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Purpose: To examine tear function in patients with diabetes mellitus (DM).
Design: Systematic review and meta-analysis.

Method: We searched Embase and PubMed from database inception to March
16, 2022. We included observational studies that compared tear function
between patients with and without DM. Tear function was measured using
invasive tear breakup time (ITBUT) and Schirmer's 1 test. Pooled results are
presented as standard mean difference (SMD) with 95% confidence interval (Cl)
based on random-effects models.

Results: We included 59 studies (7,234 eyes) comparing the tear function
between patients with and without DM. This meta-analysis indicated that
patients with DM had worse tear function than those without DM (ITBUT:
SMD: -0.98, 95% CI: =1.27 to =0.69; Schirmer's 1 test: SMD: -0.45, 95% ClI:
—-0.64 to —0.26), and the results remained consistent in patients with different
types of DM (e.g., type 1 DM and type 2 DM) and from different ethnic
backgrounds (e.g., Asian vs. non-Asian). Patients with DM under poor
glycemic control had worse tear function than those of the non-DM group
(ITBUT: SMD: -1.26, 95% Cl: -1.86 to —0.66; Schirmer’s 1 test: SMD: -0.25, 95%
Cl: —0.48 to -0.02), whereas there were no significant differences in tear
function between patients with DM under optimal glycemic control and non-
DM groups.

Conclusions: We found that patients with type 1 or type 2 DM had significantly
reduced tear function. The level of tear function could be determined by
glycemic control, and therefore, our findings suggest that glycemic control in
patients with DM is critical for maintaining tear function.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero,
identifier CRD42021250498.
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Introduction

Diabetes mellitus (DM), a leading public health issue, affects
more than 240 million people worldwide, and this number is
expected to reach 370 million by 2030 (1). In addition to vascular
complications, ocular complications of DM, such as dry eye
disease (DED), diabetic retinopathy, glaucoma, and cataracts,
negatively affect quality of life and may impose a huge economic
burden (2). Among these ocular complications, DED occurs
most frequently in patients with DM (3). For example, Seifart
et al. reported that 52.8% of patients with DM suffered from
DED compared with 9.3% in healthy controls (4).

Patients with DED often complain of a burning sensation,
photopsia, foreign body sensation, soreness, itchiness, redness,
and blurred vision. The corneal complications of DED include
superficial punctate keratitis, neurotrophic keratopathy, and
epithelial defects. In fact, both DM and DED are risk factors
for corneal infection, scarring, perforation, and irreversible
tissue damage (1). DM increases the risk of developing
diabetic keratopathy, which presents as dry eye or recurrent
erosions in the early or mild stage and neurotrophic ulcers with
secondary infection in the advanced stage (5). In patients with
DM, decreased lacrimal tear production results from being
neurotrophic with loss of corneal sensation because of injury
to the corneal receptors, which may further develop into a dry
eye vicious cycle (6, 7).

A previous systematic review and meta-analysis by Lv et al.
indicated that tear function is worse in patients with DM than in
individuals without the disease, but we recommend that more
detailed subgroup analyses should be considered to deal with the
impacts of the clinical heterogeneity within the included studies,
especially as regard different types of DM (8). For example, Kan
et al. recently found no negative effects on tear function in
patients with gestational DM (GDM) (9). This implies that
different types of DM may cause varying pathophysiologies of
DM-related DED. Furthermore, previous studies have reported
that the corneal conditions in patients with DM may be
determined by glycemic control, age, and ethnicity (10-12),
but there is insufficient evidence to explore these factors in
patients with DM-related DED.

In this study, we aimed to systematically examine the
evidence on tear function in patients with DM; specifically, we
evaluated tear function in these patients by conducting different
subgroup analyses, including type of DM, age, ethnicity, and
glycemic control status.

Methods

This systematic review and meta-analysis followed
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines (Supplemental Table S2) (13).
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The study protocol has been registered on PROSPERO
(CRD42021250498) (14).

