newcastle Ottawa scale (NOS). The standardized mean difference (SMD) was 
used as summary statistic measure with random effect model and p value 0.05 as statistically significant through Review 
manager (RevMan) version 5.3.
Results  Seventeen studies (15 comparative studies and 2 case control studies) fulfilled the eligibility criteria and were 
included in qualitative synthesis and thirteen studies for meta -analysis with data being evaluated from 1210 patients, of 
605 cases and controls each. Included studies had moderate to low risk of bias. Meta-analysis showed that mean Salivary 
Ferritin level was 2.80 (–9.54 – 3.94) decreased in OPMD cases compared to control (p 0.05) while mean salivary LDH 
level was 12.04 (8.72 – 15.37) times higher in OSMF cases compared to controls while for leucoplakia, the level was 7.79 
(4.53 – 11.04) times more in cases compared to controls (p 0.05).
Conclusion  It was found that low and high quantity of salivary ferritin and LDH was found in various OPMD cases and is 
related with overall disease prognosis. Therefore, these salivary biomarkers overall can act as a good prognostic and therapeu-
tic marker in disease progression and advancements and should be assessed early to reduce patient’s mortality and morbidity.

Keywords  Lactate Dehydrogenase · Salivary Ferritin · Salivary Biomarker · Oral Potentially Malignant Disorder · 
Prognosis · Systematic Review

Introduction

Oral cancer, along with cancers of the oropharynx, ranks 
as the sixth most prevalent malignancy globally [1]. Each 
year, over 400,000 new cases of oral cancer are reported, 
with the majority occurring in regions such as India, Sri 
Lanka, Pakistan, Bangladesh, and Indonesia [1, 2]. Overall 
5-year survival rate of oral cancer is 40%, but if diagnosed 
early, survival rates can improve up to 80% [3]. About half 
of all oral cancer cases are not diagnosed until in their later 
stages, due to lack of symptoms in early stages and patients 
seeking medical help only in case of symptoms such as pain, 
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on identifying growth in the mouth or surrounding areas, or 
when lymphatic spread has taken place [4].          

Oral cancer can occasionally be preceded by lesions of 
oral precancer which predominantly includes oral submu-
cous fibrosis and leukoplakia [5]. Prevention and timely rec-
ognition of such OPMDs not only favour a decreased rate of 
oral cancer but also improve chances of survival in subjects 
developing oral cancer [6]. A recent systematic review has 
reported a general malignant transformation rate of OPMD 
to be about 7.9% (99% CI 4.9–11.5%), though with high 
values in the heterogeneity test [7].      

Oral cancer is usually diagnosed when it gets sympto-
matic, but by this stage around two-third of patients develop 
advanced disease with regional metastasis [8]. Delayed 
detection is the primary reason for high morbidity and mor-
tality rates; this strongly supports the need for early detec-
tion of oral cancers [9]. The gold standard for diagnosing 
oral cancer is a biopsy, which is not suitable for screening 
purposes due to its invasive nature, high cost, and require-
ment for specially trained medical personnel and equipment. 
There is a constant search for biomarkers in saliva, a body 
fluid that can be collected easily and non-invasively [10]. 
Salivary biomarkers offer a promising diagnostic adjunct 
due to their simple non-invasive collection method and can 
be used for screening a large population [11].

Salivary lactate dehydrogenase is one of the biomarkers 
used in the early detection of premalignant lesions and con-
ditions. A shift from aerobic to anaerobic glycolysis is the 
mechanism of increased LDH enzyme in tissues in OPMDs 
and oral cancer. Therefore, salivary LDH serves as promis-
ing tool in the diagnosis of OC at its preliminary stage by 
acting as early diagnostic marker [12–14].

Recent studies have demonstrated that ferritin possesses 
additional functions beyond its primary role as an iron-
storage protein. These functions include the possibility of 
linking ferritin to various pathways associated with cancer, 
including suppressor evasion, cell proliferation, growth 
angiogenesis, cell death inhibition, immune modification, 
invasion, and metastasis. Ferritin is an iron-storage protein 
related to acute and chronic inflammation. It appears to be 
depleted and utilized ferritin in patients with malignant 
tumours [15, 16]

Till date, very few studies have provided a comprehen-
sive, quantitative analysis of the prognostic test of salivary 
LDH and salivary ferritin in OPMDs. Therefore, we updated 
our research for related articles and conducted a systematic 
review and meta-analysis intending to provide updated evi-
dence on salivary LDH and salivary ferritin as a prognostic 
marker in oral potentially malignant disorders.

Methodology

Protocol Development

This review followed the 2020 guidelines outlined in the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) and was duly registered in the 
PROSPERO database and number is CRD42024520334.

Study design

The following focused research was proposed:

1.	 Is there any difference in level of Salivary Biomarker 
LDH and Salivary Ferritin in healthy patients and 
patients with OPMDs?

2.	 Is Salivary Biomarker able to be used for clinical appli-
cation for early detection and screening for large popula-
tion?

