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Editor,

S pectral-domain optical coherence
tomography (OCT) has become a

standard technique for examination of
the retina and macula (Eriksson et al.
2009; Garcia-Martin et al. 2011; Gol-
baz et al. 2011; Holmström et al. 2010;
Lima et al. 2011; Menke et al. 2011;
Patel et al. 2011). Using the technique,
we measured the macular thickness in
healthy Chinese to obtain normative
standard values for this ethnic group.

The prospective, cross-sectional
observational study included healthy
Chinese subjects, and the OCT exami-

nation was performed using the Spec-
tralis� SD-OCT (Spectralis� OCT;
Heidelberg Engineering, Heidelberg,
Germany). Exclusion criteria were a
best-corrected visual acuity lower than
20 ⁄ 20, a refractive error beyond ±6.0
diopters, and any ocular disease. Scan
modes were the OCT star pattern and
volume scan. Retinal thickness was
measured automatically as the distance
between the inner limiting membrane
and the retinal pigment epithelium
(RPE)–Bruch’s membrane complex.

The study included 258 subjects
with an age of 27.8 ± 13.7 years
(range, 7–50 years) and mean axial
length of 23.9 ± 1.1 m (21.47–
27.16 mm) (Table 1). Mean minimal
foveal thickness was 215 ± 14 lm,
and central subfield thickness was
258 ± 19 lm. In the inner ring, the
macular thickness was significantly
(p < 0.001) the highest in the supe-
rior sector (344.4 ± 14.4 lm), fol-
lowed by the nasal sector (342 ±
16 lm), the inferior sector (340 ±
15 lm) and the temporal sector
(330 ± 14 lm). In the outer ring, the
macular thickness was significantly
highest (p < 0.001) in the nasal sector
(319 ± 15 lm), followed by the supe-
rior sector (302 ± 14 lm), the inferior
sector (289 ± 15 lm) and the tempo-
ral sector (287 ± 14 lm) (Fig. 1). The
macular thickness measurements were
significantly higher in men than in
women in the fovea and the inner ring
(p < 0.001). Adjusted for gender, the

thickness measurements significantly
increased with axial length in the
fovea (p < 0.001) and decreased with
higher axial length in the sectors of
the inner and outer ring. For any
location of measurement, an inter-
ocular difference of more than 5.5 lm
was outside of the 95% confidence
interval.

These retinal thickness measure-
ments were by a factor of about 1.4:1
larger than the retinal thickness mea-
surements obtained in the recent pop-
ulation-based Chinese Handan Eye
Study (Duan et al. 2010). The reason
for the differences in the measure-
ments was probably due to differences
in the OCT devices used (Handan
Study: Stratus OCT, Model 3000;
Zeiss-Meditec, Jena, Germany), as the
Stratus� OCT uses the junction of the
photoreceptor inner sectors and outer
sectors as the posterior retinal border.
In our study, thickness measurements
in the fovea and in the outer ring were
not related to age (Table 1). For the
sectors in the inner ring, the macular
thickness measurements increased with
age. These results were unexpected, as
histomorphometric studies showed an
age-related decline in the number of
retinal photoreceptors, RPE cells and
retinal ganglion cell axons of about
0.3% ⁄ year of life (Jonas et al. 1992;
Panda-Jonas et al. 1995, 1996). One
has to consider that OCT measure-
ments of macular tissue are based on
the distance between the inner limiting

Table 1. Macular thickness measurements (lm; Mean ± standard deviations) as obtained by spectral-domain optical coherence tomography

(Spectralis�) in 258 healthy Chinese subjects, stratified by age and sector of measurement.

Age group (years)
Correlation

coefficient r p-value7–9 10–19 20–29 30–39 40–50 Total

Number of Subjects 46 39 39 66 68 258

Men ⁄Women 24 ⁄ 22 16 ⁄ 23 14 ⁄ 25 25 ⁄ 41 34 ⁄ 34 113 ⁄ 145 0.86

Axial length (mm) 23.2 ± 0.8 24.6 ± 1.0 24.1 ± 1.0 23.7 ± 1.1 24.0 ± 1.1 23.9 ± 1.1 – 0.24

Refractive error

(Diopters)

