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PURPOSE. To evaluate the potential of lactoferrin (Lf) as a diagnostic biomarker for ocular
diseases using a meta-analytic approach.
METHODS. All original studies reporting an estimate of the average Lf concentration in
healthy subjects and those affected by ocular diseases were searched up to March 2020.
The DerSimonian and Laird method was used to calculate the random effects pooled
mean difference and the corresponding 95% confidence interval (CI) in Lf concentration
between healthy subjects and those affected by dry eye (DE), Sjögren syndrome (SS),
and diabetic retinopathy, separately. The presence of between-study heterogeneity was
evaluated using the Cochran’s Q test and the I2 index. Stratified analyses were performed
to assess potential sources of heterogeneity and influence and cumulative analyses to
evaluate the robustness of the results obtained. Publication bias was also evaluated using
funnel plot and the Egger’s test.
RESULTS. The pooled mean differences in Lf concentrations between healthy subjects and
those with DE, Sjögren syndrome, and diabetic retinopathy were respectively 0.62 (95%
CI, 0.35–0.89) for DE, 3.78 (95% CI, −6.64 to 14.17), and 0.19 (95% CI, −4.00 to 4.39).
Regarding DE, the stratified analysis showed that geographical area (P value Q test <
0.0001) and sample size (P < 0.0005) were sources of heterogeneity. Moreover, no study
substantially influenced the results obtained and the pooled mean difference became
statistically significant after a sample size of 220. Publication bias may affect the results
of DE.
CONCLUSIONS. The results of the current meta-analysis suggest that Lf level in tears is a
good candidate as dry eye syndrome diagnostic biomarker.
Keywords: lactoferrin, biomarker, tears, meta-analysis, ocular disease

L

actoferrin (Lf), also known as lactotransferrin, is a
nonheme iron-binding protein belonging to the transferrin family. Lf has several biological functions, including antimicrobial and immunomodulatory activities.1 Thanks
to its multifunctional protective character, this glycoprotein
is ubiquitous and it is present in different mucosal secretions such as tears, saliva, milk, and nasal secretions, among
others.2 During the last decades, different techniques have
been used to measure Lf concentration in tears, such as gel
electrophoresis,3 high-performance liquid chromatography,4
mass spectrometry,3,5 ELISA,6 or diagnostic test kits.7,8
Several studies report Lf concentration in tears of healthy
subjects6,9 and patients with ocular diseases, such as dry
eye (DE) syndrome10–12 and keratoconus (KC).13 In particular, patients with ocular diseases seem to have lower
levels of Lf compared with healthy subjects. Thus, it has
been suggested14,12 that altered Lf concentrations might
represent a potential diagnostic biomarker for diagnosis of

ocular diseases in a simple and noninvasive way, thanks
to the accessibility of tears and the convenience of tear
sampling.
As defined by the FDA-NIH BEST Resource,15 a diagnostic biomarker “is used to detect or confirm the presence of a
disease or condition of interest or to identify individuals with
a subtype of the disease”.16 Therefore, the first step needed
to evaluate the potential of Lf as a diagnostic biomarker
for ocular diseases is to determine whether the difference
in Lf concentration between subjects with ocular disease
and healthy controls reported in several studies is significant and reliable, in order to be further validated as a candidate biomarker for ocular diseases. Since only a few studies
have been published on this issue and some of them are
limited by low sample size, we performed a meta-analysis
to exploit the whole evidence available in the literature and
provide a precise estimate of the mean difference (MD) of
Lf concentration between subjects with ocular disease and
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confidence intervals (CIs), or data allowing its calculation.
When the same data were used for more than one publication, only the most complete publication was selected.

