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OBJECTIVE. To describe the variation in ocular biometry and its
association with refraction in adult Mongolians.
METHODS. The study included 1800 subjects, aged 40 years or
more, who were selected in two Mongolian provinces—Hövsgöl and Ömnögobi—to participate in this population survey.
Axial length (AL) and its components, as well as noncycloplegic autorefraction and corneal power (CP), were measured.
RESULTS. Of those selected, 1617 subjects (90.0%) were examined. Mean ⫾ SD of AL was 23.13 ⫾ 1.15 mm. There was a very
small but significant increase in mean AL with age (0.05 mm
per decade, P ⫽ 0.03). Autorefraction was performed on 620
of 675 subjects of those examined in Ömnögobi. The age and
gender standardized prevalences of myopia (⬍ ⫺0.5 D), emmetropia, hyperopia (⬎⫹0.5 D), astigmatism (⬍⫺0.5 D of
cylinder) and anisometropia (⬎1.0 D difference between eyes)
were 17.2%, 49.9%, 32.9%, 40.9%, and 10.7%, respectively.
Prevalence of myopia showed no clear trend with increasing
age, whereas hyperopia, astigmatism, and anisometropia all
increased monotonically. Multiple regression models revealed
that AL (P ⬍ 0.001) and VCD (P ⬍ 0.001) were the strongest
determinants of refractive error.
CONCLUSIONS. In this cross-sectional study of adult Mongolians,
a much lower prevalence of myopia was found than in other
East Asian populations studied to date. The mean AL differed
little between age groups, in marked contrast to data on Chinese people. (Invest Ophthalmol Vis Sci. 2004;45:776 –783)
DOI:10.1167/iovs.03-0456

U

ncorrected refractive error is a leading cause of visual
impairment and if uncorrected distance visual acuity is
examined, refractive error would become the second largest
cause of treatable blindness after cataract.1 The relative contribution of genetic heritage and environment in determining
refractive error remains uncertain.2 Prevalence of myopia in
European-derived people ranges between 15% and 25%,3,4
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with similar rates in African people living in the United States
and the Caribbean (19%–22%).4,5 People living in nonindustrialized regions appear less prone to myopia. Studies of Australian aborigines6 and Solomon Islanders7 have also revealed
considerably lower rates of myopia: 2% and 5%, respectively.
Among young East Asians, however, myopia appears to be
approaching epidemic proportions. A recent population-based
study in Singapore8 demonstrated a 38.7% prevalence of myopia, with persons with high myopia making up 9.1% of those
studied. Even higher prevalences have been noted in selected
groups such as Singaporean medical students (82%)9 and military recruits (79.3%).10 The prevalence of myopia has also
been shown to be high in other populations within the region.
Among Japanese adults between 40 and 79 years,11 the rate
was 45.7% in men and 38.8% in women, whereas in Hong
Kong12 those between 19 and 39 years were found to have a
prevalence of approximately 40%. The increased prevalence of
myopia in these studies has been associated with greater axial
length (AL).8,12,13
The etiology of refractive error cannot be fully understood
without examination of biometric data such as AL and corneal
power (CP), as well as indices of lenticular power. In children
and younger adults, AL of the globe and, in particular, vitreous
chamber depth (VCD) account for most of the variation in
refraction.14 –17 In older adults, along with the changes in
lenticular power that accompany nuclear sclerosis of the lens,
AL variation has also been shown to cause refractive change.18
In their study on clinical microscopists (aged 21– 63 years),
McBrien and Adams19 demonstrated a longitudinal increase in
AL (especially VCD), accompanied with a myopic shift in
refractive error. The reasons for the increased AL and refractive
change have not been adequately explained. However, it has
been proposed that the increasing time spent on near-work
activity may be a risk factor in the development of myopia in a
population susceptible to myopic change.10,20 –26
There is some evidence that Mongolia is the center of initial
human colonization of Northeast Asia.27,28 Mongolia therefore
offers an opportunity to examine biometric and refractive
trends in a nonindustrialized, albeit literate, Asian population.
The Mongolian education system is less intensive than in other
East Asian countries, although adult literacy rates are 98% in
men and 95% among women.29 The development of secular
schools in rural areas, with boarding facilities for nomadic
children, is a legacy of the socialist era. Mongolian authorities
first claimed universal literacy in 1968. Currently, children
begin compulsory full-time education between the ages of 6
and 8, for a minimum period of 10 years. As a part of a
glaucoma survey, we describe the variations in ocular dimensions and associations with refraction in this population aged
40 years or more. Comparison with genetically similar populations subject to differing educational and occupational influences may help clarify the etiology of myopia in East Asian
people.

METHODS
Ethical approval for this project was obtained from the Mongolian
Ministry of Health. The work was performed in accordance with the
Investigative Ophthalmology & Visual Science, March 2004, Vol. 45, No. 3
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TABLE 1. Demographics of Populations Assessed in Mongolia
Aimag
Hövsgöl, 1995

Ömnögobi, 1997

Age (y)

Men

Women*

Total*

40–49
50–59
60–69
70⫹
Total

164 (40.5)
120 (29.6)
81 (20.0)
40 (9.9)
405 (43.0)

263 (49.0)
156 (29.1)
82 (15.3)
36 (6.7)
537 (57.0)

427 (45.3)
276 (29.3)
163 (17.3)
76 (8.1)
942 (100.0)

40–49
50–59
60–69
70⫹
Total

77 (26.1)
80 (27.1)
69 (23.4)
69 (23.4)
295 (43.7)

105 (27.6)
110 (28.9)
86 (22.6)
79 (20.8)
380 (56.3)

182 (27.0)
190 (28.1)
155 (23.0)
148 (21.9)
675 (100.0)

