Is measurement of
adult height useful
in screening for
primary angle
closure?

Abstract

Background Adult height is independently
related to ocular dimensions and shorter
people have shorter globes and shallower
anterior chambers. We investigated the
relationship between adult height and angle
dimensions to explore measuring

height as a possible screening test for

angle closure.

Methods A population-based, cross-sectional
survey of adult Chinese living in the

Tanjong Pagar district, Singapore was
conducted. Anterior chamber depth,
gonioscopic angle width and height were
assessed using standardized protocols.
Results Data were available for 996 persons.
Shorter people had shallower anterior chamber
depth (2.35 mm for persons <144 cm vs 2.72 mm
for persons >170 cm, P=0.008) and smaller
gonioscopic angles (22° for <144 cm vs 30° for
>170 cm, P=0.079). After controlling for age
and gender, adult height was significantly
related to anterior chamber depth (P = 0.008)
but not significantly related to gonioscopic
angle width (P = 0.079). Female sex and age >50
years used together correctly identified 45/66
(68.2%) individuals with an occludable angle
(sensitivity 68.2%, specificity 61.3%). Fewer
people, 41/66 (62.1%), were correctly identified
when height <160 cm was added to female sex
and age 50 >years (sensitivity was 62.1% and
specificity was 64.7%).

Conclusions Shorter adult height is
significantly associated with a shallower
anterior chamber depth, but the addition of
height contributed little to demographics (age
and gender) as the preliminary screening
criteria to identify individuals at risk of an
occludable angle.
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Introduction

Glaucoma is the leading irreversible cause of
blindness worldwide.' By 2010, it is estimated
that primary angle closure glaucoma will
account for nearly half of all glaucoma
blindness.” In the 1970s, the Inuit population of
Greenland had the highest prevalence of
glaucoma recorded, at 3.5% in the population
aged 40 years and older.? Intensive efforts to
detect people at high risk or early established
disease and offer prophylaxis and treatment has
led to a reduction in the proportion of total
blindness caused by angle-closure glaucoma
from 64% in 1962 to 9% in 2003.* In the context
of a vast number of people at risk of glaucoma
in Asia, it has been suggested that screening
should be considered as a method of reducing
the burden of glaucoma blindness in the
region.>® However, the feasibility of screening is
primarily determined by the macroeconomics of
healthcare within a particular country, and the
microeconomics of delivery on a local level.
Furthermore, the Jungner and Wilson precepts
stipulate that, to justify screening, a disease
should exist in an early, asymptomatic stage
which is detectable using a safe, simple,
non-invasive test.” In this regard, there are
well-recognized demographic risk factors which
can help identify those at highest risk—Asian
(specifically Chinese) ethnicity, female sex, and
older persons.® Anterior chamber biometry has
also proven to be a useful method of identifying
particular ocular characteristics associated with
disease.” ™ However, this requires
sophisticated, expensive equipment, which will
not be widely available in the community
settings in Asia. In a previous publication, we
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reported the association between physical height and
ocular biometry in the Chinese population of
Singapore.'? The fact that physically smaller people have
shallower anterior chambers has led us to investigate the
relationship between adult height and drainage angle
dimensions, with a view to assess whether the
measurement of adult height may be of additional value
for the rapid assessment of risk from angle closure and
its possible role as a surrogate for ocular biometry.

Materials and Methods
Study population

The Tanjong Pagar Survey was a population-based
cross-sectional survey of ocular disorders among adult
Chinese living in Singapore between October 1997 and
August 1998. The population selection and methodology
has previously been reported in detail.’* The Tanjong
Pagar district encompasses areas with diverse social and
economic backgrounds, therefore, it was regarded as
representative of other regions in Singapore. A stratified,
clustered, random sampling method selected 2000
(13.3%) of the 15082 persons of the district identified by
using the electoral register. From each of the four age
strata, 500 persons were selected randomly—40-49,
50-59, 60-69, and 70-79. Of the 2000 persons initially
selected, 1717 were finally eligible for the study because
46 had died, 235 had moved away, and 2 were excluded
due to ill health. These individuals were invited to
receive a thorough eye examination at the study clinic.
An abbreviated home examination was conducted on
non-respondents. Only the subjects examined at the
clinic received a biometric examination (1090 subjects).

