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Abstract— Introduction: Acquired hypothyroidism is associated with a wide range of deficits including visual effects. Investigating colour 

vision mediated by S-cones has shown potential to detect diseases such as glaucoma or diabetes, however, studies of colour vision in 

hypothyroidism are scarce.  Case presentation: In the present study we report spatial summation data of a patient with hypothyroidism due to 

autoimmune thyroiditis tested with S-cone specific stimuli. The area of complete spatial summation (Ricco’s area) is believed to reflect neural 

convergence and has been widely used to study structural changes to compensate for cell loss. We measured Ricco’s area before and after 

treatment with levothyroxine. Colour contrast thresholds were measured as a function of stimulus area in the retinal periphery, under S-cone 

isolating conditions. Ricco’s area was determined from the Threshold vs Area curve for either blue (S-cone increments) or yellow (S-cone 

decrements) stimuli. The patient’s data before treatment showed enlarged Ricco’s area (3 to 10 times larger) only for yellow stimuli compared 

to participants without hypothyroidism. After a treatment with levothyroxine and having reached euthyroidism, Ricco’s area decreased 

significantly (p < 0.05) for yellow stimuli, but remained unchanged for blue stimuli (p = 0.177). A second subject without hypothyroidism, who 

participated in both experiments did not show any significant differences for either blue (p = 0.081) or yellow stimuli (p = 0.78). Conclusion: 

The observed increase in Ricco’s area in hypothyroidism may be related to increased convergence to compensate for ganglion cell dysfunction. 

The results suggest that this process can be reversible after treatment. Examination of the S-cone system provides the potential to monitor this 

condition. 
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I. INTRODUCTION  

ypothyroidism is a condition in which the thyroid 

gland is unable to produce enough thyroid 

hormones. It is known that hypothyroidism affects 

the central nervous system in adult subjects. Symptoms 

manifest as memory impairment, impaired cognitive function, 

attention deficit, slow reflexes etc., with these being at least 

partly alleviated by hormone replacement therapy [1,2,3]. The 

degree of reversibility of these symptoms is still a matter of 

discussion [4].  

The reduced thyroid hormone level in adults with acquired 

hypothyroidism causes sensory impairment [i.e. 5], including 

reports of visual effects. However, the effect of 

hypothyroidism on human vision has been studied mainly with 

achromatic stimulation while its influence on human colour 

vision has not received sufficient attention. Most of the studies 

have also been on mice and rats. Colour vision in humans is 

mediated by three types of cones in the retina, short 

wavelength (S, „blue‟), medium wavelength (M, „green‟) and 

long wavelength (L, „red‟). The specific properties of each 

cone type is determined by the expression of the visual 

pigment opsin that makes cones sensitive to a distinct 

wavelength range in the visible spectrum of light. Unlike 

humans and most primates, mice are dichromate and have 

only two types of cones, S- and M- cone, that contain two 

types of opsin, UV/blue and green opsin [6,7]. It is well 

established that thyroid hormones in rats and mice participate 

actively in the synthesis of visual pigment opsin and that 

hypothyroidism suppresses the expression of M-cone opsin 

and activates the expression of S-cone opsin, potentially 

affecting colour vision. This occurs not only during perinatal 

development [8,9], but also in adult subjects throughout the 

individual's life [10]. It was suggested that the thyroid 

hormone levels can affect the opsin production and can 

reversibly change the cone spectral sensitivity. If the same 

mechanism controls the human cone opsin, hypothyroidism 

may have an effect on human colour vision. Umali et al. [11] 

have applied the Farnsworth-Munsell D15 colour vision test to 

patients with hypothyroidism and have not detected any 

difference in colour discrimination between patients and 

controls. The authors concluded that hypothyroidism does not 

affect human colour vision. However, it should be noted that 

D15 test is not sensitive enough to detect mild colour vision 

H 
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impairments. Another study evaluated the effect of 

hypothyroidism on colour contrast sensitivity for letters in 

patients before and after 3 months of treatment with 

levothyroxine when biochemical euthyroidism has been 

achieved [12]. The colour contrast sensitivity was significantly 

lower in the hypothyroid group than in the control euthyroid 

group. After euthyroidism was reached, there was a significant 

improvement in the colour contrast sensitivity for red and 

green stimuli, while the significant difference between thyroid 

and control group for blue and yellow stimuli still persisted. 

The authors pointed out that a drawback of the study is using 

the commercial software Chromatest to study colour contrast 

sensitivity with isoluminant stimuli and the relatively short 

euthyroid period. The authors posed the question of whether a 

longer period of euthyroidism would contribute to the 

complete restoration of the blue-yellow contrast sensitivity.  