Data Collection
The following information was extracted from the retrieved
studies: first author, publication year, country, disease affecting the subjects (e.g., DE, keratoconus), group-specific
sample size, proportion of females in the sample, mean age
of the subjects, diagnostic criteria of the diseases, method
used for tear sampling, method used to assess Lf concentration (ELISA, mass spectrometry, etc.), estimate of the average
Lf concentration, and the corresponding variability measure
in ill and healthy patients. For all studies, Lf concentration
was transformed to milligrams per milliliter. When studies
reported the relative Lf concentration, a transformation from
relative to absolute concentration was performed considering the total protein content reported in the same study or,
when this value was absent, referring to the work by Versura
et al.,12 where the average protein content was estimated
to be 9.89 ± 2.28 and 6.44 ± 2.1 mg/mL for controls and
patients with DE, respectively.

Statistical Analysis
For each study, the MD of Lf concentration between healthy
and ill subjects was calculated as x̄healthy − x̄ill and the corre
FIGURE 1. Selection flow chart for inclusion of the studies in the
meta-analysis.

healthy controls to evaluate the potential of Lf as a diagnostic biomarker for ocular diseases.

METHODS
The current meta-analysis was conducted and reported
following the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement.

Search Strategy
A literature search was carried out using PubMed, Web of
science and Scopus from inception of each database up
to March 2020 to identify all articles reporting the average levels of Lf in the tear film of patients with ocular
diseases and of healthy controls. The following search strategy was considered: (“Lactoferrin” OR “Lactotransferrin” OR
“Proteomic”, OR “Tears”) AND (“Ocular disease” OR “DryEye” OR “Sjögren disease” OR “Diabetic retinopathy” OR
”Keratoconus”). Terms were included in the search strategy
both as MeSH and text terms. Moreover, the references of
the retrieved publications where checked to identify potential additional relevant publications missed by the PubMed
search.

Inclusion Criteria
Studies were included in the meta-analysis if they (i) were
original studies conducted on humans, (ii) were written in
the English language, (iii) included both subjects affected by
ocular disease and healthy controls, and (iv) reported the
average concentration of Lf in the tear film of both healthy
and ill subjects and the corresponding measure of variability, such as standard error, standard deviation, variance,
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, where x̄healthy and

x̄ill are the mean values, s healthy and
the standard deviations, and nhealthy and nill the sample sizes of healthy and ill
subjects, respectively. For each ocular disease with at least
three estimates of MD, the fixed model and the random effect
model of DerSimonian and Laird were applied to estimate
the pooled mean difference (pMD) and the corresponding
95% CI. In presence of high between-studies heterogeneity,
evaluated by means of the Cochran’s Q test and the I2 index
(values of the index of >50% imply high heterogeneity) we
reported the random effect model estimates. In the presence
of high heterogeneity and less than five studies, we applied a
more robust method for the calculation of the CI the Hartung
Knapp Sidik Jonkman.17
A stratified analysis was carried out to evaluate several
potential sources of heterogeneity when at least two studyspecific MD estimates were available for each stratum. We
considered the following potential sources of heterogeneity:
tear sampling methods, Lf concentration estimation methods, diagnostic criteria (symptoms and clinical examination
vs. symptoms and clinical examination and/or diagnostic
test), average age, female proportion, geographical area, and
the sample size. Age, female proportion, and samples size
were categorized according to their median values. The presence of heterogeneity among strata was tested using the
Cochran’s Q test.
To verify the robustness of findings, an influence analysis
was carried out testing the change of pMD obtained excluding one study at a time. Moreover, a cumulative analysis was
carried out to assess the effect of sample size on the pMD.
Finally, publication bias was visually assessed through the
funnel plot and tested using the Egger’s test.

