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ABSTRACT.

Purpose: To determine (i) whether, compared to controls, visual complaints of

glaucoma patients are more pronounced under extreme luminance conditions

than in the optimal luminance condition and (ii) whether complaints belonging to

different extreme luminance conditions are associated.

Methods: We developed a luminance-specific questionnaire and sent it to 221

glaucoma patients (response rate 81%); controls (182) were primarily their

spouses. Median (interquartile range) mean deviation of the visual field of the

patients’ better eye was �4.5 (�10.7 to �1.9) dB. Questions were addressing

visual performance under five luminance conditions: presumed optimal (outdoor

on a cloudy day), low, high, sudden decrease and sudden increase. We compared

percentages of patients and controls who reported visual complaints while

performing activities under different luminance conditions.

Results: Percentages of patients and controls with visual complaints were 4

versus 0% (p = 0.02) for optimal luminance and 48 versus 6% (p < 0.001), 22

versus 1% (p < 0.001), 32 versus 1% (p < 0.001) and 25 versus 3% (p < 0.001)

for low, high, sudden decrease and sudden increase in luminance. Within the

group of glaucoma patients, the frequency of complaints increased significantly

with increasing disease severity at a Bonferroni-corrected p value of 0.003 for all

but one (p = 0.005) luminance-specific questions that addressed extreme

luminance conditions.

Conclusion: The concept of (early stage) glaucoma as an asymptomatic disease

is only valid with optimal luminance. Differences in visual complaints between

glaucoma patients and controls are greater under extreme luminance conditions,

especially in the dark. The fact that the cases were aware of their diagnosis could

have induced bias.
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Introduction

Glaucoma is a chronic and progressive
eye disease characterized by loss of
retinal ganglion cells (RGCs) and

subsequent visual field loss. Visual field
loss in glaucoma has traditionally been
described as asymptomatic, peripheral
visual field loss (Duke-Elder 1969).
Although glaucoma indeed seems to

be an asymptomatic disease in an early
stage, glaucoma patients do report
complaints; not related to peripheral
visual field loss but to visual perfor-
mance under extreme (low, high or
changing) luminance conditions (Lee
et al. 1998; Nelson et al. 1999; Janz
et al. 2001a,b; Tatemichi et al. 2012;
Hu et al. 2014). Complaints under
extreme luminance conditions suggest
impaired dark and light adaptation in
glaucoma, which is an intriguing find-
ing, because the rods and cones rather
than the RGCs are the primary site of
adaptation. A thorough understanding
of the complaints could thus be impor-
tant for a better understanding of the
patient, the physiology of the retina,
the pathophysiology of glaucoma and
for improving diagnostic tests.

An increase in complaints under
extreme luminance conditions is, in
itself, not a surprise – this may also
occur in healthy subjects; the question
is whether the difference in visual
complaints between glaucoma patients
and healthy subjects is more pro-
nounced under extreme luminance con-
ditions compared to the optimal
luminance condition. To address this
question, it is necessary to have both an
appropriate control group and a ques-
tionnaire with an extensive set of lumi-
nance-specific questions. None but two
(Lee et al. 1998; Tatemichi et al. 2012)
of the earlier studies did include a
control group; without exception, ear-
lier studies only included a subset of
luminance conditions and questions
regarding the optimal luminance
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condition were always omitted.
Another important question is whether
complaints under low, high and chang-
ing luminance conditions go together
(and may be thus related to a single
underlying defect) or may appear in
different proportions in different
patients. Finally, if indeed the differ-
ence in visual performance between
glaucoma patients and controls is more
pronounced under extreme luminance
conditions than under the optimal
luminance condition, it might be better
to perform diagnostic tests under
extreme luminance conditions.

