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Abstract
Purpose To assess the tear film layers and Meibomian glands by a noninvasive ocular surface analyzer in patients with and 
without type 1 diabetes mellitus (T1DM).
Methods Eighty-eight participants were enrolled in this study: 44 patients with T1DM without diabetic retinopathy, and 
44 patients as a control group, between 18 and 49 years old. Limbal and bulbar redness classification, lipid layer thickness 
(LLT), tear meniscus height (TMH), first and mean noninvasive tear break-up time (FNIBUT and MNIBUT, respectively), 
and Meibomian glands loss (MGL) were assessment through the ICP Ocular Surface Analyzer (OSA). Schirmer’s I test 
(SIT), the fluorescein tear break-up time test (TFBUT), OSDI and SPEED questionnaires, and percentage of glycosylated 
hemoglobin (HbA1c) were also tested.
Results The T1DM group showed higher limbal and bulbar redness (p = 0.010) and lower LLT (p < 0.001), TMH (p < 0.001), 
FNIBUT (p < 0.001), MNIBUT (p < 0.001), SIT (p = 0.001), and TFBUT (p < 0.001) than the control group. A higher percent-
age of MGL was found in the T1DM group in the upper (p = 0.097) and lower (p < 0.001) eyelids. No significant differences 
were found in dry eye symptoms across the OSDI and SPEED questionnaires between the two groups.
Conclusion Patients with T1DM without signs of retinopathy showed involvement of the mucoaqueous and lipid layers of the tear film, 
as well as a higher percentage of MGL, using a noninvasive analyzer. Dry eye disease in people with T1DM cannot be ruled out by 
anamnesis and subjective symptom questionnaires alone; therefore, these patients should undergo regular anterior pole examinations.

Diabetes mellitus has been associated with dry eye disease, there are few studies in adults with type 1
diabetes mellitus without retinopathy or neuropathy and none using a noninvasive device that analyses all layers
of the tear film and Meibomian glands.   
There are different studies on the relationship between type 1 diabetes mellitus and dry eye disease, as well as its
relationship with the state of the Meibomian glands, and none that use a non-invasive device that analyzes all
the layers of the tear film.   
Patients with type 1 diabetes mellitus showed involvement of the mucoaqueous and lipid layers of the
tear film, as well as a higher percentage of  the Meibomian glands loss, using a noninvasive analyzer.   

Key messages

Keywords Dry eye disease · Meibomian glands dysfunction · Ocular surface · Tear film · Type 1 diabetes mellitus

Introduction

Diabetes mellitus (DM) is a systemic and chronic degenera-
tive disease characterized by chronic hyperglycemia due to 
deficiency in the production or action of insulin, affecting 
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the metabolism of carbohydrates, proteins, and fats. In type 
1 diabetes mellitus (T1DM), the β cells of the pancreas are 
destroyed, which leads to an absolute insufficiency of insulin 
in the blood [1]. It can affect practically all ocular structures, 
with corneal dysfunction being the main complication in the 
anterior segment, with the appearance of abnormal sensitiv-
ity, delayed corneal re-epithelialization, diabetic keratopa-
thy, progressive decrease in density and/or alteration of the 
corneal nerve, and opacity of the lens at a younger age [2].

We can also find alterations of the tear film, the function 
of which is to lubricate and maintain a smooth and refrac-
tive surface for optimal visual performance. Dry eye disease 
(DED) is defined as a disorder of the tear film and the ocular 
surface caused by insufficient tears or excessive evaporation 
of the same, which produces damage to the interpalpebral 
ocular surface and symptoms of discomfort [3].

The stability of the tear film can be assessed with different 
tests, such as the Schirmer test, the invasive tear break-up time, 
noninvasive tear break-up time (NIBUT), lipid layer thickness 
(LLT), or the tear meniscus height (TMH). The measurement 
of these parameters is important to diagnose DED. Normally, 
an observer takes measurements using the slit lamp and the use 
of fluorescein to assess the tear break-up time (TFBUT), which 
implies that the measurement is not entirely reliable. These 
tests evaluate different aspects of the tear, such as its produc-
tion or quality, to classify DED into tear deficiency or exces-
sive evaporation. In the latter, the Meibomian glands (MG) 
play an important role; Meibomian glands dysfunction (MGD) 
is commonly characterized by terminal duct obstruction and/
or qualitative/quantitative changes in glandular secretion and 
is the leading cause of evaporative DED [2].

Eyes with an abnormally low tear film break-up time and 
the presence of subjective symptoms are considered to have 
DED; however, the Dry Eye Workshop II (DEWS II) of the 
Tear Film and Ocular Surface Society (TFOS) has recently 
published dry eye definition as follows: “Dry eye is a multi-
factorial disease of the ocular surface characterized by a loss 
of homeostasis of the tear film, and accompanied by ocular 
symptoms, in which tear film instability and hyperosmolar-
ity, ocular surface inflammation and damage, and neurosen-
sory abnormalities play etiological roles” [4]. Stapleton F 
et al. in a meta-analysis concluded that the prevalence of 
dry eye can range from 5 to 50% depending on age, sex, 
race, or geographic region analyzed [5]. The study by Millán 
et al., on the 11-year incidence of dry eye and risk factors 
in a cohort of 209 adults in Spain, obtained an incidence of 
25.4% and 31.6% in signs and symptoms of dry eye, respec-
tively, significantly associated with age (p < 0.05). In addi-
tion, they also concluded that some factors may increase the 
risk of dry eye signs and others of dry eye symptoms [6].

Therefore, it is necessary to make evaluations of the 
tear film as objective as possible. Newer diagnostic tests, 
such as tear film osmolality, refractive meniscometry for 

measurement of TMH, infrared meibography, interferometry 
to analyze the lipid layer of the tear film, the stability of the 
tear film (video keratography), and ocular surface thermog-
raphy, are some of the instruments used to objectify these 
examinations.

There are different studies on the relationship between 
diabetes and DED. Although most of these studies have been 
carried out in patients with type 2 diabetes mellitus (T2DM) 
[7–9] or in patients with T1DM in childhood [10, 11], none 
of them presents objective data of patients with T1DM as 
well as their relationship with the state of the MG.