Search strategy and study selection

We searched Embase and PubMed for relevant records from
the inception of these databases to March 16, 2022. The search
strategy is presented in Supplemental Table S3. We also
examined reference lists from previously published material
and included studies from the lists to obtain further eligible
studies. After potential records were identified from the
abovementioned databases, two investigators (YKK and ETL)
independently screened the study titles and abstracts. The same
investigators selected studies by reviewing the full text based on
our inclusion and exclusion criteria. Any disagreement about the
study selection was resolved through full discussions with the
third investigator (CCS).

Eligibility criteria for study selection

Inclusion criteria for studies were as follows: (a) study
groups included participants with DM, including type 1 DM,
type 2 DM, GDM, and unclassified DM, and the control groups
included participants without DM; (b) study outcome
assessments used common tests to assess DED severity (15);
and (c) study designs were cohort, case—control, or cross-
sectional. We excluded studies in which (a) study or control
groups focused on non-human participants; (b) study
participants had Graves’ disease, connective tissue disorders,
chronic kidney disease, or other autoimmune diseases (as
autoimmune diseases disturb lacrimal secretion and dialysis
alters tear quality) (16, 17); (c) study participants had a
medical history of corneal disease, glaucoma, contact lens
wearing, current use of ocular medication, or previous
intraocular surgery (as structural damage to the cornea and
eye drops interrupt tear secretion); (d) the literature was gray
(e.g., conference abstracts) without detailed information on
participants’ baseline characteristics, risk of bias evaluation, or
results extraction; (e) data reports were duplicated (from the
same source population); and (f) the language of publication was
not English.

Study outcomes

We included two tests for DED severity as study outcomes
(18). First, Schirmer’s test is typically used to detect the amount
of secretion of the aqueous layer of the tear film, and Schirmer’s
1 test measures total tear secretion function without topical
anesthesia. Second, tear breakup time is used to determine the
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stability of the tear film, whereas invasive tear breakup time
(ITBUT) is performed using strips soaked in fluorescein.

To evaluate differences in tear function within different
subgroups of DM types, age, ethnicity, and DM control status,
we further compared (1) tear function in the pertinent DM
group with type 1 DM versus type 2 DM versus GDM versus
unclassified DM; (2) mean participants’ age as those <65 versus
>65 years old; (3) participants’ ethnicity as Asian versus non-
Asian; and (4) mean glycosylated hemoglobin (HbA1C) levels as
<7% versus >7%.

Data extraction and quality assessment

Two investigators (YKK and ETL) independently extracted
data regarding the study region, inclusion period, trial design,
subgroups, sample size, mean age, sex ratio (male/female), DM
duration, and HbAIC levels from the included studies. The
outcome data for the meta-analyses included Schirmer’s 1 test
and ITBUT. Because the outcomes of study interest were
continuous data, we first extracted the mean and standard
deviation (SD) from the included studies for the meta-
analyses. If the included studies only reported the standard
error (SE) or interquartile range (IQR), we calculated the SD
using the formula SE = SD/YN and IQR/1.35, respectively (19,
20). If the included studies only reported the maximum and
minimum values, we calculated the SD using the formula
reported by Hozo et al. (21). If the studies only presented the
subgroup data, we pooled them together into one group for the
final meta-analysis.

Two investigators (YKK and ETL) independently assessed
the study quality using an adapted form of the Newcastle-
Ottawa Quality Assessment Scale for observational studies
(22). This scale includes three major domains (selection,
comparability, and outcome), with a total of 10 points. We
defined studies with 7-10, 5-6, and 0-4 points as good,
moderate, and low study quality, respectively (22). Any
disagreement about the study quality assessments was resolved
through full discussion with the third investigator (CCS).

Statistical analysis

We conducted quantitative syntheses using meta-analysis to
present the mean difference with a 95% confidence interval (CI)
based on the random-effects model. We used Review Manager
5.4 software provided by the Cochrane Collaboration Network
for the meta-analysis (23). We calculated the standard mean
difference (SMD) to adjust for various measurement units from
different measurement tools used among the included studies.
We calculated I* values to measure statistical heterogeneity
among the studies. Furthermore, we performed subgroup
analyses to evaluate the differences in tear function in patients
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with different types of DM, age, ethnicity, and HbA1C levels. We
considered absolute SMDs of <0.2, 0.2-0.5, and >0.8 as small,
medium, and large differences in DED severity, respectively,
between the DM and control groups (24). Results with two-sided
p < 0.05 were considered to be statistically significant.