The aim of this study was to deter-
mine (i) whether, compared to controls,
visual complaints of glaucoma patients
are more pronounced under extreme
luminance conditions than in the opti-
mal luminance condition and (ii)
whether complaints belonging to dif-
ferent extreme luminance conditions
are associated. For this purpose, we
performed a questionnaire study with
an extensive set of luminance-specific
questions amongst a large group of
glaucoma patients and controls.

Materials and Methods

Study population and data acquisition

We sent a questionnaire by mail to 221
glaucoma patients with primary open-
angle glaucoma, pseudoexfoliation
glaucoma or pigment dispersion glau-
coma. Patients were selected from the
database of the Groningen Longitudi-
nal Glaucoma Study, an observational
cohort study conducted in our depart-
ment (Heeg et al. 2005). We
approached those participants who still
were regular visitors of the outpatient
clinic, were followed with standard
automated perimetry [SAP; Humphrey
field analyzer (HFA) 30-2 SITA; Carl
Zeiss Meditec AG, Jena, Germany] and
had a reproducible visual field defect
on SAP in at least one eye, defined as a
scotoma according to the LTG-P cri-
terion (Katz et al. 1991) or a glaucoma
hemifield test ‘outside normal limits’.
For descriptive statistics, the patients
were stratified into early, moderate or
severe glaucoma, using the mean devi-
ation (MD) value of the better eye (eye
with the higher MD value; Freeman
et al. 2008; Gutierrez et al. 1997;
Kulkarni et al. 2012; Mills et al. 2001;
Peters et al. 2015; van Gestel et al.
2010). As cut-off points between the

strata we employed -6 and -12 dB. For
the classification, we used the most
recent visual field test result. The
median [interquartile range (IQR)] time
window between this visual field and
the questionnaire completion was 6 (2–
14) months. We did not exclude visual
fields based on reliability (to keep the
time window as short as possible). The
percentage of false-positive responses,
the only reliability index that is signif-
icantly associated with the MD
(Bengtsson & Heijl 2000; Junoy Mon-
tolio et al. 2012), was ≤10% in 165 of
178 glaucoma patients who returned
the questionnaire. The median (IQR)
percentage of false-positive responses
was 13 (12–17) % in the remaining 13
patients. Patients were not selected
with regard to their glaucoma stage.

Two questionnaires were sent to
each patient; they were asked to com-
plete one questionnaire and to give the
other to their spouse, neighbour,
friend, etc. (no consanguinity), who
served as control. Patients and controls
were explicitly asked to fill in the
questionnaire independently. As the
number of returned patient question-
naires exceeded the number of control
questionnaires, additional controls
were recruited from a recent case–
control studies conducted in our
department (Junoy Montolio et al.
2016). Controls were asked to confirm
that they (i) did not have relatives with
high eye pressure or glaucoma and (ii)
did not receive regular checkups by an
ophthalmologist for high eye pressure
or glaucoma. In this way, we assured a
glaucoma prevalence of <1% amongst
the controls (Wolfs et al. 2000).

The ethics board of the University
Medical Center Groningen (UMCG)
approved the study protocol. All par-
ticipants provided written informed
consent. The study followed the tenets
of the Declaration of Helsinki.

Questionnaire

The questionnaire was developed to
explore visual complaints during activi-
ties of various difficulty, under optimal
and extreme luminance conditions. We
did not develop a questionnaire from
scratch but used questions from existing
glaucoma-related questionnaires (GQL
and GSS; Nelson et al. 1999; Lee et al.
1998) and the NEI-VFQ25 (Massof &
Fletcher 2001; Nassiri et al. 2013) and
extendedthemtothedifferent luminance

conditions. The development followed
the six constructive guidelines of de Vet
et al., including a pretest in 13 healthy
subjects and two glaucoma patients
using the Three-Step Test-Interview
(Hak et al. 2008; de Vet et al. 2011). In
short, this method implies that (Step 1)
respondents were asked to think aloud,
and their behaviour was observed while
filling in the questionnaire (hesitation,
skipping questions, corrections of the
chosen response category, etc.). After
that (Step 2), we interviewed the respon-
dents to clarify the observations (e.g.,
‘You stopped for awhile,why?’). Finally
(Step 3), we asked for experiences and
opinions. Here, we also explicitly asked
to describe the situations they imagined
while filling in the specific questions.