The PICO criteria for this review were as follows:
Participants—Patients with OPMDs.
Exposure—Patients with habit history.
Comparison—To compare the salivary level of LDH 

and ferritin in healthy individuals and patients with 
OPMDs.

Outcome—To evaluate the screening ability of salivary 
LDH and Ferritin.

Eligibility Criteria:

a)	 Inclusion Criteria:
b)	 Studies published in English language
c)	 Studies published between January 2000 and April 2023 

and having relevant sufficient data on the patients histo-
logically and clinically diagnosed with OPMDs for the 
effect of salivary LDH and ferritin on overall disease 
prognosis in patients with OPMDs compared to normal 
healthy controls.

d)	 Case–control study, cohort study, and comparative and 
cross-sectional studies were selected

e)	 Studies from open access journals
f)	 Articles reporting the study outcomes in terms of odd’s 

ratio (OR) and risk ratio (RR).
g)	 Exclusion Criteria:
h)	 Any studies conducted before 2000
i)	 Articles in other than English language
j)	 Reviews, abstracts, letter to the editor, editorials, animal 

studies and in vitro studies were excluded
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k)	 Articles not from open access journals
l)	 Studies reporting effect of salivary LDH and Ferritin on 

disease prognosis in Oral Cancer patients compared to 
controls.

Search Strategy

A comprehensive electronic search was performed till 
December 2023 for the studies published within the last 
23 years (from 2000 to 2023) using the following data-
bases: PubMed, Google Scholar and EBSCOhost to 
retrieve articles in the English language. The searches in 
the clinical trials database, cross-referencing and grey lit-
erature were conducted using Google Scholar, Greylist, 
and OpenGrey.

Appropriate key words and Medical Subject Heading 
(MeSH) terms were selected and combined with Boolean 
operators like AND. The relevant data were searched using 
the following keywords and their combinations: “Cancer” 
(MeSH term) AND “malignancy” (MeSH term); “saliva” 
(MeSH term) AND “salivary biomarkers” (MeSH term); 
“oral submucous fibrosis” (MeSH term) AND “oral leu-
coplakia” (MeSH term) AND oral lichen planus (MeSH 
term); “oral candidiasis” (MeSH term) AND “salivary lac-
tate dehydrogenase” (MeSH term) AND “salivary ferritin” 
AND “association and risk” AND “disease prognosis” AND 
“survival rate” (MeSH term); “comparative study” AND 
“prospective study” (MeSH term).

Screening Process

The search and screening according to previously estab-
lished protocol were conducted by two authors. A two-phase 
selection of articles was conducted.

Data Extraction

For all included studies, following descriptive study details 
were extracted by two independent reviewing authors and 
using pilot-tested customized data extraction forms in Micro-
soft Excel Sheet with the following headings included in 
the final analysis: author(s), country of study, year of study, 
sample size, study design, outcome assessed and conclusion.

After eliminating duplicates, the reference list of included 
studies underwent screening, resulting in the exclusion of 
studies. Following this, full text articles were assessed for 
eligibility and articles that did not meet the inclusion crite-
ria were excluded. Seventeen studies were included in the 
review and thirteen studies were included in meta-analysis 
as illustrated in Fig. 1.

Quality Assessment of Included Studies

Quality of included studies for observational studies was 
evaluated based on Newcastle Ottawa Scale, and accordingly 
a numeric score (NOS Score) was assigned [17]. Quality 
appraisal of the included studies were undertaken by the 
two authors, and a third author was consulted in the event 
of any discrepancy.

Statistical Analysis

Risk ratio (RR) and standardized mean difference (SMD) 
with 95% CI were calculated for dichotomous and continu-
ous outcomes through random effects model using the Rev-
Man 5.3 and keeping the significance level at p < 0.05 [18].

Assessment of Heterogeneity

The heterogeneity was assessed by means of Cochran’s test 
and the I2 statistics [19].

Investigation of publication bias Publication bias was 
investigated using Begg’s funnel plot. Asymmetry of funnel 
plot indicates publication bias and other biases related to 
sample size, although asymmetry may also represent a true 
relationship between trial size and effect size. 20

Results

Study Selection

After eliminating duplicates, the reference list of included 
studies underwent screening, resulting in the exclusion of 
studies. Following this, full text articles were assessed for 
eligibility and articles that did not meet the inclusion crite-
ria were excluded. Seventeen studies were included in the 
review, and thirteen studies were included in meta-analysis 
as illustrated in Fig. 1.

Study Characteristics

As shown in Table 1, data were evaluated from seventeen 
studies [20–37] from an aggregate of total sample size of 
1210 patients, of which cases and controls of 605 each, 
respectively, with 1:1 ratio. Among the included studies, 
majority were conducted in India, while one study was con-
ducted in Iran [32] and one study in Spain [37]. Majority of 
included studies were comparative studies, while two studies 
[32, 37] had case control study design. Among the included 
studies, sixteen studies [21–34, 36] assessed the salivary 
LDH level in patients with various OPMDs (Oral Leucopla-
kia, Oral Lichen Planus and Oral Submucous Fibrosis) and 
compared with healthy controls, while only two studies [35, 
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37] assessed the salivary ferritin level in OPMD’s patients 
and healthy controls.

