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Abstract
Background: Since the normative value of the retinal macular thickness is undocumented in the
Middle East, the aim of this work is to assess the normative values of the macular thickness in healthy
eyes in a Middle Eastern population and its relationship with age, sex, and laterality. Methods:116
individuals were randomly selected from volunteers visiting the Jordan University Hospital in Amman,
Jordan. Measurements were obtained using the Fourier domain optical coherence tomography
(OCT). Multivariate regression models were developed to obtain predicted normative values with
adjustment to candidate variables. In addition, the effect of age, sex and laterality were
evaluated. Results: The average central fovea macular thickness was 229.5 (±30.85) um. The
quadratic value of the retinal macular thickness decreased from the superior value of 299.71
(±23.67) um (P=.001)to the inferior value of 296.46 (±28.85) um(P=.001) and a nasal figure of 93.63
(±26.86) um(P=.001). The temporal area has the thinnest value of 293.43 (±30.78) um( P=0.001).
Central thickness was higher in males with a mean variation of 11.67 um (95% CI: 2.41 to 20.93) (p=
0.003). The thickness was highest within 3mm diameter from the center and decreased towards the
periphery Eye sidedness didn’t contribute to variability of the macular thickness. Furthermore, we
found a significant difference between age and central macular thickness (p= 0.001)as age was a
positive predictor for macular thickness Conclusion: Our set of predicted normative data may be used
to interpret measurement of the macular thickness in Middle Eastern population. The average fovea
macular thickness among Jordanians is consistent with previously reported values. Normative values
from additional Middle Eastern populations are required to appraise our module.

Background
Detection of abnormal s values of patients is conducted by using OCT. The patients obtained values
are compared versus the normal values. Most of the patients used to measure the normal values are
of white race. If racial difference exists, then this difference should be kept in mind for more accurate
diagnosis of macular diseases (1,2).
Optical Coherence Tomography (OCT) is a non-invasive imaging technique that measures internal
structures of biological systems. Specifically, it is useful for high resolution reproducible in-vivo
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imaging of the retinal structure; this ocular technology is a useful tool to ophthalmologists. For
instance, high resolutions in vivo retinal images are essential for diagnosis and follow up of patients
with macular edema [1, 4, and 5]. The outcome of OCT based imaging is constantly developing with
further iterations on the technology. In fact, the latest iterations include Gabor-domain optical
coherence microscopy which can be useful in assessment of the cornea [6, 7]. Based on this
understanding, the aforementioned changes can be detected early by imaging the macula using an
Ocular Coherence Tomography that facilitates both thicknesses and morphology detection before
these changes are clinically apparent. In effect, early detection may favorably affect the visual
outcome [8]. In the clinic, Fourier-domain OCT is used in standard commercial systems and offers
superior sensitivity compared to the conventional time-domain approach [8, 9].

Results
A total of 116 patients were included in this study, we included one eye per patient, with a mean age
of 59.33 (±13.18) years. They were 45(38.3) men and 71 (61.7) women. The mean central macular
thickness for the included sample was 229.5 (±30.85), (Table 1) present central macular thickness
(1mm ring) and thickness at 3mm and 6mm from the central ring.
We grouped the age variable into <30 years, 31-40 years, 41-50 years, 51-60 years, 61-70 years,
and >70 years. We used one-way ANOVA to analyze the difference in central macular thickness, with
post-hoc Tukey test to find relation analysis. The median spherical equivalent was 0.5diopters
(ranged from -4.5 to 2.5 diopters). The participants comprised 45 men and 71 women. A total of 116
eyes were included in the present study, including 59 (50.8%) right side eyes, and 57 (49.2%) left
side eyes. The mean central fovea macular thickness was 229.5 (±30.85) um (p= 0.001). The value of
the Retina Macular thickness increased from the superior value of 299.71 (±23.67) um (p= 0.001). to
the inferior value of 296.46 (±28.85) um, (p= 0.001). to the nasal 293.63 (±26.86) um. (p= 0.001).
The temporal has the thinnest value of 293.43 (±30.78) um. (p= 0.001). Table 1 presents the central
macular thickness of 1mm from the ring and thicknesses at 3mm and 6mm from the central ring

