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Original Article

Comparison of Risk Factors for Initial Central Scotoma versus Initial 
Peripheral Scotoma in Normal-tension Glaucoma

Joon-Won Kang, Byeongjun Park, Byung Joo Cho

Department of Ophthalmology, Konkuk University Medical Center, Konkuk University School of Medicine, Seoul, Korea

Purpose: To investigate the risk factors for initial central scotoma (ICS) compared with initial peripheral scotoma 

(IPS) in normal-tension glaucoma (NTG).

Methods: Fifty-six NTG patients (56 eyes) with an ICS and 103 NTG patients (103 eyes) with an IPS were in-

cluded. Retrospectively, the differences were assessed between the two groups for baseline characteristics, 

ocular factors, systemic factors, and lifestyle factors. Also, the mean deviation of visual field was compared 

between the two groups. 

Results: Patients from both ICS and IPS groups were of similar age, gender, family history of glaucoma, and 

follow-up periods. Frequency of disc hemorrhage was significantly higher among patients with ICS than in pa-

tients with IPS. Moreover, systemic risk factors such as hypotension, migraine, Raynaud’s phenomenon, and 

snoring were more prevalent in the ICS group than in the IPS group. There were no statistical differences in 

lifestyle risk factors such as smoking or body mass index. Pattern standard deviation was significantly greater 

in the ICS group than in the IPS group, but the mean deviation was similar between the two groups.

Conclusions: NTG Patients with ICS and IPS have different profiles of risk factors and clinical characteristics. 

This suggests that the pattern of initial visual field loss may be useful to identify patients at higher risk of cen-

tral field loss.
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Glaucoma affects more than 66 million patients and is 
the second leading cause of visual loss worldwide [1,2]. 
Because glaucoma is usually asymptomatic until the end 
stage, early diagnosis and treatment is essential to prevent 
the progression of visual loss. 

Open-angle glaucoma (OAG) can be classified, accord-
ing to the intraocular pressure (IOP), into normal-tension 
glaucoma (NTG) and high-tension glaucoma [3]. Previous 

studies in the Asian population have revealed that nor-
mal-tension glaucoma is more prevalent than high-tension 
glaucoma. In the Tajimi study, 92% of the patients with 
primary open-angle glaucoma (POAG) were classified as 
NTG, with IOP lower than 21 mmHg [4]. Similarly, the 
number of NTG patients was 4-fold greater than those 
with high-tension glaucoma in a study of Japanese Ameri-
cans [5]. Also, in the Namil study [6], 77% of POAG cases 
had an IOP of lower than 21 mmHg.

The best-known risk factor for glaucoma is increased 
IOP; it has been established that IOP is a part of the patho-
genic process of NTG [7]. This pressure theory, however, 
cannot sufficiently explain how NTG contributes to loss of 
vision. Alternatively, vascular dysfunction and ischemia 
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have been considered as more important factors in the pro-
gression of NTG [8-11]. Non-IOP-related, potential cardiovas-
cular dysregulation factors, such as systemic hypertension, 
systemic hypotension, nocturnal hypotension, migraine, and 
cardiac arrhythmia, are implicated as well. Mojon et al. [12] 
suggested that patients with sleep apnea syndrome constitute 
a population at high risk for glaucoma. 

In addition to these systemic risk factors, lifestyle fac-
tors, represented by smoking and body mass index (BMI, 
calculated as weight in kilograms divided by height in 
meters squared), have been implicated in the progression 
of glaucomatous visual field defect (VFD). Whether this 
relationship is causal or coincident remains to be seen in 
many other studies. In the Blue Mountain Eye Study, 
smokers were found to have IOP that is slightly elevated in 
comparison to non-smokers [13]. However, in another 
study on the relationship between smoking and glaucoma, 
POAG was associated with a higher frequency of heavy 
smoking [14]. Only a few studies have directly investigated 
the potential relationship between obesity and glaucoma, 
and they suggest that there may be an inverse association 
between BMI and POAG [15].

Patterns of glaucomatous VFD vary among previous 
studies. Among these patterns, paracentral VFD is the 
most concerning because of its proximity to fixation. Also, 
previous reports indicate that the patients with glaucoma-
tous VFDs within 5 degrees have greater risk factor of vi-
sual loss [16]. Central VFD affects the quality of life, and 
the progression of glaucoma is associated with significant 
quality of life losses such as difficulties in walking on 
stairs, driving or engaging in sports activities [17].

