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Myopia and Cognitive Dysfunction: The Singapore Malay
Eye Study
Shin-Yeu Ong,1,2 M. Kamran Ikram,1–5 Benjamin Adam Haaland,2,6 Ching-Yu Cheng,1–3,5
Seang-Mei Saw,1,5 Tien Yin Wong,1,3,7 and Carol Y. Cheung1–3
PURPOSE. To investigate a possible relationship between
refractive error and cognitive function.
METHODS. This population-based, cross-sectional study included
1032 persons aged 60 to 79 who participated in the Singapore
Malay Eye Study. Refraction (sphere, cylinder, and axis) was
measured using an autorefractor, and spherical equivalent was
defined as sphere plus half negative cylinder. Refractive errors
were defined as myopia (spherical equivalent < 0.5),
emmetropia (0.5 diopter [D]  spherical equivalent  0.5
D), and hyperopia (spherical equivalent > 0.5 D). Visual acuity
was measured with a logMAR chart. Cognitive dysfunction,
assessed using the Abbreviated Mental Test, was defined based
on education-specific cutoff values.
RESULTS. Compared with individuals with emmetropia, persons
with myopia were almost twice as likely to have cognitive
dysfunction (odds ratio 1.82; 95% confidence interval 1.05–
3.15), after adjusting for age, sex, body mass index, income,
education, and hours of reading and writing per day. Hyperopia
was not associated with cognitive dysfunction. The association
remained significant after further adjustment for uncorrected
refractive errors or best-corrected visual acuity.
CONCLUSIONS. Our results provide evidence on a novel
association between myopia and cognitive dysfunction. (Invest
Ophthalmol Vis Sci. 2013;54:799–803) DOI:10.1167/
iovs.12-10460

efractive errors and cognitive impairment are common
conditions in older adults.1,2 Previous studies have
reported that impaired visual acuity is an independent risk
factor for cognitive decline.3,4 Uncorrected refractive errors are
the main cause of visual impairment,5 but possible relation-
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ships between refractive errors and cognitive dysfunction have
not yet been examined.
There are several lines of evidence that suggest a possible
association between refractive errors and cognitive dysfunction. First, the incidence and severity of uncorrected refractive
errors increases with age,6 and the resulting poor vision from
inadequate correction may increase the risk for cognitive
dysfunction. Second, similar pathological alterations may be
present in both myopia and cognitive impairment. b-amyloid
deposits, a precursor of cognitive decline, have also been
found in the crystalline lens, which potentially increases its
thickness and curvature, leading to a ‘‘myopic shift.’’7,8 In
contrast, myopia is strongly correlated with higher education
and reading ability, which in turn could potentially reduce the
risk of cognitive dysfunction.9,10
We are unaware of studies that have directly examined a
possible relationship between refractive errors and cognitive
function. Thus, the purpose of our study was to examine the
relationship between refractive errors and cognitive dysfunction in a population-based sample of adults aged 60 to 79
years.

MATERIALS

AND

METHODS

Participants
Participants were community-dwelling Malay adults aged 40 to 79 years
from the Singapore Malay Eye Study (SiMES), a population-based, crosssectional epidemiologic study of 3280 urban Malay adults. Only
persons who were 60 years and older underwent cognitive screening
and were included in this study. Of the 2149 eligible persons aged 60 to
79 years, 1478 participated from 2004 to 2006. The overall
participation rate was 76.1%. The response rates by age and sex were
76.5% and 77.2% in males aged 60 to 69 years and 70 to 79 years,
respectively, and 78.0% and 72.0% in females aged 60 to 69 years and
70 to 79 years, respectively. Study design and population details have
been described elsewhere.11
All study procedures were performed in accordance with the tenets
of the Declaration of Helsinki. Written informed consent was obtained
from the participants, and the study was approved by the institutional
review board of the Singapore Eye Research Institute.

