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Thyroid Dysfunction as a Modifiable Risk Factor for Wet
Type Age-Related Macular Degeneration: A Case—Control Study

Mohsen Farvardin', Seyed Esmaeil Mousavi', Kamran Zare', Somaye Bazdar', Zahra Farvardin', Mohammadkarim Johari'
"Poostchi Ophthalmology Research Center, Department of Ophthalmology, School of Medicine,Shiraz University of Medical Sciences, Shiraz, Iran

Purpose: To investigate possible links between thyroid dysfunction and prevalence of wet age-related macular degeneration (AMD).

Methods: The present case—control study enrolled a total number of 90 patients with wet AMD and 90 sex-, and age-matched controls through
a convenient sequential sampling method. Thyroid hormones were profiled in serum assay. Statistical measures were done to compare means
between groups.

Results: Our findings showed a significant difference in free T4 levels between wet AMD and control groups (P = 0.002), but the mean values
of total T3 and Thyroid-stimulating hormone levels were similar between the two groups. In addition, there were no differences in serum lipid
profile between groups. Although no significant difference in the history of hypertension and hyperlipidemia between wet AMD and control

groups was found, the history of smoking was higher in controls (P = 0.039).

Conclusion: Thyroid hormone abnormalities may be associated with wet AMD.
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INTRODUCTION

Age-related macular degeneration (AMD) is considered
amongst the main causes of irreversible vision loss, which is
the underlying cause of 8.7% of blindness cases worldwide.'
Although the definite etiopathophysiological underpinnings of
AMD are yet to be identified, some factors such as genetics,
diet, inflammation, and oxidative stress are of etiological
significance in AMD.?

Clinically, AMD is classified into the following two types:
geographic atrophy (dry AMD) and neovascular or exudative
AMD (wet AMD).? It has been estimated that 10-15% of
all AMD cases fit into the wet classification.* Wet AMD is
characterized by choroidal neovascularization (CNV) that
consequently leads to severe vision loss.*¢
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Although aging, the white race, having fair-colored irises, and
obesity are among the well-described risk factors for AMD,
the contributing role of some other factors such as gender
and hypertension in the prevalence of AMD has remained
controversial across studies yet.” Among all the risk factors
known for AMD, obesity, smoking, and hyperlipidemia are
generally considered the modifiable risk factors.®

Some recently performed studies have proposed that thyroid
dysfunction may also be considered a modifiable risk factor for
AMD.*"? In fact, thyroid dysfunction predisposes the individual
to other risk factors such as dyslipidemia, atherosclerosis,
and hypertension. Moreover, recent investigations in this
regard have reported that the suppression of thyroid hormone
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signaling was associated with cone photoreceptors preservation
in mouse models.’

Considering hyperthyroidism as an independent controversial
risk factor for AMD and few studies regarding the association
of thyroid hormones and wet type AMD, the present study
attempted to assess an association between thyroid dysfunction
and wet type AMD in Fars province, Southern Iran.

MEeTHODS

This research was a case—control study performed in Poostchi
Ophthalmology Center, Shiraz, Iran from January 2014 to
December 2014. The study participants were selected from
wet AMD patients and cataract surgery candidates who were
referred to these two university-affiliated ophthalmology
clinics.

The study protocol was approved by the Ethics Committee
of Shiraz University of Medical Sciences (approval code:
IR.SUMS.REC.1395.5227). In addition, each participant
signed a written informed consent after being briefed about
the purpose and method of the current study.

A total number of 90 patients with unilateral wet AMD were
included in the case group using a sequential sampling method.
Patients with bilateral wet AMD or sub-foveal geographic
atrophy in fellow eye were excluded. The diagnosis of wet
AMD was performed based on the clinical findings, optical
coherence tomography, fluorescein angiography, and the
presence of CNV. The control group (n = 90) subjects were
recruited from sex-, age-matched cataract surgery candidate
patients using a convenient sequential sampling method.
Subjects with any stage of dry or wet type of AMD were
excluded. The exclusion criteria for both study groups were
as follows: the presence of any other retinal or choroidal
vascular problems, diabetic retinopathy, retinal and choroidal
dystrophy, hypertensive retinopathy or choroidopathy,
autoimmune diseases, diabetes mellitus, renal disease, liver
disease, different types of cancer, rheumatoid diseases, and the
current use of thyroidal or glucocorticoid hormones.