* Data are the number examined, with the percentage of the total
in parentheses.
Declaration of Helsinki. The methodology of this study has been
outlined previously.30,31 However, to aid clarity, a brief summary is
given.
At the time this work was performed, the country was divided into
21 provinces (aimags), which in turn were subdivided into districts
(sums). Hövsgöl Aimag (100,600 km2) is the most northerly province
in Mongolia. Between May and August 1995, one thousand subjects
aged 40 years or more were chosen for examination (4.8% of the
province’s population in this age group). Four hundred people were
selected in Moron by using clustered, random sampling (8.2% of its
population aged 40 years and more). Three of the 24 sums outside
Mörön were chosen at random, and a combination of random and
systematic sampling was used to select 200 people in each, for a total
of 600.
The second phase of data collection was performed between July
and October 1997 in urban and rural areas of the Ömnögobi province,
the most southerly of Mongolia’s aimags (165,400 km2). Dalanzadgad
(the aimag’s capital) and Sevrei (one of its 15 sums) were selected for
sampling. Local government census data were used to stratify the
populations of these areas by age and sex. An approximately equal
number of subjects were drawn from the age strata 40 to 49, 50 to 59,
60 to 69, and 70 years or more. The proportions of men and women
selected were determined by the number in each decade age group. A
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total of 800 subjects were selected: 560 from Dalanzadgad and 240
from Sevrei. This represents 9.6% of the population of Ömnögobi aged
40 years and more and 33.7% of the combined populations of Dalanzadgad and Sevrei in this age group.

Ultrasound Ocular Biometry and Refraction
Anterior chamber depth (ACD), lens thickness (LT), and AL of the
globe were measured in all subjects aged 40 years or more, with an
A-mode ultrasound device with a hard-tipped corneal contact probe
(model 820; Carl Zeiss Meditec, Dublin, CA). This was mounted on a
tonometer set to the intraocular pressure in that eye. At least five
readings were taken from each eye, and the longest, high-quality trace
was chosen for measurement. VCD was calculated by subtracting the
ACD and LT from the overall AL. Guttae benoxinate drops (Chauvin
Pharmaceuticals, Kingston-on-Thames, UK) were instilled into both
eyes before biometric assessment.
Noncycloplegic refraction and corneal diopteric power were assessed with a single reading from an autorefractor in the Ömnögobi
cohort (model 597K; Carl Zeiss Meditec). Refraction was not assessed
in Hövsgöl, because an autorefractor was not available in 1995.

Data Analysis
We present the data for the right eyes only, apart from the asymmetry
and anisometropia analyses. Power vector analysis, as described by
Thibos et al.32 was used to analyze the refractive data. In this system,
refractive error is expressed with three vectors: M, J0, and J45, with M
being the spherical equivalent (SE) and J0 and J45 expressing the
astigmatism. J0 describes the difference in diopteric power between
horizontal and vertical meridians (positive for with-the-rule and negative for against-the-rule astigmatism). J45 expresses the extent of
oblique astigmatism (positive if the negative cylinder axis is closer to
45° and negative if closer to 135°). To allow meaningful comparison
with other studies, the prevalence of refractive error was calculated by
converting refractive error to SE (spherical diopteric power plus half of
the cylindrical diopteric power (identical with M in vector analysis
notation). Myopia was defined as SE less than ⫺0.5 D, with emmetropia being SE between – 0.5 and ⫹0.5 D. Hyperopia was more
than ⫹0.5 D, and anisometropia was more than a 1.0-D difference
between the two eyes. Astigmatism was analyzed in negative cylinder
and was defined as less than ⫺0.50 D of cylinder without reference to

TABLE 2. Ocular Biometry and Noncycloplegic Refraction by Age and Gender in Adult Mongolians
Gender
Men

Women

All

Decade
(y)
40–49
50–59
60–69
⬎70
Missing
Total
40–49
50–59
60–69
⬎70
Missing
Total
40–49
50–59
60–69
⬎70
Missing
Total

n
241
200
150
109
700
368
266
168
115
917
609
466
318
224
1617

ACD
(mm)

LT
(mm)

VCD
(mm)

AL (mm)

AAL
(mm)

CP (D)

SE (D)

3.0 ⫾ 0.3
2.9 ⫾ 0.3
2.8 ⫾ 0.3
2.7 ⫾ 0.3
136
564

4.2 ⫾ 0.3
4.4 ⫾ 0.3
4.5 ⫾ 0.4
4.6 ⫾ 0.5
136
564

15.9 ⫾ 1.1
15.8 ⫾ 0.7
15.9 ⫾ 0.8
16.1 ⫾ 0.9
131
569

23.4 ⫾ 1.3
23.3 ⫾ 0.8
23.5 ⫾ 1.0
23.6 ⫾ 0.9
131
569

0.3 ⫾ 0.9
0.2 ⫾ 0.2
0.3 ⫾ 0.6
0.3 ⫾ 0.3
139
561

43.7 ⫾ 1.7
43.9 ⫾ 1.3
43.5 ⫾ 1.5
43.5 ⫾ 2.3
42
253

⫹0.1 ⫾ 1.8
⫹0.2 ⫾ 0.9
0.0 ⫾ 1.5
⫺0.7 ⫾ 3.6
25
270

2.9 ⫾ 0.3
2.7 ⫾ 0.3
2.6 ⫾ 0.3
2.5 ⫾ 0.3
174
743

4.1 ⫾ 0.3
4.4 ⫾ 0.3
4.7 ⫾ 0.9
4.7 ⫾ 0.9
169
748

15.9 ⫾ 1.3
15.9 ⫾ 1.1
16.0 ⫾ 1.1
15.9 ⫾ 0.9
173
744

23.0 ⫾ 1.3
23.1 ⫾ 1.1
23.2 ⫾ 1.1
23.1 ⫾ 1.2
173
744

0.2 ⫾ 0.4
0.3 ⫾ 0.4
0.3 ⫾ 0.8
0.4 ⫾ 1.0
176
741

44.5 ⫾ 1.4
43.9 ⫾ 1.9
44.3 ⫾ 1.5
44.3 ⫾ 1.4
62
318

⫺0.3 ⫾ 1.6
⫹0.1 ⫾ 1.9
⫺0.4 ⫾ 3.2
⫹0.4 ⫾ 1.3
30
350

3.0 ⫾ 0.3
2.8 ⫾ 0.3
2.7 ⫾ 0.3
2.6 ⫾ 0.3
310
1307

4.2 ⫾ 0.3
4.4 ⫾ 0.3
4.5 ⫾ 1.6
4.6 ⫾ 0.5
305
1312

16.0 ⫾ 1.3
16.0 ⫾ 1.0
16.0 ⫾ 1.0
16.0 ⫾ 1.0
304
1313

23.2 ⫾ 1.3
23.2 ⫾ 1.0
23.3 ⫾ 1.1
23.3 ⫾ 1.1
304
1313

0.3 ⫾ 0.6
0.3 ⫾ 0.4
0.3 ⫾ 0.7
0.3 ⫾ 0.8
315
1302

44.1 ⫾ 1.6
43.9 ⫾ 1.7
43.9 ⫾ 1.6
43.9 ⫾ 1.9
104
571

⫺0.1 ⫾ 1.7
⫹0.1 ⫾ 1.6
⫺0.2 ⫾ 2.5
⫺0.2 ⫾ 2.6
55
620

ACD values are true readings (minus corneal thickness). SE and CP data were collected only in the 1997 survey. Data are expressed as the
mean ⫾ SD.
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TABLE 3. Variation in Axial Length Asymmetry between Eyes with
Axial Length in Adult Mongolians
Axial Length of the Right Eye (mm)