The questionnaire included 15 lumi-
nance-specific questions addressing
visual performance under five different
conditions: (i) presumed optimal lumi-
nance (outdoor on a cloudy day, four
questions), (ii) low luminance (outdoor
at night, three questions), (iii) high
luminance (outdoor on a sunny day,
four questions), (iv) sudden decrease in
luminance (two questions) and (v)
sudden increase (two questions).
Within the questionnaire, the questions
were ordered by activity (e.g. seeing,
walking/cycling, driving), starting with
the question regarding the high lumi-
nance condition, then optimal, low and
ending with questions regarding the
changing luminance conditions. The
questionnaire was developed in Dutch.

Data analysis

Glaucoma patients and controls had a
different age distribution. To enable a
fair comparison between the groups,
we equalized the number of patients
and controls per age bin of 10 years, by
applying a weight factor. For example,
if in a certain age bin there were twice
as many controls as cases, the controls
were entered in the analysis with a
weight factor of 0.5. Similarly, if there
were more patients than controls in a
certain age bin, the patients were
entered with a weight factor <1. In this
way, the effective number of subjects
decreased slightly, but the weighted
subjects formed age-matched groups.

Questions regarding visual com-
plaints contained five response options.
For the initial descriptive analysis, we
dichotomized these response options
into ‘No complaints’ and ‘Complaints’.
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The answer options ‘No difficulty at
all’ and ‘A little difficulty’ became ‘No
complaints’; ‘A lot of difficulty’,
‘Extreme difficulty’ and ‘Stopped doing
this because of my eyesight’ became
‘Complaints’. Every question also had
an answer option ‘Not applicable’,
which we considered as missing during
analysis. We calculated, per question,
the percentage of complaints within the
group of glaucoma patients and con-
trols, and the corresponding difference
with 95% confidence interval (CI). We
compared the percentage of complaints
between the groups with chi-squared
tests with Bonferroni’s correction. We
considered the difference between the
groups as clinically relevant if the
difference was both statistically signif-
icant and at least 10%. Similarly, if this
difference was at least 10% larger
under extreme luminance conditions
compared to the difference with opti-
mal luminance, we considered the com-
plaints of glaucoma patients as
disproportionately more pronounced
under extreme luminance conditions.
The value of 10% is to a certain extent
arbitrary, but prevents emphasize on
small differences that may be statisti-
cally significant, but not clinically rel-
evant. We used a chi-squared test for
trend with Bonferroni’s correction to
determine whether complaints were
more frequent with increasing disease
severity within the group of glaucoma
patients.

Not all tasks (e.g. reading) can be
performed under all luminance condi-
tions. To enable a fair comparison
between all luminance conditions, we
selected, for each luminance condi-
tion, one question that did not refer
to a specific task, that is, seeing or
adapting. For those luminance condi-
tions with more than one ‘task-
independent’ question available, we
chose the question that differentiated
best between glaucoma patients and
controls.

To determine whether complaints
from the four extreme luminance con-
ditions (low, high, sudden decrease,
sudden increase) were associated, we
used the selected task-independent
questions (see above), made 2 9 2
tables, and calculated Phi coefficients
for each combination of conditions, for
the glaucoma patients. Differences
between the conditions were evaluated
with McNemar’s test with continuity
correction.

We considered a p value of 0.05
or less statistically significant.
Bonferroni’s correction was applied if
applicable.