RESULTS
The flow diagram for article inclusion in this study is shown
in Figure 1. The PubMed search retrieved 190 studies. An

Lactoferrin and Ocular Diseases: A Meta-Analysis
additional 93 studies were identified using Scopus and Web
of Science (73 and 20, respectively), leading to the identification of 283 studies overall. We excluded 72 studies (approximately 25%) because they were unrelated to the study issue
according to title and abstract and approximately the same
percentage of papers (approximately 22%; n = 61) was
excluded because they were not original articles. Another 12
and 21 papers (about 4% and 7%) were excluded because
they were either animal studies or not written in English,
respectively. A further 96 studies (approximately 34%) were
excluded because they did not report average Lf concentrations in both categories of healthy and ill subjects and/or
the corresponding variability measure or enough data for
their calculation, and two studies (approximately 1%) were
excluded because reporting duplicated data. Finally, 19 studies7,11,12,14,18–32 (approximately 7% of the articles found in
the first instance) were included in the meta-analysis.
The main characteristics of the selected studies are
reported in Table 1. Among those, wight (approximately
42%) were performed in Europe, six (approximately 32%) in
Asia, and five (approximately 26%) in the United States. The
Lf concentration in tears has been studied mainly for two
different conditions, both of which, to some extent, concern
the so-called DE syndrome. Indeed, 14 studies (approximately 74%) were focused on patients with keratoconjunctivitis sicca (KS), which is often referred to as the condition
of having DE, and 4 (approximately 21%) studies concerned
patients with Sjögren syndrome (SS), an autoimmune disease
in which DE is one of the primary symptoms. Two studies provide data concerning diabetic retinopathy (DR), one
study was dedicated to keratoconus and another one to
corneal melting and chronic conjunctivitis. The sample size
ranged from 19 subjects25 to 205 subjects12 ; the proportion
of females from 44%30 to 100%11 ; and the mean age from
28.93 years.32 to 63.17 years.28 Nine studies11,12,20,22–24,31–33
based the diagnosis of the ocular disease of interest only
on signs, symptoms, personal or familial history and clinical evaluation, eight studies7,18,21,25–28 considered, in addition to these features, a tear test (Schirmer test, Rose Bengal
test, etc.), and two studies14,19 considered only a tear test.
The most used method to collect tears in these studies was
by a capillary tube (12 of 19), followed by Schirmer strips
or polyester wicks (n = 7). Lf concentration was quantified by using gel electrophoresis in seven studies, ELISA
in five studies, and other methods in three studies. Finally,
14 studies reported Lf absolute concentration, whereas 5
studies reported the Lf relative concentration. Two studies18,31 reported the average Lf concentration for different
grades of DE. For these studies, only the estimate associated with grade I disease, that is, the lowest disease severity, was selected to provide more conservative pooled estimate of the MD, because the average Lf concentration for
DE grade I is expected to display less remarkable differences from that of control subjects than higher grades.
One study27 reported the average Lf concentration for both
proliferative and nonproliferative DR; from this study, only
the estimates related to nonproliferative DR was selected.
Finally, the study of Markusse et al.23 reported the average
Lf concentration for a group of subjects with suspected but
not confirmed SS; this group of patients was not included in
the analysis since different from either SS or control patients.

DE Syndrome
Figure 2 reports the study-specific MD of Lf concentrations
between healthy and DE subjects, the pMD estimate, the
Downloaded from iovs.arvojournals.org on 10/13/2020
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corresponding 95% CI, and the I2 index used to quantify
heterogeneity.
For this disease, the pMD obtained from the random
effect model was 0.62 (95% CI, 0.35–0.89), suggesting that
subjects affected by DE have a significant lower Lf concentration compared with healthy subjects. However, the pooled
estimate was characterized by high heterogeneity (I2 =
97.14%). The analysis of potential sources of heterogeneity
is reported in Table 2. A significant difference in the pMD of
Lf concentration was found only for the geographical area
(P < 0.0001) and sample size (P = 0.0005). In particular,
greater pMD were observed in studies conducted in Europe
and Asia (pMDs of 1.07 and 0.59 respectively) compared
with those conducted in the United States (pMD of −0.03)
and larger sample size (pMD of 0.86 vs. 0.23).
The influence analysis, reported in Figure 3, showed
that neither the pMD nor heterogeneity were substantially
affected by a single study. The pMD varied from 0.53 (95%
CI, 0.26–0.79), excluding the study by Boukes et al.,21 to 0.68
(95% CI, 0.40–0.96), excluding the study by Stuchell et al.,19
whereas the I2 index varied from 95.08% excluding the study
of Versura et al.28 to 97.36% excluding the study by Farris et
al.20 or Yolton et al.7
Figure 4 shows the results of the cumulative analysis
aimed to assess the impact of sample size on the pMD estimate. A statistically significant pMD was observable only
when the sample size was greater than 220 subject and the
pooled estimate tended to stabilize when the sample size
was greater than 600 subjects.