Results

We initially identified 466 records from Embase (n = 329),
PubMed (n = 134), and three additional studies from the
reference lists of previous literature. After applying our
inclusion and exclusion criteria, we included 60 reports from
59 studies in this systematic review and meta-analysis (Figure 1).
Specifically, the Zou et al. study presented two separate reports
on adults (type 2 DM) and on children (either type 1 or 2 DM)
(25). Hence, the meta-analysis included 60 reports from
59 studies.

Characteristics and quality of
included studies

The 59 studies contributed 7,234 eyes of participants with
and without DM from China (20 studies, 2,780 eyes) (25-44),
Turkey (8 studies, 891 eyes) (45-52), the United States (4
studies, 272 eyes) (9, 53-55), Japan (5 studies, 722 eyes) (56—
60), Brazil (4 studies, 373 eyes) (61-64), the United Kingdom (2
studies, 117 eyes) (65, 66), India (3 studies, 569 eyes) (67-69),
Korea (2 studies, 330 eyes) (70, 71), and other countries (11
studies, 1,180 eyes) (71-81). There were 1,210 (16.7%) eyes in
the type 1 DM group, 4,345 (60.0%) in the type 2 DM group,
1,597 (22.1%) in the unclassified DM group, and 82 (1.1%) in the
GDM group. Participants’ ages ranged from 10.1 + 2.5 to 73.7 +
5.7 years. The other study characteristics are listed in
Supplemental Table S1.

Methodological quality of
included studies

Details of the risk of bias assessment are presented in
Supplemental Table S4. All studies were assessed as having a
low risk of bias, except for the domains of comparability. In
general, the quality of the included studies was good.

Main outcome

In this meta-analysis, 59 studies of DM evaluated severity of
DED (Figures 2 and 3) (9, 25-82). Compared with the control
group, we found that participants with DM had a lower ITBUT
(41 studies, SMD: —0.98, 95% CI: —1.27 to —0.69, I%: 95%) and
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FIGURE 1
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FIGURE 2