In this study, because of this clinical relevance, we fo-
cused on clarifying which aspects of patients’ medical 
history and clinical examination are more commonly 
associated with a central versus peripheral VFD. Previous 
studies suggest that the gene level pathogenesis of the OAG 
is related with early loss of central VF [18,19]. Another 
study compared the risk factors between initial parafoveal 
and peripheral scotomas in glaucoma [20], but they did not 
investigate the risk factors related to lifestyle among the 
patients. In this study, we investigated the risk factors for 
initial central scotoma (ICS) and initial peripheral scotoma 
(IPS) in normal-tension glaucoma, and this may be useful 
in understanding the pathogenesis of ICS and IPS.

Materials and Methods

Study design and patients 

A retrospective review was performed for patients with 
normal-tension glaucoma who visited the Konkuk Uni-
versity Hospital from January 2008 to October 2011. We 
included the treatment-naïve patients with first diagnosis 
of normal-tension glaucoma, who were followed for more 
than 3 months. Any patients with previous history of in-
traocular surgery or any systemic or ocular medication 
that might affect IOP were excluded. This study was per-
formed in accordance with the principles of the Declara-
tion of Helsinki, and institutional review board approval 
was not required for this retrospective study. NTG was 
diagnosed on the following criteria: glaucomatous optic 
neuropathy and reproducible VFDs determined by a 
Humphrey Field Analyzer, with the central 24-2 thresh-
old test using SITA-standard test strategy; IOP lower than 
21 mmHg measured by Goldmann applanation tonometry 
without any medication; and, normal open angle on go-
nioscopy. Optic disc was observed by direct ophthalmos-
copy, stereoscopic observation with a biomicroscope, and 
fundus photography. 

Visual field defects classification

Visual field (VF) test was performed on at least two con-
secutive examinations. Considering the learning effect of 
the VF test, the results of the first test were excluded from 
the analysis. Of all the VF data, we excluded the unreliable 
VF results (fixation loss >20%, false positive and false neg-
ative >15%). The VFDs were classified into ICS and IPS by 
the following criteria. A VFD was defined as ICS in the 
presence of more than three adjacent VFD points at P <5% 
within the central 10 degrees, with at least one point at P 
<1% lying within the central 10 degrees, and without any 
involvement outside the central 10 degrees (Fig. 1A). Con-
versely, a VFD was defined as IPS if there were more than 
three adjacent VFD points at P <5% in the periphery out-
side of the central 10 degrees, with at least one point at P 
<1% in the periphery outside of the central 10 degrees, and 
without any involvement within the central 10 degrees (Fig. 
1B). Only eyes with isolated ICS or IPS were included in 
this study.
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Clinical characteristics

For each patient, we recorded the baseline factors such as 
age, gender, and family history of glaucoma in first-degree 
relatives at the initial visit. The results of ocular examination 
and tests, such as spherical equivalent, central corneal thick-
ness (CCT), and disc hemorrhage (DH) detection and maxi-
mum untreated IOP during follow-up period, were also ob-
tained. At the initial visit, the questionnaire survey was 
reviewed for cardiovascular dysregulation factors, such as 
hypotension, migraine, Raynaud’s phenomenon, cardiac ar-
rhythmia, and hypertension, as well as for other systemic 
factors such as snoring and diabetes mellitus. The question-
naire also provided data regarding lifestyle risk factors such 
as smoking and body mass index. These baseline, ocular, 
systemic, and lifestyle factors of the ICS group were com-
pared with those of the IPS group. Also, mean deviation 
(MD) and pattern standard deviation (PSD) of VF test were 
recorded and compared between the two groups.

Statistical analysis

Statistical analysis was performed using SPSS ver.17.0 
(SPSS Inc., Chicago, IL, USA). All values are presented as 
mean ± standard deviation and percentage. The data were 
analyzed by student t-test and Fisher exact test between 

the ICS and IPS groups. A p-value of less than 0.05 was 
considered to be statistically significant.