Men
AAL
% of AL
n
Women
AAL
% of AL
n
Total
AAL
% of AL
n

<22

22 to 23.9

24 to 25.9

>26

0.2 ⫾ 0.4
1.1 ⫾ 1.9
26

0.2 ⫾ 0.4
0.9 ⫾ 1.5
412

0.4 ⫾ 0.5
1.6 ⫾ 2.0
115

3.0 ⫾ 2.9
12.0 ⫾ 12.5
8

0.4 ⫾ 0.8
1.8 ⫾ 3.6
82

0.2 ⫾ 0.2
0.8 ⫾ 1.0
563

0.5 ⫾ 0.7
2.2 ⫾ 2.7
83

1.9 ⫾ 2.2
7.3 ⫾ 9.4
13

0.4 ⫾ 0.7
1.6 ⫾ 3.2
108

0.2 ⫾ 0.3
0.9 ⫾ 1.3
975

0.4 ⫾ 0.6
1.8 ⫾ 2.4
198

2.3 ⫾ 2.5
9.2 ⫾ 10.7
21

Data are expressed as the mean ⫾ SD.
Asymmetry is the difference in axial length between right and left
eyes.
Percentage asymmetry (% of AL) is the proportion of asymmetry
between right and left eyes divided by the axial length of the eye
closest to the population mean.

axis. These definitions were chosen to enable direct comparison between our data and findings in previous studies.3,8 As a consequence of
the weighted sampling strategy used in Ömnögobi province, gender
comparisons were corrected for age, and prevalence rates were calculated by direct age and gender standardization to the national population (1994 Census).4,33–35 The relationships between AL and refraction
(SE) with age and gender were analyzed by linear regression. Further
multiple-regression models were then constructed to evaluate the
independent effects of different biometric components on refraction.
In these models, AL was analyzed separately from VCD, ACD, and LT.
Age and gender were included in all models to take account of the
sampling strategy used. The standardized regression coefficient36
(SRC) was used to assess the relative importance of each biometric
component, the most important being that with the greatest absolute
magnitude.
Asymmetry of AL between the eyes was defined as RAL ⫺ LAL ,
where RAL is the right AL and LAL, the left AL. AAL represents the

absolute value of the difference RAL ⫺ LAL, irrespective of sign. The
relationship between asymmetry in AL and the length of the eye closest
to the population mean was examined by using linear regression
analysis. For comparison of means of the continuous data, Student’s
t-test was used.

RESULTS
We examined 1617 people from the 1800 participants selected
(Hövsgöl: 942/1000 and Ömnögobi: 675/800), and Table 1
summarizes the demographic characteristics of those examined. The overall response rate was 90.0%. Ocular biometric
data were available for 1312 (81.1%) of the 1617 subjects. The
ultrasound device malfunctioned during the 1997 survey, before data could be obtained from all participants.
Table 2 summarizes the ocular biometric characteristics of
men and women in four age groups: 40 to 49, 50 to 59, 60 to
69, and 70 years or more. There was no major difference
between mean RAL (23.13 ⫾ 1.15 mm) and LAL (23.19 ⫾ 1.19
mm; P ⫽ 0.39). After adjustment for age, the AL of the globe
was significantly longer in men than in women (23.43 ⫾ 1.06
versus 23.08 ⫾ 1.20 mm; P ⬍ 0.001). Mean ACD was 0.10 mm
deeper in men (2.87 mm) than in women (2.77 mm; P ⬍
0.001). Similarly, LT was 0.06 mm greater in men (4.38 mm)
than in women (4.32 mm; P ⫽ 0.007). Conversely, CP was 0.60
D less in men (43.65 D) than in women (44.24 D; P ⬍ 0.001).
However, after adjustment for height, all gender differences
ceased to be significant: AL (P ⫽ 0.27), ACD (P ⫽ 0.30), LT
(P ⫽ 0.12), and CP (P ⫽ 0.67). After allowing for gender and
height effects on AL, a very small but statistically significant
increase with age was observed in mean AL (increase of 0.05
mm per decade; P ⫽ 0.03).
There was no significant difference in mean absolute asymmetry of AL AAL between men and women (men: 0.29 ⫾ 0.61
mm; women: 0.28 ⫾ 0.55 mm; P ⫽ 0.93) nor was there a
significant change in AAL with age (P ⫽ 0.15). The magnitude
of the asymmetry increased as AL deviated from the population
mean. After allowing for age and gender, we estimate that a
1-mm increase in mean AL would be accompanied by a
0.15-mm increase in asymmetry (P ⬍ 0.001). Table 3 summarizes the variation in AL asymmetry with AL of the right eye.
Among those with AL of less than 22 mm, there was a 0.4 ⫾

FIGURE 1. Asymmetry in AL between right and left eyes, by degree of anisometropia and by mean refractive error (SE). Vertical bars: 95% CI for
the mean.
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TABLE 4. Power Vector Analysis of Refractive Error in Adult Mongolians by Age and Gender
Decade
(y)

Spherical Equivalent,
M (D)

Astigmatism, J0
(D)

Astigmatism, J45
(D)

