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Purpose: Risk factors for metabolic syndrome include abdominal obesity, insulin resistance, 
hypertension, high triglycerides and/or low high-density lipoprotein cholesterol, and hyper-
glycemia. Risk factors for metabolic syndrome have been associated with dry eye disease; 
however, their association with meibomian gland disease (MGD), a subtype of dry eye, is 
unclear. In the present study, we investigated risk factors for metabolic syndrome in a dry eye 
cohort with and without MGD.
Methods: This retrospective case-control study evaluated electronic medical records at 
a major urban outpatient medical center to identify patients with a known diagnosis of dry 
eye disease with and without MGD. Males and females were matched for age, smoking 
status, race, ethnicity, and body mass index (BMI). Patient demographics, anthropometric 
measurements, medical history, clinical findings, and serologies were analyzed. A diagnosis 
of MGD was based on clinical signs noted in the medical record.
Results: MGD was not associated with BMI, smoking, type 2 diabetes mellitus, hypertension or 
hyperlipidemia in this dry eye cohort. MGD was associated with male sex and increasing age. 
While increasing age was weakly correlated with decreased low density lipoprotein cholesterol 
and non-high density lipoprotein cholesterol, serum lipid levels were not associated with MGD.
Conclusion: Importantly, we found that risk factors for metabolic syndrome are not 
specifically associated with an increase in MGD when compared to non-MGD dry eye 
subjects. While risk factors for metabolic syndrome are associated with dry eye disease, 
they likely reflect a chronic systemic state of low-grade inflammation that negatively impacts 
the function of both lacrimal and meibomian glands.
Keywords: meibomian gland disease, cholesterol, fasting blood sugar, dry eye, metabolic 
syndrome

Introduction
Dry eye disease (DED) is a complex ocular surface inflammatory disease recently 
defined as

A multifactorial disease of the ocular surface characterized by a loss of homeostasis of 
the tear film, and accompanied by ocular symptoms, in which tear instability and 
hyperosmolarity, ocular surface inflammation and damage, and neurosensory abnorm-
alities play etiological roles.1 

DED is a major public health issue worldwide and has been identified as the leading 
reason patients seek eye care among the general population.2 Due to the chronic 
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nature of DED and the lack of effective therapy, the 
psychological, physical, and financial burden significantly 
decreases overall quality of life. While the global preva-
lence of dry eye varies, large epidemiological reports from 
the Women’s Health Study, the Physician’s Health Study, 
and others have shown that millions of Americans aged 50 
years and over have dry eye, with women disproportion-
ally affected more than men.3–6 Consistent with this, risk 
factors for DED include advanced age, female sex, post-
menopausal status, and the presence of underlying auto-
immune disease.1

Clinically, DED is characterized by inflammation, 
increased tear osmolarity, tear film instability, and ocular 
surface damage. Collectively, these changes result in ocu-
lar symptoms such as dryness, foreign body sensation, 
irritation and visual dysfunction.1 DED is classified into 
one of two primary subgroups, aqueous deficiency or 
evaporative dry eye, although patients often present with 
signs of both. Aqueous deficient dry eye is characterized 
by a reduction in tear production from the lacrimal gland 
and is further subdivided into Sjögren’s Syndrome Dry 
Eye (SSDE) and Non-Sjögren’s Syndrome Dry Eye 
(NSSDE). In evaporative dry eye, excessive tear loss due 
to evaporation and tear instability leads to desiccation of 
the ocular surface. This occurs as a result of keratinization 
in the meibomian gland orifice and changes in meibum 
composition and physical properties.7–9