Results

We retrieved 178 questionnaires from
221 glaucoma patients (response rate
81%) and 182 questionnaires from con-
trols. The mean [standard deviation
(SD)] age of the glaucoma patients was
72.2 (10.0) years and of the controls 65.7
(10.8) years. After weighting, both
groups had a size of 135 subjects, with
a mean (SD) age of 69.6 (9.3) years for
the glaucoma patients and 69.0 (9.3)
years for the controls (p = 0.63). The
glaucoma patients consisted of fewer
females compared to the controls (47%
versus 64%; p = 0.01). Most of the
patients had early glaucoma (62%);
about one-third had either moderate
(16%) or severe (22%) glaucoma in the
better eye. Themedian (IQR)HFAMD
of the better eye was �4.5 (�10.7 to
�1.9) dB.Most of the glaucomapatients
(80%) had a pretreatment intraocular
pressure of 21 mmHg or more.

Figure 1 shows two examples of
responses to the questions ‘Seeing out-
side on a cloudy day’ (left panel) and
‘Seeing outside at night when there is
no moonlight’ (right panel). The upper
row presents all response options for
controls and patients; the lower row
presents the dichotomized responses
for controls and patients with increas-
ing disease severity.

Table 1 presents the dichotomized
results for the 15 included questions,
categorized in five luminance condi-
tions. The table shows the percentages
of patients with glaucoma and controls
who reported complaints, and the cor-
responding differences. Within each
luminance condition, the questions were
ranked according to these differences.
All questions resulted in a significant
difference between glaucoma patients
and controls at a Bonferroni corrected p
value of 0.003 (0.05/15), except for
‘Walking or cycling on a cloudy day’
(p = 0.01) and ‘Seeing outside on a
cloudy day’ (p = 0.02). Two of four
questions regarding the optimal lumi-
nance condition resulted in a clinically
relevant difference (for definition, see
Methods section) between glaucoma
patients and controls; all questions
regarding the extreme luminance condi-
tions resulted in a clinically relevant

difference between glaucoma patients
and controls.

Within the group of glaucoma
patients, the frequency of complaints
increased significantly with increasing
disease severity at a Bonferroni-cor-
rected p value of 0.003 (0.05/15) for all
luminance-specific questions, except
for ‘Seeing outside on a cloudy day’
(p = 0.28) and ‘Seeing outside on a
sunny day’ (p = 0.005).

The five task-independent questions
were marked in Table 1 with a *. The
difference between the groups for these
questions under extreme luminance
conditions, compared to the optimal
luminance condition, was more than
10%. That is, visual complaints of
glaucoma patients were, compared to
controls, disproportionately more pro-
nounced under extreme luminance con-
ditions.

Figure 2 shows the difference in com-
plaints between glaucoma patients and
controls for the five task-independent
questions, stratifiedby gender. Themost
obvious difference in the difference
between glaucoma patients and controls
was found between the optimal lumi-
nance condition and the low luminance
condition, for both genders. Generally,
the differencesweremore pronounced in
women than in men. Male and female
glaucoma patients had similar MD val-
ues of the better eye (p = 0.26, Mann–
Whitney U-test).

Table 2 presents the 2 9 2 tables and
corresponding Phi coefficients describ-
ing the association between the selected
task-independent questions belonging
to the four extreme luminance condi-
tions, for the glaucoma patients. All Phi
coefficients were significant at a Bonfer-
roni-corrected p value of 0.008 (0.05/6);
they varied between 0.40 and 0.62.
McNemar’s test showed a significant
difference at a Bonferroni-corrected p
value of 0.008 (0.05/6) for low versus
high, low versus sudden decrease and
low versus sudden increase (all
p < 0.001), uncovering the low lumi-
nance condition as the most difficult
condition for glaucoma patients.

Discussion

Differences in visual complaints
between glaucoma patients and con-
trols are small with optimal luminance
but quite pronounced under extreme
luminance conditions. The low lumi-
nance condition discriminates best, and
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complaints are more frequent with
increasing disease severity.