Other Diseases
The study-specific MD, the pMD, the corresponding 95% CI,
and the I2 index are reported in Figure 5 for SS and Figure
6 for DR. No statistically significant difference was observed
in average Lf concentration for SS (pMD, 3.78; 95% CI, −6.64
to 14.17) and DR (pMD, 0.19; 95% CI, −4.00 to 4.39) relative
to healthy controls. High heterogeneity was found for both
SS (I2 = 99.68%) and DR (I2 = 92.21%).
Publication bias may have affected the results obtained
for DE because asymmetry was observed in the funnel plot
and confirmed by the Egger’s test (P = 0.0076; Fig. 7). Publication bias was not assessed for SS and DR owing to the low
number of studies evaluating those diseases.

DISCUSSION
The results of this meta-analysis show a significant decrease
in Lf concentrations in the tears of subjects affected by DE.
This finding is particularly relevant because DE is an ocular
condition occurring quite frequently and often in association
with systemic diseases.
Considering the high heterogeneity of the data, a
subgroup analysis was performed, which suggested that the
MD was strongly influenced mainly by country and sample
size, the impact of the latter factor was confirmed by the
cumulative analysis. The results of this analysis suggest that
a too low sample may lead to a lack statistically significant
difference in the average Lf concentrations between healthy
subjects and those affected by DE.
This report is the first to highlight a difference in Lf
concentration in human tears according to the geographic
origin of the subject. This difference in Lf expression has
been reported previously just for human breast milk. Lien
et al.34 measured Lf concentration in milk from women
living in five different continents and found a modest but
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2 Corneal melting
58 CONJ 30
Idiopathic DE 7
SS 28 C

37 DE 12 C

44 Primary SS 21
Non-SS 24 C
29 DR 26 C
9 SS 10 C

71 DE 23 SS 16 C

20 NP-DR 20 P-DR
20 C

60 Evaporative DE
30 C

NL

US

US

NL

NL

US

JP

JP

CN

IT

Boukes et al.,
198721

Lucca et al., 199022

Yolton et al., 19917

Markusse et al.,
199323

Stolwijk et al.,
199424
Solomon et al.,
200125

Ohashi et al.,
200326

Wang et al., 200514

Yu et al., 200827

Versura et al.,
201028

145 DE 54 C

20 KS 20 C

24 KS 26 C

US

Farris et al., 198620

32 KS 66 C

Sample Size

US

Country

Stuchell et al.,
198119

First Author, Year
(ref)

DE: 70% C: 73%

NA

NA

DE: 77% SS: 96%
C: 75%

SS: 89% C: 60%

NA

SS: 91% Non-SS:
90% C: 100%

Overall:57%

KS: 85% C: 85%

NA

Overall: 76%

NA

Proportion of
Females

TABLE 1. Main Characteristics of the Studies Included in the Meta-Analysis

DE: 64.2 (22.3) C:
61.1 (17.8)

NA

NA

DE: 48 (16) SS: 58
(10) C: 30 (4)

SS: 55 (NA)
Non-SS: 47 (NA)
C: 55 (NA)
DR: 46.3 (10.4) C:
39.7 (11.5)
SS: 68 (9.1) C: 32
(6.6)

KS:62 (NA) C:62
(NA)
DE: 44.05 (19.52)
C: 33.17 (13.81)

Overall† : 59.52
(13.40) KS: 59
(13.00) C: 60
(14.00)
NA

NA

AgeMean
(Standard
Deviation)