Meibomian glands are holocrine glands embedded in 
the tarsal plates of the upper and lower eyelids. 
Meibomian glands are responsible for secreting meibum, 
an integral component of the tear film. Meibum is made 
up of low amounts of polar lipids (phospholipids) and 
more abundant nonpolar lipids (cholesterol, wax esters, 
and cholesterol esters).10–12 The prevalence of MGD in 
the population varies from 21% to 71% and is impacted 
by variables such as sex, race, systemic and ocular dis-
eases, and the presence or absence of dry eye 
symptoms.13,14 In contrast to aqueous deficient dry eye, 
clinical signs of MGD include the presence of foamy 
tears, lid margin hyperemia/telangiectasias, meibomian 
orifice plugging, increased meibum viscosity, and a shift 
in the mucocutaneous junction.15–17 Additional changes in 
the tear film include thinning of the lipid layer, measured 
by interferometry, and a shortening in the tear film 
breakup time.18,19

Metabolic syndrome is defined by the World Health 
Organization as a pathologic condition characterized by 
abdominal obesity, insulin resistance, hypertension, 

dyslipidemia (high triglycerides and/or low high-density 
lipoprotein cholesterol), and hyperglycemia.20–22 Patients 
with metabolic syndrome are at high risk for the develop-
ment of Type 2 diabetes mellitus (T2DM).21,22 T2DM has 
been identified as a leading systemic risk factor for 
DED.23 This is due, in part, to a reduction in the corneal 
subbasal nerve plexus and disruption of the lacrimal func-
tion unit.23–28 This is further supported by studies showing 
a significant reduction in tear production in patients with 
T2DM.29–31 More recent evidence now suggests that 
T2DM may be a causative factor in meibomian gland 
disease (MGD).32–34

While a link between MGD and diabetes has been 
established, the relationship between MGD and metabolic 
syndrome is less clear. Tang et al performed a meta- 
analysis to determine the relationship between metabolic 
syndrome and DED.2,35 They concluded that hyperlipide-
mia, hypertension, and hyperglycemia were associated 
with DED.2 Erdur and colleagues subsequently evaluated 
patients with metabolic syndrome for clinical signs and 
symptoms of dry eye.35 They too concluded that tear film 
parameters were altered in patients with metabolic syn-
drome. Neither study investigated the effects of metabolic 
disease on meibomian gland structure and function. 
Several investigations have also reported on an association 
between serum cholesterol levels in MGD with varying 
results.36–41 In these case control studies, patients with 
MGD were compared to normal controls. In the current 
study, we investigated risk factors for metabolic syndrome 
in a dry eye cohort consisting of MGD and non-MGD dry 
eye patients presenting to an ophthalmology department at 
a major urban medical center.

Methods
This is a retrospective review of patients with a known 
diagnosis of DED presenting to the Department of 
Ophthalmology at the University of Texas 
Southwestern Medical Center (Dallas, Texas) from the 
1st of January 2017 through the end of December 2018. 
This study conformed to the Declaration of Helsinki and 
was approved by the Institutional Review Board at the 
University of Texas Southwestern Medical Center. Due 
to the retrospective nature of the study design, informed 
consent was waived. Diagnosis codes for patients with 
dry eye disease included: ICD9 codes 370.33 and 
375.15; ICD10 codes H04.122, H04.123, H04.129, 
H16.221, H16.222, H16.223, and H16.229. A total of 
299 patients were identified that met all inclusion and 
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exclusion criteria. All patients were 18 years of age or 
above. Demographic data including age, sex, race, eth-
nicity, previous ocular and medical history, including 
serology testing for fasting serum lipids and fasting 
blood glucose, body mass index, and use of systemic 
and ocular medications were extracted from medical 
charts. Smoking status was defined as never, former, or 
current. All other pertinent history was recorded in 
a binary fashion. Inclusion criteria included control sub-
jects and patients of any age, sex, race or national origin 
with a diagnosis of dry eye disease in their medical 
chart. Exclusion criteria included a recent history of 
ocular surgery (within the prior 12 months), the pre-
sence of autoimmune disease, neurotrophic corneal dis-
ease, infectious keratoconjunctivitis, contact lens wear, 
pregnancy, eyelid abnormalities, lacrimal drainage sys-
tem abnormalities, history of head and neck radiation, 
and chronic use of topical glaucoma eye drops that 
contain benzalkonium chloride.

