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Abstract
Objective: To compare the efficacy of autologous serum (AS) 
eye drops and artificial tears (AT) in dry eye disease (DED). 
Methods: Five databases (PubMed, Science Direct, the Co-
chrane Library, the Chinese National Knowledge Infrastruc-
ture, and the Wanfang Database) were searched for random-
ized controlled trials (RCTs). Efficacy was evaluated in terms 
of the Ocular Surface Disease Index (OSDI), Schirmer I test, 
tear break-up time (TBUT), and fluorescein and rose bengal 
staining of ocular surface. The estimated effects of AS or AT 
were expressed as a proportion with the 95% confidence in-
terval and plotted on a forest plot. Results: Seven RCTs with 
267 subjects were included in the meta-analysis. For most of 
the studies, subjects’ age was around 50 years old, and the 
mostly treatment duration was within 8 weeks. The follow-
up results showed that the OSDI after AS treatment was low-
er than that after the AT treatment: the mean difference (MD) 
was –10.75 (95% CI, –18.12; –3.39) points. There was no dif-
ference on the Schirmer I test after treatment between the 
two groups: the MD was 1.68 (95% CI, –0.65; 4.00) mm. The 

TBUT of the AS group was longer than that of the AT group, 
with an MD of 4.53 (95% CI, 2.02; 7.05) s. There was no statis-
tically significant difference on fluorescein staining score of 
the ocular surface between the AS group and the AT group, 
the MD was –2.53 (95% CI, –6.08; 1.03) points. The rose ben-
gal staining score of the AS group was slightly lower than 
that of the AT group after treatment: the MD was –0.78 (95% 
CI, –1.34; –0.22) points. Conclusion: AS could be an effective 
treatment for DED, improving OSDI, TBUT, and rose bengal 
staining score. Further RCTs with large samples and long-
term follow-up are still needed to determine the exact role 
of AS in the management of DED. © 2019 S. Karger AG, Basel

Introduction

Dry eye disease (DED) is a multifactorial disease of 
ocular surface with tear film instability, hyperosmolarity, 
ocular surface inflammation, and neurosensory abnor-
malities [1]. Population-based studies have reported that 
the prevalence rate of DED was 5–34% worldwide [2] and 
1.5–2.2 times higher in Asians than in Caucasians [3]. In 
2010, the number of DED cases diagnosed with symp-
toms reached 394.13 million in China [4]. Additionally, 
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with the popularity of video screens, environmental pol-
lution, and the aging of the population, DED has become 
a major public health problem. It brings great economic 
burden by the rise of medical expenses and the decline of 
social productivity. DED always results in chronic pain 
and negative daily activities and work, and influences 
their life quality [4, 5].

The therapy and management subcommittee of the 
2017 Dry Eye Workshop II (DEWS II) proposed that 
graded treatment could be administered to DED patients, 
and if the initial and second-level treatments failed, third-
level treatment, such as autologous serum (AS), should be 
considered [6]. AS is centrifuged from blood, without fi-
brinogens, and is similar to human tears in biomechani-
cal and biochemical properties, for example, hydrogen 
ion concentration (pH), osmolarity, and components [7]. 
Several beneficial mechanisms of AS in treating DED 
have been studied, including the nourishment of nerve 
and epithelium and the promotion effect on the prolif-
eration and migration of corneal epithelium [7]. Mean-
while, AS can increase the density of goblet cells and the 
expression of mucin in conjunctival tissue [8]. More im-
portantly, AS inhibits the release of inflammatory cyto-
kines, which might alleviate the vicious cycle between oc-
ular surface inflammation and DED, and ultimately 
maintains the homeostasis of the microenvironment of 
the ocular surface [9]. In contrast to artificial tears (AT), 
to date only rare toxic or allergic reactions have been re-
ported using AS in DED [10–12].

Since Ralph et al. [13] first proposed the use of AS for 
DED, a large number of studies have been conducted to 
evaluate its efficacy in severe or refractory DED. However, 
data on the effect of AS for DED remains equivocal [14, 
15]. To provide sufficient and powerful evidence to assess 
the effectiveness of AS for DED, a systematic review was 
conducted with a meta-analysis (randomized controlled 
trials, RCTs) focused on the treatment of DED with AS.