Assessment of Methodological Quality of Included 
Studies

Among the included study, only four studies [24, 28, 34, 36] 
reached the maximum score of the Newcastle Ottawa Scale. 
For selection bias, four studies [24, 28, 34, 36] reached the 
maximum score, while for the comparability outcome, five 
studies [22, 25, 31, 32, 35] did not reach the maximum score, 
and for exposure outcome, six studies [23, 24, 28, 33, 34, 36] 

reported maximum score and considered to have the highest 
level of quality with an estimated low risk of bias. Included 
studies had moderate to low risk of bias with overall quality 
of study being good. Risk of bias of included studies through 
Newcastle Ottawa Scale is depicted in Fig. 2.

Synthesis of Results

The meta-analysis was performed for assessing the levels of 
salivary ferritin and salivary LDH in patients with OPMD 
compared to controls on disease prognosis by thirteen 

Fig. 1   PRISMA 2020 flow diagram assessment
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studies [21, 23–30, 33, 34, 36, 37] as shown in Figs. 3, 4, 
5, 6, 7, and 8.

A) Salivary Ferritin levels in OPMD cases and controls
Two studies [33, 37] containing data on 149 patients, 

of which (n = 87) patients were evaluated as OPMD cases 
group and (n = 62) patients by control group. As shown in 
Fig. 3. the SMD is 2.80 (− 9.54 to 3.94) and the pooled 
estimates favour cases signifying that overall lesser mean 
level of salivary ferritin on an average of 2.80 times lower 
in cases group (p > 0.05).

The funnel plot did show significant asymmetry, indicat-
ing the presence of publication bias as shown in Fig. 4.

B) Salivary LDH levels in OPMD cases and controls
Eight studies [24–30, 34] contained data on 486 

patients, of which (n = 270) patients were evaluated as 

OSMF cases group and (n = 216) patients by control 
group. As shown in Fig. 5, the SMD is 12.04 (8.72–15.37) 
and the pooled estimates favour OSMF cases signifying 
that overall greater mean level of salivary LDH level on 
an average of 12.04 times greater in cases group (p < 0.05).

The funnel plot did not show significant asymmetry, 
indicating the absence of publication bias as shown in 
Fig. 6.

Five studies [21, 23, 29, 34, 36] contained data on 260 
patients, of which (n = 130) patients were evaluated as Oral 
Leucoplakia cases group and (n = 130) patients by control 
group. As shown in Fig. 7, the SMD is 7.79 (4.53–11.04) 
and the pooled estimates favour cases signifying that overall 
greater mean level of Salivary LDH on an average of 7.79 
times greater in cases group (p < 0.05).

Table 1   Descriptive study details of included studies

LDH lactate dehydrogenase; OL oral leucoplakia; OLP oral lichen planus; OPMD oral potentially malignant disorders; OSMF oral submucous 
fibrosis

Sr. No. Author, years of study Country Study design Cases/controls OPMDs assessed Mean salivary LDH and fer-
ritin level

1 Shetty et al. (2012) [21] India Comparative study 25/25 OL and control for LDH 136.46 ± 3.36 and 
79.50 ± 4.67

2 Dhivyalakshmi et al. 
(2014) [22]

India Comparative study 21/21 OL and control for LDH %1.%2 and 11.88

3 Patel et al. (2015) [23] India Comparative study 25/25 OL and control for LDH 686.40 ± 81.752 and 
261.16 ± 75.85

4 Sivaramakrishnan et al. 
(2015) [24]

India Comparative study 30/30 OSMF and controls for 
LDH

606.83 ± 60.09 and 
80.73 ± 20.06

5 Bhambhal et al. (2016) [25] India Comparative study 80/80 OSMF and controls for 
LDH

625.47 ± 96.43 and 
8.97 ± 0.83

6 Kallalli et al. (2016) [26] India Comparative study 20/20 OSMF and controls 608.28 ± 30.22 and 
182.21 ± 34.85

7 Shah et al. (2017) [27] India Comparative study 25/25 OSMF and controls for 
LDH

299.86 ± 193.97 and 
159.25 ± 57.56

8 Mishra et al. (2018) [28] India Comparative study 20/20 OSMF and controls for 
LDH

1057.30 ± 640.12 and 
668.25 ± 498.45

9 Mantri et al. (2019) [29] India Comparative study 40/40 OSMF and controls for 
LDH

350.43 ± 5.90 and e 
86.12 ± 7.05

10 Shamlin et al. (2019) [30] India Comparative study 20/20 OL, OSMF and controls 
for LDH

962.8 ± 945.58 and 
398.1 ± 523.08

11 Sharma et al. (2019) [31] India Comparative study 15/15 OPMD and control for 
LDH

813 ± 86.92 and 
714.53 ± 217.95

12 Gholizadeh et al. (2020) 
[32]

Iran Case control 50/50 OLP and controls 4.91 ± 1.13 and 3.83 ± 1.10

13 Javaraiah et al. (2020) [33] India Comparative study 26/26 Tobacco users with OPMD 
and controls

706 ± 1.99 and 267 ± 27.64

14 Panda et al. (2020) [34] India Comparative study 40/40/40 OSMF, OL and controls 631.67 ± 7.67, 492.28 ± 16.17 
and 140.62 ± 8.87