Men

40–49
50–59
60–69
⬎70

⫹0.1 ⫾ 1.8
⫹0.2 ⫾ 0.9
⫹0.0 ⫾ 1.5
⫺0.7 ⫾ 3.6

⫹0.1 ⫾ 0.5
⫺0.1 ⫾ 0.4
⫹0.1 ⫾ 0.6
⫹0.0 ⫾ 0.8

⫹0.0 ⫾ 0.2
⫺0.1 ⫾ 0.3
⫺0.2 ⫾ 0.5
⫺0.2 ⫾ 0.6

Women

40–49
50–59
60–69
⬎70

⫺0.3 ⫾ 1.6
⫹0.1 ⫾ 1.9
⫺0.4 ⫾ 3.2
⫹0.4 ⫾ 1.3

⫹0.2 ⫾ 0.6
⫹0.1 ⫾ 0.6
⫹0.2 ⫾ 0.8
⫹0.1 ⫾ 0.6

⫺0.0 ⫾ 0.3
⫺0.1 ⫾ 0.3
⫺0.2 ⫾ 0.5
⫺0.1 ⫾ 0.5

All

40–49
50–59
60–69
⬎70

⫺0.1 ⫾ 1.7
⫹0.1 ⫾ 1.6
⫺0.2 ⫾ 2.5
⫺0.2 ⫾ 2.6

⫹0.1 ⫾ 0.5
⫹0.0 ⫾ 0.5
⫹0.1 ⫾ 0.7
⫹0.0 ⫾ 0.7

⫺0.0 ⫾ 0.2
⫺0.1 ⫾ 0.6
⫺0.2 ⫾ 0.7
⫺0.1 ⫾ 0.5

Gender

M, spherical equivalent; J0, difference between diopteric power of horizontal and vertical meridians;
J45, oblique component of astigmatism.
Data expressed as the mean ⫾ SD.

0.7-mm difference between the eyes. As a percentage of AL,
this equated to 1.6% ⫾ 3.2%. With AL more than 26 mm, AAL
was 2.3 ⫾ 2.5 mm (9.2% ⫾ 10.7% of AL).
Figure 1 describes the variation in AAL with anisometropia
between eyes and mean refractive error. As the degree of
anisometropia increased, so did the extent of asymmetry. In
terms of actual mean SE, the AAL increased with extremes of
ametropia (ⱕ ⫺6 D and ⱖ ⫹4 D).
Table 4 describes the power vector analysis of refractive
error by age and gender. In terms of mean SE, there were no
clear trends in men and women, although as a whole there was
a tendency toward a greater degree of myopia in the older age
groups. With-the-rule astigmatism J0 predominated through all
age groups in men and women. For J45, the axis of the cylinder
was closer to 135° than 45°.
Age-standardized prevalence of refractive errors in adult
Mongolians are summarized in Table 5. The age and gender
standardized rates of myopia, emmetropia, hyperopia, astigmatism, and anisometropia were 17.2%, 49.9%, 32.9%, 40.9%, and
10.7%, respectively. There were no significant differences between the sexes in mean refractive error (men: ⫺0.06 ⫾ 2.04
D; women: ⫺0.08 ⫾ 2.09 D; P ⫽ 0.90) or age-standardized
prevalence of myopia (men: 17.5%; women: 16.8%; P ⫽ 0.27).
Table 6 details the variation of refractive errors (SE) with age in
men and women. Overall, the prevalence of myopia was at a
minimum in the 50- to 59-year-old group. In men, there appeared to be a monotonic increase in prevalence with age,
whereas in women, there was no discernible pattern. The rates
of hyperopia, anisometropia, and astigmatism all increased
monotonically with age in both men and women. The in-

creased prevalence appeared especially pronounced after the
age of 60 years.
Figure 2 shows the variation in prevalence of myopia and
hyperopia with age and gender.
Table 7 illustrates how the age, AL, ACD, VCD, LT, height,
and weight of subjects varied with refraction. Linear regression
models were derived to evaluate the independent effects of
biometric components on refraction (SE; linear regression
model presented in Table 8). The SRC indicated that AL (0.62)
was more important in determining SE than age (0.03), gender
(0.06), or CP (0.33). In this model (model 1) we estimate that
a 1-mm increase in AL would be associated with a 1.4-D (95%
confidence interval [CI]: 1.2–1.6) myopic shift in SE. As VCD,
ACD, and LT are components of AL, separate models were
calculated to assess which components were most influential
in determining refraction. In these models VCD, LT, and ACD
were added to model 1 to determine which were significantly
associated with refraction. These separate models suggested
that VCD (⫺0.62D, P ⬍ 0.001) was the most influential factor
(LT ⫺0.01, P ⫽ 0.90; ACD ⫺0.13 mm, P ⫽ 0.03). To determine
whether LT or ACD was the next most important factor, two
separate iterations were used: VCD and LT added to model 1
and VCD and ACD added separately to model 1. Comparing the
probabilities for the respective coefficients, LT (⫺0.26 mm,
P ⬍ 0.001) was more influential than ACD (⫺0.02 mm, P ⫽
0.64). These models together show that AL, and especially its
component VCD, were the strongest determinants of SE. In
addition to AL and VCD, smaller but significant contributions
were made by CP, LT, and ACD.

TABLE 5. Age-Gender Standardized Prevalence of Refractive Errors in Mongolian Adults

High myopia (⬍⫺5.0 D, SE)
Myopia (⬍⫺0.5 D, SE)
Emmetropia (⬎⫺0.5 D, ⬍⫹0.5 D SE)
Hyperopia (⬎⫹0.5 D, SE)
Astigmatism (⬍⫺0.5 D, cyl)
Anisometropia (⬎1.00 D, diff)

n

Adj %
(Men)

95% CI

n

Adj %
(Women)

95% CI

n

Adj %
(All)

95% CI

6
54
125
91
126
32

2.0
17.5
50.0
32.5
41.5
11.4

0.9–3.2
14.6–20.4
47.0–52.9
29.3–35.8
37.6–45.3
9.3–13.5

11
58
171
121
143
37

3.1
16.8
49.8
33.4
39.2
10.3

1.8–4.4
14.1–19.5
46.4–53.4
29.3–37.4
35.0–43.5
7.9–12.7

17
112
296
212
269
69

2.7
17.2
49.9
32.9
40.9
10.7

2.5–2.9
15.9–18.5
49.5–51.9
32.2–33.5
40.2–41.6
10.2–11.2

Cyl, cylinder; diff, spherical equivalent difference between right and left eyes. Adj % (men), age standardized to the 1994 adult male Mongolian
population; Adj % (women), age standardized to the 1994 adult female Mongolian population; Adj % (all), age and gender standardized to the 1994
adult Mongolian population.
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TABLE 6. Prevalence of Refractive Errors in Adult Mongolians by Age and Gender
Myopia
(<ⴚ0.5D)
Age
Men
40–49
50–59
60–69
⬎70
Total
Women
40–49
50–59
60–69
⬎70
Total
All
40–49
50–59
60–69
⬎70
Total