Although DM has been associated with DED, there 
are few studies in adults with T1DM without retinopa-
thy or neuropathy and none using a noninvasive device 
that analyzes all layers of the tear film and Meibomian 
glands. The diagnosis of DED aims not only to detect 
this pathology to treat it but also to reduce the factors 
that lead to serious corneal complications that can com-
promise vision, such as corneal inflammation, corneal 
abrasions, or ulcers [3].

The aim of this research was to assess the tear film lay-
ers and meibomian glands by a noninvasive ocular surface 
analyzer in patients with and without T1DM.

Material and methods

Study design and ethics

A cross-sectional, case–control study was carried out in 
the Optometry Facilities of the Faculty of Pharmacy of the 
University of Seville (Seville, Spain) between January and 
May 2022. The study was conducted according to the ethi-
cal principles for medical research set out in the Declaration 
of Helsinki and was approved by the Ethical Committee of 
Andalusia (code 1474-N-19).

Selection of participants

For the selection of participants with T1DM, a proposal for 
participation in the study was sent by email to the asso-
ciation of diabetics of Seville (ANADIS). In addition, an 
age- and sex-matched control group was selected among 
volunteers of the university community of the Faculty of 
Pharmacy of Seville. All participants signed an informed 
consent form after an explanation of the nature and conse-
quences of the study.

The inclusion criteria were as follows: (1) age between 18 
and 50 years; (2) absence of systemic or ocular disease; (3) 
absence of pharmacological prescription except for T1DM; 
and (4) absence of a previous history of ocular surgery.

The exclusion criteria were as follows: (1) ocular infec-
tion or inflammation; (2) taking any ophthalmic or systemic 
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medications with tear film or ocular surface effects; (3) 
pregnant or breastfeeding patients; (4) a recent history of 
contact lens wearing; and (5) use of any ocular lubricant 
1 week before.

Subjects with T1DM were controlling their DM with 
insulin injections, had to be diagnosed by a diabetes physi-
cian specialist with the disease at least 3 years earlier, and 
had no signs of retinopathy on fundus imaging according to 
the Early Treatment of Diabetic Retinopathy Study (ETDRS) 
[12]. Controls should have a percentage of capillary glyco-
sylated hemoglobin (HbA1c) of no more than 5.6%.

Material and measurements

The symptomatology of dry eye was evaluated using two 
subjective questionnaires: the Ocular Surface Disease Index 
(OSDI) [13] and the Standard Patient Evaluation of Eye Dry-
ness (SPEED) test [14]. A nonmydriatic retinography (CSO 
nonmydriatic fundus camera Cobra HD, Italy) examination 
was performed to rule out the presence of signs of diabetic 
retinopathy. HbA1c was also tested in all subjects using 
the Cobas b-101 analyzer (Roche Diagnostic) to determine 
glycemic control. HbA1c defines the average blood glucose 
level of the previous 2–3 months, and in patients with DM, 
it reflects the success of diabetes management [15].

The noninvasive analysis of the tear film was performed 
through the Integrated Clinical Platform (ICP) Ocular Sur-
face Analyzer (OSA) from SBM System® (Orbassano, 
Torino, Italy) [16–18]. OSA provides a complete non-
invasive assessment of the ocular surface by combining 
several tests for the diagnosis of DED. This device was 
placed in the tonometer hall of the slit lamp. The measure-
ments performed using this instrument were the limbal and 
bulbar redness classification, lipid layer thickness (LLT), 
tear meniscus height (TMH), first and mean noninvasive 
tear break-up time (FNIBUT and MNIBUT, respectively) 
(objective and automatic), and Meibomian gland loss 
(MGL) percentage and grade (objective and automatic) 
[19].

Tear volume was measured by Schirmer’s I test (SIT) 
[20], and the invasive analysis of tear film stability was 
carried out through the fluorescein tear break-up time test 
(TFBUT) using cobalt blue illumination of a slit lamp (Top-
con SL-6E, Japan). TFBUT was the average of the three 
measures of each eye [21].

Examination procedure

After verification of compliance with the previously estab-
lished criteria, subjects were included in the study.

This was followed by noninvasive examination of the 
tear film by OSA in the following order [19]: (I) limbal 
and bulbar redness. The degree of redness was assessed by 

comparing the image taken by the device with the Efron 
scale [22] (0 = normal, 1 = trace, 2 = mild, 3 = moderate, 
4 = severe). Reddening values above grade 2 were con-
sidered abnormal. (II) Interferometric LLT. The inter-
ferometric patterns were classified into the 7 categories 
defined by Guillon [23] and their quantitative equivalence 
in LLT (from thinner to thicker: 0 < 15 nm – not present, 
1 ~ 15 nm – open meshwork, 2 ~ 30 nm – close meshwork, 
3 ~ 30/80 nm – wave, 4 ~ 80 nm – amorphous, 5 ~ 80/120 nm 
– color fringes, 6 ~ 120/160 nm – abnormal color). Catego-
ries below the wave pattern were considered abnormal and 
corresponded to reduced lipid layer thickness. (III) TMH. 
This test assessed the mucoaqueous layer of the tear. TMH 
was measured in millimeters along the lower lid margin at 
the center of the cornea by the magnification tool. TMH 
values ≤ 0.20 mm were considered abnormal [24]. (IV) Non-
invasive tear break-up time. With this measurement, the tear 
film stability was evaluated. The device automatically pro-
vides the FNIBUT and MNIBUT in seconds (s). Values of 
MNIBUT < 10 s were considered abnormal and indicative of 
eye [25]. (V) Meibomian gland assessment. The percentage 
and degree of MGL were determined by noncontact infrared 
meibography and subsequent automatic analysis, or semiau-
tomatic when this was not possible, on the lower and upper 
eyelids separately. The percentage of MGL was represented 
as the percentage of the area of missing glands in the region 
of the lower and upper tarsal plates and graded according to 
a 4-stage scale (Meiboscale) [26] (0 ~ 0%, 1 < 25%, 2 = 26% 
– 50%, 3 = 51% – 75%, 4 > 75%). An MGL value above 25% 
(grade 2) was considered abnormal.

Finally, invasive tear film analysis was performed using 
SIT and TFBUT. ST < 10 mm and TFBUT < 10 s were con-
sidered abnormal [25].

All examinations were performed at the same location, 
under the same temperature and humidity conditions, by an 
experienced examiner using the same instrumentation.