15 Buch et al. (2022) [35] India Comparative study 30/30 OPMD and controls for 
salivary ferritin

17.49 ± 5.40 and 38.47 ± 8.08

16 Bhuvaneshwari et al. 
(2022) [36]

India Comparative study 27/27 OL and controls for LDH 49.78 ± 19.87 and 28.75 ± /- 
21.41

17 López-Jornet et al. (2023) 
[37]

Spain Case control study 91/91 OPMD and controls for 
salivary ferritin

7.19 ± 4.44 and 12.66 ± 10.50
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The funnel plot did not show significant asymmetry, indi-
cating the absence of publication bias as shown in Fig. 8.

Discussion

In 1973 Rho et al. first used term “Biomarker” for the pres-
ence or absence of specific biologic material although this 
term was previously used by Mundkar in 1949 as “Biochem-
ical Marker” and by Porter in 1957 as “Biological Marker” 
[38–40]. Biomarkers are compounds that can be found or 
measured in certain pathologic changes or biological pro-
cesses. Numerous biomarkers have been identified so far 
and related to clinicopathological characteristics of several 
human malignancies. Some of these biomarkers have been 
used since the past few decades to identify tumours or as a 
prognostic indicator of treatments because of their unique 
characteristics [41]. They are classified based on different 
parameters including their characteristic, clinical applica-
tion, genetic and molecular biology technique. On the basis 
of clinical application, they divide into diagnostic, prognos-
tic, and therapeutic biomarker [42].

The ground basis research of Otto Warburg (1930) 
revealed cancer tissues exhibit increased aerobic glycoly-
sis. This sparked extensive studies on cancer enzymology. 
Researchers have investigated enzymes in various tissues, 
serum, and plasma and its variations in systemic diseases 
[43]. In OSCC there is considerable variation in protein 
expression, so there is a variety of potential biomarkers of 
OSCC. These biomarker can be broadly classified into (i) 
tissue-based biomarkers, (ii) secretomes (plasma, saliva, 
blood, or other secretions), and (iii) autoantibodies [42]. 
Various studies show serum and saliva have been used for 
the assessment of either individual or a group of protein 
markers together to assist in the early recognition of Oral 
Cancer and in employing a suitable therapy.

To date, tissue biopsy and histopathological analyses are 
the gold standard for diagnosis of premalignant lesion and 
oral cancer, but the premalignant lesion which progresses 
into Oral Cancers diagnosed in the later stages with conse-
quent poor survival rate due to limited screening programme 

 

Sr.

No

Author, year Selection

(Max = 4)

Comparability

(Max = 2)

Exposure

(Max = 3)

Overall 

quality 

score

(Max = 9)

1. Shetty et al., 201221 ** ** ** 6

2. Dhivyalakshmi et 

al., 201422

*** * ** 6

3. Patel et al., 201523 ** ** *** 7

4. Sivaramakrishnan 

et al., 201524

**** ** *** 9

5. Bhambhal et al., 

201625

** * ** 5

6. Kallalli et al., 

201626

** ** ** 6

7. Shah et al., 201727 *** ** ** 7

8. Mishra et al.,201828 **** ** *** 9

9. Mantri et al., 201929 ** ** * 5

10. Shamlin et al., 

201930

** ** ** 6

11. Sharma et al., 

201931

** * ** 5

12. Gholizadeh et al., 

202032

*** * ** 6

13. Javaraiah et al., 

202033

** ** *** 7

14. Panda et al., 202034 **** ** *** 9

15. Buch et al., 202235 ** * ** 5

16. Bhuvaneshwari et 

al., 202236

**** ** *** 9

17. López-Jornet et al., 

202337

** ** * 5

Fig. 2   Risk of bias (ROB) through Newcastle Ottawa Scale (NOS)

Fig. 3   Salivary ferritin levels in cases and controls
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Fig. 4   Salivary LDH levels in 
OSMF cases and controls

Fig. 5   Salivary LDH levels in Oral Leucoplakia cases and controls

Fig. 6   Begg’s funnel plot with 
95% confidence intervals show-
ing the absence of publication 
bias

Fig. 7   Salivary LDH levels in oral leucoplakia cases and controls
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and inefficient physical examination. Strategies to over-
come this limitation liquid biopsy are emerging novel mini-
mally invasive tool for early identification of tumour and 
evaluation and prognosis of patient. Biomarkers have been 
developed through existing biological techniques such as 
cytological features, promoter methylation, polymorphism, 
mRNAs, microRNA, non-coding RNAs, etc. [44]. These 
biomarkers were all developed for detection in a solid biopsy 
specimen. A term which is becoming increasingly popular is 
“liquid biopsy” which is obtaining bodily fluid samples for 
the detection of potential biomarkers. These methods have 
unique advantages as the samples are easy to collect, showed 
less invasiveness, and high patient acceptance, although 
more research is needed to establish its utility [45].