Procedures

The examination procedures followed a standardized
protocol as previously published.” Height was
measured with the individual standing without shoes
and recorded in centimetres. A slitlamp (model BQ900;
Haag-Streit, Bern, Switzerland) was used to examine the
anterior segment. Intraocular pressure (IOP) was
measured using an applanation tonometre (Goldmann
model; Haag-Streit). Three readings were taken and the
median taken as the eye pressure. Gonioscopy was
performed using a Goldmann-type 1-mirror lens (model
902; Haag Streit) at x 25 magnification with low ambient
illumination. The iridotrabecular angle was graded in
four quadrants using the Shaffer grading system.
Measurements of axial length and anterior chamber
depth (usACD) were obtained using a 10-MHz A-mode
ultrasound machine (Compuscan; Storz, St Louis, MO,
USA). The hard-tipped corneal contact ultrasound probe
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was mounted on a tonometre (Haag-Streit) set to the
subject’s intraocular pressure. The mean of 16 separate
readings was recorded with the SD for each parameter.

Definitions

Age was defined as the age at the time of examination.
The subjects were categorized into six different groups
according to height in centimetres: <144, 145-149,
150-154, 155-159, 160-164, 165-169, and >170. An
occludable angle was defined as one in which the
pigmented or posterior trabecular meshwork could be
seen for less than 90° of the angle circumference. The
gonioscopic angle was defined as the mean grade
(using the Shaffer grading system, in degrees) of

four quadrants. Grade 0=0°, grade 1=0-10°, grade
2=10-20°, grade 3 =20-30°, grade 4>40°.

True anterior chamber depth (true ACD) was defined
as the distance between corneal endothelium and
anterior lens capsule along the geometric axis of the
globe. This was calculated by subtracting optical
pachymetry central corneal thickness from optical
pachymetry anterior chamber depth (corneal epithelium
to anterior lens capsule). Ultrasound ACD was the
measurement from the corneal epithelium to the anterior
lens capsule. Optical ACD measurements were generally
more accurate and reproducible; hence, these
measurements were used to assess the relationship
between height and anterior chamber depth and angle
dimensions. Ultrasound ACD measurements can be
more variable; however, ultrasound was more feasible
for screening so these measurements were used to
identify individuals with occludable angles.

Statistical analysis

The analyses were conducted using only the data from
the right eyes of phakic subjects. Statistical analyses of
the data were conducted using the statistical analytical
software SPSS (Chicago, IL, USA). Results are expressed
as means * SD. Univariate associations between age, sex,
and height with different angle dimensions were
calculated. Linear regressions were used to determine the
effect of age, sex, and height (independent variables) on
specific angle dimensions. Then multiple linear
regression was used to evaluate the effect of height on
specific angle dimensions while controlling for age and
sex.

Results

Data were available for 996 people of whom 450 were
men and 546 were women. Subjects were excluded if
there were signs of secondary glaucoma, previous



intraocular surgery or ocular findings consistent with the
presence of secondary peripheral anterior synechiae
(PAS) such as uveitis or trauma. The age range was 40-81
years (mean 58.2 years). There were 996 people with data
for height, gonioscopy angle width, IOP, true and
ultrasound ACD. The following data were missing: 4 for
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Figure 1 Graph (a) shows significant increase in true anterior
chamber depth (mm) with increasing height category P =0.008.
Graph (b) shows increase in gonioscopic width (Shaffer grade)
with increasing height category (P =0.079).
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height, 52 for ultrasound ACD, 19 for true ACD, 3 for
IOP, and 4 for RE mean gonioscopy score.

True ACD was shallower in shorter persons: from a
mean of 2.35mm for the <144 cm group to mean of
2.72mm for the >170cm group (Table 1; Figure 1a).
Adult height was significantly correlated (r=0.283,

P =0.008) with axial ACD. The mean gonioscopic angle
width was smaller in shorter persons: from a mean of 22°
for the <144 cm group to 30° for the >170cm group
(Table 1; Figure 1b). After controlling for age and sex, the
relationship between height and gonioscopic angle width
was not statistically significant (P = 0.079). Mean IOP was
inversely related to height: 15.8 mmHg for those

<144 cm to 14.0 mmHg for the >170 cm group. Linear
regression suggested a decrease in IOP of 0.39 mmHg per
10 cm increase in height (95% CI: 0.13, 0.65; P =0.004;
Table 1).

We examined the association between gonioscopically
occludable angles and various demographic and
morphometric indices, to assess the potential value of
each of these as tools for detection of people at increased
risk of angle closure. Of the 996 individuals (Table 2), 735
(73.8%) participants were >50 years of age, 546 (54.8%)
were women, and 582 (58.7%) people were of height
<160 cm. There were 337 (33.8%) people with an
ultrasound ACD of <2.75mm (equivalent to true ACD
<2.22mm with CCT of 0.53). A total of 66/996
individuals had an occludable angle in the right eye.
62/66 (93.9%) were aged >50 years, 47/66 (71.2%) were
female, and 45/66 (68.2%) of these individuals were of
height <160 cm. Of these 66 subjects, 51 (77.3%) had an
ultrasound ACD <2.75mm (true ACD 2.22).