Signs, symptoms, clinical
evaluation
Signs, symptoms, clinical
evaluation, and/or tear
test (Schirmer test,
fluorescein staining,
elevated serum
autoantibody titers)
Signs, symptoms, clinical
evaluation, and/or tear
test (tear break-up time,
Rose Bengal test)
Signs, symptoms, clinical
evaluation, and/or tear
test (Schirmer test, tear
break-up time)
Signs, symptoms, clinical
evaluation, and/or tear
test (Schirmer test)
Signs, symptoms, clinical
evaluation, and/or tear
test (tear break-up time,
Schirmer test)

Signs, symptoms, clinical
evaluation
Signs, symptoms, clinical
evaluation, and/or tear
test (tear break-up time,
Rose Bengal test)
Signs, symptoms, clinical
evaluation

Signs, symptoms, clinical
evaluation, and/or tear
test (Schirmer test)

Signs, symptoms, clinical
evaluation, and/or tear
test (tear osmolarity)
Signs, symptoms, clinical
evaluation

Diagnostic Criteria

Capillary tube

Capillary tube

Schirmer strip

Capillary tube

Polyester wick

Capillary tube

Schirmer strip

Schirmer strip

Capillary tube

Schirmer strip

Schirmer strip

Schirmer strip

Tear Sampling
Method

Gel
electrophoresis

Lowry protein
assay

Lactoplate

ELISA

ELISA

HPLC

Radioimmunoassay

Lactoplate

Lactoplate

HPLC

Gel
electrophoresis

Gel
electrophoresis

Method for Lf
Quantification

NP-DR: 1.14 (0.48) mg/mL
P-DR: 1.10 (0.24) mg/mL C:
1.67 (0.43) mg/mL
DE: 1.30 (0.17) mg/mL‡ C:
2.43 (0.34) mg/mL

DE: 0.8 (0.7) mg/mL C: 1.77
(0.82) mg/mL

DE: 0.69 (0.55) mg/mL SS:
0.13 (0.22) mg/mL C: 2.05
(1.12) mg/mL

SS: 3.82 (5.28) mg/mL§
Non-SS: 2.86 (5.19) mg/mL
C: 0.86 (1.48) mg/mL
DR: 1.29 (0.47) mg/mL C: 1.16
(0.38) mg/mL
SS: 0.8 (0.40) mg/mL C: 13.5
(0.70) mg/mL

Corneal melting: 2.11 (1.84)
mg/mL‡ CONJ: 4.02 (2.79)
mg/mL DE: 0.74 (0.704)
mg/mL SS: 0.64 (0.47)
mg/mL C: 3.96 (2.98)
mg/mL
KS: 1.34 (0.78) mg/mL* C:
1.18 (0.56) mg/mL
DE: 1.86 (0.67) mg/mL C: 1.95
(0.56) mg/mL

KS: 1.71 (1.19) mg/mL* C:
2.16 (1.50) mg/mL

KS: 1.54 (0.82) mg/mL* C:
1.37 (1.02) mg/mL

Lf Mean Concentration
(Standard Deviation)
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26 KC 28 C
40 DE 35 C

160 DE 45 C

24 DE (6 grade I, 6
grade II, 6 grade
III, 6 grade IV)
6C

33 DE 33 C

52 DE (10 grade I,
10 grade II, 22
grade III, 10
grade IV) 29 C

12 DE 18 C

CN

IT

KR

RO

KR

RO

Sample Size

UK

Country

NA

DE: 60% C: 41%

100%

NA

DE: 85% C: 62%

DE: 63% C: 54%

KC: 50% C: 54%

Proportion of
Females

DE: 38.58 (10.62)
C: 22.50 (11.35)

DE: 52.37 (10.18)
C: 50.69 (10.37)

NA

DE: 51.09 (16.35)
C: 44.70 (9.50)
DE: 39.2 (15) C:
34.1 (13.9)