Refraction Measurement
Noncycloplegic refraction was used in this study. Each participant’s
refractive error was obtained with an autorefractor machine (Canon
RK-5 Auto Ref-Keratometer; Canon, Inc., Ltd., Tokyo, Japan). Subjective
refraction was performed by a trained, certified study optometrist to
achieve best-corrected visual acuity. Spherical equivalent was calculated as sphere plus half negative cylinder. Myopia was defined as
spherical equivalent less than 0.5 diopter [D] in either eye,
emmetropia was defined as spherical equivalent between and
including 0.5 D and 0.5 D, and hyperopia was defined as spherical
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equivalent greater than 0.5 D.12 In supplementary analysis, an
alternative definition of myopia as spherical equivalent less than
0.75 D was also used for analysis.13

stroke was ascertained from self-report. Body mass index (BMI) was
calculated as body weight (in kilograms) divided by body height (in
meters) squared.

Visual Acuity

Statistical Analysis

Visual acuity was measured using the logarithm of the minimum angle
of resolution (logMAR) number chart (Lighthouse International, New
York, NY) at a distance of 4 meters with the participant wearing their
presenting optical correction, or after best correction of refraction.
Visual impairment was defined using best-corrected or presenting
visual acuity, as the logMAR greater than 0.3 in the better-seeing eye
(US definition).14 Uncorrected refractive error was defined as at least a
two-line difference between presenting and corrected logMAR in either
eye.15 As visual impairment is related to cognitive dysfunction,16 we
excluded persons with visual impairment despite best correction of
refraction.

Statistical analysis was performed using STATA version 11.0 (StataCorp,
College Station, TX). Age-sex-adjusted and multivariable logistic
regression models were used to determine the relationship of refractive
error categories (exposures) with cognitive dysfunction (outcome).
The potential confounders considered were age, sex, BMI, hyperlipidemia, diabetes, HbA1c level, hypertension, history of stroke, smoking
status (current versus past/never), the presence of AMD and cataract,
number of hours of reading and writing per day (none, 0.1 to 2 hours,
>2 hours to 5 hours, >5 hours), income category (<SG $1000, SG
$1000 to <$2000, SG $2000 to <$3000, >3000), and education level
(no formal education, <6 years of education, completed 6 years of
education, high school, college or higher).23 Statistically significant
confounders were determined using manual backward elimination
procedures with P greater than 0.20 criterion for elimination. In other
multivariable models, we further adjusted for uncorrected refractive
errors (Model 3) and best-corrected visual acuity in the better eye in
logMAR units (Model 4), in addition to the variables not eliminated by
backward stepwise procedure. In supplementary analysis, analyses
were repeated using an alternative definition of myopia as spherical
equivalent less than 0.75.

Assessment of Lens Opacity and Age-Related
Macular Degeneration
In older adults, the development of lens opacity is often accompanied
by changes in refractive index,17 hence we also tested for associations
between cataract and cognitive dysfunction. Cataracts were assessed
from digital lens photographs using the Wisconsin Cataract Grading
System18 and defined as nuclear cataract opacity greater than or equal
to 4%, cortical cataract greater than or equal to 25%, or posterior
subcapsular cataract greater than or equal to 5%.19 The presence of agerelated macular degeneration (AMD) was graded from retinal photographs according to the Wisconsin Age-Related Maculopathy Grading
system.20

Assessment of Cognitive Status
The Abbreviated Mental Test (AMT) is a 10-question test of general
cognitive function, derived from the Hodkinson’s Test.21 Items assess
orientation (3 points), semantic knowledge (1 point), episodic memory
(3 points), delayed recall (1 point), picture naming (1 point), and
attention (1 point). The AMT was interviewer-administered in English
or Malay, in accord with the participant’s preference, to all SiMES
participants aged 60 years and older. The education-based cutoff scores
for the AMT have previously been validated against the Mini-Mental
State Examination. For subjects with 0 to 6 years of formal education,
the previously established cutoff score was 6, with a sensitivity of
89.6% and specificity of 92.6%. For subjects with more than 6 years of
formal education, the cutoff score was 8, with a sensitivity of 82.1%
and specificity of 92.9%.22 In this study, cognitive dysfunction was
defined as a score less than or equal to 6 of 10 for those with 0 to 6
years of formal education, and less than or equal to 8 of 10 for those
with more than 6 years of formal education.16