Results

Baseline patient characteristics are shown in Table 1. A 
total of 159 eyes of 159 patients (85 males and 74 females) 
with NTG were analyzed. The mean age was 47.06 ± 12.77 
years. According to the VFD classification, 56 patients (56 
eyes) were assigned to the ICS group and 103 patients (103 
eyes) to the IPS group. There were no significant differenc-
es between these two groups with regards to age ( p = 
0.297), gender (p = 0.983), family history of glaucoma (p = 
0.400), and follow-up period (p = 0.059). 

Comparison of ocular factors between the initial cen-
tral scotoma and initial peripheral scotoma groups

Across the two groups, no significant differences existed 
in spherical equivalent refractive error (p = 0.483), CCT (p 
= 0.669) or maximum untreated IOP ( p = 0.668). DH 
detection was the only ocular factor that showed signifi-
cant difference ( p < 0.001), and it was more prevalent 
among patients in the ICS group (36%) than those in the 
IPS group (6%) (Table 2). 

Comparison of systemic factors between the initial 
central scotoma and initial peripheral scotoma groups

The ICS group was found to have a significantly higher 
prevalence of hypotension, migraine, Raynaud’s phenome-

Table 1. Baseline characteristics of patients

Baseline 
characteristics

Initial central 
scotoma 
(n = 56)

Initial 
peripheral 
scotoma 
(n = 103)

p-value

Age (yr) 45.63 ± 11.51 47.84 ± 13.40 0.297*

Sex (M / F) 30 (54) / 26 (46) 55 (53) / 48 (47) 0.983†

Family history of 
glaucoma

   6 (11)  16 (16) 0.400†

Follow-up period 
(mon)

25.14 ± 11.61 21.59 ± 11.05 0.059*

Values are presented as mean ± SD or n (%).
*Student t-test; †Fisher exact test.

Fig. 1. Visual field defect pattern on the Humphrey 24-2 standard 
pattern deviation plot. (A) Representative case of initial central 
scotoma with mean deviation -0.30 dB and pattern standard devi-
ation 1.32 dB. (B) Representative case of initial peripheral scoto-
ma with mean deviation -5.41 dB and pattern standard deviation 
2.97 dB.

1

-3

-3

-3
-3

-3-3

-3
-3

-3

-3

-3

-3

-3
-3 -3 -3 -4

-4

-4

-44

-7 -10

-4

-4
-4

-4
-4

-4 -6
-6
-6
-8

3 3

-5

-5
-5

-5

-5

-2 -2
-2-2
-2
-2-2
-2-2

-2

-2-2-2
-2 -2

-2

-2

-2
-2 -2 -2 -2

-2 -2
-2

-2-2 -2 -2 -2
-2-2-2

-1
-1

-1-1-1 -1

-1-1 -1

-1

-1

-1
-1

-1

0

0
0

00
0

00

0

0

1

1
1

2

22A B

Pattern 
deviation

Pattern 
deviation



105

JW Kang, et al. Risk Factors for Initial Visual Field Defect

non, and snoring than the IPS group (p < 0.001, p = 0.003, 
p = 0.001, p = 0.001, respectively). No significant differenc-
es in the prevalence of cardiac arrhythmia, hypertension, 
or diabetes mellitus existed between the groups (all p > 
0.05) (Table 3). 

Comparison of lifestyle risk factors between the initial 
central scotoma and initial peripheral scotoma groups

The percentage of smokers in the IPS group was slightly 
higher than that of the smokers in the ICS group, but the 
difference was not statistically significant ( p = 0.413). 
Moreover, there were no statistical differences in BMI 
(ICS, 23.41 ± 3.72; IPS, 23.03 ± 2.68; respectively, p = 
0.466) (Table 4).

Comparison of perimetric parameters between the 
initial central scotoma and initial peripheral scotoma 
groups

PSD was significantly lower in the ICS group than in the 
IPS group (p = 0.026). MD was not significantly different 
between the groups (p = 0.074) (Table 5).

Discussion

Patients with glaucomatous central VF loss may be at 
greater risk of losing visual acuity [16]. Also, central and 
peripheral VF loss cause different problems for perform-
ing daily life activities [21,22].