If female sex and age >50 years were used as the first
tier of selection criteria, we would correctly identify
45/66 (68.2%) people with an occludable angle (Table 2).
Adding height <160 cm to the initial criteria, 41/66
(62.1%) people with an occludable angle were identified.
In addition, by adding ultrasound ACD <2.75mm to the
criteria, 36/66 (54.5%) people were identified.

Table 1 Mean anterior chamber depth (ACD), iridotrabecular angle width and intraocular pressure (IOP) by height in adults

Height category Mean true SD N Mean RE gonioscopy SD N Mean IOP SD N
(cm) ACD (mm)? width® (degrees) (mmHg)

<144 2.35 0.29 40 215 0.85 41 15.8 42 41
145-149 2.49 0.35 112 26.2 0.94 115 15.0 3.3 116
150-154 2.51 0.34 191 26.1 0.92 193 15.1 3.4 193
155-159 2.56 0.31 225 27.6 0.93 231 14.6 3.0 230
160-164 2.67 0.32 167 28.5 0.94 168 14.6 3.7 169
165-169 2.74 0.35 146 30.5 0.93 147 14.4 34 147
>170 2.72 0.38 94 30.1 0.92 94 14.0 3.1 94

*Distance from corneal endothelium to anterior lens capsule (true ACD was calculated by subtracting optical pachymetry central corneal thickness from
optical pachymetry anterior chamber depth).
PEstimated iridotrabecular angle width (Shaffer grade) assessed by gonioscopy.
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Table 2 Number of subjects with occludable angles correctly identified by demographic and biometric measures

Total Occludable With PAS

population (%) angle (%) (RE only)
Total no. of patients analysed 996 (100) 66 (100) 45
No. of patients aged >50 years 735 (73.8) 62 (94.0) 39
No. of patients of female sex 546 (54.8) 47 (71.2) 22
No. of patients with height <160 cm 582 (58.7) 45 (68.2) 26
No. of patients with ultrasound ACD* <2.75 337 (33.8) 51 (77.3) 22
(equivalent to true ACD 2.22mm where CCT =0.53)
Female + Age >50 years 406 (40.7) 45 (68.2)
Female + Age >50 years +height <160 cm 374 (37.4) 41 (62.1)
Female + Age >50 years + height <155cm 263 (26.4) 31 (47.0)
Female + Age >50 years + height <150 cm 132 (13.2) 16 (24.2)
Female + Age >50 years +height <145cm 36 (3.6) 8 (12.1)
Female + Age >50 years + ultrasound ACD <2.75mm 201 (20.2) 38 (57.6)
Female + Age >50 years + ultrasound ACD <2.6mm 144 (14.4) 31 (47.0)
Female + Age >50 years + ultrasound ACD <2.5mm 105 (10.5) 25 (38.0)
Female + Age >50 years + ultrasound ACD <24 mm 78 (7.8) 21 (31.8)
Female + Age >50 years + height <160+ ultrasound ACD <2.75mm 191 (19.2) 36 (54.5)

“Ultrasound ACD was the distance from the corneal epithelium to anterior lens capsule. These measurements were used since the most feasible screening
method would employ ultrasound rather than optical pachymetry ACD measurements.

Table 3 Sensitivity and specificity of potential ‘first pass’
screening criteria

Screening test (criteria) Sensitivity Specificity

% %
1. Female sex and age >50 years 68.2 61.3
2. Height <160cm 68.2 42.7
3. Female sex +age >50 years + height 62.1 64.7
<160 cm
4. Ultrasound ACD <2.75mm 77.3 69.2

The sensitivity and specificity values for the above
combinations of criteria to identify individuals at risk of
an occludable angle are indicated in Table 3. For the first
set of criteria (test 1, age >50 years and female sex) the
sensitivity was 68.2% and the specificity was 61.3%. For
the second set of criteria (test 2, where height <160 cm
alone was used) the sensitivity was unchanged (68.2%)
although the specificity was lower (42.7%). For the third
set of criteria (test 3, age >50 years, female sex, and
height <160cm) the sensitivity was 62.1% and the
specificity was 64.7%. The ROC curves (for age, sex, and
height) indicate that height would identify people with
occludable angles better than chance; however, with not
enough precision to justify its use as a screening tool
(Figure 2a and b). PAS were identified in the right eyes of
45/996 people (Table 2). Of these 45, 39 (86.7%) were
aged >50 years old, 22 (48.9%) were of female sex, 26
(57.8%) were of height <160 cm, and 22 (48.9%) had an
ultrasound ACD <2.75mm.
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Conclusion

