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Abstract
Background: Isotretinoin is a commonly prescribed medication for moderate-to-severe acne. Elevated
triglycerides and total cholesterol, as well as eye dryness, are frequent side effects of isotretinoin. 

Objective: This study aims to examine the association between serum baseline levels of triglycerides and
total cholesterol with regards to the severity of dry eye symptoms in acne patients treated with isotretinoin.

Method: The study was a retrospective review of acne patients treated with isotretinoin for at least four
months at the dermatology clinics of Qassim University Medical City, Saudi Arabia. Thirty patients were
included in the study as they met the inclusion criteria. Baseline levels of triglycerides and total cholesterol
were reviewed for these patients. The Ocular Surface Disease Index (OSDI) questionnaire was sent and filled
out by the study participants to assess the severity of eye dryness.

Result: 30 patients were included in the study, with 16 (53.3%) females and 14 (46.7%) males. The average
age of participants was 22.1 years. The duration of treatment was between 120 and 140 days in 13 (43.3%)
participants and 140 and 180 days in 17 (56.7%) participants. The mean ± 1 standard deviation (SD) was
reported for each of the three variables, with an Ocular Surface Disease Index (OSDI) score of 27.6 ± 19.2, a
baseline total cholesterol of 4.4 ± 0.9 mmol/L, and a baseline triglyceride level of 0.83 ± 0.4 mmol/L. Using a
multiple linear regression model, baseline triglycerides and total cholesterol were used as predictors of the
OSDI score. There was a significant dependent interaction between baseline total cholesterol and
triglycerides and their effect on the OSDI score, with a higher OSDI score at higher levels of both
triglycerides and cholesterol and a lower OSDI score at lower levels of both triglycerides and cholesterol. The
study result showed that, in acne patients treated with isotretinoin for at least four months, a higher
baseline level of both triglycerides and total cholesterol is associated with worse dry eye symptoms
compared to those with lower baseline levels.

Conclusion: The study concluded that baseline levels of triglycerides and total cholesterol
are both significant predictors of the severity of dry eye symptoms in acne patients treated with isotretinoin.
Despite study limitations due to the small sample size, we hope that, based on our findings, this will open
the door to future studies with a larger sample size to further confirm our findings generalize the result,
and apply it to clinical practice so that clinicians may identify those at higher risk of severe eye dryness
before starting isotretinoin and subsequently be able to recommend specific measures to minimize
symptoms of eye dryness.
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Introduction
Acne is a common skin condition affecting many adolescents and young adults, with an estimated
prevalence of 42% to 73% among individuals less than 30 years of age [1,2]. Acne classically presents with
comedones, papules, pustules, and sometimes nodules, and it mainly affects the face, upper back, and upper
chest areas. Acne can be mild, moderate, or severe. Mild acne can be treated with topical medications such
as topical antibiotics and topical retinoids. Moderate to severe acne is usually treated with systemic
medications such as oral antibiotics or oral isotretinoin. Isotretinoin is a very effective medication for
treating recalcitrant acne that has failed to respond to topical treatments and/or oral antibiotics [3].
Isotretinoin can improve acne markedly and prevent acne complications such as scarring. Isotretinoin has a
direct anti-inflammatory effect through normalization of the immune response to Propionibacterium acne,
and it causes shrinkage of the sebaceous glands, which causes a decrease in sebum production, thus leading
to inhibition of sebum-dependent P. acne [4]. Isotretinoin side effects include teratogenicity, dry skin and
mucus membranes, elevated lipids, and elevated liver enzymes [5]. Eye dryness is the most common ocular
complaint among patients taking isotretinoin [6]. Other less common ocular side effects include visual
changes such as decreased night vision and ocular irritation [7,8]. Lamberg et al. reviewed 41
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epidemiological studies regarding isotretinoin-induced ocular side effects and found that the incidence of
dry eye disease among patients taking isotretinoin was 27% [9]. Isotretinoin is known to inhibit sebum
production by the meibomian gland, subsequently causing dry eyes [10,11]. Choi et al. reviewed 2272
patients to study the correlation between the prevalence of dry eye syndrome (DES) and dyslipidemia and
found that men with dyslipidemia have a higher incidence of DES with an odds ratio of 1.29, after adjusting
for other factors such as age, contact lens use, smoking, diabetes, and hypertension [12]. Rathnakumar et al.
reviewed 60 patients with DES and 60 individuals with no DES as a control and found a significant
association between dyslipidemia and DES, with a higher prevalence of DES in patients with high total
cholesterol [13]. This association can be explained by the fact that elevations in serum total cholesterol and
triglycerides are associated with an altered composition of lipids in the meibum, which causes an increase in
sebum viscosity, blocks meibomian gland opening, and decreases meibomian gland oil production, resulting
in dry eye symptoms [14]. Given the high prevalence of acne and the fact that a considerable proportion of
these patients are on isotretinoin, there is a need for a better understanding of the ocular symptoms
associated with isotretinoin. This study aims to investigate if there is an association between baseline
triglycerides and total cholesterol and the severity of eye dryness in acne patients taking isotretinoin. The
study results may give clinicians insight into acne patients who are at higher risk of severe eye dryness
before starting isotretinoin. This will help clinicians identify those patients at risk based on baseline lipids,
thus minimizing their risk of developing severe eye symptoms by suggesting specific measures or
recommendations. 