DM non-DM Std. Mean Difference Std. Mean Difference
Study or Subgroup _ Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Akil 2016 133 3271 45 121 176 42 2.4% 0.45 [0.02, 0.87] *
Akinci 2007 111 26 104 168 2.8 104 2.5% -2.10(-2.44,-1.76] -
Aksoy 2021 111 293 90 134 236 80  2.5% -0.86[-1.17,-0.54] =
Aljarousha 2016 5 1481 88 7 2222 88  2.5% -1.05[-1.37,-0.74] -
Alves 2014 6.14 413 14 105 26 24 22% -132[-2.05,-0.59] —_
Baek 2015 & 3 126 10 2 50 2.5% -1.08[-1.43,-0.74] -
Beckman 2014 338 1048 38  3.66 13 25  2.4% -0.24[-0.75,0.27] -1
Cakir 2016 8.19 22.1983 80 10 275 20 2.4%  -0.09[-0.58,0.40] -
Celikay 2021 10.56 4.1 50 12 2.78 50 2.5% -0.41[-0.80, -0.01] ]
Derakhshan 2019 10.2 48 51 105 2.8 20 24% -0.07[-0.59,0.45] -
Dogru 2001 8.83 031 80 12.96 139 40  2.2% -4.89(-5.63,-4.16] ——
Dogru 2004 7.8 16 92 144 2.5 100  2.4% -3.10(-3.53,-2.68] ==
Fan 2021 a 49.7 167 as 6.2 68 2.5%  -0.01[-0.29,0.27] T
Ferdousi 2018 $.39 0.4 42 8.5 1.08 25 2.1% -4.22[-5.10,-3.33] I
Garcia 2018 6.2 44 11 105 26 24 22% -129([-2.07,-0.51] ——
Goebbels 2000 18 10 86 16 11 84 2.5% 0.19 [-0.11, 0.49] ™
Gunay 2016 135 3.6 26 15.1 1.6 20 2.3%  -0.54[-1.13, 0.05] ==
Inanc 2020 9.98 3.97 65 1213 323 55  2.5% -0.59[-0.95,-0.22] -
Inoue 2001 10 3.2 114 116 2.8 59 2.5% -0.52(-0.84,-0.20] ==
Kan 2018 5.59 2.16 46 5.67 2.68 36 2.4%  -0.03 [-0.47, 0.40] -
Kesarwani 2017 8.61 16.0871 80 14.54 2.92 50 2.5% -0.46 [-0.82, -0.10] ]
Koca 2022 15.58 277 43 17.42 265 43 2.4% -0.67[-1.11,-0.24) el
Li 2014 4.44 105675 32 1236 10.1152 16  2.3% -0.75[-1.37,-0.13] —
Lin 2017 379 2.25 78 RE ] 2.6 108 2.5%  -0.08[-0.37,0.21] g
Liu 2008 8 1.6 28 10.2 0.8 22 2.3% -1.65[-2.30, -1.00] e
Liu 2019 5.08 11.5384 56 8.8 22 29 24% -0.39(-0.84,0.06] —
Lyu 2019 6.5 3.4 87 5.6 555 49 2.5% 0.21[-0.14, 0.56] —
Manchikanti 2021 4.5 2 21 9.25 0.75 21 2.0% -3.09[-4.01,-2.17] I
Onyekwelu 2020 8 2.5 199 9 3 198 2.6% -0.36[-0.56, -0.16] bl
Oriowo 2009 9.69 12,622 51 145 14556 35  2.4% -0.49[-0.92, -0.05]
Ozdemir 2003 B8.25 0.25 41 13.22 1.87 20 2.0% -4.54[-5.53, -3.55] I
Stuard 2017 11.03 6.725 18 10.225 7.175 22 2.3% 0.11[-0.51, 0.74] T
Toth 2021 6.8 42 44 8.6 5.4 39  24% -0.37(-0.81,0.06] -
Wang 2021 5.35 1.93 37 7.05 195 52 2.4% -0.87(-1.31,-0.43] -
Yang 2018 6.31 2.27 64 13.26 2.65 64 2.4% -2.80[-3.29,-2.31) -
Yoon 2004 7.82 212 94 10.95 1.56 60 2.5% -1.62[-1.99, -1.25] -
Yu 2008 9.16 14.6336 133 111 196 67  2.5% -0.16(-0.46,0.13] =7
Zhang 2016 7.27 6.9377 33 3.67 209 15 23% 0.60 [-0.02, 1.22) Ea
Zhang 2020 6.1 1.7 60 9.6 2.2 60 2.4% -1.77[-2.19, -1.34] e
Zhang 2021 6 2 31 8.5 24 38 2.4% -1.20[-1.72,-0.69] -
Zou X 2020 (Adult) 7.05 154 20 11.63 178 10 22%  -0.35(-1.12,0.41] -
Zou X 2020 (Child) 6.02 13.07 20 10.125 297 10 2.2%  -0.37[-1.13,0.40] -1
Total (95% CI) 2685 2042 100.0% -0.98 [-1.27, -0.69] *

Heterogeneity: Tau? = 0.84; Chi® = 815.39, df = 41 (P < 0.00001); I = 95%
Test for overall effect: Z = 6.63 (P < 0.00001)

-2 2 4
Favours DM Favours non-DM

Comparison of the severity of dry eye disease (DED) between diabetes mellitus (DM) and non-DM based on invasive tear breakup time (ITBUT).
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SD_Total Weight 1V, Random, 95% CI