Statistical analysis

Because there were no significant differences observed in 
measurements between the right and left eyes, data from 
one eye per patient were considered for further analysis, 
choosing the right eye or left eye by simple and computer-
generated random numbers.

Data were analyzed using IBM SPSS® Statistics 26 for 
Windows version (IBM Corporation, Armonk, NY). The 
normality of the variables was checked using the Shap-
iro–Wilk test (p > 0.05). Quantitative variables that con-
formed to normal were described by the mean ± standard 
deviation (SD), and those that were not described, by the 
median (interquartile range). Comparisons between the 
two groups were analyzed using the independent T test 
(Mann–Whitney U test for nonparametric). The chi-square 
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test was used for qualitative variables. The relationship 
between the variables considered was assessed using the 
correlation Pearson test (Spearman for nonparametric). For 
all comparisons, a p value < 0.05 was considered statistically 
significant.

The sample size was determined in the GRAMMO® 
calculator (Institut Municipal d’Investigació Mèdica, Bar-
celona, Spain, Version 8.0) based on the TMH as the main 
study variable. The common SD in the TMH is assumed 
to be 0.07 for the group with type 1 diabetes based on the 
results obtained by Han et al. [27]. Accepting an alpha risk 
of 0.05 and beta risk of 0.2 in a two-sided test, a minimum 
of 31 subjects are necessary in each group to recognize as 
statistically significant a difference greater than or equal to 
0.05 mm in the TMH.

Results

Demographics and clinical characteristics

Eighty-eight subjects (36 males and 52 females) were 
enrolled in this study, including 44 patients with T1DM and 
44 controls between 18 and 49 years old. All subjects were 
Spanish Caucasians. The demographics and clinical charac-
teristics of the participants are shown in Table 1.

The T1DM and control groups were similar with respect 
to age, sex, correct distance visual acuity, and subjective dry 
eye symptom questionnaires score points OSDI and SPEED; 
however, there was a statistically significant difference in the 
percentage of HbA1c between the two groups (p < 0.001). 

Scores on the OSDI and SPEED questionnaires were directly 
correlated (ρ = 0.697, p < 0.001).

Noninvasive tear film test

Comparisons of the values obtained in the OSA tests 
between the two groups of participants, the statistical sig-
nificance (p value), and subjects with abnormal values in 
each variable are summarized in Table 2.

The T1DM group showed higher limbal and bulbar redness 
than the control group (p = 0.010). Fifty-four percent of the 
participants had conjunctival redness equal to or greater than 
grade 2 (mild) on the Efron scale [22], and 35% were in patients 
with T1DM compared to 19% without T1DM. An example of 
conjunctival redness examination is presented in Fig. 1.

In the LLT assessment, lower lipid pattern values were 
obtained in the T1DM group than in the control group 
(p < 0.001). Seventy-seven percent of the participants (45% 
in the T1DM group and 32% in the control group) had a lipid 
pattern category below the wave pattern (~ 30/80 nm), thus 
reducing LLT. Examples of examinations of different lipid 
patterns found are presented in Fig. 2.

The TMH in the T1DM group was lower than that in the 
control group, with a statistically significant median difference 
of 0.09 mm (p < 0.001). Twenty-eight percent of the partici-
pants (26% with T1DM and 2% without T1DM) had a reduced 
meniscus height, indicating a decreased mucoaqueous layer.

In the assessment of tear film stability, patients with 
T1DM had a lower FNIBUT and MNIBUT than controls 
(p < 0.001). Sixty-six percent of participants (43% with 

Table 1  Demographics and 
clinical characteristics of the 
participants in the study

CDVA corrected distance visual acuity, DMT1 type 1 diabetes mellitus, IQR interquartile range, OSDI Ocu-
lar Surface Disease Index, SD standard deviation, SPEED Standard Patient Evaluation of Eye Dryness
Values are presented as mean ± SD (range) or median (IQR) (range) in quantitative variables and as fre-
quency (percentage) in qualitative variables
a Statistically significant differences through independent T test

Variable T1DM group
(n = 44)

Control group
(n = 44)

p value

Age (years) 31.00 ± 10.49
(18 to 49)

30.09 ± 10.48
(18 to 49)

0.910

Male, n (%)
Female, n (%)

16 (36)
28 (64)

20 (45)
24 (55)

0.386

CDVA (Log MAR)  − 0.086 ± 0.049
(0.04 to − 0.18)

 − 0.094 ± 0.073
(0.06 to − 0.28)

0.499

HbA1c (%) 6.88 ± 0.64
(5.8 to 8.4)

4.99 ± 0.20
(4.6 to 5.4)

 < 0.001a

Diabetes duration (years) 16.27 ± 9.03
(3 to 38)

0 –-

OSDI (score points) 12.50 (5.21, 22.50)
(0 to 41.67)

8.33 (4.17, 18.75)
(0 to 37.50)

0.637

SPEED (score points) 4.00 (1.50, 8.50)
(0 to 16)

4.00 (2.00, 9.00)
(0 to 12)

0.563
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T1DM and 28% without T1DM) presented tear film insta-
bility and therefore the presence of dry eye signs by showing 
an MNIBUT of less than 10 s [25].

Meibomian gland assessment

A higher percentage of MGL was found in the T1DM group 
in the upper and lower eyelids, although the difference 
between the two groups was only statistically significant in 
the case of the lower eyelid (p < 0.001) (Table 2). Regarding 
the lower eyelid MGL percentage, in 64% of participants 
(46% with T1DM and 16 without T1DM), it was higher than 
25% (grade 2). In contrast, the upper eyelid MGL percent-
age was higher than 25% (grade 2) in only 32% of the par-
ticipants (20% with T1DM and 18% without T1DM). Some 
examples of upper and lower eyelid MGLs through OSA are 
shown in Fig. 3.

Invasive tear film analysis

In the SIT, lower values were obtained in the T1DM group 
than in the control group (p = 0.001) (Table 2). Twenty-
seven percent of the participants (20% with T1DM and 7% 
without T1DM) had a reduced tear volume according to 
this test. Regarding the TFBUT, the T1DM group also had 
a lower value than the control group (p < 0.001) (Table 2). 