Materials And Methods
This was a retrospective study reviewing acne patients treated with isotretinoin at Qassim University
Medical City in Buraidah, Saudi Arabia, for the period between May 2022 and May 2023. Ethical approval was
obtained from the Committee of Research Ethics, Deanship of Scientific Research at Qassim University on
December 15, 2021, with the ethical approval number 21-05-15. We included acne patients over the age of 18
treated with isotretinoin for at least four months with a current dose of 40 mg per day at the time of the
survey. Patients with a history of ocular diseases, previous eye surgery, or a history of dry eye disease before
starting isotretinoin were excluded. The number of acne patients reviewed was 200, but only
107 patients responded to the survey. After excluding those patients who did not finish at least four months
of treatment and those who were taking less than 40 mg of isotretinoin at the time of the survey, we ended
up with a total of 30 patients who met the study criteria and replied to a questionnaire called the Ocular
Surface Disease Index (OSDI), which is a validated questionnaire and has a specificity of 83% and a
sensitivity of 60% in diagnosing patients with dry eye disease [15]. Patients were contacted via text message,
and they filled out the questionnaire online. It is a 12-item questionnaire regarding symptoms of dry eyes,
and it has three sub-items: ocular symptoms, vision-related function, and environmental triggers. All
patients were taking isotretinoin when they answered the OSDI score questionnaire and the duration
of treatment was between 120 and 140 days in 43.3% of them and 140 and 180 days in the remaining 56.7%
of participants. Patients rated their symptoms on a 0 to 4 scale, with zero being none of the time and four
being all the time (see Appendix 1 for questionnaire details). The total score ranges from 0 to 100, with
scores of 12 or less classified as normal, 13 to 22 as mild dry eye disease, 23 to 32 as moderate, and more
than 33 classified as severe dry eye disease [16,17]. Baseline triglycerides and total cholesterol levels were
obtained from electronic medical records (EMR) for all study participants. 

Statistical analysis
Study data was analyzed using R programming language version 4.2.0. R is a statistical programming
language designed for use in statistical computing. All study variables were continuous: ocular surface
disease index (OSDI), baseline total cholesterol, and baseline triglycerides. They were reported as the mean
and standard deviation. The functions used to identify univariate and multivariate outliers, assess normality
and homogeneity of variances, and calculate summary statistics were from the Tidyverse (Wickham et al.,
2019) and Rstatix (Kassambara A, 2022) packages of the R programming language [18,19]. The three variables
were tested for normality using the Shapiro-Wilk test from the Rstatix package of the R system. The
Spearman correlation was investigated between baseline total cholesterol and triglycerides with OSDI scores
to study associations between these variables. We used functions from the Rstatix package of the R system to
calculate the Spearman correlation and the significance of these correlations. A multiple linear regression
was built to examine the relationship between baseline total cholesterol, baseline triglycerides, and the
OSDI score. The model was fitted using the statistics from the R package (R Core Team, 2022) [20]. The
residuals were checked using the DHARMa package (Hartig F, 2022) of the R system [21]. The model results
were reported using the broom (Robinson D et al., 2023) and flextable (Gohel D, 2022) packages of the R
system. The predicted effect of predictors on OSDI was plotted using the sjPlot package of R (Lüdecke D,
2023) to show the association between baseline triglycerides and total cholesterol and OSDI score [22-24]. A
p-value < 0.05 was considered significant. 

Results
A total of 30 patients were included in the study, and we reviewed OSDI scores, baseline total cholesterol,
and baseline triglycerides. The study participants were 16 (53.3%) females and 14 (46.7%) males. The average
age of participants was 22.1 years. The duration of treatment was between 120 and 140 days in 13 (43.3%)
participants and 140 and 180 days in 17 (56.7%) participants. Patient demographics and characteristics are
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summarized in Table 1.