Paracentral VFDs have been reported to occur more 
commonly in glaucomatous patients who are found to have 
IOPs within the normal range [23-25]. This has led the re-
searchers to suggest that central scotoma, as opposed to 
peripheral scotoma, may develop in response to risk fac-
tors other than elevated IOP. As we mentioned before, Park 
et al. [20] reported that patients with initial parafoveal 
scotoma have different risk factor profiles compared to 
those with initial nasal step in the POAG group. However, 
in this study, we only analyzed the risk factors in patients 
with NTG, which is more prevalent in South Korea [6], 
because we wanted to see whether the same results would 
consistently be obtained when we only compared these 
patients.

The purpose of this study was to investigate the risk fac-

Table 2. Ocular factors for the visual field defect groups

Ocular factors
Initial central 

scotoma 
(n = 56)

Initial peripheral 
scotoma 
(n = 103)

p-value

Spherical equiva-
lent (diopter)

 -1.74 ± 2.44  -1.42 ± 2.87   0.483*

Central corneal 
thickness (µm)

547.04 ± 46.00 544.10 ± 38.54   0.669*

Disc hemorrhage   20 (36)   6 (6) <0.001†

Maximum untreat-
ed Intraocular 
pressure (mmHg)

15.96 ± 2.61  15.79 ± 2.42   0.668*

Values are presented as mean ± SD or n (%).
*Student t-test; †Fisher exact test.

Table 3. Systemic factors for the visual field defect groups

Systemic factors
Initial central 

scotoma 
(n = 56)

Initial peripheral 
scotoma 
(n = 103)

p-value*

Hypotension 17 (30) 4 (4) <0.001
Migraine 13 (23) 7 (7)   0.003
Raynaud’s 

phenomenon
14 (25) 7 (7)   0.001

Snoring 16 (29) 9 (9)   0.001
Cardiac arrhythmia  8 (14) 6 (6)   0.072
Hypertension 10 (18) 15 (15)   0.586
Diabetes mellitus  6 (11) 10 (10)   0.840

Values are presented as n (%).
*Fisher exact test.

Table 4. Lifestyle factors for the visual field defect groups

Lifestyle factors
Initial central 

scotoma 
(n = 56)

Initial peripheral 
scotoma 
(n = 103)

p-value

Smoking   16 (29)   36 (35) 0.413*

Body mass index 23.41 ± 3.72 23.03 ± 2.68 0.466†

Values are presented as mean ± SD or n (%).
*Fisher exact test; †Student t-test.

Table 5. Visual field parameters for the visual field defect groups

Perimetric 
parameters

Initial central 
scotoma 
(n = 56)

Initial peripheral 
scotoma 
(n = 103)

p-value*

Mean deviation 
(dB)

-2.66 ± 1.86 -3.27 ± 2.13 0.074

Pattern standard 
deviation (dB)

 4.68 ± 2.85  3.54 ± 3.16 0.026

*Student t-test.
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tors related to the location of VFD among patients with 
NTG. Thus, the patients were classified according to VFD 
pattern and the risk factors were compared between the 
ICS and IPS groups. 

DH is a clinical feature of glaucoma and a predictor for 
the onset or progression of VFD [26]. While prevalence of 
DH is low in the healthy population, it occurs frequently in 
glaucoma, and particularly more so in NTG [27]. DH is 
associated with an increased risk of developing a POAG in 
the Ocular Hypertension Treatment Study [28], and DH is 
an independent risk factor of disease progression in OAG 
and NTG [29-31]. However, the pathogenesis behind DH is 
not fully understood. Various hypotheses related to an un-
derlying hemodynamic disturbance have been postulated. 
Feke and  Pasquale [32] reported that retinal vascular 
autoregulation is lacking in patients with OAG, and this 
vascular dysregulation may be related to the presence of 
DH in glaucoma. Grieshaber et al. [33] hypothesized that 
primary vascular dysregulation may be the underlying 
mechanism in DH, and a disturbed blood-retina barrier 
may be the cause of the DH. In this study, the patients in 
the ICS group had a higher frequency of DH detection 
during the follow-up period than those in the IPS group 
(ICS, 36%; IPS, 6%; p < 0.001). Moreover, studies have 
suggested that hypotension, Raynaud’s phenomenon, and 
migraine are related to primary vascular dysregulation. 
Primary vascular dysregulation has been known to cause 
unstable ocular perfusion and act as a strong pathogenic 
mechanism of glaucoma [8,34]. In this study, reported hy-
potension, migraine, and Raynaud’s phenomenon were 
found in higher frequency in the ICS group than in the IPS 
group (p < 0.001, p = 0.003, p = 0.001, respectively). 