Table 2  Comparison of 
the ocular surface analyzed 
parameters between the two 
groups of participants, and 
subjects (n, %) with abnormal 
values in each variable

T1DM type 1 diabetes mellitus, MGL Meibomian glands loss, FNIBUT first noninvasive break-up time, 
MNIBUT mean noninvasive break-up time, TFBUT fluorescein break-up time test
a Values are presented as mean ± SD or median (IQR)
b Statistically significant differences by Mann–Whitney U test
c Statistically significant differences by independent T test

Variables a T1DM group
(n = 44)

Control group
(n = 44)

p value Subjects with 
abnormal values, 
n (%)

T1DM Control

Limbal and bulbar redness
(Efron scale)

2.00 (1.00,2.00) 1.00 (1.00,2.00) 0.010b 31 (70) 17 (39)

Tear meniscus height (mm) 0.20 (0.18, 0.23) 0.29 (0.24, 0.35) ˂0.00b 23 (52) 2 (8)
Lipid layer thickness
(Guillon pattern)

1.00 (1.00, 2.00) 2.00 (2.0, 3.00) ˂0.001b 40 (91) 28 (64)

FNIBUT
(seconds)

4.41 (3.87, 4.74) 5.14 (4.48, 5.56) ˂0.001b - -

MNIBUT
(seconds)

8.65 (7.01, 9.60) 9.80 (9.15, 10.95) ˂0.001b 35 (86) 25 (57)

Upper eyelid MGL
(percentage)

23.59 ± 10.43
22.50 (14.50, 31.50)

19.11 ± 12.57
19.00 (6.50, 30.00)

0.097 18 (41) 16 (36)

Lower eyelid MGL
(percentage)

33.27 ± 10.20
36.00 (30.00, 41.50)

24.23 ± 10.89
22.00 (16.50, 30.50)

 < 0.001c 40 (91) 16 (36)

Schirmer I test
(mm/5 min)

5.00 (4.00, 6.50) 5.50 (6.00, 13.00) ˂0.001b 18 (41) 6 (14)

TFBUT
(s)

13.00 (8.50, 25.00) 21.5 (15.50, 35.00) 0.001b 42 (96) 27 (61)

Fig. 1  Bulbal and limbar redness classification as grade 3 according 
to the Efron scale [19]. A The left eye with temporal conjunctival 
blood vessels fluidity deactivated. B The same eye with conjunctival 
blood vessels fluidity activated
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Seventy-two percent of participants (48% with T1DM and 
31% without T1DM) had values of less than 10 s, indicat-
ing tear film instability.

Correlation analysis of HbA1c and diabetes duration 
with the tests

The percentage of HbA1c was directly correlated with 
limbal and bulbar redness (ρ = 0.226, p = 0.034) and lower 

eyelid MGD (r = 0.396, p < 0.001). In addition, HbA1c was 
inversely correlated with TMH (ρ =  − 0.584, p < 0.001), LLT 
(ρ =  − 0.361, p = 0.001), FNIBUT (ρ =  − 0.525, p < 0.001), 
MNIBUT (ρ= − 0.399, p < 0.001), SIT (ρ =  − 0.317, 
p = 0.003), and TFBUT (ρ =  − 0.566, p < 0.001).

In the T1DM group, an inverse correlation of diabetes 
duration with LLT (ρ =  − 0.400, p = 0.007) and a direct 
correlation of diabetes duration with upper eyelid MGD 
(ρ = 0.413, p = 0.005) were obtained.

Fig. 2  Examples of different interferometric lipid patterns found 
through the ocular surface analyzer (OSA). Classification was per-
formed according to the categories defined by Guillon [19] and their 
quantitative equivalence in lipid layer thickness (LLT). A Not pre-

sent (0 < 15  nm). B Open meshwork (~ 15  nm). C Close meshwork 
(~ 30 nm). D Wave (~ 30/80 nm). E Amorphous (~ 80 nm). F Color 
fringes (80/120 nm)

Fig. 3  Meibomian gland assess-
ment through the ocular surface 
analyzer (OSA). The percent-
age of Meibomian gland loss 
(MGL) was graded according 
to a 4-stage scale (Meiboscale) 
[23]. A, C The right eyes and 
B, D the left eyes. A The upper 
eyelid MGL = 31% (grade 2); 
B the upper eyelid MGL = 8% 
(grade 1); C the lower eyelid 
MGL = 58% (grade 3); D the 
lower eyelid MGL = 33% (grade 
2)
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Discussion

In this study, tear film layers and MGs were assessed in adult 
patients with and without T1DM using a noninvasive ocular 
surface analyzer. A statistically significant impairment of the 
mucoaqueous and lipid layers, as well as a greater loss of lower 
eyelid MGs, was found in patients with T1DM. However, no 
significant differences were found in dry eye symptoms across 
the OSDI and SPEED questionnaires between the T1DM and 
control groups. This could be because some of the T1DM 
patients may have a lower corneal sensitivity caused by periph-
eral neuropathy [28]. Diabetic neuropathy is a serious compli-
cation of diabetes and the main cause of nerve damage [29]. 
In some cases, because of this, patients with T1DM may be 
asymptomatic even with severe damage to the ocular surface, 
indicating progression of peripheral neuropathy [30].

Noninvasive tear film test

The tear film was quantified noninvasively, obtaining LLT 
and bulbar network measurements by optical interferometry, 
TMH, FNIBUT, and MNIBUT. In all of them, lower results 
were obtained in the T1DM group compared to the control 
group, except for bulbar redness, which was greater in the 
T1DM group, and the differences were also statistically sig-
nificant in all of them. Several authors describe the differences 
in NIBUT between people with and without DM, although the 
methods of measurement are very different, and many meas-
ure it invasively (TFBUT) and in T2DM [31] or in children 
[10, 32], always describing lower values for patients with DM.

We cannot make an exhaustive comparison of the 
FNIBUT or the MNIBUT, two values of recent appearance 
with the use of noninvasive devices, which are usually com-
pared with the reference values in subjective methods.

Few studies perform a complete noninvasive examina-
tion of the tear film, such as that of Zeng et al. [33], which 
found no differences between patients with DM and the 
control group in the TMH and NIBUTM measured with 
Keratograph, nor in the LLT, measured with the Tearscope, 
although in this case they are again T2DM; or Garzon P 
et al. [34] that quantifies NIBUT, LLT with interferometry, 
and TMH with OCT in T2DM, also obtaining lower values, 
but without statistically significant differences. Additionally, 
Han et al. [27] used a dry eye analyzer similar to the one 
used in the present study, describing worse results in the 
analyzed group, although they were again T2DM patients; 
similarly, Nadeem et al. [28] described a lower TMH and no 
relationship between this loss and the duration of the disease 
and who also suffered from diabetic retinopathy.