This systematic review was undertaken to provide com-
prehensive, quantitative analysis on salivary LDH and sali-
vary ferritin as prognostic biomarkers in OPMDs. Existing 
literature for this review was evaluated from an aggregate 
total sample size of 1210 patients with cases and controls 
of 605 each respectively. Sixteen of the included studies 
[21–34, 36] assessed the salivary LDH level, while two stud-
ies [35, 37] assessed the salivary ferritin level in OPMD 
(OSMF, Oral Leukoplakia and Erythroplakia, etc.) patients 
and healthy controls.

LDH is an enzyme that is commonly found in the cyto-
plasm of animal cells. Salivary glands produce salivary 
LDH. Oral epithelial cells are also considered a major source 
of salivary LDH [46]. It catalyses the oxidation of lactate to 
pyruvate in the glycolytic pathway. Cell death due to tissue 
breakdown causes LDH confined within cell cytoplasm to 
be released extracellularly. The presence of LDH is always 
related to a pathologic process [47]. Even small amount of 
damaged tissue can increase the levels of LDH to a signifi-
cant level justifying its use as a biomarker in tissue damage. 
In our study, it was found that OSMF cases had an overall 
greater mean level of salivary LDH in the cases group than in 
the control group. Meta-analysis showed that  Salivary LDH, 
in  OSMF, the level was 12.04 (8.72–15.37) times higher 
in cases compared to controls, while in  leucoplakia, the 

level was 7.79 (4.53–11.04) times more in cases compared 
to controls which was statistically significant (p < 0.05). 
These findings clearly justify that salivary LDH is a poten-
tial biomarker in the detection of OPMD. The findings of 
our study are congruent with the meta-analysis conducted 
by Iglesias-Velazquez et al [48] where it was observed that 
level of Salivary LDH in leucoplakia and OSMF was 11.67 
(1.01–22.33) and 25.83 (− 1.74 to 53.40) times higher in 
cases compared to controls. Sarma et al. [49] conducted a 
systematic review and meta-analysis where it was observed 
that OSMF cases had LDH level 30.38 (15.82–44.84) and 
OLP cases had LDH level 6.76 (− 6.86 to 20.38) higher than 
that of control. It is notable that the values of salivary LDH 
in OSMF are reportedly higher than in Oral Leukoplakia. 
It has been speculated that the findings of higher values of 
salivary LDH can be due to the general extensiveness of 
the involvement of oral tissues in this condition or due to 
the added components of hypoxia [50] and fibrosis [51] in 
the tissues increasing the levels higher as compared to other 
OPMDs. The existing literature comparing patients with 
frank oral cancer, OPMDs and healthy individuals shows 
that salivary LDH values are observed to be consistently 
higher in oral precancer and are paramount in oral cancer 
patients [52]. Based on the literature, salivary LDH levels 
could be a valuable prognostic tool as a future trend for 
patients with OPMDs.

Ferritin is an iron-storage protein related to acute and 
chronic inflammation. It appears to be over-expressed in 
patients with malignant tumours [53] and has been impli-
cated in pathways associated with cancer, such as cell eva-
sion and proliferation, angiogenesis, the inhibition of cell 
death, invasion, and metastasis. In the context of cancer, 
the ferritin levels are seen to be increased in the serum of 
many cancer patients, and the highest levels are correlated 
to more aggressive disease and a poor clinical outcome [37]. 
Buch et al. [35] reported decreased salivary ferritin levels 
in OPMDs and concluded that the cause could be due to 
increased utilization of iron, as comparable results were seen 
in serum ferritin levels of OPMDs. Buch et al.’s. study group 

Fig. 8   Begg’s funnel plot with 
95% confidence intervals show-
ing the absence of publication 
bias
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consisted of 18 cases of OSMF, 8 of oral leukoplakia, and 4 
cases of oral lichen planus. Thakur et al. found a significant 
decline of serum ferritin in OSMF patients as compared to 
normal healthy controls and further showed a progressive 
decrease in serum ferritin levels as the histopathological 
grade increased. The reduced serum ferritin in OSMF may 
be related to the increased utilization of iron in OSMF for 
collagen synthesis. Thus, as the iron stores get depleted, 
serum ferritin level decreases and is downregulated [54].