The S-cones that have maximum sensitivity in the short 

wavelength (violet-blue) part of the spectrum, have received a 

lot of attention, both because of their unique role in colour 

vision [e.g. 13] but also because of the findings that deficits in 

S-cones and the neural pathways with S-cone input might be 

predictive for a number of retinal and systemic diseases, 

including glaucoma [e.g. 14,15,16] and diabetes [e.g. 17]. The 

S-cones are also unique regarding their connectivity to retinal 

ganglion cells in that far fewer neurons that react to the offset 

of blue light (S-cone OFF cells) have been found in monkeys 

retina compared to neurons reacting to the onset of blue light 

(S-cone ON cells) [see 18 for a review]. This asymmetry and 

the spatial properties of the ON- and OFF- neural mechanisms 

with S-cone input have been studied in series of papers by 

Vassilev and co-authors [19,20,21] using the paradigm of 

spatial summation and the area of complete spatial summation 

(Ricco‟s area). Complete spatial summation occurs when the 

product of stimulus area and threshold contrast is constant or 

in other words, when the threshold contrast is inversely 

proportional to stimulus area. It is generally thought that 

Ricco‟s area is related to neural convergence over a certain 

retinal or cortical area. The role of increased spatial 

summation is to improve the visual signal. The results of 

Vassilev et al. [19,20] showed that the area over which 

Ricco‟s law holds, was larger for S-cone OFF stimuli than for 

S-cone ON stimuli, a finding that suggests a higher 

convergence of S-cone OFF signals than S-cone ON signals, 

but only in the retinal periphery.  

II. CASE REPORT/CASE PRESENTATION 

The present case report examines the changes in Ricco‟s 

area in a patient with hypothyroidism due to autoimmune 

thyroiditis before and after treatment with levothyroxine, 

using chromatic stimuli. Emphasis is on structural changes 

that may occur in the neural mechanisms with S-cone input. 

The patient was a 41-year-old woman (Subject 1) with normal 

colour vision (Rabkins Colour Plates (8th edition 1985), 

Album Tritan de Ph. Lantony, Lineau Ophthalmologie, Paris, 

1985 and City University Colour Vision Test). Since the age 

of 20, she has experienced significant symptoms such as 

increased nervous excitability, low heart rate, cold feeling, 

depression, impaired concentration, fatigue and weight gain. 

She was referred to a psychiatrist and cardiologist where no 

major health problem was found. These symptoms have varied 

in frequency and severity over the years. Most likely, the 

patient was hypothyroid at the time of the baseline 

investigation. In 2003, at the age of 26, she participated in a 

study of spatial summation with stimuli that isolate S-cone ON 

and S-cone OFF colour vision mechanisms (Experiment 1). A 

modification of the two-colour threshold method of Styles, 

[22] was used to allow presentation of S-cone selective 

increments and decrements. In this modified method, low 

intensity blue light is added to a bright yellow background that 

reduced the activity of the other photoreceptor types. To 

preferentially activate the S-cone ON mechanism, the blue 

light in the stimulus increased above the blue background (S-

cone increment) and for the S-cone OFF mechanism, the blue 

light decreases below the blue background (S-cone 

decrement). The details of the method have been previously 

described [19,20]. The stimuli used in this experiment were 

circular spots of varying size and they were presented at 

several retinal eccentricities for a duration of 100 ms on a 

calibrated high-resolution CRT monitor (Sony Trinitron). The 

subjects had to report if they see the stimulus by pressing a 

button (“Yes-No” method with 10% blank trials) and the 

threshold contrast for each stimulus size was recorded. 

 

 
Fig. 1. Log Threshold contrast as a function of Log stimulus area at 20 deg 

retinal eccentricity for Subject 1, obtained before treatment (Experiment 1), 

Blue diamonds and dashed line – S-cone increments. Yellow diamonds and 
solid lines – S-cone decrements. The arrows indicate the Ricco‟s area in log 

min2. The vertical lines denote the 95 % confidence intervals. The lines fitted 

to the points were determined by piece-wise regression as explained in the 
text. The method of S-cone isolation is blue-on-yellow stimulation. 