Only Misra et al. [35] noninvasively analyzed NIBUT and 
LLT in patients with T1DM, obtaining lower values. Only 
the former was significant, but these patients were diagnosed 
with corneal neuropathy.

Meibomian gland assessment

Patients with T1DM showed a higher percentage of MGL 
than patients without T1DM, with the highest value found in 
the lower eyelid of patients with T1DM, grade 2 according 
to the Meiboscale [26]. Eom et al. [36] reported a statisti-
cally significant higher lower eyelid and upper eyelid MGL 
in patients with obstructive MGD, but no studies have been 
found in people with T1DM. Because of MGD, a reduction 
in the lipid layer was also found in this study [37]. The rela-
tionship of MGD with T2DM has been studied by several 
authors [9, 20, 33, 34, 38–40], mostly indicating a higher 
MGD in these patients; however, studies in the population 
with T1DM are more limited, and this is the first one in an 
adult population. There are recent publications in children 
and adolescents with T1DM [41, 42]. In the study by Koca 
et al. [41], children with T1DM had a higher percentage 
of GML than controls, although this did not correlate with 
HbA1c or duration of diabetes; however, the study by Gunay 
et al. [42] reported certain altered ocular surface parameters 
but no differences with controls with respect to MGL.

Invasive tear film tests

Participants with T1DM had a reduced tear volume com-
pared to controls in the SIT. These results are consistent with 
other research in adults with T1DM [43, 44], children and 
adolescents [42, 45], and subjects with T2DM [33, 46–49] 
but disagree with Ferdousi et al. [50]. Shujaat et al. [45] 
suggested that diabetes may cause damage to the microvas-
culature and innervation of the main lacrimal gland, affect-
ing tearing.

Regarding TFBUT, patients with T1DM had lower 
TFBUT values than controls, corroborating the results of 
other authors [45, 50] and supporting the results obtained 
in the NIBUT, although there are also some authors who 
disagree with this result.

It is logical to suppose that if SIT values are lower in 
patients suffering from DM, as has been described by some 
authors, and with which we agree, and the MG are more 
affected, we would find lower values of LLC and TMH. 
This would be related to the fact that the mean value of 
bulbar reddening is higher in T1DM, also considering that 
the mucoaqueous layer of the tear is reduced in this group.

Correlation analysis of HbA1c and diabetes duration 
with the tests

The percentage of HbA1c correlated significantly with all 
tests performed except the upper eyelid MGL, indicating a 
relationship between high HbA1c values and deterioration 
of the tear film layers and the lower eyelid MGL. Tavakoli 
et al. [51] indicated a significant inverse correlation between 
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HbA1c and corneal nerve fiber density, which would indi-
cate the protective factor of good glycemic control against 
corneal complications.

A statistically significant moderate relationship of dia-
betes duration with lower LLT (p = 0.007) and higher upper 
eyelid MGL (p = 0.005) was also found, showing a direct 
relationship with the presence of evaporative-type dry eye. 
Other studies have also indicated that tear film instability 
increases with diabetes duration, finding a relationship with 
TFBUT in patients with T1DM [10, 45].

Limitations

Given the cross-sectional design, this study only reports a 
relationship between the factors and the results obtained, but 
we cannot draw conclusions about the cause. Future longitu-
dinal studies are needed to confirm these results. Moreover, 
an examiner masked to the type of patient would reduce the 
risk of bias. In addition, a larger sample size would be rec-
ommended to be able to group patients according to HbA1c 
percentage, duration of diabetes, age, or sex.

Conclusion

Patients with T1DM without signs of retinopathy showed 
involvement of the mucoaqueous and lipid layers of the tear 
film, as well as a higher percentage of MGL, using a nonin-
vasive analyzer. DED in people with T1DM cannot be ruled 
out by anamnesis and subjective symptom questionnaires 
alone; therefore, these patients should undergo regular ante-
rior pole examinations. Noninvasive instruments, such as the 
OSA, are useful to make a rapid diagnosis of dry eye signs, 
causing less discomfort to patients than invasive methods.

Acknowledgements The authors would like to thank all the partici-
pants in the project for their collaboration. In addition, the authors 
also appreciate the support offered by the members of the Faculty of 
Pharmacy of the University of Seville, and the facilities of the Degree 
in Optics and Optometry.

Funding Funding for open access publishing: Universidad de Sevilla/
CBUA

Data availability The data showed in this research are available on 
request from the corresponding author. The data are non-publicly avail-
able due to their containing information that could compromise the 
privacy of research participants.

Declarations 

Ethical approval All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the Ethical 
Committee of Andalusia (code 1474-N-19) and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual 
participants included in the study.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. American Diabetes Association (2020) Classification and diag-
nosis of diabetes: standards of medical care in diabetes-2020. 
Diabetes Care 43(Suppl 1):S14–S31. https:// doi. org/ 10. 2337/ 
dc20- S002

 2. Ha M, Oh SE, Whang WJ et al (2022) Relationship between 
meibomian gland loss in infrared meibography and meibum 
quality in dry eye patients. BMC Ophthalmol 22(1):292. https:// 
doi. org/ 10. 1186/ s12886- 022- 02509-5

 3. Shimazaki J (2018) Definition and diagnostic criteria of dry 
eye disease: historical overview and future directions. Investig 
Ophthalmol Vis Sci 59(14 Special Issue):DES7–DES12. https:// 
doi. org/ 10. 1167/ iovs. 17- 23475

 4. Craig JP, Nichols KK, Akpek EK et al (2017) TFOS DEWS 
II. Definition and classification report. Ocul Surf 15:276–283. 
https:// doi. org/ 10. 1016/j. jtos. 2017. 05. 008

 5. Stapleton F, Alves M, Bunya VY et al (2017) TFOS DEWS II 
Epidemiology Report. Ocul Surf 15(3):334–365. https:// doi. org/ 
10. 1016/j. jtos. 2017. 05. 003

 6. Millán A, Viso E, Gude F et al (2018) Incidence and risk factors 
of dry eye in a Spanish adult population: 11-year follow-up from 
the Salnés eye study. Cornea 37(12):1527–1534. https:// doi. org/ 
10. 1097/ ICO. 00000 00000 001713