We found a significant difference between age and central macular thickness (p= 0.001),the
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measurements gets thicker with age, with a post hoc test showing that the difference is between
patients <30 years and those between 51-60 years (p= 0.002), with a mean difference of 45.48 (95%
CI: 11.92 to 79.05). Figure 2 shows the central macular thickness according to the age group.
We found significant gender differences for macular thickness at central thickness only (p= 0.042),
higher in males with a mean difference of 8.88 (95% CI: 0.34 to 17.42). The central thickness for male
was 234.76 (±36.30) and for female was 225.88 (±26.18). Upon comparing thickness differences
between right and left eyes, we didn’t find any significant difference with any measurement.
Central thickness significantly and positively correlated with nasal at 3mm (p< 0.001; correlation
coefficient of 0.633), temporal at 3mm (p< 0.001; correlation coefficient of 0.561), inferior at 3mm
(p< 0.001; correlation coefficient of 0.459), and superior at 3mm (p< 0.001; correlation coefficient of
0.375).
The present study indicated significant gender differences for macular thickness at the following
locations
(a) Central thickness (p= 0.003), higher in males with a mean difference of 11.67 um (95% CI: 2.41
to 20.93 um).
(b) Superior at 3mm (p= 0.001), higher in females with a mean difference of 0.88 (95% CI: -7.79 to
6.67 um).
(c) Nasal at 3mm: (p= 0.002), higher in males with a mean difference of 0.56 (95% CI: -5.67 to 10.71
um). (d) Temporal at 3mm: (p= 0.001), higher in males with a mean difference of 0.30 (95% CI: -4.41
to 14.33 um).
No gender differences were found for other measurements. Upon comparing thickness differences
between right and left eyes, the present study did not find any significant difference with any
performed measurement.
Central thickness significantly and positively correlated:
A.

With nasal at 3mm (p< 0.001; correlation coefficient of 0.60).

B.

With temporal at 3mm (p< 0.001; correlation coefficient of 0.52).
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C.

With inferior at 3mm (p< 0.001; correlation coefficient of 0.38).

D.

With superior at 3mm (p< 0.001; correlation coefficient of 0.29).

The present study did not find a significant correlation between age and any investigated
measurement. Refractive error didn’t statistically add to the prediction model. Predicted normative
data are based on the regression model. The prediction assumes a negative history of systemic
hypertension and a negative history of diabetes mellitus and a spherical equivalent of zero.

Discussion
Optical Coherence Tomography is a new technique that can accurately measure the macular
thickness in-vivo with high reproducibility [2]. Essentially, knowledge of the normal value of the
macular thickness helps in early detection of any abnormalities [8]. We developed regression models
to predict the normative values of retinal macular thickness in a Middle Eastern population. During
model development, we examined retinal macular thickness measurements for sexual dimorphism,
binocular asymmetry, age-related changes, and clinical association with refractive error. Ethnic
variability, the effect of age, sex, distance from the fovea and laterality has been reported by various
studies [9, 11-18]. Furthermore, the current work is consistent with the findings of most previous
investigations. Based on a study conducted on the Caucasian population [9] the central fovea’s
macular thickness was 278.2um (range 266-291um) using spectral domain OCT on Caucasian
population. This inquiry is consistent with the present findings. Furthermore, male participants have a
higher macular thickness in all areas except for the temporal superior and the outer segment after
adjusting the age. In the present study, the mean value of the central fovea area was obtained as
232.1 (±30.85) um. This value is consistent with that of the previous studies on the Caucasian
population using the Spectrally OCT 270+/-22.5 um [5, 11].