Emmetropia
(<ⴚ0.5D)

Hyperopia
(>ⴙ0.5D)

Astigmatism
(>ⴚ0.5D)

Anisometropia
(>1.0D)

%

95% CI

n

%

95% CI

n

%

95% CI

n

%

95% CI

n

%

95% CI

n

Missing
n

11.8
13.0
22.7
39.2
17.5

8.6–15.1
9.1–16.9
11.2–34.2
22.0–56.4
14.6–20.4

9
10
15
20
54

59.3
55.8
39.4
21.6
50.0

51.9–66.5
39.2–72.5
24.3–54.5
8.8–34.3
47.0–52.9

45
43
26
11
125

28.9
31.2
37.9
39.2
32.5

28.2–29.7
27.8–34.5
23.0–52.7
22.0–56.4
29.3–35.8

22
24
25
20
91

22.4
44.2
54.5
76.5
41.5

17.9–26.8
29.3–59.0
36.7–72.4
52.5–99.5
37.6–45.3

17
34
36
39
126

10.5
9.1
16.7
11.8
11.4

7.5–13.6
2.4–15.8
6.8–26.5
2.4–21.2
9.3–13.5

8
7
11
6
32

1
3
3
18
25

18.4
12.1
20.3
16.7
16.8

14.8–22.1
5.5–18.8
15.5–25.0
6.8–26.5
14.1–19.5

19
13
15
11
58

61.2
57.0
35.1
31.8
49.8

54.5–67.8
42.7–71.3
21.6–48.6
18.2–45.4
46.4–53.4

63
61
26
21
171

20.4
30.8
44.6
51.5
33.4

16.5–24.2
28.0–33.6
29.4–59.8
34.2–68.8
29.3–37.4

21
33
33
34
121

22.3
41.1
43.2
66.7
39.2

18.3–26.4
29.0–53.3
28.3–58.2
47.0–86.4
35.0–43.5

23
44
32
44
143

6.8
7.5
17.6
13.6
10.3

4.6–9.0
2.3–12.7
8.0–27.1
4.7–22.5
7.9–12.7

7
8
13
9
37

2
3
12
13
30

15.6
12.5
21.4
26.5
17.2

14.4–16.9
10.8–14.2
17.9–25.0
17.2–35.8
15.9–18.5

28
23
30
31
112

60.4
56.5
37.2
27.3
49.9

56.1–64.6
52.4–60.6
32.5–41.8
17.9–36.8
49.5–51.9

108
104
52
32
296

24.0
31.0
41.4
46.2
32.9

22.5–25.6
28.4–33.6
36.5–46.4
42.9–49.4
32.2–33.5

43
57
58
54
212

22.2
37.5
48.6
70.3
40.9

20.8–23.7
34.6–40.4
43.2–53.9
55.2–85.5
40.2–41.6

40
78
68
83
269

8.4
8.2
17.1
12.8
10.7

7.5–9.3
6.6–9.7
14.0–20.3
12.5–13.2
10.2–11.2

15
15
24
15
69

3
6
15
31
55

Prevalence (%) was calculated after excluding those subjects with missing data.

DISCUSSION
Our study is the first to provide cross-sectional, populationbased data on the ocular biometric characteristics of an adult
Mongolian population. In common with other studies,12,34,35
we found that men tended to have longer axial dimensions of
the eye and less steeply curved corneas than women of the
same age. However, we believe our data are unique in showing
that the difference is no longer significant after controlling for
height. Reassuringly, this suggests that the factors that determine ocular dimensions in men and women are similar, but

women, on average, are simply smaller than men, and consequently have smaller eyes. The importance of biometric data in
the investigation of the etiology of refractive trends in a population was highlighted by a study in Singapore that showed a
bimodal trend of myopia prevalence, being highest in the 40to 49- and 70- to 79-year-old cohorts. However, this was explained by the increasing nuclear sclerosis in older people and
longer AL in younger people.13
Probably the most important finding of our study, which we
believe is also unique among studies of East Asian people, is the

FIGURE 2. Prevalence of refractive
error, by age and gender in adult
Mongolians. Myopia: less than ⫺0.5
D; hyperopia: more than ⫹0.5 D.
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TABLE 7. Biometric Characteristics According to Refractive Error in Adult Mongolians
SE (D)

n

Age (y)

⬍⫺5.0
17 60.1 ⫾ 13.7
⫺5.0 to ⫺3.1 12 60.9 ⫾ 16.9
⫺3.0 to ⫺1.1 49 61.3 ⫾ 12.5
⫺1.0 to ⫺0.1 113 57.5 ⫾ 11.9
0 to 1.0
340 55.6 ⫾ 11.1
⬎⫹1.0
89 63.1 ⫾ 10.3
Missing data
0
0
Total
620
620

Height (cm) Weight (kg) ACD (mm) LT (mm) VCD (mm)

AL (mm)

AAL (mm)

CP (D)