 7. Manchikanti V, Kasturi N, Rajappa M, Gochhait D (2021) Ocular 
surface disorder among adult patients with type II diabetes melli-
tus and its correlation with tear film markers: a pilot study. Taiwan 
J Ophthalmol 11(2):156. https:// doi. org/ 10. 4103/ tjo. tjo_ 56_ 20

 8. Naik K, Magdum R, Ahuja A et al (2022) Ocular surface diseases 
in patients with diabetes. Cureus 14(3):e23401. https:// doi. org/ 10. 
7759/ cureus. 23401

 9. Zou X, Lu L, Xu Y et al (2018) Prevalence and clinical charac-
teristics of dry eye disease in community-based type 2 diabetic 
patients: The Beixinjing eye study. BMC Ophthalmol 18(1). 
https:// doi. org/ 10. 1186/ s12886- 018- 0781-7

 10. Inanc M, Kiziltoprak H, Hekimoglu R et al (2020) Alterations of 
tear film and ocular surface in children with type 1 diabetes mel-
litus. Ocul Immunol Inflamm 28(3):362–369. https:// doi. org/ 10. 
1080/ 09273 948. 2019. 15712 12

 11. Wei A, Le Q, Hong J et al (2016) Assessment of lower tear menis-
cus. Optom Vis Sci 93(11):1420–1425. https:// doi. org/ 10. 1097/ 
OPX. 00000 00000 000986

 12. The Diabetic Retinopathy Research Group (1991) Fundus pho-
tographic risk factors for progression of diabetic retinopathy. 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2337/dc20-S002
https://doi.org/10.2337/dc20-S002
https://doi.org/10.1186/s12886-022-02509-5
https://doi.org/10.1186/s12886-022-02509-5
https://doi.org/10.1167/iovs.17-23475
https://doi.org/10.1167/iovs.17-23475
https://doi.org/10.1016/j.jtos.2017.05.008
https://doi.org/10.1016/j.jtos.2017.05.003
https://doi.org/10.1016/j.jtos.2017.05.003
https://doi.org/10.1097/ICO.0000000000001713
https://doi.org/10.1097/ICO.0000000000001713
https://doi.org/10.4103/tjo.tjo_56_20
https://doi.org/10.7759/cureus.23401
https://doi.org/10.7759/cureus.23401
https://doi.org/10.1186/s12886-018-0781-7
https://doi.org/10.1080/09273948.2019.1571212
https://doi.org/10.1080/09273948.2019.1571212
https://doi.org/10.1097/OPX.0000000000000986
https://doi.org/10.1097/OPX.0000000000000986


1491Graefe's Archive for Clinical and Experimental Ophthalmology (2023) 261:1483–1492 

1 3

Ophthalmology 98(5):823–833. https:// doi. org/ 10. 1016/ S0161- 
6420(13) 38014-2

 13. Schiffman RM, Christianson MD, Jacobsen G et al (2000) Reli-
ability and validity of the ocular surface disease index. Arch Oph-
thalmol 118(5):615–621. https:// doi. org/ 10. 1001/ archo pht. 118.5. 
615

 14. Ngo W, Situ P, Keir N et al (2013) Psychometric properties and 
validation of the standard patient evaluation of eye dryness ques-
tionnaire. Cornea 32(9):1204–1210. https:// doi. org/ 10. 1097/ ICO. 
0b013 e3182 94b0c0

 15. Akil H, Buluş A, Andiran N, Alp M (2016) Ocular manifesta-
tions of type 1 diabetes mellitus in pediatric population. Indian J 
Ophthalmol 64(9):654–658. https:// doi. org/ 10. 4103/ 0301- 4738. 
194336

 16. Sánchez-González JM, De-Hita-cantalejo C, Martínez-Lara C, 
Sánchez-González MC (2022) Lipid, aqueous and mucin tear film 
layer stability and permanence within 0.15% liposome crosslinked 
hyaluronic acid versus 0.15% non-crosslinked hyaluronic acid 
measured with a novel non-invasive ocular surface analyzer. J 
Clin Med 11(13):3719. https:// doi. org/ 10. 3390/ jcm11 133719

 17. Sánchez-González MC, De-Hita-Cantalejo C, Martínez-Lara C, 
Sánchez-González JM (2022) Oral isotretinoin for acne vulgaris 
side effects on the ocular surface: hyaluronic acid and galacto-
xyloglucan as treatment for dry eye disease signs and symptoms. 
Front Med 9:2192. https:// doi. org/ 10. 3389/ fmed. 2022. 959165

 18. Sánchez-González JM, De-Hita-Cantalejo C, Sánchez-González 
MC (2022) Hyaluronic acid and galacto-xyloglucan eyedrop effi-
cacy in young-adult oral contraceptive users of childbearing age. 
J Clin Med 11(15):4458. https:// doi. org/ 10. 3390/ jcm11 154458

 19. Sánchez-González MC, Capote-Puente R, García-Romera MC 
et al (2022) Dry eye disease and tear film assessment through a 
novel non-invasive ocular surface analyzer: The OSA protocol. 
Front Med 9. https:// doi. org/ 10. 3389/ fmed. 2022. 938484

 20. Fan F, Li X, Li K, Jia Z (2021) To find out the relationship 
between levels of glycosylated hemoglobin with meibomian 
gland dysfunction in patients with type 2 diabetes. Ther Clin Risk 
Manag 17:797–807. https:// doi. org/ 10. 2147/ TCRM. S3244 23

 21. Sánchez-González MC, Madroñero M, García-Romera MC et al 
(2021) Effect of blue light filters on tear and contrast sensitiv-
ity in individuals using electronic devices. Eye Contact Lens 
47(12):642–646. https:// doi. org/ 10. 1097/ ICL. 00000 00000 000843

 22. Efron N (1998) Grading scales for contact lens complications. 
Ophthalmic Physiol Opt 18:182–186. https:// doi. org/ 10. 1016/ 
S0275- 5408(97) 00066-5

 23. Guillon JP (1998) Non-invasive tearscope plus routine for contact 
lens fitting. Contact Lens Anterior Eye 21(SUPPL. 1):S31-40. 
https:// doi. org/ 10. 1016/ S1367- 0484(98) 80035-0