 

Figure 1 shows the summation curve, i.e. the graph of 

threshold contrast necessary to detect the stimulus, vs stimulus 

area for Subject 1 at 20
o
 retinal eccentricity (from [20], their 

Figure 5). Each point in the graph is an average of 5 or 6 

measurements. The threshold contrast is inversely proportional 

to stimulus area within Ricco‟s area, which in the log-log scale 

of the graph is represented with a line constrained to a slope of 

-1 (complete summation). Ricco‟s area was determined as an 
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intersection of the line with a fixed slope of -1 and a second 

line with a slope that was allowed to vary, using non-linear 

piecewise regression (IBM SPSS Statistics v.20 was used for 

calculations). Ricco‟s area for S-cone decrements was 4.5 log 

arcmin2, with approximately 0.5 to 1 log arcmin
2
 (3 to 10 

times) larger compared to the other 3 participants (Ricco‟s 

area ranging from 3.5 to 4 log arcmin2, [20], their Table 1). 

We were not able to find an explanation for this 

considerable individual difference at the time of publishing the 

data. Ricco‟s area for S-cone increments for the same subject 

did not differ from that of the other participants ([20], their 

Table 1 and Figure 3, this report).  

 

 
Fig. 2. Log Threshold contrast as a function of Log stimulus area at 20o retinal 

eccentricity for Subject 1 obtained after treatment (Experiment 2), The 
method of S-cone isolation is isoluminant stimulation. All other details are the 

same as in Figure 1. 

 

At the age 31 Subject 1 was diagnosed with latent 

hypothyroidism due to autoimmune thyroiditis. Blood tests 

showed elevated TSH - 6.11 mlU/ml (0.27 - 4.2) ECLIA and 

elevated antibodies – Anty Tg At  – 434.2 lU/ml (0 – 115) 

ECLIA and Anty TPO-At  – 282.7 lU/ml (0 – 34) ECLIA. 

Treatment with Levothyroxin was performed because of the 

persisting hypothyroidism. After the publication of new 

research relating hypothyroidism with colour vision [10,12], it 

was suggested that the unusually large Ricco‟s area with S-

cone OFF stimulation in this patient might have been caused 

by specific changes in the visual system related to the state of 

hypothyroidism. In 2018, when the patient was 41 years old, 

about 10 years after initiation of therapy, the experiment of 

spatial summation at 20 deg retinal eccentricity was repeated 

using similar equipment and stimulus parameters (Experiment 

2). The method of S-cone isolation in this experiment differed 

from that used in Experiment 1 in that the stimuli varied only 

in their chromaticity (i.e. they were isoluminant) so that they 

only modulated the S-cone response, while the M- and L-cone 

response remained constant (silent substitution method, [23]), 

without using an intense yellow background. Similarly to 

Experiment 1, the S-cone increment stimuli were perceived as 

blue, while the S-cone decrement stimuli as yellow. The 

details of the method are described in Vassilev et al [21]. 

 

 
Fig. 3. Comparisons of Ricco‟s area between Subject 1 and Subject 2, who 

took part in both Experiment 1 (left columns) and Experiment 2 (right 

columns), for S-cone increments (a) and decrements (b). Error bars are 

smaller than the data point. 

 

At the time of this experiment, the patient has been in 

euthyroid state for approximately 7 years. TSH was measured 

0.912 mIU/ml (0.3 - 4.2), FT4 was 16.63 pmol/l (12-22). 

Figure 2 shows the summation curve for Subject 1, obtained in 

Experiment 2. The results indicate a distinct change in the 

summation curve for S-cone decrement stimuli, displaying a 

lower degree of summation in comparison with Experiment 1.  

Ricco‟s area has decreased with 0.6 log arcmin
2
 (about 4 

times) compared to its value in Experiment 1. i.e. changing 

from 4.5 log arcmin
2
 to 3.9 log arcmin

2
. The difference was 

statistically significant (paired t-test, t (8) = 7.8, p < 0.05), 

while for the S-cone increment  stimuli the Ricco‟s area 

remained practically unchanged (3.49 log arcmin2  vs 3,47 log 

arcmin
2
, the difference was not statistically significant (t (10) 

= 1.454, p > 0.177). Figure 3 compares Ricco‟s area obtained 

in both Experiment 1 and 2 for Subject 1 and another healthy 

participant, Subject 2 without hypothyroidism, who also took 
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part in both experiments. Data shown are for S-cone 

increments (a) and S-cone decrements (b). The results of 

Subject 2 do not show any significant change between 

Experiment 1 and 2 for either S-cone increments (t (8) = 

1.999, p > 0.081) or decrements (t (8) = 0.29, p > 0.78). 

