ARQuUIVos BRASILEIROS DE

Oftalmologia

ORIGINAL ARTICLE

Evaluation of choroidal perfusion changes in obese
patients: ocular effects of insulin resistance

Avaliacao das alteracdes da perfusao coroidiana em pacientes obesos:
efeitos oculares da resisténcia a insulina
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ABSTRACT | Purpose: We aimed to evaluate choroidal
perfusion changes in obese patients using optical coherence
tomography and dynamic contour tonometry, to determine
whether these changes are associated with body mass index,
and to assess the ocular effects of insulin resistance. Methods:
We retrospectively evaluated the data of 32 obese patients
with body mass index >30 kg/m2 and 45 healthy control
individuals. Intraocular pressure and ocular pulse amplitude
values of the patients were measured using dynamic contour
tonometry, and the mean choroidal thickness was measured
using enhanced depth imaging optical coherence tomography.
Insulin resistance was assessed using the homeostasis model
assessment-estimated insulin resistance index. Results: The
mean choroidal thickness (294.30 + 60.87 um) and ocular pulse
amplitude (2.10 * 0.74) were lower, whereas the mean intraocular
pressure (16.61 + 2.35 mmHg) was higher in obese patients
than in controls. There was a significant negative correla-
tion between body mass index and ocular pulse amplitude
(r=-0.274; p=0.029) and an insignificant negative correlation
between mean choroidal thickness, intraocular pressure, and
body mass index. There was an insignificant negative correla-
tion between homeostasis model assessment-estimated insulin
resistance index, mean choroidal thickness, and intraocular
pressure and significant negative correlation between homeostasis
model assessment-estimated insulin resistance index and ocular
pulse amplitude (r=-0.317; p=0.022). Conclusion: We found
reduced mean choroidal thickness and ocular pulse amplitude
and increased mean intraocular pressure in obese patients.
These changes indicated a decrease in choroidal perfusion and
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ocular blood flow. It may be possible to detect ocular blood
flow changes in obese patients through noninvasive assessment
using the choroid. The negative correlation between insulin
resistance and ocular pulse amplitude may be associated with
intracellular fat accumulation in obese patients.
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RESUMO | Objetivo: Avaliar as alteracoes da perfusdo coroi-
diana em pacientes obesos utilizando tomografia de coeréncia
6ptica e a tonometria de contorno dinamico, para determinar
se essas alteracoes estdo associadas ao indice de massa cor-
poral e avaliar os efeitos oculares da resisténcia a insulina.
Métodos: Foram avaliados, retrospectivamente, os dados de
32 pacientes obesos, com indice de massa corporal >30 kg/m2,
e 45 controles saudaveis. Os valores de pressdo intraocular e
da amplitude de pulso ocular dos pacientes foram medidos por
meio de tonometria de contorno dinamico e a espessura média
da coroide foi medida por tomografia de coeréncia 6ptica com
profundidade de imagem aprimorada. A resisténcia a insulina foi
avaliada usando o indice de estimativa da resisténcia a insulina
pelo modelo de homeostase. Resultados: A espessura média da
coroideia (294,30 + 60,87 um) e a amplitude de pulso ocular
(2,10 + 0,74) foram menores, enquanto a pressdo intraocular
média (16,61 + 2,35 mmHg) foi maior nos obesos do que nos
controles. Houve uma correlacdo negativa significativa entre
o indice de massa corporal e a amplitude de pulso ocular
(r=-0,274; p=0,029) e uma correlacdo negativa insignificante
entre a espessura média da coroide, a pressao intraocular e o
indice de massa corporal. Houve uma correlagao negativa insig-
nificante entre a avaliagdo do modelo de homeostase - estimativa
do indice de resisténcia a insulina, espessura média da coréide
e pressdo intraocular e correlagdo negativa significativa entre
o modelo de avaliagdo de homeostase - o indice de resisténcia
a insulina estimado e a amplitude de pulso ocular (r=-0,317;
p=0,022). Conclusao: Encontramos redugdo da espessura média
da coroide e da amplitude de pulso ocular e aumento da pressao
intraocular em pacientes obesos. Essas alteragdes indicaram uma
diminuicdo na perfusdo coroidal e no fluxo sanguineo ocular.
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Pode ser possivel detectar alteragdes no fluxo sanguineo ocular
em pacientes obesos por meio de avaliagdo néo invasiva usando
a cordide. A correlagdo negativa entre a resisténcia a insulina e
a amplitude de pulso ocular pode estar associada ao acimulo
de gordura intracelular em pacientes obesos.