Assessment of Other Risk Factors
Participants underwent a standardized interview for socioeconomic
measures (e.g., personal income, education), lifestyle risk factors (e.g.,
smoking, number of hours spent reading and writing per day),
medication use, and self-reported history of systemic diseases (e.g.,
history of stroke). Nonfasting venous blood samples were analyzed at
the National University Hospital Reference Laboratory for biochemical
testing of serum total cholesterol and glycosylated hemoglobin
(HbA1c). Hyperlipidemia was defined as total cholesterol of 6.2 mM
or more, or a self-reported history of lipid-lowering medication use.
Hypertension was defined as systolic blood pressure 140 mm Hg or
greater, diastolic blood pressure of 90 mm Hg or greater, or use of
antihypertensive medication. Diabetes was defined as random glucose
11.1 mM or greater, use of diabetic medication, or a physician diagnosis
of diabetes. Current smokers were defined as those currently smoking
any number of cigarettes (i.e., current versus past/never). Previous
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RESULTS
We excluded 305 persons with missing cognitive testing and
172 persons with visual impairment data. This left 1032
participants (68.4% of those aged 60 to 79 from SiMES) for the
final analysis.
Table 1 summarizes the demographic characteristics of the
study participants based on cognitive dysfunction status.
Persons with cognitive dysfunction were more likely older,
female, less likely current smokers, had higher high-density
lipoprotein (HDL) cholesterol levels, lower education attainment, less income, and spent less time reading and writing per
day (all P values < 0.05). In the study sample, 23.9% had
myopia, 57.6% had hyperopia, and the remaining 18.5% had
emmetropia. Cognitive dysfunction was present in 30.4% of
persons with myopia, compared with 22.5% with emmetropia
and 25.1% with hyperopia.
Table 2 shows the age and sex-adjusted and multivariableadjusted associations of refractive error with cognitive
dysfunction. In the multivariable model after backward
stepwise procedure, myopia was associated with cognitive
dysfunction (odds ratio [OR] 1.82, 95% confidence interval [CI]
1.05–3.15), compared with emmetropia. Hyperopia was not
associated with cognitive dysfunction. Further adjustment for
uncorrected refractive errors attenuated the association
between myopia and cognitive dysfunction slightly, and the
association remained significant (OR 1.78, 95% CI 1.02–3.10).
Similarly, further adjustment for best-corrected visual acuity (in
logMAR units) of the better eye strengthened associations
slightly, and it remained significant (OR 1.86, 95% CI 1.01–
3.42). The results were consistent in the supplementary
analysis using the alternative definition of myopia as spherical
equivalent less than 0.75 (OR 1.68, 95% CI 1.08–2.63).
Table 3 summarizes differences between included and
excluded individuals. Excluded individuals were more likely
older, female, had higher total and HDL cholesterol, diabetes,
and were less likely current smokers. They were also more
likely to be less educated, spend fewer hours reading or
writing, and have lower income.
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TABLE 1. Characteristics of Study Participants from the Singapore Malay Eye Study by Cognitive Dysfunction Status
Cognitive Dysfunction (n ¼ 267)
Characteristic
Age, y
Female
BMI, kg/m2
Hyperlipidemia
Total cholesterol, mM
LDL cholesterol
HDL cholesterol
Diabetes
Glycosylated hemoglobin, %
Hypertension
History of stroke
Current smoker
Age-related macular degeneration
Cataract

No.

%

203

76.0

128

48.7

Mean (SD)

No Cognitive Dysfunction (n ¼ 765)
No.