Number of Patients 30

Gender Females: 16 (53.3%) and Males: 14 (46.7%)

Age (average) 22.1 (years)

Duration of treatment among study patients 120 to 140 days in 13 (43.3%) and 140 to 180 days in 17 (56.7%)

TABLE 1: Demographics and characteristics of study patients

The mean ± 1 standard deviation (SD) was reported for each of the three variables, with an Ocular Surface
Disease Index (OSDI) score of 27.6 ± 19.2, a baseline total cholesterol of 4.4 ± 0.9 mmol/L, and a baseline
triglyceride level of 0.83 ± 0.4 mmol/L. The mean ± standard deviation (SD) was reported for each variable in
Table 2 using univariate analysis.

Variable N = 30

Ocular Surface Disease Index (OSDI) 27.6 ± 19.2

Baseline Cholesterol 4.4 ± 0.9

Baseline Triglycerides 0.83 ± 0.4

TABLE 2: Univariate summary statistics
The data is presented as ‘mean±SD’

Correlation analysis
The three variables were tested for normality using the Shapiro-Wilk test, and only the triglyceride
variable was not normally distributed. Therefore, the Spearman correlation was investigated between
triglycerides or cholesterol and the OSDI outcome. The Spearman correlation was found to be weak and
insignificant, as shown in Table 3.

Variable 1 Variable 2 Spearman correlation p-value

Total Cholesterol Ocular Surface Disease Index (OSDI) -0.23 0.226

Triglycerides Ocular Surface Disease Index (OSDI) 0.28 0.134

TABLE 3: Spearman correlation between cholesterol and triglycerides in relation to Ocular
Surface Disease Index (OSDI) scores

These findings could be due to the small sample size of the study, so we used linear regression analysis to
study the association between baseline lipids and OSDI scores.

Regression analysis
A multiple linear regression model was built using baseline triglycerides and baseline total cholesterol as
predictors of OSDI score. The model estimates, 95% confidence intervals, and p-values are shown in Table 4.
Both triglycerides and cholesterol are significant predictors of the OSDI score. There was a significant
dependent interaction between them on their effect on OSDI score, with a higher OSDI score at higher levels
of both triglycerides and cholesterol and a lower OSDI score at lower levels of both triglycerides and
cholesterol. This shows an association between baseline lipids and the severity of dry eye symptoms in acne
patients treated with isotretinoin.
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Term Estimate (95% CI) p-value

Intercept 130.5 (47.1-213.9) 0.0034

Total Cholesterol -27.4 (-46.6 - -8.1) 0.0070

Triglycerides -110.5 (-207.2 - -13.7) 0.0268

Total Cholesterol X Triglycerides 29.3 (7.7-50.9) 0.0096

TABLE 4: Linear regression model results for Ocular Surface Disease Index (OSDI) scores

To look at the effect of cholesterol on OSDI scores at different baseline levels of triglycerides, we calculated
the effect of cholesterol on OSDI scores at 3 levels of triglycerides: the mean (0.83 mmol/L), the mean +1 SD
(1.21 mmol/L), and the mean -1 SD (0.45 mmol/L). At 0.45 and 0.83 levels of triglycerides (low levels),
elevation of the total cholesterol level was not associated with an increased OSDI score. While at a higher
baseline level of triglycerides (1.21 mmol/L), a higher baseline level of cholesterol is associated with
increased OSDI scores on average (Figure 1).

FIGURE 1: Predicted Ocular Surface Disease Index (OSDI) scores at
different cholesterol levels and three triglyceride levels

Similarly, we calculated the predicted effect of triglycerides on OSDI scores at 3 levels of total cholesterol:
the mean (4.41 mmol/L), the mean +1 SD (5.27 mmol/L), and the mean -1 SD (3.55 mmol/L). At low levels of
cholesterol (3.55), higher triglyceride levels were not associated with an increase in OSDI score on average.
While at higher levels of total cholesterol (4.41 and 5.27 mmol/L), higher baseline levels of triglycerides are
associated with increased OSDI scores on average (Figure 2).
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FIGURE 2: Predicted Ocular Surface Disease Index (OSDI) scores at
different triglyceride levels and three cholesterol levels

This may indicate that patients with higher baseline levels of both triglycerides and total cholesterol are
more likely to have higher OSDI scores and, subsequently, are at greater risk of developing dry eye
symptoms. 