For determination of MGD status, a binary scoring 
system was used. MGD negative individuals were defined 
as having no clinical signs or diagnosis in the medical 
record. MGD positive individuals had evidence of altered 
quality of meibum, and/or decreased or absent expression, 
lid margin hyperemia, telangiectasis, and conjunctival 
hyperemia. Cut-offs for elevated levels of fasting blood 
sugar and cholesterol at the Aston Ambulatory Care 
Center Clinical Laboratory, Dallas, Texas, were defined 
as follows: Fasting blood sugar less than 100 mg/dL was 
considered normal, 100 to 125 mg/dL pre-diabetes, and 
126 mg/dL or greater considered high and falling within 
the diabetic range. Cholesterol was considered high if 
over 200 mg/dL. Normal triglyceride levels were less 
than 150 mg/dL, borderline between 150 to 199 mg/dL, 
and high if 200 mg/dL or greater. High density lipoprotein 
(HDL) cholesterol was low if below 39 mg/dL, while low 
density lipoprotein (LPL) cholesterol was considered high 
if 100 mg/dL or greater. A cholesterol/HDL ratio of less 
than 5 was also considered normal, as was a non-HDL 
cholesterol level between 95 and 160 mg/dL. All numer-
ical data are presented as mean ± standard deviation along 
with range. Categorical data are expressed as percent. For 
evaluation of numerical data, a Student’s t-test was used. 
For evaluation of categorical data, a chi-square test was 
performed. Statistical analysis was performed using 
Sigma Plot (Systat Software, San Jose, CA). P<0.05 was 
considered significant.

Results
A total of 299 medical charts were reviewed in this study. 
Patient demographics and anthropometric measures are 
detailed in Table 1. Consistent with female sex as a risk 
factor for DED, 84 (28.1%) of patients were male and 215 
(71.9%) were female. The mean age for all patients was 
68.3 ± 14.3 years (range of 24 −97). The majority of 
patients were Caucasian (85.2%), followed by African 
American (7.7%), Asian (4.3%), and Pacific Islander 
(0.3%). Race was not available in the medical chart for 7 
patients (2.3%). In terms of ethnicity, 93.3% of patients 
were non-Hispanic/Latino. There were no differences in 
age, race, or ethnicity between males and females. The 
mean body mass index (BMI) was 27.2 ± 6.2 (14.9–56.5), 
which is classified as overweight. This was not signifi-
cantly different between males and females.

In terms of pertinent ocular and medical history 
(Table 1), two thirds of patients (64.5%) were non- 
smokers having never smoked. One third (34.1%) had 
a former history of smoking, and 1.3% were current smo-
kers. Forty-three (14.4%) of patients had a prior history of 
refractive surgery. Neither smoking status nor history of 
refractive surgery were different between males and 
females. Just over half (54.5%) of patients had 
a diagnosis of MGD. There was a greater proportion of 
males (64.3%) with MGD than females (50.7%). This was 
significant (P=0.046, t-test). There was a small number of 
patients with rosacea (1.7%), followed by T2DM (18.1%). 
Almost half had hypertension (47.8%). With the exception 
of MGD, there were no differences between sexes for any 
of these test parameters.

As shown in Table 2, the mean fasting blood glucose 
level for all patients was 108.3 mg/dL (100–125 mg/mL 
indicating pre-diabetes). This was significantly different 
between males and females, 118.8 ± 42.7 and 104.5 ± 
27.8 (P = 0.02), respectively. Total cholesterol (male 
166.0 ± 42.7, female 190.4 ± 40.5, P = 0.003), HDL 
cholesterol (male 49.1 ± 20.2, female 63.8 ± 21.1, P < 
0.001) and LDL cholesterol (male 90.7 ± 31.8, female 
108.4 ± 47.6, P = 0.019) were all significantly different 
between sexes. There were no statistical differences in 
triglycerides, cholesterol/HDL ratio, and non-HDL 
cholesterol.