157.4 ⫾ 7.8
156.8 ⫾ 10.8
156.7 ⫾ 9.3
158.0 ⫾ 7.5
158.7 ⫾ 9.1
155.1 ⫾ 8.7
5
615

25.7 ⫾ 1.7
24.4 ⫾ 1.0
23.6 ⫾ 0.9
23.3 ⫾ 0.7
23.0 ⫾ 0.7
22.8 ⫾ 0.9
255
365

1.4 ⫾ 1.1
0.3 ⫾ 0.5
0.5 ⫾ 0.5
0.3 ⫾ 0.8
0.3 ⫾ 0.3
0.4 ⫾ 0.4
258
362

44.1 ⫾ 3.3
44.1 ⫾ 1.5
44.5 ⫾ 2.1
44.3 ⫾ 1.4
43.9 ⫾ 1.5
43.4 ⫾ 1.7
55
565

60.2 ⫾ 10.9
57.2 ⫾ 11.7
59.4 ⫾ 12.4
61.8 ⫾ 12.5
62.6 ⫾ 12.8
59.5 ⫾ 11.8
5
615

2.9 ⫾ 0.5
2.9 ⫾ 0.4
2.7 ⫾ 0.4
2.8 ⫾ 0.3
2.7 ⫾ 0.3
2.6 ⫾ 0.4
255
365

4.5 ⫾ 0.4
4.4 ⫾ 0.3
4.5 ⫾ 0.4
4.4 ⫾ 0.4
4.4 ⫾ 0.4
4.6 ⫾ 0..3
256
364

18.3 ⫾ 1.6
17.2 ⫾ 0.8
16.1 ⫾ 1.0
15.8 ⫾ 0.7
15.6 ⫾ 0.7
15.6 ⫾ 0.7
255
365

Data are expressed as the mean ⫾ SD.

absence of a significant difference in mean AL between the different age groups. This is directly opposite to the trend in studies
of Chinese people in Singapore and Taiwan, which have clearly
documented an increasing prevalence of myopia among younger
people and have shown that it is explained by increasing
AL.13,22,37 Cross-sectional studies in the United Kingdom have
also suggested that AL decreases with increasing age.38,39
Opinion is divided on whether the observation that older
people have shorter mean AL reflects a genuine decrease with
advancing age in an individual, or whether it is a consequence
of a change within birth cohorts, and not a longitudinal
change. The association between greater height and longer
axial dimensions of the eye in Singaporeans supports the belief
that these findings may be attributable to greater mean height
in younger people, and therefore probably a cohort effect
associated with improved nutrition.40,41 Our findings are the
reverse of this widely observed trend of longer AL in younger
people. The relative stability of corneal curvature (CC) with
age has been described42,43 and suggests that if refractive
index disharmony is responsible for ametropia in this population, it is mostly likely to be lenticular in origin rather than due
to changes in corneal curvature or increases in refractive index
of the cornea. Although the prevalence of astigmatism increased with age in Mongolians, vector analysis indicated that
there was no major change in the extent of either regular or
oblique astigmatism with age. The general finding of a higher
frequency of against-the-rule astigmatism44,45 with increasing
age seen in other populations was absent. Although we were
not able to gather lens opacity data in this study, the increase
in myopia prevalence from the age of 60 years and onward is
most likely due to changes in nuclear sclerosis. Several studies46 – 49 have demonstrated an association between nuclear
cataract and myopia. It has been suggested that this may be due
to increases in the density and hence refractive index of the
lens with age.18
TABLE 8. Linear Regression Model of Noncycloplegic Refraction, in
Spherical Equivalents, diopters, Per Unit Difference in Biometric
Components in Adult Mongolians
Biometric
Components
R2 ⫽ 0.58
Age (ys)
Gender
Al (mm)
CP (D)

Unstandardized
Regression Coefficient
(95% CI)

0.01
⫺0.26
⫺1.44
⫺0.56

(⫺0.01
(⫺0.66
(⫺1.66
(⫺0.70

to
to
to
to

0.02)
⫺0.15)
⫺1.21)
0.41)

Standardized
Regression
Coefficient

P

0.03
⫺0.06
⫺0.62
⫺0.38

0.51
0.21
⬍0.001
⬍0.001

Noncycloplegic refraction was the dependent variable with biometric components as independent variables. Unstandardized coefficients are based on noncycloplegic refraction (SE) per unit difference
in Biometric components.
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Pesudovs and Elliott50 demonstrated in subjects with a single morphologic type of cataract, that those with nuclear
cataracts were more likely to have had a recent myopic shift
than control subjects, whereas cortical cataracts were more
commonly associated with astigmatic change than control subjects.
The degree of asymmetry in AL between the two eyes of
individuals increased as AL of the more normal eye deviated
from the population mean value. Not surprisingly, the greatest
asymmetry was found in either highly myopic or highly hyperopic subjects. The degree of asymmetry varied little between
the different age groups. This suggests that asymmetry is determined at a relatively young age and varies little thereafter in
this population. The finding of greater asymmetry in those who
are either highly myopic or hyperopic fits in with this hypothesis, as refractive error is largely determined in youth and early
adulthood.51
High rates of myopia have been described in East Asian
populations, with lower rates in Afro-Caribbeans and aborigines and intermediate rates in whites.4,8,12 Although direct
comparison is difficult because of the different methodologies
used in various studies, those with similar ages of participants
and definitions of myopia are shown in Figure 3, age-adjusted
to the 1994 Mongolian population. The prevalence of myopia
among adult Mongolians is substantially lower than is seen in
East Asians from industrialized nations, such as Chinese Singaporeans, and is closer to rates in Afro-Caribbeans and certain
ethnic European peoples.4,8,12
Evidence for a heritable predisposition to development of
myopia comes from twin studies52,53 that show greater heredity of myopia in monozygotic than in dizygotic twins. There
have also been studies showing a higher than expected correlation between the refractive status of children and that of their
parents.54 In a longitudinal study in parents with myopia and
their children, Zadnik et al.55 showed that eyes in nonmyopic
children with myopic parents tended to have longer AL than
those in children of nonmyopic parents, with later predisposition to myopia.
There is growing evidence to support an environmental
element in the etiology of myopia, with most studies concentrating on near work as a risk factor. Many studies have shown
an association between educational status,4,33 occupation,8,34
and income3 and the degree of myopia. These associations may
be an indicator of near work and so support the use–abuse
theory56,57 of myopia development. Further support comes
from studies on occupational groups such as clinical microscopists.19 With greater time spent on near tasks, a demonstrable progression or development of myopia was seen, predominantly due to vitreous chamber elongation.
Although there has certainly been an increase in the intensity of near-work tasks with economic development, the magnitude of myopia in the industrialized countries of the East
Asian region cannot be accounted for solely by environmental
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FIGURE 3. Prevalence of myopia in
different population studies, adjusted
to a 1994 Mongolian population. The
ages of the subjects ranged from 40
to 98 years, with myopia defined as
less than ⫺0.5 D). Studies and race of
participants: Singapore and Mongolia, Sino-Mongoloid; VIP, visual impairment project, white; Beaver
Dam, white; BW, Baltimore, white;
BB, Baltimore, black; Barbados,
black. Squares: mean prevalence; error bars: 95% CI. Numbers after the
study indicate number of participants.