KC: 35.77 (7.96) C:
35.71 (8.13)
DE: 39 (13) C: 36
(12)

AgeMean
(Standard
Deviation)

Signs, symptoms, clinical
evaluation

Signs, symptoms, clinical
evaluation
Signs, symptoms, clinical
evaluation

Signs, symptoms, clinical
evaluation
Signs, symptoms, clinical
evaluation, and/or tear
test (tear break-up time,
Schirmer test,
fluorescent staining)
Signs, symptoms, clinical
evaluation
Signs, symptoms, clinical
evaluation, and/or tear
test (tear break-up time,
Schirmer test)

Diagnostic Criteria

Capillary tube

Capillary tube

Capillary tube

Capillary tube

Micropipette

Capillary tube

Capillary tube

Tear Sampling
Method

ELISA

Gel
electrophoresis
ELISA

Gel
electrophoresis
Gel
electrophoresis

Radial immunodiffusion
kit

ELISA

Method for Lf
Quantification

DE: 1.4 (0.76) mg/mL C: 2.11
(0.74) mg/mL
DE grade I: 0.64 (0.04)
mg/mL‡ DE grade II: 0.62
(0.05) mg/mL DE grade III:
0.60 (0.04) mg/mL DE
grade IV: 0.26 (0.05) mg/mL
C: 0.64 (0.04) mg/mL
DE:1.22 (0.44) mg/mL‡ C: 2.37
(0.74) mg/mL
DE grade I: 0.27 (0.11) mg/mL
DE grade II: 0.27 (0.19)
mg/mL DE grade III: 0.10
(0.09) mg/mL DE grade IV:
0.06 (0.04) mg/mL C: 0.41
(0.19) mg/ml
DE: 1.43 (0.18) mg/mL C: 1.79
(0.09) mg/mL

KC: 0.67 (0.28) mg/mL C: 1.13
(0.29) mg/mL
DE: 1.10 (0.79) mg/mL C: 1.95
(0.25) mg/mL

Lf Mean Concentration
(Standard Deviation)

C, healthy controls; CN, China; CONJ, chronic conjunctivitis; HPLC, high-performance liquid chromatography; IT, Italy; JP, Japan; KC, keratoconus; KR, South Korea; KS, keratoconjunctivitis
sicca; NA, not available; NL, the Netherlands; Non-SS, suspected SS whose diagnosis was not confirmed; NP-DR, nonproliferative DR; P-DR, Proliferative DR; RO, Romania; SS, Sjögren’s
syndrome.
† Calculated as average of the strata.
* Converted from mg/dL.
§ Converted from mg/L.
‡ Converted from relative percentage in mg/mL.

Constantin et al.,
201932

Careba et al.,
201511
Kim et al., 201631

Versura et al.,
201312
Lee et al., 201418

Balasubramanian
et al., 201229
Yanwei et al.,
201230

First Author, Year
(ref)

TABLE 1. Continued
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FIGURE 2. Forest plot of study-specific MDs of Lf concentration
between healthy controls and subjects affected by DE. Squares
represent the study-specific, relative MD. The size of the squares
reflects the study-specific statistical weight, that is, the inverse of the
variance. Horizontal lines represent 95% CIs. The diamond represents the pMD estimate with corresponding 95% CIs. Q and P value
are the statistic tests used to assess heterogeneity and the corresponding P value; Iˆ2 is the value of the I2 index.

significant variability. A recent study analyzed additional
factors besides ethnicity, by measuring Lf levels in milk from
Chinese women: body mass index and diet did not influence
Lf concentration, although ethnicity and age did.35
Although previous analyses on tears36 showed that Lf is
significantly upregulated in samples from females, and similar conclusions were obtained by analyzing other human
specimens, such as saliva,37 no statistically significant differ-

FIGURE 3. Influence analysis for DE. Squares represent the pMD
obtained excluding the indicated study. Horizontal lines represent
95% CIs. The diamond represents the overall pMD estimate with
corresponding 95% CIs obtained in the main analysis. Iˆ2 is the
value of the I2 index.