%

256

33.5

135

51.3

70.5 (5.3)
25.6 (5.19)

30.9

P Value

67.7 (5.3)

<0.001
<0.001
0.160
0.669
0.089
0.676
0.005
0.920
0.774
0.125
0.236
<0.001
0.799
<0.001

26.1 (4.77)

5.74 (1.27)
3.64 (1.08)
1.39 (0.34)
81

Mean (SD)

5.59 (1.21)
3.60 (1.05)
1.31 (0.32)
226

30.6

6.6 (1.6)

6.6 (1.5)

236
13
21
25
202

88.4
4.9
7.9
26.9
90.2

646
25
156
239
544

84.6
3.3
20.5
25.7
79.5

196
18
43
6
2

74.0
6.8
16.2
2.3
0.8

133
136
398
79
15

17.5
17.9
52.3
10.4
2.0

<0.001

127
123
8
1

49.0
47.5
3.1
0.4

73
601
59
28

9.6
79.0
7.8
3.7

<0.001

180
10
0
0
75

67.9
3.8
0
0
28.3

532
95
17
3
108

70.5
12.6
2.3
0.4
14.3

<0.001

Education level
No formal education
<6 y of education
6 y education
High school
College
Hours of reading and writing per day
None
0.1–2
>2–5
>5
Income category
<SG $1000
‡SG $1000 to <SG $2000
‡SG $2000 to <SG $3000
‡SG $3000
Retired

P value for difference in characteristics based on a v2 test, or independent 2-sample t-test. LDL, low-density lipoprotein.

DISCUSSION

and cognitive dysfunction that should be further studied and
need to be replicated in other cohorts.
Reduced vision in older adults has been postulated to affect
cognitive function by reducing participation in social, physical,
and cognitively stimulating activities that protect against
dementia,24,25 while increasing the risk of depression and
anxiety,26 conditions associated with incident dementia.27
However, correcting for best-corrected visual acuity and

Our study found an association between myopia and cognitive
dysfunction, relative to emmetropia. This association was
independent of age, sex, BMI, income, education, and reading/
writing. The association of myopia with cognitive impairment
was not related to confounding by cataract. Our results provide
preliminary evidence on a novel association between myopia

TABLE 2. Association of Refractive Error with Cognitive Dysfunction
Cognitive Dysfunction

Characteristic

Persons
at Risk

% with
Cognitive
Dysfunction

Age-Sex
Adjusted Model,
OR (95% CI)

Multivariable
Model 1,†
OR (95% CI)

Multivariable
Model 2,‡
OR (95% CI)

Multivariable
Model 3,§
OR (95% CI)

30.4
25.1
22.5

1.57 (0.96–2.58)
1.08 (0.70–1.66)
1.0

1.82 (1.05–3.15)
1.11 (0.68–1.80)
1.0

1.78 (1.02–3.10)
1.09 (0.67–1.78)
1.0

1.86 (1.01–3.42)
0.92 (0.54–1.55)
1.0

Refractive Error Categories*
Myopia
Hyperopia
Emmetropia

247
594
191

* Myopia, spherical equivalent < 0.5 D; Emmetropia, 0.5 D  spherical equivalent  0.5 D; Hyperopia, spherical equivalent > 0.5 D.
† Adjusting for age, sex, BMI, education, income, and hours of reading and writing per day.
‡ Adjusting for age, sex, BMI, education, income, hours of reading and writing per day, and uncorrected refractive error. Uncorrected refractive
error is defined as at least a two-line difference in logMAR between uncorrected and corrected refractive error in either eye.
§ Adjusts for age, sex, BMI, education, income, hours of reading and writing per day, and logMAR readings of better eye.
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TABLE 3. Characteristics of Excluded and Included Study Participants from the Singapore Malay Eye Study
Excluded (n ¼ 477)
Characteristic
Age, y
Female
BMI, kg/m2
Hyperlipidemia
Total cholesterol, mM
LDL cholesterol
HDL cholesterol
Diabetes
Glycosylated hemoglobin, %
Hypertension
History of stroke
Current smoker

No.