We next examined whether differences existed between 
those patients with MGD compared to those with non-MGD 
dry eye. The proportion of patients with type 2 diabetes 
mellitus, hypertension, mean BMI, and smoking history 
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were unchanged in those with MGD (Table 3). In terms of 
serologies, there was a small, but significant, increase in 
mean fasting blood glucose in patients with MGD 
(P=0.039, Table 4). Comparison of the distribution of 
patients with and without MGD across triglyceride levels 
(normal <150 mg/dL, borderline 150–199 mg/dL, or high 
200+ mg/dL) showed a trend towards an increase in fre-
quency of MGD with elevated triglycerides, although this 
finding was not significant (Figure 1A). There were no 
differences in the frequency of patients with an elevated 
cholesterol/HDL ratio (Figure 1B) or increased non-HDL 
cholesterol (Figure 1C).

Since sex differences were noted for fasting blood 
glucose, total cholesterol, HDL cholesterol, and LDL cho-
lesterol, the distribution of patients with MGD were 
further subdivided by serology value and sex. As shown 
in Figure 2, no differences in fasting blood glucose were 
noted between female patients with MGD compared to 
those without MGD across serum glucose levels 
(Figure 2A). For males, no differences were seen in the 
proportion of non-MGD to MGD patients in each of the 
glucose categories (Figure 2B). However, the overall num-
ber of males with MGD was higher across all glucose 

Figure 1 The proportion of patients with MGD was unaffected by triglyceride levels, cholesterol/HDL ratio, and non-HDL cholesterol. (A) Triglyceride levels were 
separated into three categories: Normal (<150 mg/dL), borderline high (150–199 mg/dL), and high to very high (200 mg/dL and higher). There was a trend, although not 
significant, towards an increase in MGD in the borderline high and high categories (P = 0.411, chi-square test). (B) The cholesterol/HDL ratio was subdivided into normal (< 
5.0) and high (>/= 5.0). There were no differences in the proportion of MGD to non-MGD dry eye patients with normal or high ratios (P=0.649, chi-square test). (C) Non- 
HDL cholesterol was subdivided into normal (95–160 mg/dL), high (161 mg/dL and higher), and low (< 95 mg/dL). There were no differences between groups (P = 0.680, chi- 
square test).
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levels. Similar findings were noted for total cholesterol, 
HDL cholesterol, and LDL cholesterol (Figure 3A–F).

Lastly, while mean age was not different between males 
and females (70.1 ± 13.9 years and 67.5 ± 14.4 years, 
Table 1), mean age was significantly different between 
patients with and without MGD (64.3 ± 15.0 and 71.6 ± 

12.9 years, Table 3). To further investigate the effect of age 
on the serological parameters in this study, a Pearson product 
moment correlation was used (Figure 4). Both LDL 
Cholesterol and non-HDL cholesterol were weakly inversely 
correlated with age (R = −0.204, P = 0.009; R = −0.233, P = 
0.005). No other significant correlations were found.

Table 1 Patient Demographics and Pertinent Ocular/Medical History

All (n=299) Males (n=84) Females (n=215) P value

Sex, n (%)
Males 84 (28.1%)

Females 215 (71.9%)

Age (Years)
Mean ± SD 68.3 ± 14.3 70.1 ± 13.9 67.5 ± 14.4 P = 1.000
Range 24–97 35–95 24–97

Race, n (%)
Caucasian 255 (85.2%) 77 (91.7%) 178 (82.3%) P = 0.082

African American 23 (7.7%) 1 (0.1%) 22 (10.2%)

Asian 13 (4.3%) 3 (3.5%) 10 (4.7%)
Pacific Islander 1 (0.3%) 0 1 (0.4%)

Not recorded 7 (2.3%) 3 (3.5%) 4 (1.9%)