Methods

Inclusion and Exclusion Criteria
All studies included in this review were RCTs. The subjects 

were DED patients, regardless of the participants’ age or sex or eti-
ology of disease. The intervention measurement should be AS 
therapy, and the control group should be given AT treatment, with 
or without combination of other therapy. The evaluation indica-
tors must contain at least one of Ocular Surface Disease Index 
(OSDI), Schirmer I test, tear break-up time (TBUT), fluorescein 
staining, and rose bengal staining.

Studies would be excluded if the study design was not RCT or 
subjects or intervention measurement did not meet the inclusion 

criteria. Besides, if the original quantitative data of effectiveness of 
AS or AT was not extractable or the appraisal system could not be 
combined with other studies, the study would be excluded.

Outcome Measurement
Outcome evaluation included the analysis about subjective 

symptoms, Schirmer I test, TBUT, fluorescein staining, and rose 
bengal staining. Subjective symptoms were measured by OSDI, 
which is the most extensively used questionnaire for DED. Schirm-
er I test was performed using a strip placed in the lower conjunc-
tival sac for 5 min without anesthesia. TBUT was the average of 
two or three measurements. For fluorescein staining, we analyzed 
studies which used same graded system. Briefly, the cornea was 
horizontal divided into three equal compartments, and each zone 
was graded from 0 to 3. For rose bengal staining, we analyzed stud-
ies using rose bengal 1% and a scale of 9 points.

Databases and Search Strategy
The following databases were analyzed: PubMed, Science Di-

rect, the Cochrane Library, the Chinese National Knowledge In-
frastructure, and the Wanfang Database, with one or a combina-
tion of the following terms: autologous serum, artificial tears, com-
parison, random, and randomized. Details of the search strategy 
are available in online supplementary Appendix 1 (see www.karg-
er.com/doi/10.1159/000505630). The publication date was from 
the creation of the databases to December 31, 2018.

Data Extraction
We extracted data of outcomes measured at the last follow-up 

time. In this meta-analysis, all extracted data, including OSDI, 
TBUT, Schirmer I test, fluorescein staining score, and rose bengal 
staining score, were continuous data and we extracted the mean 
value and standard deviation (SD).

Assessment on Risk of Bias and Article Quality
We used the risk of bias tool recommended by the Cochrane Col-

laboration [16] to access the risk of bias on the following six aspects: 
random sequence generation, allocation concealment, blinding of 
participants and personnel, blinding of outcome assessors, incom-
plete outcome data, and selective outcome reporting. Specifically, we 
carefully reviewed the studies included and checked whether there 
was a description of how the random sequence was generated and al-
located, whether and how the blinding method was applied, how the 
outcomes were measured, and whether there were missing data. For 
example, if the random sequence was generated using a random num-
ber table or pseudo-random numbers using statistical software, the 
risk of bias was assessed as “low” level; otherwise, if there was evidence 
showing that the random sequence was generated in an inappropriate 
way, the risk of bias on random sequence generation was assessed as 
a “high” level. If no information could be obtained or it was difficult 
to make a judgment, the risk of bias was assessed as “unclear.”

Data Synthesis and Statistical Analysis
In this study, the mean value of the AS group minus the mean 

value of the AT group (mean difference, MD) with the 95% confi-
dence interval (CI) was used to estimate continuous outcomes. We 
defined resolution of DED as the increase of Schirmer I, extension 
of TBUT, the decrease of OSDI, fluorescein staining score, and 
rose bengal score. All the analyses were conducted with the open-
source R program (version 3.4.4). Before estimating the pooled 
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effect, the heterogeneity across studies was first assessed using the 
Q test and I2 statistic. I2 describes the percentage of variability in 
effect estimates that is due to heterogeneity rather than to chance. 
If I2 was below 50%, a small heterogeneity in the study was consid-
ered and a fixed-effect model was used to pool the effect size; oth-
erwise a random-effects model was applied and a sensitivity analy-
sis was done [17]. The publication bias was evaluated with Egger’s 
test and the significance level was set at 0.05, two-tailed [18].