%

281

58.9

244

51.9

Included (n ¼ 1032)

Mean (SD)

No.

%

459

44.5

505

49.8

70.0 (5.5)
25.7 (5.19)

36.3

P Value

68.0 (5.4)

<0.001
<0.001
0.247
0.449
0.039
0.374
<0.001
0.031
0.185
0.059
0.499
0.001

26.0 (4.88)

5.77 (1.25)
3.61 (1.08)
1.41 (0.35)
170

Mean (SD)

5.63 (1.23)
3.56 (1.05)
1.33 (0.32)
307

30.7

6.7 (1.7)

6.6 (1.5)

425
21
51

89.1
4.4
10.7

882
38
177

85.6
3.7
17.2

236
60
172
7
1

49.6
12.6
36.1
1.5
0.2

329
154
441
85
17

32.1
15.0
43.0
8.3
1.7

<0.001

None
0.1–2
>2–5
>5

162
286
17
4

34.5
61.0
3.6
0.9

200
724
67
29

19.6
71.0
6.6
2.8

<0.001

Income Category
<SGD $1000
‡SG $1000 to <SG $2000
‡SG $2000 to <SG $3000
‡SGD $3000
Retired

353
18
2
2
98

74.6
4.8
0.4
0.4
20.7

712
105
17
3
183

69.8
10.3
1.7
0.3
17.9

<0.001

Education level
No formal education
<6 y of education
6 y of education
High school
College
Hours of reading and writing per day

P value for difference in characteristics based on a v2 test, or independent 2-sample t-test.

uncorrected refractive errors did not change the association
between myopia and cognitive dysfunction significantly,
suggesting that other mechanisms may be responsible.
What are possible explanations for the association between
myopia and cognitive dysfunction? First, it is possible that
pathogenic processes in dementia may affect refraction. Some
studies have shown that b-amyloid, a key pathogenic feature of
cognitive dysfunction, may also accumulate in the lens.7
Amyloid deposition in the lens can increase lens thickness
and curvature, as well as promote lens crystalline aggregation,
all of which can increase the refractive index.8,9 Another
possible mechanism is that acetylcholine deficiency, which
occurs early in the course of cognitive dysfunction,28 may
reduce parasympathetic input to the ciliary muscle, decreasing
the amplitude of accommodation.29 Suboptimal accommodation during near work leads to hyperopic defocus on the retina,
which has been shown to accelerate axial growth.30 Reduced
accommodation in adults has been correlated with myopia
progression in some studies, although this was not reported in
other studies.31–33 Second, the association may be due to
uncontrolled confounding by other chronic or age-related
conditions (i.e., poor general health). Further studies on
environmental, pathological genetic, correlates of myopia,
and cognitive dysfunction may provide additional insights.
It is noteworthy that education did not significantly modify
the association between myopia and cognitive dysfunction in
our participants (P for interaction ¼ 0.899). Years of education,
socioeconomic indicators like income and type of housing, or
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reading were not significantly different between myopic and
nonmyopic individuals in our study (all P > 0.05). Most of our
older population received elementary education or less
(89.5%), and results should be interpreted cautiously when
generalizing to more recent birth cohorts, as education and
reading, which are frequently associated with myopia in
children, are also putative protective factors against cognitive
decline in later life.10
The strengths of our study include standardized protocols
for obtaining refraction and lens opacity measurements. There
are some limitations to this study that may have affected the
results. First, our study is cross-sectional in nature and the
temporality of myopia and cognitive dysfunction is not clear.
Second, only ethnic Malay adults were examined in this study
and the findings may vary in other ethnic groups. Third,
although the AMT is a well-validated screening instrument for
cognitive impairment,34 misclassification may occur, likely
biasing OR estimates toward the null hypothesis and inflating
their SEs,35 thereby making actual associations more difficult to
detect. Fourth, there may be residual confounding due to
factors that we have not controlled for (e.g., depressive
symptoms, general well-being, and status of Alzheimer’s
disease or Parkinson’s disease), and categorization of continuous exposure variables (e.g., education level, hours of
reading/writing). Fifth, the current sample may not represent
the source population due to the high rates of persons with
missing cognitive testing (20.2%) and visual impairment
(11.4%) data that may introduce bias in this study. Finally, the