)0.24 ± 1.03 )2.59 ± 1.39 )2.12 ± 1.70 1.72 ± 1.82 1.47 ± 1.79 )1.59 ± 1.76 )0.18 0.02

Foveal minimum 211.1 ± 14.5 218.7 ± 13.2 216.9 ± 14.0 215.8 ± 12.0 215.1 ± 13.9 215.4 ± 13.6 – 0.50

Central fovea

(1-mm Diameter)

254.2 ± 18.9 259.8 ± 18.8 255.8 ± 20.2 260.7 ± 20.3 257.7 ± 17.9 257.9 ± 19.2 – 0.54

Inner ring (3-mm Diameter)

Superior 341.5 ± 11.2 340.2 ± 12.4 343.7 ± 13.5 349.7 ± 17.8 344.1 ± 12.8 344.4 ± 14.4 0.14 0.02

Inferior 336.7 ± 11.9 336.6 ± 13.7 337.7 ± 12.7 344.0 ± 17.7 339.9 ± 13.1 339.6 ± 14.5 0.15 0.02

Temporal 327.7 ± 12.4 326.5 ± 12.9 327.0 ± 12.5 334.5 ± 17.3 329.6 ± 12.5 329.7 ± 14.2 0.12 0.047

Nasal 327.7 ± 11.6 340.2 ± 14.6 340.2 ± 15.8 348.6 ± 18.4 342.3 ± 14.3 342.9 ± 15.6 0.11 0.07

Outer ring (6-mm Diameter)

Superior 303.0 ± 14.7 298.1 ± 12.2 301.6 ± 11.6 305.3 ± 13.8 300.4 ± 13.9 301.9 ± 13.6 – 0.91

Inferior 291.2 ± 14.3 286.0 ± 12.2 289.9 ± 13.1 293.4 ± 17.0 285.8 ± 13.2 289.4 ± 14.6 – 0.47

Temporal 288.2 ± 13.8 282.7 ± 11.8 286.1 ± 11.7 288.9 ± 13.8 285.5 ± 17.7 286.5 ± 14.4 – 0.49

Nasal 319.2 ± 13.2 315.3 ± 13.6 316.4 ± 14.9 321.9 ± 16.8 316.8 ± 13.2 318.5 ± 14.6 – 0.85
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membrane and the RPE-Bruch¢s mem-
brane complex and that they are thus
no direct surrogate for the number of
retinal cells. There may also be the
possibility that the volume of the reti-
nal cells increased with increasing age
or that the number and volume of the
glial system of the retina including
microglial cells enlarged. It may have
compensated or more than compen-
sated a potential age-related loss of
neural retinal cells. In addition, one
has to take into account that our
study included subjects with an age of
maximal 50 years only. If the age-
related loss of retinal cells occurs non-
linearly with a steeper decline at
higher age, the relatively low loss of
retinal cells up to the age of 50 years
may not have been noticeable by
OCT measurements. The macular
thickness measurements were higher
in men than in women. It agrees with
findings from the Handan Eye Study
(Duan et al. 2010). Higher retinal
thickness measurements in men than
in women would fit with results from
recent population-based studies in
which the size of non-highly myopic
eyes was related to body height and
thus indirectly to gender (Nangia
et al. 2010). Differentiated into vari-
ous macular regions within the inner
ring, the macular thickness was signifi-
cantly (p < 0.001) the highest in the
superior sector, followed by the nasal
sector, the inferior sector, and finally
the temporal sector. In the same
sequence of sectors, the density of ret-

inal pigment epithelium within the
pericentral sector cells decreased in a
previous histomorphometric study on
the density and distribution of retinal
photoreceptors and retinal pigment epi-
thelium cells in human eyes (Panda-
Jonas et al. 1996). In the outer ring in
our study, the macular thickness was
significantly highest (p < 0.001) in the
nasal sector, followed by the superior
sector, the inferior sector and the tem-
poral sector. It again fits with the histo-
morphometric study (Panda-Jonas
et al. 1996), in which the density of the
retinal pigment epithelium cells
decreased in the same sequence of
nasal–superior–inferior–temporal.
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Fig. 1. Macular thickness measurements (lm; mean ± standard deviation) by optical coherence

tomography (spectral-domain optical coherence tomography Spectralis) in healthy Chinese sub-

jects. OD, right eye; OS, left eye; T, temporal side.
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