influences. In comparison to industrialized Western societies,
both the prevalence of myopia and rate of myopia progression
are significantly higher. Among Chinese populations, the prevalence of myopia is higher in industrialized areas than in rural
areas, with rates of 12.3% in the city-state of Singapore, compared with 9.1% in Xiamen City (China) and 3.9% in surrounding rural areas of China. Rates of hyperopia were found to be
relatively constant.58 This suggests a greater predisposition for
the development of myopia in East Asians when exposed to an
environmental trigger such as prolonged near activity.
The principal strength of our study was the populationbased random sampling strategy, avoiding the bias that is
present in studies of biometry in specific, highly selected
groups of patients. Weaknesses include the problems of inferences from cross-sectional data, as already mentioned. The use
of noncycloplegic refraction may have led to errors in determining refraction, especially in younger subjects, where some
degree of accommodation may have been present, giving
greater levels of myopia in the young, although our data did not
suggest this. Finally, because of instrument malfunction in
1997, there were several patients with incomplete data.
In conclusion, Mongolians, although genetically similar to
other races in East Asia, have a much lower prevalence of
myopia. The mean AL differs little between age groups, in
marked contrast to data from Chinese populations. This suggests that cross-sectional trends in AL observed in other East
Asian populations are probably attributable to differences in
ocular dimensions between birth cohorts, improved nutrition,
higher educational intensity, and a predominantly near visual
environment.

References
1. Dandona R, Dandona L. Refractive error blindness. Bull World
Health Organ. 2001;79:237–242.
2. Mutti DO, Zadnik K, Adams AJ. Myopia: the nature versus nurture
debate goes on. Invest Ophthalmol Vis Sci. 1996;37:952–957.

Downloaded from iovs.arvojournals.org on 06/25/2019

3. Sperduto RD, Seigel D, Roberts J, Rowland M. Prevalence of myopia in the United States. Arch Ophthalmol. 1983;101:405– 407.
4. Katz J, Tielsch JM, Sommer A. Prevalence and risk factors for
refractive errors in an adult inner city population. Invest Ophthalmol Vis Sci. 1997;38:334 –340.
5. Wu Sy, Nemesure B, Leske MC. Refractive errors in black adult
population: the Barbados Eye study. Invest Ophthalmol Vis Sci.
1999;40:2179 –2184.
6. Taylor HR. Racial variations in vision. Am J Epidemiol. 1981;113:
62– 80.
7. Verlee DL. Ophthalmic survey in the Solomon Islands. Am J Ophthalmol. 1968;66:304 –319.
8. Wong TY, Foster PJ, Hee J, et al. Prevalence and risk factors for
refractive errors in adult Chinese in Singapore. Invest Ophthalmol
Vis Sci. 2000;41:2486 –2494.
9. Chow YC, Dhillon B, Chew PTK, Chew SJ. Refractive errors in
Singapore medical students. Singapore Med J. 1990;31:472–
473.
10. Wu HM, Seet B, Yap EP, Saw SM, Lim TH, Chia KS. Does education
explain ethnic differences in myopia prevalence?—a populationbased study of young adult males in Singapore. Optom Vis Sci.
2001;78:234 –239.
11. Shimiuzu N, Nomura H, Ando F, Niino N, Miyake Y, Shimokata H.
Refractive error and factors associated with myopia in an adult
Japanese population. Jpn J Ophthalmol. 2003;47:6 –12.
12. Goh WS, Lam CS. Changes in refractive trends and optical components of Hong Kong Chines aged 19 –39 years. Ophthalmic
Physiol Opt. 1994;14:378 –382.
13. Wong TY, Foster PJ, Ng TP, Tielsch JM, Johnstone GJ, Seah SKL.
Variations in ocular biometry in an adult Chinese population in
Singapore: the Tanjong Pagar survey. Invest Ophthalmol Vis Sci.
2001;42:73– 80.
14. Grosvenor T, Scott R. Three-year changes in refraction and its
components in youth-onset myopia. Optom Vis Sci. 1993;70:677–
683.
15. McBrien NA, Milldot M. A biometric investigation of late onset
myopic eyes. Acta Ophthalmol Scand. 1987;5:461– 468.