Based on previous studies we have

noticed that middle Eastern population sample investigated in our study had thinner central foveal
thickness when compared to the Iranian population but thicker than other populations like African
Americans, Japanese White American, Indians and blacks(5,11,16-20). Moreover, the results are
variable when compared to other Caucasians [9]. Table 2 summarizes the central macular thickness
and population.
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Various studies have evaluated the demographic variations in macular thickness [14-19]. A value of
181.1+/_ 3.7 as the normal figure for mean foveal thickness in African Americans and 200.27+/-27um
was suggested in whites [16]. Additionally, it was concluded that blacks tend to have thinner retinas
compared to whites using Stratus OCTs [17]. In addition, a significant difference in mean foveal
thickness between Blacks and whites using Spectralis SD-OCT was documented. Moreover, a thinner
mean foveal thickness was observed in healthy Indians compared to other populations that were
found to have a value of 149.19+\- 21.15um using Stratus OCT [19]. In contrast, it was observed that
Japanese have thicker retinas compared to the US population using Stratus OCT [18]. Concerning the
distribution of macular thickness in Iranian population, results show that the central foveal was 255.4
um, while the average inner thickness was 316.5 um. The average outer thickness was found to be
275.3 um, whereas the overall thickness was 278.6 um. All the obtained results from this study
indicated a thicker central foveal in males compared to women. The central area of the fovea
increased with age while the thickness in the other areas decreased. Other areas of the retina were
evaluated in the Middle Eastern population namely, the peri-papillary nerve fiber layer, this analysis
concluded that the thickness in various areas is consistent with previous studies [20], Essentially, the
African-American race was a predictor of decreased mean foveal thickness when compared to
Caucasians and Hispanics
This investigative inquiry reveals that age is negatively correlated with macular thickness. This result
is consistent with a previous work [12], which demonstrated that age had a negative correlation with
all ETRDS macular areas except those found in the central fovea areas. The retinal thickness values of
the present inquiry were thinnest in the fovea area and thickest in the para-foveal area. These values
decrease as the distance from the fovea increases. This finding is consistent with previous
investigations [13], whose analysis concluded that irrespective of age or sex, macular thickness
increased when moving from the central fovea area to the 3mm area. Eventually, it was thinnest in
the 6mm area. However, in that study, the central thickness was 245.44+/-20.39um, which is thicker
compared to the results obtained in this investigation. Concerning eye sidedness, previous
investigative inquiries indicated that the average macular thickness had no significant difference
6

between the right and the left eye [14]. This finding is consistent with the results of the current study.
Furthermore, males were associated with increased mean foveal thickness. Similarly, a negative
correlation between age and thickness was reported [5], while other investigators concluded that
there is no effect of age and gender on macular thicknesses appears, then, that adjustments need not
be made to the retinal macular thickness measurements in Middle Easterners. However, the Middle
Eastern population comprises a heterogeneous admixture of peoples. Therefore, normative data from
additional Middle Eastern populations are required to confirm this finding. Limitations of the study is
that the sample is a clinic sample, although that the clinic is a tertiary referral center in which
patients come from different areas to visit the hospital, this sample may not accurately represent the
middle eastern population and further, studies from different areas and higher numbers size will help
confirming our observation.

In conclusion, the results of the present research indicate that in the Jordanian population (a Middle
Eastern population) it is possible to interrupt the macular thickness more accurately.
Furthermore, our study concluded that the central foveal and macular thickness in the Middle Eastern
population is different from many other ethnicities. Ethnicity based variations are important when
assessing disease that may affect the macula. This should be taken in consideration when evaluating
patients from different origins and reading the central macular thickness. in addition, machine
manufactures should take in consideration the ethnicity of the population the machine is going to be
used on in order to modify the normal values set.
This inquiry’s findings suggest that males have higher values. However, normative data from other
Middle Eastern populations are required to appraise the models employed in this experiment.

Abbreviations
OCT: ocular coherence tomography
CI: confidence interval
Um: micrometer
Mm: millimeter
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ETDRS: Early Treatment Diabetic Retinopathy Study

Declarations
Ethical Approval and consent to participate: this work has been approved by Institutional review
board at the Jordan University Hospital and participants agreed and sighed consent to participate.
Consent to publish: Not applicable
Authors Contributions: MS, AS and SR have examined and collected the data. MS performed the
tomography. All authors analyzed and interrupted the patients’ data regarding the demographic
criteria and the thickness on the tomography. All authors contributed in writing the manuscript. All
authors read and approved the final manuscript.
Competing Interests: The authors declare that they have no conflict of interest. Funding: This work
was not supported by a grant. Availability of Data and Materials: The data that support the findings of
this study are available from the corresponding author upon reasonable request. Acknowledgement:
Not applicable.