Descritores: Obesidade; Resisténcia a insulina; Perfusao de coroide;
Tonometria de contorno dinamico; Tomografia de coeréncia ptica

INTRODUCTION

Obesity, which is characterized by fat accumulation,
is often associated with fatty tissue dysfunction. In-
flammatory, endocrine, hormonal (leptin and ghrelin
levels), and metabolic factors induce morphological and
functional changes in fatty tissue, resulting in obesity®.

Obesity is one of the important risk factors for many
disorders, such as hypertension, diabetes mellitus, dysli-
pidemia, stroke, and cardiovascular diseases®. It affects
the vascular system at the morphological and functional
levels” and may lead to endothelial dysfunction and vas-
cular damage of the eye, resulting in impaired blood flow
and vascular structure®. Although the effects of obesity
on the eyes are not completely identified, it is known to
cause microvascular changes in the retinal and choroidal
veins; it has been associated with several diseases, such
as diabetic retinopathy, glaucoma, cataract, and age-re-
lated macular degeneration®.

The choroid can be evaluated using optical coherence
tomography (OCT) or dynamic contour tonometry (DCT)
to detect the changes caused by obesity in the choroidal
vascular bed. While choroidal thickness (CT) can be directy
measured using OCT, choroidal perfusion and intraocular
blood flow can be indirectly assessed using ocular pulse
amplitude (OPA)”. OPA provides an indirect measure of
choroidal pulsatile blood flow by reflecting the diffe-
rence in intraocular pressure (IOP) between the systole
and diastole during the cardiac cycle, which is noninva-
sively measured using DCT®.

In our study, we aimed to evaluate the changes in
choroidal perfusion using both OCT and DCT in obese
patients, demonstrate the association of these changes
with body mass index (BMI), and assess the ocular effects
of insulin resistance (IR).

METHODS

We retrospectively evaluated 32 obese patients
with BMI of >30 kg/m? who presented at the Internal
Medicine Polyclinic due to obesity and who were also
evaluated at the Ocular Diseases Polyclinic between
January 2016 and June 2017 and 45 healthy control
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individuals. Eye IOP and OPA values of patients mea-
sured using Pascal DCT (Ziemer Group, Switzerland)
and CT measured using enhanced depth imaging (cen-
tralized fovea for choroildal imaging) OCT (85,000 Hz
OCT2 Next Generation SPECTRALIS OCT, Heidelberg
Engineering) were assessed. These values were measured
by the same physician and at the same time of the day.
Only the most reliable measurements with scores 1 and
2 were included in the study. CT was manually measu-
red by a single ophthalmologist based on the external
boundary of retinal pigment epithelium and that of the
choroidal vascular bed. It was measured three times at
the subfoveal, nasal, and temporal regions at a distance
of 500 um from the macula, and the average of these
three measurements was used for analyses (Figures 1-3).
IR was assessed using the homeostasis model assess-
ment-estimated IR (HOMA-IR) index®, which was cal-
culated as follows: HOMA-IR=[fasting plasma insulin
(mlU/mL) X fasting plasma glucose (mmol/L)]/ 22.519.
HOMA-IR index of 2.5 was set as the cutoff value".
Patients with ocular tension and corneal disease,
those with nonobesity systemic diseases, those who
underwent eye surgery, and those who underwent
interventions such as laser therapy and intravitreal in-
jections were excluded from the study. This study was
approved by the Ethics Committee of the Adiyaman
University (#2017/7-19).