DM non-DM

Study or Subgroup  Mean SD_Total Mean

Akil 2016 15.5 3.94 45 209 3.805 42 2.4%
Aksoy 2021 14.04 38 90 16.75 3.16 80  2.6%
Alves 2014 11.82 2.86 14 24.42 9.42 24 1.9%
Anderson 1985 25.8 633257 52 27 1225 32 2.4%
Beckman 2014 18.36 6.534 38 15.88 6.7 25 2.3%
Cakir 2016 15.3 24.8496 80 14 425 20 23%
Celikay 2021 29.7 7.9 50 26 8 50 2.5%
Chang 1995 16.1 112 146 12.1 116 121 2.7%
De Freitas 2021 10.5 5.926 120 12 4.259 120 2.7%
Fan 2021 481 1593 167 10 217 68 2.6%
Ferdousi 2018 9.27 1.36 42 10.7 1.64 25 2.3%
Gao 2015 10.5 35.9114 74 20 5 36 2.5%
Garcia 2018 11.8 9.5 11 244 9.4 24 1.9%
Gekka 2004 8.7 6 29 7.2 5.8 55 2.4%
Goebbels 2000 10 3 86 18 B 84 2.5%
Kan 2018 11.2 4.93 46 12.33 5.33 36 2.4%
Kesarwani 2017 9.78 30.5115 80 25.84 732 50 2.5%
Li 2014 4.12  9.7077 32 14.44 17.0963 16 2.1%
Liang 2021 8.17 672 76 9.26 5.56 183  2.6%
Lin 2017 5.57 4.7 78 6.55 5.93 108  2.6%
Liu 2008 7.8 1.8 28 127 122 1.8%
Liu 2019 8.27 37.1544 56 10.1 6 29 2.4%
Lyu 2019 5 4.67 87 s 7.5 49 2.5%
Manchikanti 2021 9.6 9.3 21 226 6.8 21 2.0%
Onyekwelu 2020 15 5.83 199 13.5 5.83 198  2.7%
Oriowo 2009 9.34 14.6842 51 20 29111 a5 2.4%
Qu 2017 6.75 28.1989 87 13.78 226 51 2.5%
Saito 2003 16.1 10.3 95 216 10.3 58 2.6%
Stolwijk 1991 12.24 403741 54 119 7.8 34 2.4%
Stuard 2017 19.1 8.2 18 17.8 7.9 22 2.1%
Toth 2021 10.9 10.7 44 8.8 6.2 39 2.4%
Trindade 2021 13.41 41.6296 37 11.48 466 23 23%
Yang 2018 8.68 3.79 64 12.26 4.49 64 2.5%
Yoon 2004 12.88 5.06 94 19.26 3.06 60 2.5%
Yu 2008 9.48 16.4993 133 11.91 1.82 67 2.6%
Yusufu 2018 12.4 6 30 126 6.5 30 2.3%
Zeng 2019 6.76 5.76 182 9.25 8.07 102 2.7%
Zhang 2016 6.97 65993 33 3.27 158 15 2%
Zhang 2020 57 1.6 60 8.4 24 60 2.5%
Zhang 2021 9 35 31 111 21 38 23%
Zou X 2020 (Adult) 7.25 22,9 20 189 7.82 10 1.9%
ZouX 2020 (Child) 1033 12.44 20 139 617 10  1.9%
Total (95% CI) 2800 2236 100.0%

Heterogeneity: Tau? = 0.33; Chi’ = 396.61, df = 41 (P < 0.00001); I’ = 90%

Test for overall effect: Z = 4.69 (P < 0.00001)
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Comparison of the severity of dry eye disease (DED) between diabetes mellitus (DM) and non-DM based on Schirmer's 1 test

Schirmer’s 1 test result (41 studies, SMD: —0.45, 95% CI: —0.64 to
-0.26, I*: 90%).

Subgroup analysis stratified by different
types of DM

This meta-analysis included 41 studies that evaluated ITBUT in
relation to DM type (Supplemental Figure S1A) (9, 25, 28-32, 34,
35, 39-43, 45-57, 60, 62, 64, 65, 67-71, 73, 74, 79, 80, 82).
Compared with the control group, we found lower ITBUTs in
participants with type 1 DM (8 studies, SMD: —0.98, 95% CI: —1.70
to —0.26, 1% 96%), type 2 DM (21 studies, SMD: —1.26, 95% CI:
-1.76 to —0.76, 1% 96%), and unclassified DM (12 studies, SMD:
-0.59, 95% CI: —0.86 to —0.32, I 77%). No statistical differences in
ITBUT were found in participants with GDM (one study, SMD:
-0.03, 95% CL: —0.47 to 0.40, I*: not applicable).