References
1 Mehreen Adhi, Sumbul Aziz, Kashif Mohammad, and Mohammad I Adhi. Macular Thickness by Age
and Gender in Healthy Eyes Using Spectral Domain Optical Coherence Tomography. PloS One, 2012,
V.7(5): e37638.PMID 22629435.
2 Annie Chan, MD, Jay S. Duker, MD, Tony H. Ko, PHD, James G. Fujimato, PHD, Joel S. Shuman, MD.
Normal Macular Thickness Measurements in Healthy Eyes Using Stratus Optical Coherence
Tomography. Arch. Opthalmolol, 2006, Feb;124(2): 193-198. Doi: 10.1001/archopht, 124.2.193
3 Abdul Waris, Adil Asghar, Bashir Yunus and Muosami Malakar. Normal Macular Thickness
Measurement in Normal Eyes Using Fourier Domain Optical Coherence Tomography IOSR-JDMS
2014,Feb;14(2): 63-66.
4 Anastasia Pilat, Frank A, Proudlock Sarim and AtherIrene Gottlob, Normal Macular Structure
Measured with Optical Coherence Tomography Across Ethnicity. Br J Opthalmolo 2014; Feb doi:
10.1136/bjophthalmol-2013-303119.
5 Jhon Legarreta, Giovanni Gregori, Omar S. Punjabi, Robert W. Knighton, Greeta A. Lalwani and

8

Carmen A. Puliafito Macular Thickness Measurement in Normal Eyes Using Spectral Domain Optical
Coherence Tomography. Ophthalmic Surgery, Lasers and Imaging, 2008;39(4) 43-49.
6 Podoleanu AG, Rosen RB (2008) Combinations of techniques in imaging the retina with high
resolution. Prog Retin Eye Res 27(4):464–499.
7 Tankam P, He Z, Chu YJ, Won J, Canavesi C, Lepine T, Hindman HB, Topham DJ, Gain P, Thuret G,
Rolland JP (2015) Assessing microstructures of the cornea with Gabor-domain optical coherence
microscopy: pathway for corneal physiology and diseases. Opt Lett 40(6):1113–1116
8 Jiawei Wang, Xinbo Gao, Wenbin Huang, Wei Wang, Sida Chen, Shaolin Du, Xingyri Li, and Xiulan
Zhang. Swept-Source Optical Coherence Tomography Imaging of Macular Retinal and Choroidal
Structure in Healthy Eyes. BMC Ophthalmology, 2015, 15:122. DOI 10.1186/s12886-015-0110-3.
9 Maria Nieves-Moreno, Jose Martinez de la Casa JM Cifuentes-Canorea P, Sastre Ibanez M, Santos
Bueso E, Saenz- Frances , et al . Normative Database for Separate Inner Retinal Layer Thickness Using
Spectral Domain Optical Coherence Tomography in Caucasian Population. Plos One 2017; 12(7):
e0180450. Doi: 10.1371/journal.pone.0180450
10 Cole TJ. Too Many Digits the Presentation of Numerical Data. Arch Dis Child 2015; 26(12): 15631570.
11 Grover S, Murthy RK., Brar VS., Chalam K. V. Normative Data for Macular Thickness by High
Definition Spectral Domain Optical Coherence Tomography Spectralis. Am. J. of Ophthalmol. 2009;
148(2): 266-71
12 Kanai K., Abe. T., Murayama K., Yoneya S. Retinal Thickness and Changes with Age. Nihon Ganka
Gakkai Zasshi, 2002; 106(3): 162-5.
13 Mohammad Rasoul Sabouri, Ehsan Khazemnezad, and Vahideh Hafezi. Assessment of Macular
thickness in Healthy Eyes Using Cirrus HD-OCT: A Cross Sectional Study. Med Hypothesis Discov.
Innov Ophthalmol. 2016; 5(3): 104-111.
14 Wolf-Schnurrbusch UE, Ceklic L, Brinkmann CK, LLiev ME, Frey M, Rothenbuehler SP. Macular
Thickness Measurements in Healthy Eyes Using Six Different Optical Coherence Tomography
Instruments. Invest. Opttmol Vi , Sci. 2009; 50(7) 3432-7.
9