It has long been hypothesized that height is significantly
associated with differences in the dimensions of organs
other than eyes. These associations may predispose
persons with different heights to different anatomical
risks of angle closure such as angle crowding. There have
been few studies, however, that have investigated this
relationship in detail. One study used magnetic
resonance imaging to show that adult right ventricles
volumes and linear dimensions were significantly
correlated with height.'* A previous study by our group
reported that adult height in a Chinese population was
independently related to ocular dimensions even after
controlling for age, sex, education, occupation, income,
housing type, and weight, namely shorter people had
shorter axial lengths and shallower anterior chambers.'?
Our study now shows that decreasing adult height in the
same population is significantly associated with a
shallower ACD and not significantly with smaller
gonioscopic angle width, after adjusting for age and sex.
This may have been because gonioscopy examination is
not as precisely measured as ACD. Alternatively, the
results suggest that height is associated with shorter
globe but not with angle crowding. It is possible, that
over time height may be associated with changes in angle
width with the onset of changes in lens dimensions and
cataract development.

Our analysis shows that assessment of height for
screening of angle closure makes no useful contribution.
The initial selection criteria of female sex and age >50
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Figure 2 ROC curves for height alone (a) and for sex and age
(b) showing that height would identify people with occludable
angles better than chance, however, with not enough precision to
justify its use as a screening tool.

years (test 1) used to identify individuals at risk of an
occludable angle correctly identified 68.2% of the
population already known to have an occludable angle.
The specificity of test 1 was relatively modest at 61.3%,
indicating a significant number of false negatives would
arise if this test were applied. The sensitivity and
specificity of test 3 when height of <160 cm was added to
the initial criteria (age >50 years and female sex) did not
improve markedly (62.1 and 64.7%, respectively),
suggesting that the use of height did not add great value
to this screening test. Therefore, it further suggests that
although decreasing adult height is significantly
associated with a shallower ACD, measurement of height
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does not significantly contribute to the identification of
individuals at risk of an occludable angle over age and
gender.

Interestingly, the use of combining the measurement
ACD with height, female sex and age >50 years
appeared to reduce the sensitivity of the test to correctly
identify at-risk individuals—with only 54.5% of the
population with an occludable angle correctly identified.
This may have been because adult height was shown to
be significantly associated with ACD and the use of both
of these parameters may have partially cancelled each
other out.

The main strength of this study is that it was a
randomly sampled population-based survey thus
avoiding the potential biases associated with studying
highly selected specific population groups. However,
there may have been a few limitations to the study.
Firstly, we were unable to control for unmeasured
potential confounders of associations of stature with
angle dimensions. For example, we did not have data on
socio-economic factors during childhood, family
histories of height, or documentation of near-work
activities all of which may have been important.
Nevertheless, we did control for proxies of
socio-economic status such as education and income.

Secondly, there may have been some selection bias.
Although the overall participation rate in the survey was
71.8%, complete data for this part of the analysis was
only available for 49.6%. In our previous report, despite
the random selection process the younger subjects in this
survey turned out to be younger, taller, and heavier; have
higher levels of education; were more likely to be
professionals or be office workers and live in better
housings with higher incomes than the older subjects. We
believe that the Singapore population is experiencing a
significant shift in socio-economic structure before
independence in 1965, which has resulted in markedly
higher standards of living and a shift in indices of ocular
health and structure. Therefore, it would be important to
consider the effects of these differences in socio-economic
backgrounds on our findings. Thirdly, the data was
cross-sectional with all the parameters measured at one
time point. It is uncertain how the findings of this study
might apply to populations of different ethnicity. We did
not incorporate the refractive state of individuals into our
analysis because our previous study did not find a
relationship between adult height and refraction.

In conclusion, our findings indicate that shorter adult
height is significantly associated with a shallower ACD,
but not gonioscopic angle width, once age and sex were
adjusted for. We had hypothesized that this relationship
may offer an inexpensive method of estimating the risk
of angle-closure glaucoma in high-risk populations,
especially in remote rural areas of non-industrialized
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Asian nations. However, although the use of demographics
(age and sex) as preliminary screening criteria to identify
individuals at risk of an occludable angle seems to perform
relatively well, the addition of height to demographics
contributes little to the screening test. Thus, age and sex
could easily form the basis of a rapid assessment
programme to target these individuals to reduce the
prevalence of this potentially blinding disease.
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