Ethnicity, n (%)
Hispanic/Latino 20 (6.6%) 8 (9.5%) 12 (5.6%) P = 0.333

Non-Hispanic/Latino 279 (93.3%) 76 (90.5%) 203 (94.4%)

BMI
Mean ± SD 27.2 ± 6.2 26.9 ± 4.7 27.2 ± 6.7 P = 0.495
Range 14.9–56.5 14.9–30.5 16.3–39.5

Smoker, n (%)
Never 193 (64.5%) 48 (54.1%) 145 (67.4%) P = 0.189

Former 102 (34.1%) 34 (40.4%) 68 (31.6%)

Current 4 (1.3%) 2 (2.4%) 2 (0.9%)

Refractive Surgery, n (%)
Yes 43 (14.4%) 14 (16.7%) 29 (13.5%) P = 0.603
No 256 (85.6%) 70 (83.3%) 186 (85.5%)

MGD, n (%)
Yes 163 (54.5%) 54 (64.3%) 109 (50.7%) P = 0.046*

No 136 (45.5%) 30 (35.7%) 106 (49.3%)

Rosacea, n (%)
Yes 5 (1.7%) 1 (1.1%) 4 (1.8%) P = 0.924

No 294 (98.3%) 83 (98.9%) 211 (98.2)

Hypertension, n (%)
Yes 143 (47.8%) 43 (48.8%) 100 (46.5%) P = 0.148
No 156 (52.2%) 41 (51.2%) 115 (53.4%)

Diabetes Mellitus, n (%)
Yes 54 (18.1%) 20 (23.8%) 34 (15.8%) P = 0.148

No 245 (81.9%) 64 (76.2%) 181 (84.2%)

Note: *t-test.
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Table 2 Serological Measures

All (n=224) Males (n=103) Females (n=121) P value

Fasting Glucose (mg/dL)
Mean ± SD 108.3 ± 33.0 118.8 ± 42.7 104.5 ± 27.8 P = 0.020*

Range 55–268 73–245 55–268

Cholesterol (mg/dL)
Mean ± SD 183.6 ± 43.7 166.0 ± 42.7 190.4 ± 40.5 P = 0.003*
Range 40–313 104–313 40–312

Triglycerides (mg/dL)
Mean ± SD 121.2 ± 78.4 133.1 ± 91.1 117.1 ± 73.5 P = 0.328

Range 31–678 48–527 31–678

HDL Cholesterol (mg/dL)
Mean ± SD 60.0 ± 21.8 49.1 ± 20.2 63.8 ± 21.1 P < 0.001*

Range 22–164 22–154 22–164

LDL Cholesterol (mg/dL)
Mean ± SD 104.0 ± 44.7 90.7 ± 31.8 108.4 ± 47.6 P = 0.019*
Range 27–399 37–176 27–399

Cholesterol/HDL Ratio
Mean ± SD 3.3 ± 1.3 3.6 ± 1.3 3.3 ± 1.3 P = 0.090

Range 1.4–9.3 1.9–7.5 1.4–9.3

Non-HDL Cholesterol (mg/dL)
Mean ± SD 124.7 ± 38.9 117.9 ± 36.8 126.7 ± 39.4 P = 0.218

Range 55–257 55–210 58–257

Note: *t-test.

Table 3 Patient Factors Associated with MGD

All (n=299) (-) MGD (n=136) (+) MGD (n=163) P value

Age (Years)
Mean ± SD 68.3 ± 14.3 64.3 2 ± 15.0 71.6 ± 12.9 P<0.001*

Range 24–97 24–95 26–97

BMI
Mean ± SD 27.2 ± 6.2 27.5 ± 6.6 27.5 ± 6.6 P = 0.386
Range 14.9–56.5 14.9–53.5 14.9–53.5

Smoker, n (%)
Never 193 (64.5%) 90 (46.6%) 103 (63.1%) P = 0.834

Former 102 (34.1) 44 (43.1%) 58 (35.5%)