Results

Seven studies with 267 subjects were included (Table 
1). The paper selection process is shown in Figure 1. Spe-
cifically, we identified 634 records by database searching, 
with 470 left after duplications removed. 416 records 
were removed further after initial screening, and another 

Table 1. Characteristics of the RCTs included in the meta-analysis

First author Publication
year

Study
design

Sample size Subjects’ age, years Concentration
(frequency)

Treatment
durationAS AT AS AT

Kojima 2005 RCT 10 10 65.4±9.7 62.3±12.5 20% (6 times/day) 2 weeks
Noda-Tsuruya 2006 RCT 12 15 28.8±5.3 31.2±6.2 20% (6 times/day) 6 months
Urzua 2012 crossover 6 6 52±6.3 20% (4 times/day) 5 weeks
Celebi 2014 crossover 20 20 56.05±8.07 20% (4 times/day) 6 weeks
Mukhopadhyay 2015 RCT 52 44 – – 20% (6 times/day) 6 weeks
Semeraro 2016 RCT 12 12 54.67±15.41 54.0±7.27 50% (5 times/day) 1 year
Yılmaz 2017 crossover 24 24 25±4.02 40% 2 months

26 full-text articles were excluded
due to ineligible study design,
inclusion criteria, interventions

Records identified through
database searching

(n = 634)

Records after duplicates removed
(n = 470)

Records screened
(n = 54)

416 records were excluded
by initial screening

21 full-text articles were excluded
due to lack of outcome

data that could be combined

Full-text articles reviewed
by two researchers

(n = 28)

Full-text articles
assessed for eligibility

(n = 7)

Studies included in
qualitative synthesis

(n = 7)

Studies included in quantitative
synthesis (meta-analysis)

(n = 7)
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26 full-text articles were excluded because they were not 
of the RCT design or their subjects were not meeting the 
inclusion criteria or the intervention measurement was 
not AS and AT. Besides, another 21 full-text articles were 
excluded due to lack of extractable outcome data that 
could be combined. Seven studies were included at last.

The characteristics of the included studies is shown in 
Table 1. Three RCTs used a crossover design. The pa-

tients were all adults with a wide age range, and most were 
around 50 years old or above. The concentration of serum 
was 20%, 40%, and 50%, used by 100, 24, and 12 subjects, 
respectively. The frequency of eye drops ranged from four 
to six times a day, and the treatment duration ranged 
from 2 weeks to 1 year but mostly was within 8 weeks.

Analysis on risk of bias (Fig. 2) showed that all studies 
generated the random sequence appropriately; thus, there 
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Fig. 2. Risk of bias analysis of seven DED studies with AS treatment.
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was a low risk of bias on random sequence generation. 
Three studies stated clearly that the allocation was sealed 
with an envelope or wrapped with aluminum foil, and 
they had a low risk of bias on allocation concealment, 
while for the remaining four studies, the risk of bias was 
unclear. As for blinding, some studies stated clearly that 
patients or data evaluators or the data analyst were 
masked, and no evidence indicated a high risk of bias. On 
the outcome assessment aspect, no evidence indicated a 
high risk of bias. As for the incomplete data, no evidence 
indicated a high risk of bias either. For the selective re-
porting aspect, no evidence showed a high risk of bias for 
any study.

The OSDI of the AS group was lower than that of the 
AT group (Fig. 3): the MD was –10.75 (95% CI, –18.12; 
–3.39) points, there was a large heterogeneity across the 
included studies (I2 = 91%). We performed further sensi-
tivity analysis, which showed that when Celebi’s study 
was omitted, I2 dropped to 19.6% and the conclusion re-
mained unchanged; the MD was –8.72 (95% CI, –10.72; 
–6.71). No publication bias was found with Egger’s test  
(t = –0.781, p = 0.516), as shown in Table 2. There was no 

difference in the Schirmer I test between the AS group 
and the AT group (Fig.  4): the MD was 1.68 (95% CI, 
–0.65; 4.00) mm. There was a large heterogeneity across 
the included studies (I2 = 94%). We then conducted the 
sensitivity analysis and it turned out that when Mukho-
padhyay’s study was omitted, I2 dropped to 0% and the 
conclusion remained unchanged: the MD was –0.07 (95% 
CI, –0.42; 0.29). No publication bias was found with the 
Egger test (t = 0.984, p = 0.429).