IOVS, January 2013, Vol. 54, No. 1
AMT was administered in the participant’s preferred language,
and a systematic difference is possible between test scores
taken in English versus Malay.
In summary, we report a novel finding from populationbased data showing an association between myopia and
cognitive dysfunction. The specific underlying mechanisms of
this association are unknown; however, our results may
provide insights into possible common pathways of myopia
and cognitive dysfunction.

References
1. Hyman L. Myopic and hyperopic refractive error in adults: an
overview. Ophthalmic Epidemiol. 2007;14:192–197.
2. Graham JE, Rockwood K, Beattie BL, et al. Prevalence and
severity of cognitive impairment with and without dementia in
an elderly population. Lancet. 1997;349:1793–1796.
3. Reyes-Ortiz CA, Kuo YF, DiNuzzo AR, et al. Near vision
impairment predicts cognitive decline: data from the Hispanic
Established Populations for Epidemiologic Studies of the
Elderly. J Am Geriatr Soc. 2005;53:681–686.
4. Valentijn SA, van Boxtel MP, van Hooren SA, et al. Change in
sensory functioning predicts change in cognitive functioning:
results from a 6-year follow-up in the Maastricht Aging Study. J
Am Geriatr Soc. 2005;53:374–380.
5. Pascolini D, Mariotti SP. Global estimates of visual impairment:
2010. Br J Ophthalmol. 2012;96:614–618.
6. Schneider J, Leeder SR, Gopinath B, et al. Frequency, course,
and impact of correctable visual impairment (uncorrected
refractive error). Surv Ophthalmol. 2010;55:539–560.
7. Goldstein LE, Muffat JA, Cherny RA, et al. Cytosolic betaamyloid deposition and supranuclear cataracts in lenses from
people with Alzheimer’s disease. Lancet. 2003;41:1258–1265.
8. Iribarren R, Morgan I, Nangia V, Jonas JB. Crystalline lens
power and refractive error. Invest Ophthalmol Vis Sci. 2012;
53:543–550.
9. Tan CS, Chan TH, Wong TY, et al. Prevalence and risk factors
for refractive errors and ocular biometry parameters in an
elderly Asian population: the Singapore Longitudinal Aging
Study (SLAS). Eye (Lond). 2011;25:1294–1301.
10. Yaffe K, Fiocco AJ, Lindquist K, et al. Predictors of maintaining
cognitive function in older adults: the Health ABC study.
Neurology. 2009;72:2029–2035.
11. Foong AW, Saw SM, Loo JL, et al. Rationale and methodology
for a population-based study of eye diseases in Malay people:
the Singapore Malay eye study (SiMES). Ophthalmic Epidemiol. 2007;14:25–35.
12. Saw SM, Chan YH, Wong WL, et al. Prevalence and risk factors
for refractive errors in the Singapore Malay Eye Survey.
Ophthalmology. 2008;115:1713–1719.
13. Morgan IG, Ohno-Matsui K, Saw SM. Myopia. Lancet. 2012;
379:1739–48.
14. Wong TY, Chong EW, Wong WL, et al. Prevalence and causes
of low vision and blindness in an urban Malay population: the
Singapore Malay Eye Study. Arch Ophthalmol. 2009;127:1640–
1647.
15. Rosman M, Wong TY, Tay WT, Tong L, Saw SM. Prevalence and
risk factors of undercorrected refractive errors among
Singaporean Malay adults: the Singapore Malay Eye Study.
Invest Ophthalmol Vis Sci. 2009;50:3621–3628.