Current 4 (1.3%) 2 (50%) 2 (0.01%)

Hypertension, n (%)
Yes 143 (47.8%) 59 (41.2%) 84 (51.5%) P = 0.197
No 156 (52.2%) 77 (49.3%) 79 (48.5%)

Diabetes Mellitus, n (%)
Yes 54 (18.1%) 24 (44.4%) 30 (18.4%) P = 0.985

No 245 (81.9%) 112 (45.7%) 133 (81.6%)

Note: *t-test.
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Discussion
In this study, we investigated the relationship between 
fasting serum lipid and blood glucose levels and the pre-
sence of MGD. Using a non-MGD dry eye cohort for 
comparison, we show for the first time, that there are no 
differences in serum lipid and glucose levels between 
patients with MGD and non-MGD dry eye. This finding 
differs from previous studies that have primarily focused 
on a non-MGD population as a comparator and not non- 
MGD dry eye.37,38,40,41 Thus, differences in the control 
group across studies may explain the disparity in the find-
ings reported. We further show that within this cohort, 
male sex is a risk factor for MGD as opposed to non- 
MGD dry eye. The identification of male sex as a potential 
risk factor for MGD is not novel and has been previously 
reported.14,36 It should also be noted that while the male 
and female cohorts were age matched, there were age 
differences between patients with MGD compared to non- 
MGD dry eye. This mean difference in age was seven 
years, with slightly older patients in the MGD group, 

however, LDL and non-HDL cholesterol levels were 
unchanged.

In terms of dyslipidemia, despite males being more 
likely to have MGD, females in general had significantly 
higher serum cholesterol levels. This included increases in 
total cholesterol, LDL cholesterol, and HDL cholesterol. 
In contrast to this, Chen reported that subjects with asymp-
tomatic MGD were more likely to have elevated serum 
cholesterol levels, LDL cholesterol and triglycerides.37 

When subject to multivariate analysis however, LDL cho-
lesterol and triglycerides posed a relatively low risk for 
asymptomatic MGD (OR of 1.03 and 1.01, LDL choles-
terol and triglycerides, respectively). In a subsequent 
study, Braich also reported that abnormal levels of total 
cholesterol, LDL cholesterol, and triglycerides were asso-
ciated with MGD, with total cholesterol levels carrying the 
highest overall risk (OR 14.3; 95% CI 8.2–20.7).36 The 
presence of non-MGD dry eye was not included in the 
analysis.

Dao and colleagues reported a significant relationship 
between dyslipidemia and MGD. In their retrospective 

Table 4 Serology Measures Associated with MGD

All (n=224) (-) MGD (n=103) (+) MGD (n=121) P value

Fasting Glucose (mg/dL)
Mean ± SD 108.3 ± 33.0 105.9 ± 34.6 110.2 ± 31.5 P = 0.039*

Range 55–268 55–268 55–233

Cholesterol (mg/dL)
Mean ± SD 183.6 ± 43.7 186.6 ± 42.9 182.0 ± 41.9 P = 0.649
Range 87–313 111–313 87–312

Triglycerides (mg/dL)
Mean ± SD 121.2 ± 78.4 115.5 ± 71.8 126.1 ± 83.3 P = 0.253

Range 31–678 31–527 40–678

HDL Cholesterol (mg/dL)
Mean ± SD 60.0 ± 21.8 61.0 ± 23.5 59.1 ± 20.0 P = 0.833

Range 22–164 22–164 22–114

LDL Cholesterol (mg/dL)
Mean ± SD 104.0 ± 44.7 103.2 ± 39.3 104.5 ± 48.8 P = 0.889
Range 27.2–399 37.6–181.8 27.2–399

Cholesterol/HDL Ratio
Mean ± SD 3.4 ± 1.3 3.3 ± 1.3 3.3 ± 1.2 P = 0.659

Range 1.4–9.3 1.4–9.3 1.8–8.7

Non-HDL Cholesterol (mg/dL)
Mean ± SD 124.7 ± 38.9 127.6 ± 41.1 122.0 ± 36.4 P = 0.482