There were 41 studies of DM where Schirmer’s 1 test results
were evaluated (Supplemental Figure S1B) (9, 25, 26, 28-35, 37-39,
41-44, 47, 48, 51, 53-55, 58, 59, 61-65, 67-69, 71-75, 77, 82).
Compared with the control group, we found lower Schirmer’s 1 test
results in participants with type 1 DM (7 studies, SMD: —0.86, 95%
CI: —-1.39 to —0.33, I%: 91%) and type 2 DM (25 studies, SMD: —0.41,
95% CI: —0.63 to —0.18, I* 88%). However, no statistical differences
were found in participants with unclassified DM (nine studies,
SMD: —0.24, 95% CI: —0.63 to 0.14, I 86%) or GDM (one study,
SMD: 022, 95% CI: —0.66 to 0.22, I*: not applicable).
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Subgroup analysis stratified by age

Supplemental Figure S2A presents the 35 studies where
ITBUT was evaluated in relation to age (9, 25, 28-32, 34, 39-
43, 45-54, 56, 57, 60, 65, 67-71, 79, 80, 82). Compared with the
control group, we found younger participants had a lower
ITBUT (30 studies, SMD: —1.19, 95% CI: —-1.55 to —0.83, I*:
96%), whereas no statistical differences in ITBUT were found
among elderly participants (five studies, SMD: —0.27, 95% CI:
-0.83 to 0.28, I*: 89%).

The 36 studies of DM where Schirmer’s 1 test results were
evaluated in relation to age are shown in Supplemental Figure
S2B (9, 25, 26, 28-34, 38, 39, 41-44, 47, 48, 51, 53, 54, 58, 59, 61,
63, 65, 67-69, 71-75, 77, 82). Compared with the control group,
we found lower Schirmer’s 1 test results in younger participants
(29 studies, SMD: —0.51, 95% CI: —0.76 to —0.26, % 92%) and
elderly participants (7 studies, SMD: —0.23, 95% CI: —0.46 to
-0.01, I*: 67%).

Subgroup analysis stratified by ethnicity

There were 41 studies of DM that evaluated ITBUT together
with ethnicity (Supplemental Figure S3A) (9, 25, 28-32, 34, 35,
39-43, 45, 47-57, 60, 62, 64, 65, 67-71, 73, 74, 79, 80, 82).
Compared with the control group, we found a lower ITBUT in
Asian (26 studies, SMD: —1.01, 95% CI: —1.35 to —0.66, 2 95%)
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and non-Asian patients with DM (15 studies, SMD: —0.94, 95%
CIL: —1.49 to —0.39, I*: 95%).

With regard to Schirmer’s 1 test results, 41 studies included
ethnicity (Supplemental Figure S3B) (9, 25, 26, 28-35, 37-39,
41-44, 47, 48, 51, 53-55, 58, 59, 61-65, 67-69, 71-75, 77, 82).
Compared with the control group, we found lower Schirmer’s 1
test results in Asian (26 studies, SMD: —0.47, 95% CI: —0.69 to
-0.26, 1% 89%) and non-Asian patients with DM (15 studies,
SMD: —0.41, 95% CI: —0.80 to —0.02, I*: 91%).

Subgroup analysis stratified by
HbA1C levels

Twenty-one studies of DM investigated ITBUT in relation to
HbAI1C levels (Supplemental Figure S4A) (9, 30, 32, 34, 42, 45—
51, 53, 54, 56, 60, 65, 69, 70, 80, 82). Compared with the control
group, we found a lower ITBUT in participants with both poor
control of DM (15 studies, SMD: —1.26, 95% CI: —1.86 to —0.66,
I 97%) and good control of DM (6 studies, SMD: —0.47, 95%
CIL: —0.87 to —0.07, I*: 84%).

Twenty studies evaluated Schirmer’s 1 test results with
HbAI1C levels (Supplemental Figure S4B) (9, 30, 32-34, 38, 42,
47,48, 51, 53, 54, 58, 59, 61, 63, 65, 69, 75, 82). Compared with
the control group, we found lower Schirmer’s 1 test results in
participants with poor control of DM (15 studies, SMD: —0.25,
95% CI: —0.48 to —0.02, I*: 83%), but no statistical differences
were found in participants with good control of DM (5 studies,
SMD: —0.25, 95% CI: —0.72 to 0.22, I*: 86%).