ence in MD was observed in this study between genders.
This result is in line with others that reported no difference
at all.38,39 Differently from geographical area (i.e., ethnicity),
sample size is a parameter that is not related to the subjects,

TABLE 2. The pMDs and Corresponding 95% CIs of Lf Concentration Between Groups of Healthy Controls and DE Subjects by Strata of
Potential Sources of Heterogeneity
Strata
Tear sampling methods
Capillary tubes
Paper strips
Methods to quantify Lf concentration
Gel electrophoresis
ELISA*
Other
Diagnostic criteria
Signs, symptoms, clinical evaluation
Signs, symptoms, clinical evaluation, and/or tear test
Age, years
≤48
>48
Females, %
≤76
>76*
Country
Asia
Europe
US
Sample size
≤62
>62
*

MD

9
5

0.60
0.76

(0.28 to 0.91)
(0.04 to 1.49)

97.92%
92.35%

0.6780

6
3
5

0.55
0.45
0.80

(−0.03 to 1.13)
(−0.88 to 1.77)
(0.21 to 1.39)

98.49%
91.55%
92.12%

0.7971

6
8

0.45
0.82

(0.16 to 0.73)
(0.30 to 1.34)

91.56%
98.17%

5
5

0.47
0.47

(0.14 to 0.80)
(−0.09 to 1.02)

95.59%
97.43%

0.9915

5
4

0.54
0.76

(−0.01 to 1.09)
(−0.30 to 1.81)

97.42%
89.88%

0.5931

5
5
4

0.59
1.07
−0.03

(0.26 to 0.93)
(0.60 to 1.55)
(−0.25 to 0.18)

96.59%
96.25%
0.00%

< 0.0001

7
7

0.23
0.85

(0.01 to 0.44)
(0.57 to 1.14)

91.47%
87.90%

0.0005

P Value

0.2215

CIs calculated using the Hartung Knapp Sidik Jonkman method.
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FIGURE 4. Cumulative analysis by sample size – DE. Squares represent the pMD obtained adding a study at a time ordered by increasing sample size indicated study. Horizontal lines represent 95% CIs.

FIGURE 5. Forest plot of study-specific MDs of Lf concentration
between groups of healthy controls and subjects affected by SS.
Squares represent the study-specific, relative MD. The size of the
squares reflects the study-specific statistical weight, i.e. the inverse
of the variance. Horizontal lines represent 95% CIs. The diamond
represents the pMD estimate with corresponding 95% CIs. Q and
p-value are the statistic tests used to assess heterogeneity and the
corresponding p-value; Iˆ2 is the value of the I2 index. *CIs calculated using the Hartung Knapp Sidik Jonkman Hartung Knapp Sidik
Jonkman method.

rather to the study design; indeed, a small sample size and/or
a small prefiltering can lead to an overfitting of the model
proposed.40
Nonetheless, it should be pointed out that the definition
and diagnostic criteria of DE have changed over time. Until
the early 2000s, DE was mainly considered as a disorder of
the tear film owing to tear deficiency or excessive evaporation causing some ocular symptoms.41 In 2007, the report
of the International Dry Eye WorkShop of the Tear Film and
Ocular Surface Society defined DE as a multifactorial disease
of the tears and ocular surface accompanied by increased
osmolarity of the tear film and inflammation of the ocular
surface.42 In 2017, Craig et al.43 proposed a few revisions
and defined DE as a multifactorial disease of the ocular
surface characterized by a loss of homeostasis of the tear
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FIGURE 6. Forest plot of study-specific MDs of Lf concentration
between healthy controls and subjects affected by DR. Squares
represent the study-specific, relative MD. The size of the squares
reflects the study-specific statistical weight, that is, the inverse of the
variance. Horizontal lines represent 95% CIs. The diamond represents the pMD estimate with corresponding 95% CIs. Q and P value
are the statistic tests used to assess heterogeneity and the corresponding p-value; Iˆ2 is the value of the I2 index. *CIs calculated
using the Hartung Knapp Sidik Jonkman method.