The TBUT of the AS group was longer than that of the 
AT group (Fig. 5), with an MD of 4.53 (95% CI, 2.02; 7.05) 

Control
mean
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total mean SD
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Fig. 3. Forest plot of Ocular Surface Disease Index after AS or AT treatment.

Table 2. Egger’s test for publication bias in the meta-analysis

Variables t df p

Ocular surface disease index –0.781 2 0.516
Schirmer I test 0.984 2 0.429
Tear break-up time 0.089 3 0.934
Fluorescein staining –0.049 2 0.966
Rose bengal staining –0.742 1 0.594
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Fig. 4. Forest plot of Schirmer I test after AS or AT treatment.
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s. Substantial heterogeneity on TBUT across the studies 
included was found (I2 = 94%), because the confidence 
intervals of the different studies did not overlap well. No 
single study showed a shorter TBUT in the AT group. 
There was no publication bias based on the Egger test  
(t = 0.089, p = 0.934).

There was no statistical difference on the fluorescein 
staining score between the AS group and the AT group 
(Fig. 6); the MD was –2.53 (95% CI, –6.08; 1.03) points. 

There was substantial heterogeneity across the included 
studies (I2 = 96%). The rose bengal staining score of the 
AS group was lower than that of the AT group (Fig. 7), 
the MD was –0.78 (95% CI: –1.34; –0.22) points. There 
was no heterogeneity (I2 = 0%) or publication bias.

For additional therapy, one study, including DED 
subjects after LASIK, used 0.3% hyaluronic acid, antibi-
otics, and low-dose steroids for 1 week postoperatively. 
A study of all subjects with Sjögren syndrome used 200 
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Fig. 5. Forest plot of tear break-up time after AS or AT treatment.
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mg hydroxychloroquine per day. The others only used 
AS or AT. Moreover, Kojima et al. included patients 
without punctal occlusion to evaluate the solitary effect 
of AS or AT. None of the included studies reported ad-
verse effects.

Discussion

AS is used clinically for the treatment of DED, yet there 
is no evidence-based clinical reason to support this treat-
ment [6]. In 2017, Pan et al. [19] published a systematic 
review and suggested there might be some benefit in 
symptoms with AS compared with AT. But they did not 
perform meta-analysis owing to limited quantitative data. 
In our study, we included seven RCTs, including the latest 
three RCTs, and further conducted meta-analysis. The 
conclusion suggested AS statistically significantly im-
proved OSDI, TBUT, and rose bengal staining score com-
pared to AT. However, when considering the follow-up 
results of Schirmer I and fluorescein staining score, no 
significant difference was found. Besides, no adverse ef-
fect was reported among patients treated with AS.

In this meta-analysis, all of the seven studies evaluated 
the subjective symptoms and showed that AS performed 
much better than AT in relieving symptoms. Due to the 
fact that ocular discomfort is the fundamental of DED, as 
well as the primary cause for doctor’s visit, symptom re-
mission is an important goal. We also reviewed the latest 
published meta-analysis that focused on DED therapy. In 
summary, in comparison to AT or placebo, 0.05% cyclo-
sporine group and omega-3 group had lower OSDI  
(MD = 4.10 and MD = 0.968), but carboxymethylcellu-
lose group and sodium hyaluronate group had no statisti-
cal significance [20–23]. In consideration of the fact that 
AS group had significant lower OSDI (MD = 10.75) than 
AT group, AS might had powerful effectiveness in com-
forting DED patients.