Range 55–257 55–211 60–257

Note: *t-test.
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study, serum lipid profiles in the MGD test group were 
compared against age-matched serum lipid profiles in the 
National Health and Nutrition Survey (NHANES), 
a database containing information regarding the overall 
prevalence of dyslipidemia in the general population. 
Likewise, Pinna found that total cholesterol, along with 
LDL and HDL cholesterol were increased in subjects with 
MGD.38 As suggested by the authors, a limitation to their 
work is the lack of heterogeneity in their cohort, as all 
patients were of Italian ancestry. This may prevent extra-
polation of their findings to the overall population due to 
regional differences in diets, rural versus urban locations 
that may impact regular access to health care, and genetic 
factors that may contribute to disease. This limitation 
applies to many of the currently available studies that 
have restricted their cohorts to descendants within 
a specific geographical location. Lastly, Bukhari failed to 
detect an association between dyslipidemia and MGD.40 

Instead, their data suggested a potential relationship 
between the overall frequency of hypertriglyceridemia 
and elevated LDL cholesterol with MGD severity. Their 
comparator group however, consisted of non-MGD sub-
jects and were not screened for the presence of pre- 
existing dry eye.

Due to the retrospective design of this study, we 
recognize that certain limitations exist. One potential lim-
itation is the extraction of data from medical records that 
meet the inclusion criteria, regardless of the treating 

physician. This undoubtedly resulted in somewhat of an 
increase in interobserver error. Similarly, as discussed 
above, data acquired from a single medical center within 
the region may also result in some level of selection bias. 
While a single medical center was used for data acquisi-
tion in this study, there remained a certain level of racial 
diversity. It has also been argued that there is a high 
potential for confounding variables in dry eye subjects, 
supporting the use of a non-dry eye cohort that may more 
closely reflect the general population. Different subtypes 
of dry eye and underlying intrinsic and extrinsic factors 
may also confound studies such as these. Finally, the 
inclusion of elderly subjects may also cloud the relation-
ship between fasting lipid abnormalities and MGD. This is 
due to the association between increased age and an 
elevation in fasting serum lipids and an increase in 
MGD.36

DED has been linked with metabolic syndrome and 
diabetes. Similarly, hyperglycemia, a component of meta-
bolic syndrome, has also been associated with MGD.2 In 
support of this view, one cross-sectional study showed that 
the ocular surface disease index questionnaire score and 
the mean tear osmolarity were significantly higher in 
patients with metabolic syndrome. Moreover, while the 
tear film breakup time (TBUT) and Schirmer’s test mea-
surements were significantly lower, there was also 
a significant correlation between tear osmolarity, waist 

Figure 2 The proportion of patients with MGD in both the female and male groups were unaltered by fasting blood glucose levels. Fasting blood glucose levels were 
separated into three groups: Normal (< 100 mg/dL), pre-diabetes (100–125 mg/dL), and diabetes (126 mg/dL and higher). (A) In females, there were no differences in the 
proportion of patients with MGD regardless of the fasting blood glucose level (P = 0.611, chi-square). (B) Similarly, in males, there were no differences in the proportion of 
patients with MGD across fasting blood glucose levels (P = 0.927, chi-square). However, the frequency of MGD was increased two-fold compared to non-MGD patients, 
regardless of fasting blood sugar.
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circumference and fasting blood glucose. No correlations 
were found between tear osmolarity and triglycerides, 
HDL and hypertension.35

Meibomian glands are a type of sebaceous gland. Similar to 
Meibomian glands, dermal sebaceous glands that reside in the 

hair follicle produce sebum, a lipid-rich secretion that functions 
to lubricate the skin. Early studies in the mouse showed that 
ectopic over-expression of human apolipoprotein resulted in 
hypercholesterolemia and hypertriglyceridemia.42 This 
increase was pathological, leading to sebaceous and 