 24. García-Resúa C, Santodomingo-Rubido J, Lira M et al (2009) 
Clinical assessment of the lower tear meniscus height. Ophthalmic 
Physiol Opt 29(5):526–534. https:// doi. org/ 10. 1111/j. 1475- 1313. 
2009. 00634.x

 25. Wolffsohn JS, Arita R, Chalmers R et al (2017) TFOS DEWS II 
Diagnostic Methodology report. Ocul Surf 15(3):539–574. https:// 
doi. org/ 10. 1016/j. jtos. 2017. 05. 001

 26. Pult H, Riede-Pult B (2013) Comparison of subjective grading 
and objective assessment in meibography. Contact Lens Anterior 
Eye 36(1):22–27. https:// doi. org/ 10. 1016/j. clae. 2012. 10. 074

 27. Han JX, Wang H, Liang HH, Guo JX (2021) Correlation of the 
retinopathy degree with the change of ocular surface and corneal 
nerve in patients with type 2 diabetes mellitus. Int J Ophthalmol 
14(5):750–758. https:// doi. org/ 10. 18240/ ijo. 2021. 05. 17

 28. Nadeem H, Malik TG, Mazhar A, Ali A (2020) Association of dry 
eye disease with diabetic retinopathy. J Coll Physicians Surg Pak 
30(5):493–497. https:// doi. org/ 10. 29271/ JCPSP. 2020. 05. 493

 29. Pathak R, Sachan N, Chandra P (2022) Mechanistic approach 
towards diabetic neuropathy screening techniques and future chal-
lenges: a review. Biomed Pharmacother 150:113025. https:// doi. 
org/ 10. 1016/j. biopha. 2022. 113025

 30. Han SB, Yang HK, Hyon JY (2019) Influence of diabetes mel-
litus on anterior segment of the eye. Clin Interv Aging 14:53–63. 
https:// doi. org/ 10. 2147/ CIA. S1907 13

 31. Yu L, Chen X, Qin G et al (2008) Tear film function in type 2 dia-
betic patients with retinopathy. Ophthalmologica 222(4):284–291. 
https:// doi. org/ 10. 1159/ 00014 0256

 32. Chen Z, Xiao Y, Qian Y et al (2021) Incidence and risk factors 
of dry eye in children and adolescents with diabetes mellitus: a 
3-year follow-up study. Front Med 8. https:// doi. org/ 10. 3389/ 
fmed. 2021. 760006

 33. Zeng X, Lv Y, Gu Z et al (2019) The effects of diabetic duration 
on lacrimal functional unit in patients with Type II diabetes. J 
Ophthalmol 2019:1–11. https:// doi. org/ 10. 1155/ 2019/ 81275 15

 34. Garzón PSJ, López-Alemany A, Gené-Sampedro A (2019) Cor-
relation between type 2 diabetes, dry eye and meibomian glands 
dysfunction. J Optom 12(4):256–262. https:// doi. org/ 10. 1016/j. 
optom. 2019. 02. 003

 35. Misra SL, Patel DV, McGhee CNJ et al (2014) Peripheral neu-
ropathy and tear film dysfunction in type 1 diabetes mellitus. J 
Diabetes Res 2014:848659. https:// doi. org/ 10. 1155/ 2014/ 848659

 36. Eom Y, Choi KE, Kang SY et al (2014) Comparison of meibo-
mian gland loss and expressed meibum grade between the upper 
and lower eyelids in patients with obstructive meibomian gland 
dysfunction. Cornea 33(5):448–452. https:// doi. org/ 10. 1097/ ICO. 
00000 00000 000092

 37. Viso E, Rodríguez-Ares MT, Abelenda D et al (2012) Prevalence 
of asymptomatic and symptomatic meibomian gland dysfunction 
in the general population of Spain. Invest Ophthalmol Vis Sci 
53(6):2601–2606. https:// doi. org/ 10. 1167/ IOVS. 11- 9228

 38. Yu T, Shi WY, Song AP et al (2016) Changes of meibomian 
glands in patients with type 2 diabetes mellitus. Int J Ophthalmol 
9(12):1740–1744. https:// doi. org/ 10. 18240/ ijo. 2016. 12. 06

 39. Yu T, Han XG, Gao Y et al (2019) Morphological and cytologi-
cal changes of meibomian glands in patients with type 2 diabetes 
mellitus. Int J Ophthalmol 12(9):1415–1419. https:// doi. org/ 10. 
18240/ ijo. 2019. 09. 07

 40. Wu H, Fang X, Luo S et al (2022) Meibomian glands and tear film 
findings in type 2 diabetic patients: a cross-sectional study. Front 
Med 9:762493. https:// doi. org/ 10. 3389/ fmed. 2022. 762493

 41. Koca S, Koca SB, İnan S (2022) Ocular surface alterations and 
changes of meibomian glands with meibography in type 1 dia-
betic children. Int Ophthalmol 42(5):1613–1621. https:// doi. org/ 
10. 1007/ s10792- 021- 02155-8

 42. Gunay M, Celik G, Yildiz E et al (2016) Ocular surface charac-
teristics in diabetic children. Curr Eye Res 41(12):1526–1531. 
https:// doi. org/ 10. 3109/ 02713 683. 2015. 11364 21

 43. Saito J, Enoki M, Hara M et al (2003) Correlation of corneal 
sensation, but not of basal or reflex tear secretion, with the stage 
of diabetic retinopathy. Cornea 22(1):15–18. https:// doi. org/ 10. 
1097/ 00003 226- 20030 1000- 00004

 44. Goebbels M (2000) Tear secretion and tear film function in insulin 
dependent diabetics. Br J Ophthalmol 84(1):19–21. https:// doi. 
org/ 10. 1136/ bjo. 84.1. 19

 45. Shujaat S, Jawed M, Memon S, Talpur KI (2017) Determination 
of risk factors and treatment of dry eye disease in type 1 diabetes 
before corneal complications at Sindh Institute of Ophthalmology 
And Visual Sciences. Open Ophthalmol J 11(1):355–361. https:// 
doi. org/ 10. 2174/ 18743 64101 71101 0355