The adherence to the PRISMA guidelines, the thorough 
unrestricted literature search, utilization of reliable method-
ology with regard to the qualitative synthesis of data, and the 
quality assessment of evidence with the Newcastle Ottawa 
Scale for included case control and comparative studies 
strengthens this systematic review. The quality assessment 
of all the included studies showed low–moderate risk of 
bias, whereas overall quality was high, specifying lack of 
potential and inevitable sources of bias with limited vari-
ability and reporting deficiencies. In the present systematic 
review, sufficient studies with a brief observation period and 
a known risk of bias were included. As a result, the presently 
available literature is sufficient to make therapeutic recom-
mendations on the use of salivary ferritin and salivary LDH 
as biomarkers.

Limitation

Further RCTs and Case-Controlled Trials should be carried 
out with larger sample size to obtain overall good-quality 
evidence.

Conclusion

Liquid biopsy has shown a great potential as a non-invasive, 
rapid and convenient  approach for the diagnosis and prog-
nosis of OPMD’s  and Oral Cancer. Future challenges are 
going to be cost-effective and highly sensitive technologies 
for the detection of circulating biomarkers which can be pre-
dictive for OPMD’s, and further clinical studies should be 
performed to confined diagnostic and prognostic accuracy 
as salivary  biomarker in liquid biopsy.

References

	 1.	 Sarma A, Mishra S, Das S, Sawane H, Gaikwad T (2023) Evalu-
ation of salivary lactate dehydrogenase level as a biomarker for 
early detection in oral cancer and potentially malignant disor-
ders: a systematic review and meta-analysis. J Clin Diagn Res 
17(7):19–24

	 2.	 Kantola S, Parikka M, Jokinen K, Hyrynkangs K, Soini Y, Alho 
OP et al (2000) Prognostic factors in tongue cancer—relative 

importance of demographic, clinical and histopathological fac-
tors. Br J Cancer 83(5):614–619

	 3.	 Rizzolo D, Hanifin C, Chiodo TA (2007) Oral cancer: how to 
find this hidden killer in 2 minutes. JAAPA 20(4):42–47

	 4.	 Kiran Kumar K, Saraswathi TR, Ranganathan K, Uma Devi 
M, Elizabeth J (2007) Oral submucous fibrosis: a clinico-histo-
pathological study in Chennai. Indian J Dent Res 18(8):106–111

	 5.	 Ahmad MS, Ali SA, Ali AS, Chaubey KK (2006) Epidemio-
logical and etiological study of oral submucous fibrosis among 
gutkha chewers of Patna, Bihar, India. J Indian Soc Pedod Prev 
Dent 24(1):84–89

	 6.	 Warnakulasuriya S, Ariyawardana A (2016) Malignant transfor-
mation of oral leucoplakia: a systematic review of observational 
studies. J Oral Pathol Med 45(7):155–166

	 7.	 De La Peña VA, Diz Dios P, Tojo SR (2007) Relationship 
between lactate dehydrogenase activity in saliva and oral health 
status. Arch Oral Biol 52(10):911–915

	 8.	 Shaw AK, Garcha V, Shetty V, Vinay V, Bhor K, Ambildhok 
K, Karande P (2022) Diagnostic accuracy of salivary biomark-
ers in detecting early oral squamous cell carcinoma: a system-
atic review and meta-analysis. Asian Pac J Cancer Prevent 
23(5):1483

	 9.	 Lokesh K, Kannabiran J, Rao MD (2016) Salivary lactate 
dehydrogenase(LDH)—a novel technique in oral cancer detec-
tion and diagnosis. J Clin Diagn Res 10(3):34–37

	10.	 Lamster IB, Kaufman E (2002) Diagnostic applications of 
saliva—a review. J Lab Clin Med 13(5):197–212

	11.	 Kornberg A, Polliack A (1980) Serum lactic dehydrogenase 
(LDH) levels in acute leukemia: marked elevations in lympho-
blastic leukemia. Blood 56(7):351–355

	12.	 D’Cruz AM, Pathiyil V (2015) Histopathological differentiation 
of oral squamous cell carcinoma and salivary lactate dehydroge-
nase: a biochemical study. South Asian J Cancer 4(2):58–60

	13.	 Lokesh K, Kannabiran J (2016) Salivary lactate dehydrogenase 
(LDH)—a novel technique in oral cancer detection and diagnosis. 
J Clin Diagn Res 10(2):34–37

	14.	 Joshi PS, Golgire S (2014) A study of salivary lactate dehydro-
genase isoenzyme levels in patients with oral leucoplakia and 
squamous cell carcinoma by gel electrophoresis method. J Oral 
Maxillofac Pathol 18(4):39–44

	15.	 Nagler RM, Lischinsky S (2001) New insight salivary lac-
tate dehydrogenase of human subjects. J Lab Clin Med 
137(5):363–369

	16.	 Pereira T, Shetty S (2015) Estimation of serum lactate dehydro-
genase level in patients with oral premalignant lesions/conditions 
and oral squamous cell carcinoma: a clinicopathological study. J 
Cancer Res Ther 11:78