Although in theory the use of different methods of S-cone 

isolation should not affect Ricco‟s area, a possibility exists 

that the intense yellow background could unbalance the blue-

yellow opponent mechanism and consequently could affect the 

thresholds. To check this possibility, another subject (Subject 

3) who was tested using both methods (S-cone increments 

only), was selected from the participants in [20,21], His results 

for Ricco‟s area were exactly the same (3.4 log arcmin
2
) in 

both experiments, showing that the method of S-cone isolation 

did not have any effect on Ricco‟s area. To check if the long 

interval between the two experiments could have influenced 

the results, the data for S-cone increment stimuli of a fourth 

subject who took part in the experiments in 2005 and 2018 

were included and compared. Both experiments were 

performed with the same method of isoluminant stimulation. 

Again, Ricco‟s area values remained unchanged (3.2 log 

arcmin
2
), despite the long period between the experiments. 

The results clearly show that the only significant change was 

observed in Subjects 1‟s data for S-cone decrements. 

III. DISCUSSION 

The present study shows that Ricco‟s area in a patient with 

autoimmune thyroiditis decreased significantly following 

treatment with levothyroxine and after reaching biochemical 

euthyroidism. This was observed only for stimuli specific for 

S-cone OFF colour mechanisms.  

There were multiple attempts to relate Ricco‟s area to 

physiological or anatomical substrates. Glezer [24] has 

associated Ricco‟s area with the centre size of retinal ganglion 

neurons. Other authors have found close correspondence 

between the size of Ricco‟s area and retinal ganglion cell 

density [25,26] or between Ricco‟s area for S-cone specific 

stimuli and the dendritic field of the ganglion cells with S-

cone ON input [21]. Others have attributed Ricco‟s area to 

cortical mechanisms [27]. Wilson [28] has suggested that the 

area of complete summation changes to maintain constant 

visual sensitivity under varying conditions. The examples for 

such adjustments are the consistent increase of Ricco‟s area at 

the retinal periphery [28], or in impaired areas of the visual 

field [27], presumably to compensate for the decreased density 

of the neural cells. Redmond et al [16] have shown that 

Ricco‟s area was enlarged in glaucoma to compensate for the 

reduced perimetric sensitivity, suggesting a recruitment of 

more active cells in response to ganglion cell loss. Vassilev et 

al. [20] have demonstrated that in the retinal periphery, 

beyond an eccentricity of 15 deg, Ricco‟s area for S-cone 

decrements is considerably larger than the one for S-cone 

increments, suggesting a different cell population with S-cone 

OFF input with lower density. 

Irrespective of the exact physiological mechanism that 

underlies Ricco‟s area, it emerges from the studies cited 

above, that the alterations of Ricco‟s area serve as a regulatory 

mechanism to keep invariant sensitivity under compromised 

conditions. In the first experiment in 2003, the Ricco‟s area of 

Subject 1 was much larger compared to the other participants. 

This could be due to loss of the functional retinal ganglion 

cells with S-cone OFF input. However, as the data indicate, 

this process must be reversible. The effect that we observed, 

suggests that in hypothyroidism, the cells may become 

temporarily dysfunctional, but this process could be reversed 

after successful treatment. It is still early to speculate about the 

exact nature of this reversible process, but one possibility is 

the demyelination of neurons as seen in rats [30]. Thyroid 

hormones are important for the growth of glial tissue and their 

insufficiency can lead to demyelination of neurons in the 

central nervous system [i.e. 31,32]. It‟s well known that 

demyelination of nerve cells is a reversible process [i.e. 33].  

It is not clear if the observed changes in spatial summation 

are related to the changes in opsin expression reported in 

rodents. In mice, where there is a small number of S-opsin 

cones and majority of M-opsin cones, after the induced 

hypothyroidism S-opsin was expressed in all cones while M-

opsin expression was significantly reduced. This process was 

particularly pronounced in rats [10]. It is not known if similar 

processes occur in human retina and how to relate the 

observed increase in the area of complete spatial summation 

for S-cone specific stimuli to increased expression of the S-

cone opsin.  

IV. CONCLUSION 

The results in the present study suggest that in 

hypothyroidism, the spatial summation of chromatic 

mechanisms with S-cone input probably undergo changes 

which can be reversible after treatment and that examination 

of the S-cone pathway displays the potential for monitoring 

the progression or otherwise of the condition. Further research 

in a larger number of patients is required. A comparative study 

involving a sufficient number of patients before and after 

treatment and a group of control subjects under controlled 

experimental parameters will help to reveal the exact 

mechanisms that underlay this interesting phenomenon. 

Studies addressing this topic are underway. 
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