15 Hashemi H, Khabazkhoob M, Yekta A, Emanian Mh, Nabovati P, and Foutouhi A. The Distribution of
Macular Thickness and its Determinants in a Healthy Population. Ophthalmic Epidemiol, 2017, March
23:1-9.
16 kashani AH. Galler IZ,Shah HM, DustinL, Do DV,et al Retinal thickness analysis by race gender and
age using Stratus OCT. Am J ophthalmol 149:496-502.
17 Asefzadeh B,cavallerano AA, Fisch MB (2007) Racial differences in macular thicknessIn healthy
eyes . Optom Vis Sci84:941-5.
18 Oshitari T, Hanawa K, Adachi-Usami EA(2007) macular and Retinal nerve fiber thickness in
Japanese measured by Stratus optical coherence tomography . clinical Ophthalmology. 1 : 131-140.
19 Tewari HK, Wagh VB, Sony P, Venkatesh P, Singh R.(2004). Macular thickness evaluation using the
optical coherence tomography in normal Indian eyes. Indian J ophthalmol 52: 199-20414.
20 Al-Sa’ad M, Shatarat A., Amarin J, and Badran D, Normative Values of peripapillary retinal nerve
fiber layer thickness in a Middle Eastern Population. Journal of ophthalmology Sep. 2018.DOI :
10.1155/2018/7238464.

Tables
Table1: Central macular thickness (1mm ring) and thicknesses at 3 and 6mm from the central ring
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Total

Sex

Eye

Male

Centra

Female

Right

Left

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Mean

SD

229.50

30.67

234.76

36.30

225.88

26.18

231.98

32.20

226.50

28.91

297.43

25.59

294.10

33.05

299.49

19.47

299.08

27.23

295.72

23.81

291.05

28.71

289.53

36.30

291.99

22.89

297.16

31.29

284.76

24.38

293.87

31.37

296.58

35.17

292.19

28.78

293.85

35.06

293.89

27.24

290.38

32.50

289.83

41.94

290.72

25.10

286.54

35.16

294.33

29.16

280.58

29.14

279.62

29.46

281.18

29.03

281.24

30.14

279.91

28.20

282.73

33.62

284.48

33.30

281.64

33.90

293.28

36.00

271.86

27.12

273.64

31.48

274.19

32.89

273.30

30.70

272.19

34.39

275.14

28.26

284.92

30.04

287.19

32.96

283.51

28.12

275.76

29.87

294.34

27.30

l
Thickn
ess
Superi
or
3mm
Nasal
3mm

Inferio
r 3mm
Tempo
ral
3mm
Superi
or
6mm
Nasal
6mm
Inferio
r 6mm
Tempo
ral
6mm

Table 2 summarizes the central macular thickness and the ethnicity.
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Population

The central foveal Thickness

Caucasians population using spectral domain OCT

278.2 +/- 12 um ( P=.038)

Iranian Population

255.4 um (P=,0.001)

African American

181.1+/_ 3.7 um (P=0.001)

Japanese

209.5+/- 26.7um (P=0.001)

USA

mean fovea

Indians

212+/- 20 um (p=0.01)

149.19+\- 21.15um (p=0.01)

Blacks

160+/- 26 um (P<0.001)

Figures
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Figure 1
The 6mm diameter macular retinal thickness map centered on the fovea to cover the 9
Early Treatment Diabetic Retinopathy Study (ETDRS) areas.
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Figure 2
shows the central macular thickness according to the age group.
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