Earlier vision-specific questionnaires
included some questions related to light,
dark or adaptation, but did not analyse
them separately (e.g. Mangione et al.
2001). Studies that used questionnaires
with light, dark or adaptation subscales
revealed that glaucoma patients do
indicate that they experience difficulty
under extreme luminance conditions,
which is in agreement with our findings

(Sherwood et al. 1998; Nelson et al.
2003; Wren et al. 2009; Prior et al.
2013). One study showed an association
with the severity of the visual field and
the answers to a question on dark
adaptation (Viswanathan et al. 1999).
Other studies reported frequencies of
complaints in patients, without compar-
ing with controls. Hu et al. (2014)
found, in glaucoma patients, complaint
frequencies of 57% for the low and 42%
for the high luminance condition. We

found 48% for the question ‘Seeing
outside at night when there is no moon-
light’ and 22% for the question ‘Seeing
outside on a sunny day’. Nelson et al.
(1999) found that 54% of glaucoma
patients complained about adaptation
to different levels of lighting. Janz et al.
(2001a) researched symptoms in newly
diagnosed glaucoma patients and found
complaint frequencies of 30%, 42%and
41% for the low, high and decreasing
luminance condition, respectively. Lee

Fig. 1. Examples of responses to the questions. Left panel: ‘Seeing outside on a cloudy day’; right panel: ‘Seeing outside at night when there is no

moonlight’. Upper row: all response options for controls and glaucoma patients; lower row: dichotomized responses for controls and glaucoma

patients with increasing disease severity.
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et al. (1998) found high complaint fre-
quencies for the low (82%) and high
(46%) luminance condition. They also
included controls and found that com-
plaints regarding the low and high
luminance condition discriminated best
between patients and controls, com-
pared to other (non-luminance-specific)
symptoms. Tatemichi et al. (2012), who
used the same questions as Lee et al. but
focussed on normal tension glaucoma
patients, found somewhat lower com-
plaint frequencies for the low (50%) and
high (12%) luminance condition.Again,
the low luminance condition discrimi-
nated best between patients and con-
trols. To summarize, the general
message from these studies and our data
is that a large percentage of glaucoma
patients report difficulties with their
visual functioning under extreme lumi-
nance conditions.An exception seems to
be a study by Iester & Zingirian (2002),
in which glaucoma patient complaint
frequencies of 10and14%were reported
for the high and decreasing luminance
condition, respectively. None of the
earlier studies reported complaint fre-
quencies for the optimal and increasing
luminance condition.

A limitation of this study is that the
glaucoma patients and controls differed
significantly regarding age and gender.
This resulted from the fact that we

invited primarily the spouses of the
patients as controls. We invited the
spouses because (i) they live under the
same luminance conditions as the corre-
sponding cases and (ii)we assumed them
to be of similar age. However, spouses
may differ in age, and because glaucoma
is an age-related disease, the elder of the
two is more likely to be the glaucoma
case. Using a weight factor, we

normalized the age distribution of the
control group to the glaucoma group.
There were more women in the control
group (because the elder of the two is
more likely to be the male) than in the
group of glaucoma patients and women
reported more complaints than men, a
finding that is consistent with other
studies reporting that women generally
have a more pronounced illness

Table 1. Percentages of glaucoma patients and controls who reported complaints, per question; questions were ranked, per category, according to the

differences between glaucoma patients and controls.

Questions ordered by luminance condition. All questions were preceded

by ‘Because of your eyesight, how much difficulty do you have with. . .’