 46. Liu R, Ma B, Gao Y et al (2019) Tear inflammatory cytokines 
analysis and clinical correlations in diabetes and nondiabetes with 

https://doi.org/10.1016/S0161-6420(13)38014-2
https://doi.org/10.1016/S0161-6420(13)38014-2
https://doi.org/10.1001/archopht.118.5.615
https://doi.org/10.1001/archopht.118.5.615
https://doi.org/10.1097/ICO.0b013e318294b0c0
https://doi.org/10.1097/ICO.0b013e318294b0c0
https://doi.org/10.4103/0301-4738.194336
https://doi.org/10.4103/0301-4738.194336
https://doi.org/10.3390/jcm11133719
https://doi.org/10.3389/fmed.2022.959165
https://doi.org/10.3390/jcm11154458
https://doi.org/10.3389/fmed.2022.938484
https://doi.org/10.2147/TCRM.S324423
https://doi.org/10.1097/ICL.0000000000000843
https://doi.org/10.1016/S0275-5408(97)00066-5
https://doi.org/10.1016/S0275-5408(97)00066-5
https://doi.org/10.1016/S1367-0484(98)80035-0
https://doi.org/10.1111/j.1475-1313.2009.00634.x
https://doi.org/10.1111/j.1475-1313.2009.00634.x
https://doi.org/10.1016/j.jtos.2017.05.001
https://doi.org/10.1016/j.jtos.2017.05.001
https://doi.org/10.1016/j.clae.2012.10.074
https://doi.org/10.18240/ijo.2021.05.17
https://doi.org/10.29271/JCPSP.2020.05.493
https://doi.org/10.1016/j.biopha.2022.113025
https://doi.org/10.1016/j.biopha.2022.113025
https://doi.org/10.2147/CIA.S190713
https://doi.org/10.1159/000140256
https://doi.org/10.3389/fmed.2021.760006
https://doi.org/10.3389/fmed.2021.760006
https://doi.org/10.1155/2019/8127515
https://doi.org/10.1016/j.optom.2019.02.003
https://doi.org/10.1016/j.optom.2019.02.003
https://doi.org/10.1155/2014/848659
https://doi.org/10.1097/ICO.0000000000000092
https://doi.org/10.1097/ICO.0000000000000092
https://doi.org/10.1167/IOVS.11-9228
https://doi.org/10.18240/ijo.2016.12.06
https://doi.org/10.18240/ijo.2019.09.07
https://doi.org/10.18240/ijo.2019.09.07
https://doi.org/10.3389/fmed.2022.762493
https://doi.org/10.1007/s10792-021-02155-8
https://doi.org/10.1007/s10792-021-02155-8
https://doi.org/10.3109/02713683.2015.1136421
https://doi.org/10.1097/00003226-200301000-00004
https://doi.org/10.1097/00003226-200301000-00004
https://doi.org/10.1136/bjo.84.1.19
https://doi.org/10.1136/bjo.84.1.19
https://doi.org/10.2174/1874364101711010355
https://doi.org/10.2174/1874364101711010355


1492 Graefe's Archive for Clinical and Experimental Ophthalmology (2023) 261:1483–1492

1 3

dry eye. Am J Ophthalmol 200:10–15. https:// doi. org/ 10. 1016/j. 
ajo. 2018. 12. 001

 47. Lyu Y, Zeng X, Li F, Zhao S (2019) The effect of the duration 
of diabetes on dry eye and corneal nerves. Contact Lens Ante-
rior Eye 42(4):380–385. https:// doi. org/ 10. 1016/j. clae. 2019. 
02. 011

 48. Achtsidis V, Eleftheriadou I, Kozanidou E et al (2014) Dry eye 
syndrome in subjects with diabetes and association with neurop-
athy. Diabetes Care 37(10):e210–e211. https:// doi. org/ 10. 2337/ 
dc14- 0860

 49. Beckman KA (2014) Characterization of dry eye disease in dia-
betic patients versus nondiabetic patients. Cornea 33(8):851–854. 
https:// doi. org/ 10. 1097/ ICO. 00000 00000 000163

 50. Ferdousi M, Petropoulos IN, Kalteniece A et al (2018) No relation 
between the severity of corneal nerve, epithelial, and keratocyte 
cell morphology with measures of dry eye disease in type 1 dia-
betes. Invest Ophthalmol Vis Sci 59(13):5525–5530. https:// doi. 
org/ 10. 1167/ iovs. 18- 25321

 51. Tavakoli M, Kallinikos P, Iqbal A et al (2011) Corneal confocal 
microscopy detects improvement in corneal nerve morphology 
with an improvement in risk factors for diabetic neuropathy. Dia-
bet Med 28(10):1261–1267. https:// doi. org/ 10. 1111/j. 1464- 5491. 
2011. 03372.x

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

Authors and Affiliations

María‑Carmen Silva‑Viguera1,2 · Alicia Pérez‑Barea1 · María‑José Bautista‑Llamas1,2 

1 Department of Physics of Condensed Matter, Optics Area, 
Physics Faculty, University of Seville, Reina Mercedes St, 
Seville, Spain

2 Vision Research Group (CIVIUS), University of Seville, 
Seville, Spain

https://doi.org/10.1016/j.ajo.2018.12.001
https://doi.org/10.1016/j.ajo.2018.12.001
https://doi.org/10.1016/j.clae.2019.02.011
https://doi.org/10.1016/j.clae.2019.02.011
https://doi.org/10.2337/dc14-0860
https://doi.org/10.2337/dc14-0860
https://doi.org/10.1097/ICO.0000000000000163
https://doi.org/10.1167/iovs.18-25321
https://doi.org/10.1167/iovs.18-25321
https://doi.org/10.1111/j.1464-5491.2011.03372.x
https://doi.org/10.1111/j.1464-5491.2011.03372.x
http://orcid.org/0000-0001-8317-5014

	Tear film layers and meibomian gland assessment in patients with type 1 diabetes mellitus using a noninvasive ocular surface analyzer: a cross-sectional case–control study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Study design and ethics
	Selection of participants
	Material and measurements
	Examination procedure
	Statistical analysis

	Results
	Demographics and clinical characteristics
	Noninvasive tear film test
	Meibomian gland assessment
	Invasive tear film analysis
	Correlation analysis of HbA1c and diabetes duration with the tests

	Discussion
	Noninvasive tear film test
	Meibomian gland assessment
	Invasive tear film tests
	Correlation analysis of HbA1c and diabetes duration with the tests
	Limitations

	Conclusion
	Acknowledgements 
	References