Four [24–27] of the seven studies reported Schirmer I 
test and all of them showed an increase in tear secretion. 
Nevertheless, the combined results revealed no signifi-
cant difference. One of these four studies included severe 
DED patients, another one included moderate to severe 
DED subjects. Tsubota et al. [28] found that, for mild or 
moderate DED patients, the Schirmer I test did not have 
sufficiently meaningful sensitivity. Moreover, inactive 
AT may influence Schirmer I test results because of their 
direct effect on increasing tear volume. Therefore, the 
Schirmer I test was limited in assessing the efficacy of AS 
or AT in DED treatment based on the patients included.

All included studies demonstrated TBUT was statisti-
cally significantly longer in the AS group, except Urzua et 
al. [29]. TBUT is a common test to evaluate the stability 
of tear film, which has long been known as a hallmark of 
ocular health. Valim et al. [30] suggested that a clinically 
significant difference in TBUT was 3 s, which was much 
shorter than the meta-analysis outcomes showing that 
the difference between AS and AT was 4.53 (95% CI, 2.02; 
7.05) s. Accordingly, we assumed that AS was superior to 
AT in reversing tear film stability.

Six of seven RCTs evaluated the fluorescein staining 
score and all showed that AS performed better than AT. 
Nevertheless, we combined the results of two studies, 
both with a total of 9 points, which suggested that there 
was no difference between the two groups. These two 
studies had substantial heterogeneity because the post-
treatment result of the AS group (MD 3.67, SD 3.39) was 
obviously lower than the AT group result (MD 8.00, SD 
0.82) in the study reported by Mukhopadhyay et al., 
which indicated that AS had better efficacy and a signifi-
cant difference in CI between the studies included, which 
may have resulted in the negative result of the analysis.

As such, the difference in rose bengal staining between 
the two groups was small, while statistically significant, 
and probably did not have clinical significance. Firstly, 
rose bengal staining was nonspecific, including dead or 
degenerated epithelial cells, as well as those unprotected 
by glycocalyx or mucin [31]. Secondly, the assessment of 
rose bengal scores is influenced by staining time and mag-
nification and the result can be confused with concurrent 
hyperemia because of the similar colors. Finally, the stud-
ies included examined patients with varying disease se-
verity and it had been concluded that the patients with 
more severe ocular surface damage expressed a greater 
response to treatment compared to patients with relative-
ly mild disease [30].

This review did not attempt to draw conclusions from 
the observation of visual acuity, corneal confocal micros-
copy, conjunctival impression cytology grading, and tear 
lysozyme or lactoferrin levels, because these outcomes 
were quantitatively reported in fewer than two studies 
each. Even though the meta-analysis provided a synthet-
ically and objective evaluation of the efficacy of AS in the 
treatment of DED, a number of limitations remain. First-
ly, the causes of DED are varied, including topical or sys-
temic disease. Secondly, the severity of DED in the pa-
tients included in the seven studies was inconsistent. 
Three [26, 29, 32] of the studies included 52 subjects with 
severe DED, one study [27] included 96 subjects with 
moderate to severe DED, and the others did not identify 
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the severity of DED [24, 25, 33]. Thirdly, there were dif-
ferences in the dosage, frequency, and treatment course 
in the seven studies, which potentially affected prognosis 
to some extent.

As for the concentration of serum, five studies used 
20%, one study used 40%, and another used 50%. Con-
sensus for the optimal concentration has never been es-
tablished. In consideration of this review focus on com-
paring the efficiency of AT and AS, and the concentration 
of effectiveness ingredients may differ among individu-
als, we included studies using AS for the intervention 
measure. All included studies used AT as a control. Con-
cretely, three of the seven included trials used preserva-
tive-free AT as a control. One trial used Systane, and an-
other used Refresh. The other two studies did not clearly 
state what kind of AT was used.

In conclusion, the meta-analyses conclude that AS 
treatment may provide some benefit to DED patients on 
OSDI, TBUT, and rose bengal staining score compared 
with AT treatment. The different classifications of DED 
and the inconsistent concentration of AS used in these 
studies were the main limitations. Thus, large sample 
RCTs with standardized protocols are needed to further 
evaluate the exact role of AS in the management of DED.
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