Statistical methods

We used the Kolmogorov-Smirnov test to evaluate the
assumption of normality of the data. The data were pre-
sented as the frequency (percentages), mean + standard
deviation (SD), median, and range. Between-group diffe-
rences were evaluated using the t-test, Mann-Whitney
U test, and chi-square test; the generalized estimating
equation analysis was used to compare groups while
considering the correlation between the eyes in one
subject. A p-value of <0.05 was considered as statisti-
cally significant. All statistical analyses were performed
using the SPSS software (Version 21.0, Microsoft, Chicago,
IL, USA). The Spearman’s correlation test was used to
analyze the correlation between the variables.

RESULTS

We evaluated 32 obese patients [24 female (75%) and
8 male (25%)], with a mean age of 41.90 + 11.88 years.
The mean BMI of the patients was 36.04 + 5.34 kg/m?2
(range, 30.00-54.70 kg/m?2).

The mean CT (294.30 + 0.87 um) and OPA (2.10
+ 0.74) values were lower and the mean 10P (16.61 +
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*CT was measured thrice in the subfoveal area at a distance of 500 um from the macula and in the nasal and

temporal areas, and the mean value was recorded.

Figure 1. Example of choroidal thickness (CT)* in an obese patient.

Figure 3. Example of choroidal thickness in a healthy individual

2.35 mmHg) was higher in obese patients than in healthy
controls. The mean CT, OPA, and 10P values of all the
subjects are shown in table 1.

A significant negative correlation was found between
BMI and OPA in obese patients (r=-0.274; p=0.029),
whereas negative but no significant correlation was found
between mean CT, IOP, and BMI (Table 2).

In addition, we found a positive correlation between
CT and IOP and negative correlation between CT and
OPA, both of which were not statistically significant.
However, there was a significant positive correlation
between OPA and IOP (r=0.492; p=0.000).

Furthermore, there was a significant negative corre-
lation between HOMA-IR index and OPA (r=-0.317;
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Table 1. Mean CT, OPA, and IOP in Study and Control Groups

Mean CT + SD (um) OPA #+ SD IOP * SD (mmHg)
294.30 + 60.87

Study Group (n=32) 2.10 +£ 0.74 16.61 + 2.35

Control Group (n=45) 305.28 +£ 55.94 2,19 + 0.53 14.58 + 2.35

CT= choroidal thickness; OPA= ocular pulse amplitude; IOP= intraocular pressure;
SD= standart deviation.

Table 2. Results of Spearman’s correlation analysis for BMI, HOMA-IR index,
OPA, IOP, and CT

Choroid Opa 10P
r -0.169 -0.044 -0.274
BMI (n=32)
p* 0.181 0.727 0.029
r -0.069 -0.317 -0.135
HOMA-IR index (n=26)
p* 0.627 0.022 0.340

BMI= body mass index; HOMA-IR= Homeostasis Model Assessment-Estimated
Insulin Resistance; CT= choroidal thickness; OPA= ocular pulse amplitude; 1OP=
intraocular pressure; *= Spearman’s correlation analysis.

p=0.022; n=26), whereas the correlation between
HOMA-IR index and CT and that between HOMA-IR
index and 10P were negative but not statistically sig-
nificant. There was a significantly positive correlation
between BMI and HOMA-IR index (r=0.288; p=0.038)
(Table 2).

DISCUSSION

CT has a predictive and prognostic value for localized
diseases, such as diabetic retinopathy, and systemic disea-
ses, such as hypertension and rheumatoid arthritis">'3.
Several studies have hypothesized that microvascular
changes in the choroid in obese patients are noninvasive
indicators for secondary vascular changes, such as car-
diovascular diseases!"*'. Obesity is also considered a risk
factor for retinopathy“®.

However, there are limited number of studies on CT,
OPA, and IOP in obese individuals, with conflicting re-
sults>'”, Furthermore, the assessment of OPA and 10P
in obese individuals, regardless of CT, has been shown
as an important limiting factor in one of the studies?.
Therefore, we assessed CT using OCT and examined the
association between OPA and 10P using DCT.