Discussion

Based on the meta-analyses of ITBUT and Schirmer’s 1 tests,
this study indicated that patients with DM presented with worse
tear function than those without DM. More importantly, our
findings could be the first summarized evidence on tear function
within different DM subgroups. For example, unlike types 1 and
2 DM, we found patients with GDM had similar tear function to
control groups. Moreover, patients with DM with good glycemic
control had similar tear function to those without DM. However,
tear function was similar in Asian and non-Asian patients
with DM.

The influence of chronic hyperglycemia, such as in type 1
and type 2 DM, on DED has been elucidated by several
mechanisms, including microvascular changes of the lacrimal
gland, a reduced lipid layer in tear film composition, a high grade
of conjunctival squamous metaplasia, an increased
inflammatory process, and a low goblet cell density (83, 84).
However, our subgroup analysis showed no significant difference
between the tear function of patients with GDM and healthy
pregnant women. A possible explanation could be the short
duration of DM with a low degree of hyperglycemia in patients

Frontiers in Endocrinology

06

10.3389/fendo.2022.1036002

with GDM (9), so the clinical impacts from GDM on tear
function may be relatively minor. Our finding may provide the
fundamental evidence for further studies to confirm this
proposed hypothesis.

Previous evidence regarding the role of ethnicity in tear
function suggested that Asian populations were associated with
higher risk of DED (12, 85, 86). However, in this systematic
review and meta-analysis, we observed similar tear function in
Asian and non-Asian patients with DM. Our findings may
support the previous study from Butovich et al. indicating that
minimal differences in meibogenesis and the process of lipid
secretion from meibomian glands among different ethnicities
were unlikely to differentially affect tear function between Asians
and Caucasians (87).

Early studies reported age as a significant risk factor for
decline of tear function, because it is associated with lacrimal
gland atrophy with lymphocyte infiltration, eyelid laxity, and
meibomian gland dysfunction (88-93). In this presented meta-
analysis, we found elderly patients with DM may have better tear
function than younger patients, contrary to previous reports.
However, the impact of glycemic control on tear function in this
subgroup analysis could not be ignored, because elderly patients
usually have better glycemic control compared with younger
patients (32, 42). Among five and seven included studies with
elderly patients reporting ITBUT and Schirmer’s 1 test in our
meta-analysis, respectively, only two studies reported the mean
baseline HbA1C levels. We found both included studies had a
mean HbA1C of less than 7%, whereas there were no differences
in ITBUT (two studies, SMD: —0.48, 95% CI: —1.87 to 0.90, I*:
95%; Supplemental Figure S5A) and Schirmer’s 1 test results
between this population and the controls (two studies, SMD:
—0.35,95% CI: —1.07 to 0.37, I%: 83%; Supplemental Figure S5B).
Taking together all our results, we suggest that, under the
optimal glycemic controls in elderly patients with DM could
maintain the tear function as the control group. In addition,
more studies on the tear function form elderly patients with
inadequate glycemic controls should be determined.

Compared with previous systematic review with meta-
analysis (8), this presented work included 46 more recent
studies from China, Turkey, the United States, and other
countries, which makes our findings more generalizable to
clinical practice. However, some limitations should be noted
before the interpretations of our study findings. First, we
conducted various subgroup analyses (e.g., types of DM, age,
ethnicity, and glycemic controls) with random-effects analyses to
address the substantial clinical heterogeneity among the
included studies. For example, some included studies were not
based on well-matched designs to compare tear function
between DM- and non-DM groups, so potential impacts from
possible confounders could not be totally excluded. Second,
result inconsistency among the studies were found, even after
the subgroup stratifications with the random-effects analyses.
Third, not every included study reported the mean with SD data
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for our meta-analysis; however, using different published
approaches, we were able to convert SE, IQR, or maximum
and minimum values. Finally, because this study mainly focused
on type 1 or type 2 DM, our findings may not apply to
prediabetic patients whose tear function may be substantially
different from type 1 or type 2 DM patients (94). Regularly
updated meta-analyses with future studies are required to
replicate our findings.

In conclusion, this systematic review and meta-analysis
found that patients with type 1 or type 2 DM had worse tear
function compared with the non-DM groups. The level of tear
function could be determined by glycemic control. Our findings
suggest that glycemic control in patients with DM is critical for
maintaining tear function.
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