Additionally, snoring is a sign of sleep apnea [35], which 
has been reported to be a vascular dysregulatory risk fac-
tor for glaucoma. NTG is associated with a higher rate of 
sleep apnea than the normal population [36]. The higher 
prevalence of glaucoma, especially NTG, in patients with 
sleep apnea may be due to decreased ocular blood f low 
during sleep apnea [37]. In this study, we found that the 
reported snoring was significantly more frequent among 
patients with ICS than in patients with IPS (p = 0.001). 
Thus, based on the comparison of non-IOP-related risk 
factors, we found that vascular dysregulatory factors were 
more commonly reported in patients with ICS when com-
pared with IPS.

The previous studies have reported a possible connection 

between smoking and glaucoma with conflicting results 
[13,14]. Wilson et al. [38], exploring the relationship be-
tween smoking and OAG, found a positive association of 
smoking with OAG. Other studies of similar nature, how-
ever, could not find smoking to be associated with OAG, 
nor with increased IOPs [39-41]. Regarding obesity, only a 
few studies have directly examined the association 
between BMI and glaucoma. Obesity seems not to be a 
risk factor for glaucoma by some [42], but BMI has been 
reported to be inversely related to OAG by others [43,44]. 
Also, another study has reported that a patient with higher 
BMI has a greater likelihood of being diagnosed with 
glaucoma [45]. In the Singapore Malay Eye Study, it was 
reported that higher BMI patients show small cup-disc 
ratios, and this suggests a protective effect of high BMI on 
OAG [46,47]. However, it is still unclear whether obesity 
may increase or decrease the likelihood of glaucoma. 
Therefore, this study was designed to determine whether 
lifestyle related risk factors, such as smoking or obesity, 
were associated with ICS in NTG patients. However, our 
results did not reveal a clear relationship among smoking, 
obesity and characteristics of VFDs. Although these find-
ings coincided with those of previous studies, our results 
are based on a relatively small sampling of NTG patients 
and the results cannot be considered conclusive.

In this study, PSD was significantly greater in the ICS 
group than in the IPS group. This suggests that central 
field defects are of a more localized nature when compared 
with peripheral field defects. The reason for this phenome-
non is unclear and requires further investigation.

Recently, Cho et al. [48] demonstrated that there are no 
differences in the clinical characteristics between ICS and 
IPS groups, except for the initial VF index and occurrence 
of superior hemifield; prevalence of DH, hypotension, 
migraine, and Raynaud’s phenomenon are not significantly 
different between the two groups. These discrepancies 
seem to arise from the different characteristics of the two 
study groups, which are the follow-up period and the 
number of patients. The follow-up period of the study was 
more than 7 years, but that of the present study was about 
2 years, which is a relatively short period compared with 
the previous study. Moreover, the total number of patients 
in the study was 66 and the total in this study was 159. An 
additional long-term follow-up study is needed to compare 
the results.

This study has some shortcomings due to the retrospec-
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tive nature of its design and the relatively small number of 
patients. Also, data regarding the prevalence of systemic 
risk factors were collected from the questionnaire survey, 
which is subject to error, ignorance and recall bias. Future 
large-scale prospective case-control studies are needed to 
validate the results of this study. 

In conclusion, this study found that NTG patients with 
ICS had a distinctive set of vascular risk factors, such as 
reported systemic hypotension, migraine, Raynaud’s phe-
nomenon, and self-reported snoring when compared to the 
patients with IPS. Likewise, DH occurs more often in pa-
tients with ICS. Awareness of the relationship between 
vascular risk factors and ICS may be useful in managing 
patients with NTG. Because patients with ICS may be at a 
greater risk of losing sight, NTG patients with systemic 
vascular factors or DH should be followed more carefully. 
Further study is needed to elucidate the relationship 
between the non-IOP vascular pathogenesis and initial VF 
characteristics.
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