An important finding of this study was the decreased
mean CT in obese patients compared with that in con-
trols. Ersan et al. found significantly decreased macular
and subfoveal CT in obese children. Yilmaz et al.
reported a negative correlation between BMI and CT"%.
Dogan et al. also reported an increase in postoperative
subfoveal CT in morbidly obese individuals at 3- and
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6-month follow-ups®”. However, contradictory to the
above findings, Yumusak et al. found a positive correla-
tion between BMI and CT in females and suggested that
ocular circulation was the main parameter affected due
to obesity“". Hyperinsulinemia and high blood pressure
have been reported to be responsible for the microvas-
cular changes in obese females®?.

Bulus et al. reported a positive correlation between
BMI and subfoveal CT in obese children, which may be
attributed to increased leptin levels and obesity-associated
inflammatory factors in obese individuals"”. Additionally,
the diffrences in the outcomes regarding CT may have
resulted due to differences in the populations studied.

Another important finding in our study was a statisti-
cally significant increase in IOP in obese patients, which
is similar to the findings of a previous study®?. Obesity
is thought to affect IOP due to the presence of excessive
intraorbital adipose tissue, increased episcleral venous
pressure, and disrupted aqueous outflow®®, resulting
from the reduction in nitric oxide levels and imbalance
between vasoconstrictor and vasodilator levels, such
as increased endothelin-1 and angiotensin-Il levels®?®.
Also, increased oxidative stress due to hyperleptinemia
in obese patients may trigger the pathological changes
resulting in increased IOP?®. Therefore, obesity is con-
sidered an independent risk factor for increase in 10P.

Our study is the only study in which DCT was used
for optical assessment in obese patients. As it is the only
study we have identified in which DCT is used for assess-
ment in obese patients, Karadag et al. reported that [OP
increased in obese patients, but this increase was not
significant between 1OP and BMI*”.

Furthermore, we also found that there was a signifi-
cant decrease in OPA with an increase in BMI, which was
consistent with the findings of Karadag et al.?”. This de-
crease in OPA in obese patients may be attributed to the
presence of increased periorbital adipose tissue, which
hampers choroidal perfusion and ocular blood flow.

We found a negative correlation between BMI and
CT, OPA, and 10P; insignificant negative correlation
between HOMA-IR index, which is used as an indicator
for IR, and CT and 10P; and significant negative corre-
lation between HOMA-IR index and OPA. In obesity, IR
develops due to different mechanisms, such as impaired
insulin signaling and glucose homeostasis alteration,
caused by intracellular fat accumulation®®. Increased
body weight causes a reduction in insulin sensitivity and
IR through various mechanisms, such as suppression of
adiponectin production, downregulation of insulin re-
ceptor expression, and reduction of tyrosine kinase ac-
tivity in adipocytes and skeletal muscle®. Thus, IR may
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cause a similar effect on choroidal perfusion because it
is significantly correlated with body fat®”.

In our literature survey, we found that although there
are studies on OCT performed for obese patients, there
was only one study wherein DCT was used®” and no
studies wherein OCT and DCT were used together. The-
refore, our study is the first to use both OCT and DCT
for ocular evaluation in obese patients.

Taken together, we found that there was a decrease
in CT and OPA and an increase in 10P in obese patients.
These changes indicated reduced choroidal perfusion
and ocular blood flow. An increase in IOP implied increa-
sed sensitivity to some ocular diseases, such as glaucoma-
tous diseases, in obese individuals. Early development of
vascular anomalies over the course of obesity suggested
that it is possible to noninvasively determine the sta-
tus of ocular blood flow using choroidal assessment.
Because central or intra-abdominal obesity is associated
with IR, the negative correlation between IR and OPA in
obese patients reflected intracellular fat accumulation. It
is necessary to conduct further studies to determine whe-
ther CT changes are reversible with weight loss and whe-
ther weight loss reduces the risk of ophthalmic diseases®.
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