Discussion
Isotretinoin is well known to cause elevations in triglycerides and total cholesterol. Studies have shown that
an increased level of total cholesterol is seen in up to 30% of patients taking isotretinoin, while
hypertriglyceridemia occurs in up to 45% of these patients [25]. Several studies have shown an association
between the severity of DES and dyslipidemia. In a retrospective study, Aldaas et al. reviewed 72,931
patients to study the association between DES and dyslipidemia and found that the odds of having a DES
diagnosis are increased in patients with dyslipidemia [26]. In a meta-analysis, Tomoika et al. showed that
high total cholesterol and high triglycerides were significantly associated with meibomian gland dysfunction
and dry eyes, with odds ratios of 5.2 and 3.2, respectively [27]. Other studies showed similar results, with a
higher incidence of DES in patients with dyslipidemia [28,29].

The previously mentioned studies were looking for the association between DES and dyslipidemia in
patients not taking isotretinoin. Other studies mentioned above were investigating the association between
isotretinoin and DES only. But, to our knowledge, studies looking at the effect of baseline lipids on the
severity of DES in patients taking isotretinoin are lacking.

Given this significant association between isotretinoin and dyslipidemia and the association between the
severity of dry eye symptoms and dyslipidemia, we believe that it would be helpful for clinicians to know
which acne patients are at higher risk of developing DES before starting isotretinoin. In this study, we
wanted to investigate if higher baseline levels of both total cholesterol and triglycerides may affect the
severity of eye dryness after four months of isotretinoin treatment. It is recommended as standard care that
all patients get baseline triglycerides and cholesterol before starting isotretinoin. Clinicians may stratify
patients according to levels of baseline lipids and may intervene early to prevent or minimize the risk of
severe dry eye symptoms.
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Study limitations 
The study was limited by the small sample size, which may limit the generalizability of our study results.
Other confounders that may affect the severity of eye dryness include lifestyle, other medications, smoking,
environmental factors, duration of isotretinoin treatment, and variations in the frequency of applying eye
lubricants among patients. Isotretinoin can affect the severity of DES, but previous research was done to
examine the association between isotretinoin cumulative dose and OSDI scores and found no statistically
significant association between the severity of dry eye symptoms and the total cumulative dose of
isotretinoin [30]. Other limitations of the study include the retrospective nature of the study and recall bias,
given that it is a questionnaire-based study. 

Conclusions
Patients treated with isotretinoin for acne are more likely to experience dry eye symptoms as a side effect of
isotretinoin. Our study showed that triglycerides and total cholesterol are both significant predictors of the
severity of dry eye symptoms in these patients. We found that the severity of dry eye symptoms is
increased in patients with higher baseline levels of both triglycerides and total cholesterol. Given the small
sample size and other study limitations that may prevent the generalizability of our study results, we hope
that this study will open the door for future studies with a larger sample size to further confirm our findings
to generalize the results, and apply them to clinical practice so that clinicians treating acne patients with
isotretinoin may stratify their patients based on levels of baseline lipids. This will hopefully help identify
those at higher risk of developing severe eye dryness to suggest specific measures and instructions to
minimize their risk of eye dryness. 

Appendices
Appendix 1 
Ocular Surface Disease Index (OSDI) Questionnaire:

A. Have you experienced any of the following during the last week?
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Have you experienced any of the following during the last week?

 All the
time

Most of the
time

Half of the
time

Some of the
time

None of the
time

1.Eyes that are sensitive to light? 4 3 2 1 0

1.Eyes that are sensitive to light? 4 3 2 1 0

2.Eyes that feel gritty? 4 3 2 1 0

3.Painful or sore eyes? 4 3 2 1 0

4.Blurred vision? 4 3 2 1 0

5.Poor vision? 4 3 2 1 0

 Have problems with your eyes limited you in performing any of the following during the last week?

 All the time Most of the time Half of the time Some of the time None of the time

6.Reading? 4 3 2 1 0

7.Driving at night? 4 3 2 1 0

8.Working with computer or ATM? 4 3 2 1 0

Have your eyes felt uncomfortable in any of the following situations during the last week?

 All the time Most of the time Half of the time Some of the time None of the time

10.Windy climate? 4 3 2 1 0

11.Places with low humidity (very
dry)?

4 3 2 1 0

12. Areas that are air conditioned? 4 3 2 1 0

TABLE 5: Ocular Surface Disease Index (OSDI) Questionnaire
Ocular Surface Disease Index (OSDI) score = Sum of scores for all questions answered. OSDI score categories (severity of eye dryness):

0-12: Normal, 12–22: Mild, 23-32: Moderate, > 32: Severe
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