IOVS, March 2004, Vol. 45, No. 3

Biometry and Refraction in Mongolian Adults

16. Jiang BC, Woosner WM. Vitreous chamber elongation is responsible for myopia development in a young adult. Optom Vis Sci.
1996;73:231–234.
17. Lin LL, Shih YF, Lee YC, Hung PT, Hou PK. Changes in ocular
refraction and its components among medical students: a 5 year
longitudinal study. Optom Vis Sci. 1996;73:495– 498.
18. Brown, NP Koretz JF, Bron AJ. The development and maintenance
of emmetropia. Eye. 1999;13:83–92.
19. McBrien NA, Adams DW. A longitudinal investigation of adultonset and adult-progression of myopia in an occupational group:
refractive and biometric findings. Invest Ophthalmol Vis Sci. 1997;
38:321–333.
20. Saw SM, Chua WH, Wu HM, et al. Myopia: gene-environment
interaction. Ann Acad Med Singapore. 2000;29:290 –297.
21. Saw SM, Chua WH, Hong CY, et al. Nearwork in early-onset
myopia. Invest Ophthalmol Vis Sci. 2002;43:332–339.
22. Lin LL, Shih YF, Tsai CB, et al. Epidemiologic study of ocular
refraction among school children in Taiwan in 1995. Optom Vis
Sci. 1999;76:275–281.
23. Lin LL, Chen CJ, Hung PT, Ko LS. Nation-wide survey of myopia
amongst school children in Taiwan, 1986. Acta Ophthalmol. 1988;
66(suppl):29 –33.
24. Tan NW, Saw SM, Lam DS, Cheng HM, Rajan U, Chew SJ. Temporal
variations in myopia progression in Singaporean children within
an academic year. Optom Vis Sci. 2000;77:465– 472.
25. Au Eong KG, Tay TH, Lim MK. Education and myopia in 110,236
young Singaporean males. Singapore Med J. 1983;34:489 – 492.
26. Tay MT, Au Eong KG, Ng CY, Lim MK. Myopia and educational
attainment in 421,116 young Singaporean males. Ann Acad Med
Singapore. 1992;21:785–791.
27. Anonymous. Mission in Mongolia (editorial). Nat Genet. 1993;5:
313–315.
28. Cavalli-Sforza LL. Genes, peoples and languages. Sci Am. 1991;265:
104 –110.
29. United National Educational, Scientific and Cultural Organization
(UNESCO). Adult literacy rates in Mongolia, 1999. Available at
www.un-mongolia.mn/learning.htm. Accessed July 2002.
30. Foster PJ, Baasanhu J, Alsbirk P, Munkhbayar D, Uranchimeg D,
Johnson G. Glaucoma in Mongolia. Arch Ophthalmol. 1996;114:
1235–1241.
31. Devereux JG, Foster PJ, Baasanhu J, et al. Anterior chamber depth
measurement as a screening tool for primary angle-closure glaucoma in an East Asian population. Arch Ophthalmol. 2000;118:
257–263.
32. Thibos LN, Wheeler W, Horner D. Power vectors: an application of
Fourier analysis to the description and statistical analysis of refractive error. Optom Vis Sci. 1997;74:367–375.
33. Wang Q, Klein BE, Klein R, Moss SE. Refractive status in the Beaver
Dam Eye Study. Invest Ophthalmol Vis Sci. 1994;35:4344 – 4347.
34. Wensor M, McCarty CA, Taylor HR. Prevalence and risk factors for
myopia in Victoria, Australia. Arch Ophthalmol. 1999;117:658 –
663.
35. Attebo K, Ivers RQ, Mitchell P. Refractive errors in the older
population: the Blue Mountains Eye Study. Ophthalmology. 1999;
106:1066 –1072.
36. Szklo M, Nieto FJ. Epidemiology: Beyond the Basics. Gaithersburg,
MD: Aspen; 1999.
37. Lin LL, Shih YF, Hsiao CK, Chen CJ, Lee LA, Hung PT. Epidemiologic study of the prevalence and severity of myopia among

schoolchildren in Taiwan in 2000. J Formos Med Assoc. 2001;100:
684 – 691.
Grosvenor T. Reduction in axial length with age: an emmetropization mechanism for the adult eye? Am J Optom Physiol Opt.
1987;64:657– 663.
Leighton DA, Tomlinson A. Changes in axial length and other
dimensions of the eyeball with increasing age. Acta Ophthalmol.
1972;50:815– 826.
Wong TY, Foster PJ, Johnson GJ, Klein BE, Seah SK. The relationship between ocular dimensions and refraction with adult stature:
the Tanjong Pagar Survey. Invest Ophthalmol Vis Sci. 2001;42:
1237–1242.
Saw SM, Chua WH, Hong CY, et al. Height and its relationship to
refraction and biometry parameters in Singapore Chinese children.
Invest Ophthalmol Vis Sci. 2002;43:1408 –1413.
Ooi CS, Grosvenor T. Mechanisms of emmetropization in the aging
eye. Optom Vis Sci. 1995;72:60 – 66.
Fledelius HC, Stubgaard M. Changes in refraction and corneal
curvature during growth and adult life. Acta Ophthalmol. 1986;
64:487– 491.
Baldwin WR, Mills D. A longitudinal study of corneal astigmatism
and total astigmatism. Am J Optom Physiol Opt. 1981;58:206 –211.
Gudmundsdottir E, Jonasson F, Jonsson V, Stefansson E, Sasaki H,
Sasaki K. “With the rule” astigmatism is not the rule in the elderly:
Reykjavik Eye Study—a population based study of refraction and
visual acuity in citizens of Reykjavik 50 years and older. IcelandJapan Co-Working Study Groups. Acta Ophthalmol Scand. 2000;
78:642– 646.
Brown NAP, Hill AR. Cataract, the relation between myopia and
cataract morphology. Br J Ophthalmol. 1987;71:405– 414.
Reeves RC, Hill AR, Brown NA. Myopia and cataract. Lancet.
1987;2(8565):964.
Wong TY, Klein BE, Klein R, Tomany SC, Lee KE. Refractive errors
and incident cataracts. Invest Ophthalmol Vis Sci. 2003;42:1449 –
1454.
Levin ML. Opalescent nuclear cataract. J Cataract Refract Surg.
1989;15:576 –579.
Pesudovs K, Elliott DB. Refractive error changes in cortical, nuclear, and posterior subcapsular cataracts. Br J Ophthalmol. 2003;
87:964 –967.
Goss DA, Winkler RL. Progression of myopia in youth: age of
cessation. J Am Optom Physiol Opt. 2002;60:651– 658.
Hammond CJ, Snieder H, Gilbert CE, Spector TD. Genes and
environment in refractive error: the twin eye study. Invest Ophthalmol Vis Sci. 2001;42:1232–1236.
Teikari JM, O’Donnell J, Kaprio J, Koskenvuo. Impact of heredity
in myopia. Hum Hered. 1991;41:151–156.
Teikari JM, O’Donnell J, Kaprio J, Koskenvuo M. Genetic and
environmental effects on oculometric traits. Optom Vis Sci. 1980;
66:594 –599.
Zadnik K, Satariano WA, Mutti DO, Sholtz RI, Adams AJ. The effect
of parental history of myopia on children’s eye size. JAMA. 1994;
271:1323–1332.
Curtin BJ. The Myopias. Basic Science and Clinical Management.
Philadelphia: Harper & Row; 1985:39 –59.
Angle J, Wissman DA. The epidemiology of myopia. Am J Epidemiol. 1980;111:220 –228.
Zhan MZ, Saw SM, Hong RZ, et al. Refractive errors in Singapore
and Xiamen, China: a comparative study in school children aged 6
to 7 years. Optom Vis Sci. 2000;77:302–308.

Downloaded from iovs.arvojournals.org on 06/25/2019

38.

39.

40.

41.

42.
43.

44.
45.

46.
47.
48.

49.
50.

51.
52.

53.
54.

55.

56.
57.
58.

783