All the individuals’ demographic data as well as any past history
of hypertension, hyperlipidemia, and smoking were recorded
in data collection forms with their blood samples that were
referred to the clinic’s laboratory. Blood sampling (5 ml clot)
was done for the fasting patients at 9:00 AM, and total levels
of T3, free T4, Thyroid-stimulating hormone (TSH), and lipid
profile were measured. Thereafter, thyroid function test was
done through enzyme-linked immunosorbent assay (ELISA)
technique. Moreover, for wet AMD patients, the number of
intravitreal anti-vascular endothelial growth factor injections
were asked and then recorded in their data collection forms.

Statistical analysis

Quantitative and qualitative data were described by
mean + standard deviation and frequency (percent), respectively.
At first, normal distribution of the study population was

confirmed, and then, to compare the means in quantitative
data (thyroid hormones blood levels, and lipid profile)
between the case and control groups, independent #-test was
employed. Mann—Whitney U test was used for ordinal data.
All statistical analyses were done using the SPSS statistical
software (version 18, Company, country), and P < 0.05 was
considered statistically significant.

ResuLts

A total number of 90 patients with wet AMD and 90 controls
who were candidates for cataract surgery were enrolled in
this study. Both the study groups were sex-matched (45.6%
of the wet AMD subjects and 51.1% of the controls were
men, P = 0.12). The mean age in the wet AMD and control
groups was 76.04 + 17.64 and 72.45 + 15.42 years old,
respectively (P = 0.41).

The results of our statistical analyses revealed that the free
T4 level was significantly different between the wet AMD
and control groups (P = 0.002). Although the mean TSH level
was observed to be lower in the AMD group, no statistically
significant differences were found in total T3 and TSH
levels between the wet AMD and control groups [Table 1].
In addition, the comparison of lipid profile between the wet
AMD and control groups showed no statistically significant
differences [Table 1]. The comparison of the past medical
history of the wet AMD patients and controls also revealed no
statistically significant differences in terms of hypertension and
hyperlipidemia. However, there was a significant difference
between the wet AMD patients and controls regarding
their past history of smoking (which was higher in the
controls) [P = 0.039, Table 2].

Table 1: The mean values of thyroid hormones blood
levels and lipid profile in wet age-related macular
degeneration and normal groups

Group n Mean+SD P+

TSH (mint/lit*) Wet AMD 90 1.92+1.98 0.819
Normal 90 2.57+2.80

Total T3 (nmol/1**) Wet AMD 90 1.44+1.06 0.152
Normal 90 1.27+0.28

Free T4 (ng/d1**%*) Wet AMD 90 2.78+1.32 0.002
Normal 90 1.66+0.26

Triglycerides (mg/dl) Wet AMD 90 138.68+25.60 0.126
Normal 90 154.83+19.71

LDL (mg/dl) Wet AMD 90 108.58+51.12 0.141
Normal 90 116.25+48.14

Cholesterol (mg/dl) Wet AMD 90 187.95+14.74 0.236
Normal 90 195.77+19.10

HDL (mg/dl) Wet AMD 90 52.5149.14 0.265
Normal 90 57.71£7.51

*Milli-international units per liter, **Nanomoles per liter,
***Nanograms per deciliter, “#-test P value. SD: Standard deviation,
AMD: Age-related macular degeneration, TSH: Thyroid stimulating
hormone, LDL: Low-density lipoprotein, HDL: High-density lipoprotein,
T3: Triodothyronine, T4: Thyroxine
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In addition, we evaluated the relationship between the total
number of intravitreal injections and the serum level of
thyroid hormones. No relationship was found between these
parameters [Table 3].

Discussion

The current study attempted to find any association between
the prevalence of wet AMD and thyroid dysfunction, which
is a modifiable risk factor. Too few studies have reported the
association of thyroid hormones and AMD subtype. The main
advantage of our study is to evaluate the association of thyroid
dysfunction and wet type AMD. Our findings revealed that
free T4 serum level has a direct relationship with wet AMD,
while no statistical relationship was observed between TSH
serum level and wet AMD. Gopinath et al. demonstrated that
overt hyperthyroidism (low TSH and high free T4 levels) in

Table 2: Past medical history of hyperlipidemia,
hypertension, and smoking in wet age-related macular
degeneration and normal groups

Groups Total P+
Wet AMD Normal
Smoking history
No 79 66 145 0.039
Previously 8 9 17
Currently 2 10 12
Total 89 85 174
Past medical history
of hyperlipidemia
Yes 19 9 28 0.050
No 70 77 147
Total 89 86 175
Past medical history
of hypertension
Yes 22 20 42 0.755
No 67 68 135
Total 89 88 177

‘Mann—Whitney U-test. AMD: Age-related macular degeneration

Table 3: Comparison of the mean values of serum thyroid
hormones levels between wet age-related macular
degeneration cases that had more than three total
number of intravitreal bevacizumab (IVB) injections and
three or less IVB