Figure 3 The proportion of patients with MGD in both the female and male groups were unaltered by serum cholesterol levels. (A and B) Total cholesterol levels were 
defined as normal (< 200 mg/dL) or high (200 mg/dL and above). There were no differences in the proportion of MGD in females (P = 0.826, chi-square test, panel (A) or 
males (P = 1.000, chi-square test, panel (B). (C and D) HDL cholesterol was defined as low (< 39 mg/dL) or good (40 mg/dL and above). While there were fewer females 
with MGD in the normal group compared to non-MGD, this was not significant (P = 0.783, chi-square test, panel (C). No differences were seen in the high group. In contrast 
to this, there were no differences in the proportion of males with MGD compared to non-MGD in either the normal or high group (P = 1.000, chi-square test, panel (D). 
(E and F) LDL cholesterol was defined as normal (< 100 mg/dL) or high (100 mg/dL and above). There were no differences in the frequency of female patients with MGD in 
either the normal or high categories (P = 0.365, chi-square test, panel (E). Likewise, no differences were noted for males (P = 0.668, chi-square test, panel (F).
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meibomian gland atrophy, skin abnormalities and hair loss. 
More recently, males with familial type IV hyperlipoproteine-
mia were shown to have changes in the composition of skin 
surface lipids, with an increase in wax ester and cholesterol 
ester, yet the overall sebum production was unchanged com-
pared to normolipid controls. The authors suggested that lipids 
and lipoproteins derived from blood may account for these 
changes.43 Lastly, in psoriasis, an inflammatory disease of the 
skin, dyslipidemia is common.44,45 Other metabolic risk fac-
tors associated with psoriasis include dyslipidemia, low cho-
lesterol HDL, hypertriglyceridemia, and changes in blood 
glucose levels.44,45

While the composition of sebum is quite different from 
meibum, these studies provide some evidence that the systemic 
changes in lipids are associated with alterations in sebum.46

It is conceivable that changes in serum lipids and lipopro-
teins differentially effect the lacrimal and meibomian glands, 
potentially masking the underlying pathobiology. In certain 
autoimmune diseases such as psoriasis, sebaceous gland atro-
phy has been shown in affected skin.47 Self-lipid reactive 

T-cells have also been shown to contribute to the underlying 
pathophysiology.48,49 Dyslipidemia is also common in certain 
autoimmune diseases as is MGD.50 Whether a linkage exists 
between autoimmune diseases and dyslipidemia as it relates to 
MGD is unknown and represents an important area of study.

Conclusions
Overall, the relationship between dyslipidemia and MGD is 
unclear. While some evidence exists to support an association, 
causation remains to be determined. Since many of these 
metabolic parameters are associated with both MGD and non- 
MGD dry eye, prospective well controlled studies are required 
to tease out the variables associated with ocular surface inflam-
mation, the pathophysiological changes that underly dry eye 
disease, and the continued evolution of the disease. Further 
studies are needed to determine how serum lipids contribute to 
changes in the ocular surface, the potential relationship with 
autoimmune diseases and self-lipid reactive T cells, and 
whether modulation of systemic lipids may be efficacious as 
a treatment for asymptomatic and symptomatic DED.

Figure 4 Older age was weakly associated with lower levels of LDL cholesterol (mg/dL) and non-HDL cholesterol (mg/dL). A Pearson product moment correlation was 
calculated to determine the relationship between each serological measure and patient age. (A) Fasting blood glucose, R = 0.258, P = 0.701. (B) Cholesterol, R = −0.118, P = 
0.135. (C) Triglycerides, R =−0.0114, P = 0.886. (D) HDL cholesterol, R = 0.115, P = 0.145. (E) LDL cholesterol, R = −0.204, P = 0.009. (F) Cholesterol/HDL ratio, R = 
−0.111, P = 0.166. (G) Non-HDL cholesterol, R = −0.233, P = 0.005.
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