FIGURE 7. Funnel plot to assess publication bias and P value of the
Egger’s test

film, and accompanied by ocular symptoms, in which tear
film instability and hyperosmolarity, ocular surface inflammation and damage, and neurosensory abnormalities play
etiological roles. In the 2017 diagnosis report, Dry Eye WorkShop II listed questionnaires, tear film tests, and epithelial
abnormalities as DE diagnostic tests.44 The proposed classification scheme included patients with DE symptoms without
obvious DE signs. Other authors proposed slightly different
DE definitions and specific lists of symptoms, signs, and test
procedures.45–48 Overall, the change of DE definition over
time and in different Tear Film and Ocular Surface Society
and the Dry Eye WorkShop reports has no evident effects
on the studies collected here, where the definition of DE
was based mainly on signs and symptoms, frequently associated to tear test, with no specific differences over time,
nor in the pMD of Lf concentration. Noteworthy, a difference in Lf concentrations was observed for DE, but not for
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SS and DR, relative to healthy controls. In the last years, a
huge effort has been made to clarify the causes and mechanisms behind different conditions such as DE and SS,41,49–52
which were originally considered similar or even the same.
However, this result may be due to the low number of studies
available in the scientific literature reporting Lf concentrations in subjects affected by SS or DR, leading to low power
in detecting a statistically significant pMD and to a lack of
precision in the estimates.
This study has several implications. First, it allows one to
estimate the MD of Lf concentration between healthy and
DE subjects considering a large sample size (1093 subjects),
leading to more precise estimates compared with single
studies. The larger sample size implies a greater power in
detecting a statistically significant MD in Lf concentration
between groups. Second, stratification and sensitivity analyses were carried out, allowing the evaluation of potential
sources of heterogeneity and bias in the conduction of the
study. However, some limitations need to be discussed. The
low number of studies reporting Lf concentrations in individuals affected by SS and DR do not allow to provide a
reliable estimate of the MD for these diseases. Moreover,
the results obtained need to be taken with caution owing
to the high between-study heterogeneity found. Finally, it
could be argued that publication bias may have affected
the results regarding DE. However, since the most precise
estimates were associated to low MD, the pooled estimate obtained could be an underestimation of the real MD
between subjects affected by DE and healthy subjects, therefore the potential of Lf as diagnostic biomarker for DE should
not be questioned.

CONCLUSIONS
This is the first meta-analysis aimed at highlighting the
potential role of tear Lf as a diagnostic biomarker for ocular
diseases suggesting Lf as a good candidate as DE biomarker.
A key role of Lf in DE should not be surprising. In fact,
thanks to its ability to chelate iron, Lf can counteract oxidative stress in the tear film,53–55 which is thought to be associated with the inflammation occurring in DE disease.56 A
study supporting this hypothesis reported that a systemic
administration of this protein in mice led to a decrease in
oxidative damage and to an enhancement of tear function.57
Such treatment would be useful for prevention or treatment
of early DE. For example, Pastori et al.58 proposed a Lfloading of contact lenses, whose wear is a known risk factor
for DE development.59
To compare data across studies and to validate Lf as
a diagnostic biomarker, there is still a need for further
development of standardized protocols of tear collection,
processing and storage.60 Moreover, future studies will need
to select a large and homogeneous population with welldefined diseases etiology.61
For these reasons, tear Lf monitoring may be a useful
strategy to early diagnosis of DE, discriminating it from similar pathologies. Nevertheless, further investigations based
on individual data are needed to test the hypothesis generated by the current work and to evaluate whether Lf may be
useful to discriminate also subjects with SS and DR.
In particular, it would be advisable to set an appropriate
sample size and to use the most suitable techniques to both
quantify Lf concentration and identify subjects affected by
ocular diseases.
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