	17.	 Luchini C, Stubbs B, Solmi M, Veronese N (2017) Assessing the 
quality of studies in meta-analyses: advantages and limitations of 
the Newcastle Ottawa Scale. World J Meta-Anal 5(4):80–84

	18.	 DerSimonian R, Laird N (2015) Meta-analysis in clinical trials 
revisited. Contemp Clin Trials 45:139–145

	19.	 Higgins JP, Thompson SG (2002) Quantifying heterogeneity in a 
meta-analysis. Stat Med 21:1539–1558

	20.	 Sterne JA, Becker BJ, Egger M (2005) The funnel plot. Publ Bias 
Meta-Anal Prev Assess Adjust 13(6):75–98

	21.	 Shetty SR, Chadha R, Babu S, Kumar S, Bhat S, Achalli S (2012) 
Salivary lactate dehydrogenase levels in oral leucoplakia and oral 
squammous cell carcinoma: a biochemical and clinicopathological 
study. J Cancer Res Ther 8(2):123–125

	22.	 Dhivyalakshmi M, Maheswari TU (2014) Expression of salivary 
biomarkers–alkaline phosphatase & lactate dehydrogenase in oral 
leukoplakia. Int J Chemtech Res 6(5):2755–2759

	23.	 Patel S, Metgud R (2015) Estimation of salivary lactate dehydro-
genase in oral leucoplakia and oral squamous cell carcinoma: a 
biochemical study. J Can Res Ther 11(4):119–123



	 Journal of Maxillofacial and Oral Surgery

	24.	 Sivaramakrishnan M, Sivapathasundharam B, Jananni M (2015) 
Evaluation of lactate dehydrogenase enzyme activity in saliva 
and serum of oral submucous fibrosis patients. J Oral Pathol Med 
44(4):449–452

	25.	 Bhambhal AM, Ingle N, Bhambal A (2016) Salivary lactate dehy-
drogenase enzyme activity in oral submucous fibrosis: a biochemi-
cal and clinicopathological study. J Dent Oral Health 2(40):1–7

	26.	 Kallalli BN, Rawson K, Muzammil SA, Awati MA, Shivhare P 
(2016) Lactate dehydrogenase as a biomarker in oral cancer and 
oral submucous fibrosis. J Oral Pathol Med 45(9):687–690

	27.	 Shah S, Dave S (2017) Comparative evaluation of LDH enzyme 
activity in serum & saliva of OSCC & OSMF patients. Int J Dent 
Health Sci 4(4):768–779

	28.	 Mishra S, Kritika C, Bajoria AA, Choudhury P, Sahoo SK, 
Sangamesh NC (2018) Estimation of salivary and serum lactate 
dehydrogenase in oral submucous fibrosis. J Int Soc Prevent Com-
munit Dent 8(7):289–295

	29.	 Mantri T, Thete SG et al (2019) Study of the role of salivary lac-
tate dehydrogenase in habitual tobacco chewers, oral submucous 
fibrosis and oral cancer as a biomarker. J Contemp Dent Pract 
20(8):970–973

	30.	 Samlin S, Divya K, Siva B, Sudarshan R (2019) Salivary lactate 
dehydrogenase—a biomarker of potentially malignant and malig-
nant diseases of oral cavity? AJDS 2(1):64–69

	31.	 Sharma G, Kumar R (2019) Evaluation and comparison of sali-
vary alkaline phosphatase and lactate dehydrogenase in patients of 
potentially malignant disorders and oral squamous cell carcinoma. 
Int J Res Health Allied Sci 5(1):41–44

	32.	 Gholizadeh N, Alipanahi Ramandi M, Motiee-Langroudi M, Jafari 
M, Sharouny H, Sheykhbahaei N (2020) Serum and salivary lev-
els of lactate dehydrogenase in oral squamous cell carcinoma, 
oral lichen planus and oral lichenoid reaction. BMC Oral Health 
20(4):1–8

	33.	 Javaraiah RK, David CM, Namitha J, Tiwari R, Benakanal P 
(2020) Evaluation of salivary lactate dehydrogenase as a prog-
nostic biomarker in tobacco users with and without potentially 
malignant disorders of the oral cavity. South Asian J Cancer 
9(2):093–098

	34.	 Panda A, Behura SS, Bhuyan L, Dash KC, Kumar V, Mukher-
jee S (2020) Assessment of lactate dehydrogenase enzyme levels 
in saliva and serum of oral submucous fibrosis and leucoplakia 
patients. J Oral Maxillofac Pathol 24(4):183–193

	35.	 Buch SA, Babu SG, Castelino RL, Pillai DS, Bhat S, Devi UH 
(2022) Ferritin levels in serum and saliva of oral cancer and oral 
potentially malignant disorders. Eur J Ther 28(2):109–114