Downloaded from iovs.arvojournals.org on 06/19/2019

Myopia and Cognitive Dysfunction 803
16. Ong SY, Cheung CY, Li X, et al. Visual impairment, age-related
eye diseases, and cognitive function: the Singapore Malay Eye
Study. Arch Ophthalmol. 2012;130:895–900.
17. Brown NP, Koretz JF, Bron AJ. The development and
maintenance of emmetropia. Eye (Lond). 1999;13:83–92.
18. Klein BE, Klein R, Linton KL, et al. Assessment of cataracts
from photographs in the Beaver Dam Eye Study. Ophthalmology. 1990;97:1428–1433.
19. Tan AC, Wang JJ, Lamoureux EL, et al. Cataract prevalence
varies substantially with assessment systems: comparison of
clinical and photographic grading in a population-based study.
Ophthalmic Epidemiol. 2011;18:164–170.
20. Kawasaki R, Wang JJ, Aung T, et al. Prevalence of age-related
macular degeneration in a Malay population: the Singapore
Malay Eye Study. Ophthalmology. 2008;1:1735–1741.
21. Hodkinson HM. Evaluation of a mental test score for
assessment of mental impairment in the elderly. Age Ageing.
1972;1:233–238.
22. Sahadevan S, Tan NJ, Tan T, et al. Cognitive testing of elderly
Chinese people in Singapore: influence of education and age
on normative scores. Age Ageing. 1997;26:481–486.
23. Plassman BL, Williams JW, Burke JR, et al. Systemic review:
factors associated with risk for and possible prevention of
cognitive in late life. Ann Int Med. 2010;153:182–193.
24. Stern C, Munn Z. Cognitive leisure activities and their role in
preventing dementia: a systemic review. Int J Evid Based
Healthc. 2010;8:2–17.
25. Verghese J, Lipton RB, Katz MJ, et al. Leisure activities and the
risk of dementia in the elderly. N Engl J Med. 2003;348:2508–
2516.
26. Bennett DA, Schneider JA, Tang Y, et al. The effect of social
networks on the relation between Alzheimer’s disease
pathology and level of cognitive function in old people: a
longitudinal cohort study. Lancet Neurol. 2006;5:406–412.
27. Potvin O, Forget H, Grenier S, et al. Anxiety, depression and 1year incident cognitive impairment in community-dwelling
older adults. J Am Geriatr Soc. 2011;59:1421–1428.
28. Haense C, Kalbe E, Herholz K, et al. Cholinergic system
function and cognition in mild cognitive impairment. Neurobiol Aging. 2012;33:867–877.
29. Ruskell GL. Accommodation and the nerve pathway to the
ciliary muscle: a review. Ophthalmic Physiol Opt. 1990;10:
239–242.
30. Gwiazda J, Thorn F, Held R. Accommodation, accommodative
convergence, and response AC/A ratios before and at the onset
of myopia in children. Optom Vis Sci. 2005;82:273–278.
31. Pointer JS, Gilmartin B. Patterns of refractive change in myopic
subjects during the incipient phase of presbyopia: a preliminary study. Ophthalmic Physiol Opt. 2011;31:487–493.
32. Jiang BC. Parameters of accommodative and vergence systems
and the development of late-onset myopia. Invest Ophthalmol
Vis Sci. 1995;36:1737–1742.
33. Bullimore MA, Reuter KS, Jones LA, et al. The study of
progression of adult nearsightedness (SPAN): design and
baseline characteristics. Optom Vis Sci. 2006;83:594–604.
34. Mitchell AJ, Malladi S. Screening and case finding tools for the
detection of dementia. Part I: evidence-based meta-analysis of
multidomain tests. Am J Geriatr Psychiatry. 2010;18:759–782.
35. McClish DK, Haley RW. Effects of misclassifications on
statistical inferences in epidemiology. Am J Epidemiol. 1980;
111:503–515.