IVB_OD n Mean=SD P+
TSH (mint/lit*) <3 34 2.45+1.79 0.329
>3 15 3.14+2.13
T3 (nmol/L**) <3 34 1.50+1.11 0.471
>3 15 1.81+1.88
Free T4 (ng/dL**¥) <3 33 2.29+2.75 0.291
>3 15 3.80+2.01

*Milli-international units per liter, **Nanomoles per liter, ***Nanograms
per deciliter, ‘Mann—Whitney U-test. SD: Standard deviation, TSH:
Thyroid stimulating hormone, T3: Triodothyronine, T4: Thyroxine, IVB:
Intravitreal bevacizumab

older cases is independently associated with a 3-fold increase
in the risk of AMD development (dry and wet types); however,
they did not verify any significant positive association between
serum free T4 levels and the incident AMD observed in
their study."" Xu et al., in their meta-analysis (conducted on
13 epidemiologic studies) also found a significant positive
association between thyroid disease and AMD. In this study, no
statistical association was reported between thyroid medication
and AMD risk, although they could not conduct subgroup
analyses according to AMD type.!?

Regarding dry type AMD as an earlier stage of AMD, several
studies reported similar findings of free T4 and TSH serum
levels in these patients. In addition, the above-mentioned study
highlighted an adverse relationship between high free T4 serum
level and pigmented retinal epithelium alteration.”!® Several
studies have also shown a positive association between the
usage of both synthetic and desiccated thyroid hormones and
the risk of AMD. 131

Indeed, it was indicated that the elevated level of serum thyroid
hormones can augment the basic metabolic rate and oxidative
metabolism that potentially induces mitochondrial activities,
which consequently result in an increased hypermetabolic state
in reactive oxygen species. This condition was found to occur in
patients with Graves’ disease."” In addition, thyroid dysfunction
is related to vascular function and atherosclerosis.'® Oxidative
stress and vascular dysfunction when combined together
could predispose chorioretinal tissue for the development and
progression of AMD.

Correspondingly, the TSH serum level was shown to be decreased
in healthy elderly controls potentially due to the diminished
TRH level of secretion from the pituitary gland.'” Although the
decreased TSH level results in diminished T4 secretion, total
T4, and free T4 levels would not be altered.'® Nevertheless, the
T4 level decreases with aging and free T4 de-iodination, and
its conversion to T3 would subsequently diminish. Therefore,
the free T4 level would not be changed by aging.!” The
above-mentioned insights were in agreement with our results,
denoting that although AMD risk increases with aging, there is
no relationship between aging and the increased free T4 level.

In another investigation by Woo ef al., it was shown that
age, smoking, hyperlipidemia, spherical equivalent, and
education are the important environmental factors for AMD.?
Accordingly, smoking is known as a risk factor strongly linked
with AMD.?! Inconsistent with this finding, in the current study,
we reported that the smoking rate was higher in the control
group than in the AMD cases.

This disparity in results may be due to recruiting the control
subjects from cataract surgery candidates because smoking
has been previously documented among the most considerable
risk factors for cataract development by exposing the lens to
oxidation.??

On the other hand, in several studies, hyperlipidemia and
hypertension are controversially regarded as risk factors for
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AMD. Some studies have proposed that a high dietary intake
of docosahexaenoic fatty acid could consequently reduce the
risk of neovascular AMD by increasing mitochondrial activity
through the anti-oxidative, anti-inflammatory, anti-apoptotic,
and anti-angiogenic effects.”® Although there have been
studies claiming that no definite relationship exists between
hypertension and AMD, other studies reported hypertension
as a risk factor due to its effect on the choroidal circulation.*
In this regard, the present study revealed that although thyroid
function has a close relationship with cardiovascular diseases
such as vascular disorders, hyperlipidemia, and hypertension,
no associations exist between hyperlipidemia or hypertension
and wet AMD.»

Although we excluded patients who used thyroidal or
glucocorticoid hormones from the study, multiple drugs used
by patients such as (anti-hypertensive and fat-lowering drugs
or multivitamins supplements used for AMD treatment) in
both control and wet AMD groups could potentially affect
patients’ thyroid tests and should be considered in interpreting
conclusion. This is the main limitation of this study. Other
limitations include a small sample size and the absence of a
control group of patients dry AMD.

In conclusion, the effect of thyroid hormone derangements on
retina should not be neglected. In other words, checking thyroid
hormones and consulting with endocrinology service may be
included as parts of the overall health examinations in elderly
subjects with wet AMD. However, further studies should be
conducted on this topic to substantiate the above statements and
describe underlying structural and ultra-structural mechanisms
of thyroid dysfunction regarding the pathogenesis of AMD.
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