	36.	 Bhuvaneswari M, Prasad H, Rajmohan M, Sri Chinthu KK, Prema 
P, Mahalakshmi L et al (2022) Estimation of salivary lactate dehy-
drogenase in oral squamous cell carcinoma, oral leucoplakia, and 
smokers. J Can Res Ther 18:S215–S218

	37.	 López-Jornet P, Olmo-Monedero A, Peres-Rubio C, Pons-Fuster 
E, Tvarijonaviciute A (2023) Preliminary evaluation salivary 
biomarkers in patients with oral potentially malignant disorders 
(OPMD): a case-control study. Cancers 15(4):52–56

	38.	 Garcfa-Gutiérrez MS, Navarrete F, Sala F, Gasparyan A, Austrich-
Olivares A, Manzanares J (2020) Biomarkers in psychiatry: con-
cept, definition, types and relevance to the clinical reality. Front 
Psychiatr 11:432

	39.	 Porter K (1957) Effect of homologous bone marrow injections in 
x-irradiated rabbits. Br J Exp Pathol 38:401–412

	40.	 Mundkur BD (1949) Evidence excluding mutations, polysomy, 
and polyploidy as possible causes of non-Mendelian segregations 
in Saccharomyces. Ann Mo Bot Gard 36:259–280

	41.	 Bodaghi A, Fattahi N, Ramazani A (2023) Biomarkers: promising 
and valuable tools towards diagnosis, prognosis and treatment of 
Covid-19 and other diseases. Heliyon 9(2)

	42.	 Pillai J, Chincholkar T, Dixit R, Pandey M (2021) A systematic 
review of proteomic biomarkers in oral squamous cell cancer. 
World J Surg Oncol 19:1–28

	43.	 Warburg O (1969) Otto Warburg on the prime cause & prevention 
of cancer: respiration of oxygen in normal body cells vs. fermenta-
tion of sugar in cancer cells. Konrad 15:12–18

	44.	 Shih YH, Wang TH, Shieh TM, Tseng YH (2019) Oral submucous 
fibrosis: a review on etiopathogenesis, diagnosis, and therapy. Int 
J Mol Sci 20:2940

	45.	 Shen YW, Shih YH, Fuh LJ, Shieh TM (2020) Oral submucous 
fibrosis: a review on biomarkers, pathogenic mechanisms, and 
treatments. Int J Mol Sci 21(19):7231

	46.	 George J, Chandrasekar G (1997) Lactated dehydrogenase isoen-
zymes in dimethylnitrosamine induced hepatic fibrosis in rats. J 
Clin Biochem Nutr 22:51–56

	47.	 Victor AD, Dios PD, Sierra RT (2007) Relationship between lac-
tate dehydrogenase activity in saliva and oral health status. Arch 
Oral Biol 52:911–915

	48.	 Iglesias-Velazquez O, Lopez-Pintor RM, Gonozalez-Serrano 
J, Casanas E, Torres J (2022) Salivary LDH in oral cancer and 
potentially malignant disorders: a systematic review and meta-
analysis. Oral Dis 28(1):44–56

	49.	 Mahapatra M, Panda A, Kumar H (2023) Lactate dehydrogenase 
as a biomarker in oral submucous fibrosis: a systematic review 
and meta-analysis. Cureus 15(12):10–18

	50.	 Marti HH, Jung HH, Pfeilschifter J, Bauer C (1994) Hypoxia and 
cobalt stimulate lactate dehydrogenase (LDH) activity in vascular 
smooth muscle cells. Pflugers Arch 429:216–222

	51.	 Tilakaratne WM, Iqbal Z, The MT, Pitiyage G (2008) Upregula-
tion of HIF 1a in malignant transformation of oral submucous 
fibrosis. J Oral Pathol Med 37:372–377

	52.	 Mantri T, Male V, Yadav R, Adsure GR (2019) Study of the role of 
salivary lactate dehydrogenase in habitual tobacco chewers, oral 
submucous fibrosis and oral cancer as a biomarker. J Contemp 
Dent Pract 20(8):970–973

	53.	 Toyokuni S (2009) Role of iron in carcinogenesis: cancer as a 
ferrotoxic disease. Cancer Sci 100:9–16

	54.	 Thakur M, Guttikonda VR (2017) Estimation of haemoglobin, 
serum iron, total iron-binding capacity and serum ferritin levels 
in oral submucous fibrosis. A clinic pathological study. J Oral 
Maxillofac Pathol 21:31–35

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	Salivary LDH and Salivary Ferritin as a Prognostic Marker in Oral Potentially Malignant Disorders: A Systematic Review and Meta-Analysis
	Abstract
	Aim 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methodology
	Protocol Development
	Study design

	Eligibility Criteria:
	Search Strategy
	Screening Process
	Data Extraction
	Quality Assessment of Included Studies
	Statistical Analysis
	Assessment of Heterogeneity

	Results
	Study Selection
	Study Characteristics
	Assessment of Methodological Quality of Included Studies
	Synthesis of Results


	Discussion
	Limitation

	Conclusion
	References