If applicable, subjects were asked to answer the questions as if they

were wearing their glasses or contact lenses

Complaints (%)
Missing (%)

Glaucoma Controls

Difference (95%

confidence interval)

Glaucoma

versus controls

Presumed optimal luminance

Driving on a cloudy day 14.4 0 14.4 (7.6–21.3) 23.0/14.8

Reading outside on a cloudy day 11.4 0 11.4 (5.8–17.0) 5.9/3.0

Walking or cycling on a cloudy day 4.3 0 4.3 (0.8–7.9) 5.9/2.2

Seeing outside on a cloudy day* 3.8 0 3.8 (0.5–7.1) 3.7/1.5

Low luminance

Seeing outside at night when there is no moonlight* 48.4 6.3 42.1 (32.1–51.9) 9.6/3.7

Walking or cycling at night on an unlit country road 53.6 13.7 39.9 (28.7–51.2) 16.3/14.1

Driving at night on an unlit country road 49.7 12.7 37.0 (25.2–48.9) 26.7/20.7

High luminance

Reading outside in the sun 34.3 3.9 30.4 (21.5–39.4) 5.2/2.2

Seeing outside on a sunny day* 22.2 1.3 20.9 (13.-28.3) 2.2/1.4

Walking or cycling on a sunny day 18.7 0.6 18.1 (11.2–25.1) 5.2/2.2

Driving on a sunny day 20.2 1.7 18.5 (10.2–26.8) 25.9/17.0

Sudden decrease in luminance

Adapting to dim lights, when coming from a well-lit environment* 32.4 0.8 31.6 (23.3–39.9) 3.7/3.0

Adapting to less light, when coming from the bright sunlight 24.9 1.3 23.6 (15.8–31.4) 4.4/3.0

Sudden increase in luminance

Adapting to bright sunlight, when coming from less light* 25.0 2.7 22.3 (14.3–30.3) 3.7/3.7

Adapting to a well-lit environment, when coming from dim lights 13.0 0.8 12.2 (6.2–18.3) 3.7/3.0

*Selected task-independent question (see Methods section).

Fig. 2. Differences in complaints between glaucoma patients and controls for the five selected

task-independent questions, stratified by gender. Error bars denote 95% confidence intervals.
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perception than men (Verbrugge 1980;
Wingard 1984; Janz et al. 2001a). The
gender imbalance might have resulted in
anunderestimation of the observed lumi-
nance-specific differences. Another limi-
tation is that the cases knew their
diagnosis, and the controls presumably
presumed that they were healthy. This
limitation is not specific to our study; it
will affect any case–control study with a
questionnaire or other subjective test
involved. Patients may exaggerate their
impairments or theymay become used to
them. The latter option seems to bemore
common in glaucoma, but we can only
speculate if that is also the case for
luminance-specific impairments.

Importantly, (i) the percentages of com-
plaints were very low for questions that
addressed the optimal luminance condi-
tion and (ii) we found a clear dose–
response relationship for the extreme
luminanceconditions.Bothfindings indi-
cate the existenceof somereal luminance-
specific effects. We did not screen for the
presence of other eye diseases but rather
assumed that they would be equally
distributed amongst the groups. In this
way, we aimed for a realistic sample of
elderly rather than super normals. Gen-
erally,missing valuesweremore frequent
inglaucomapatientsthanincontrols (last
columnofTable 1). Ifweassumethatthis
is due to mixing up ‘Stopped doing this

because of my eyesight’ and ‘Not appli-
cable’ by thepatients, then thedifferences
between glaucoma patients and controls
havebeenunderestimated(weconsidered
‘Not applicable’ asmissing values during
analysis). The high percentages of miss-
ing values for driving-related questions
suggest that this mixing up is indeed the
case. Strengths of our study are the
sample size, the inclusion of questions
regarding all five different luminance
conditions and the presence of a control
group.

Currently, the primary functional test
in glaucoma, perimetry, is performed at
a comfortable, moderate background
luminance of 10 cd/m2. Our results sug-
gest that a much better discrimination
between glaucoma and healthymight be
obtained by performing this test at a
lower background luminance. Perform-
ing perimetry in glaucoma patients and
controls over awide rangeof luminances
could be a good starting point for future
research; earlier studies addressing
perimetry as a function of luminance
included healthy subjects only (Klewin
&Radius 1986;Heuer et al. 1989;Mem-
brey et al. 1999).

Reported complaint frequencies in
response to the question 0Seeing out-
side at night when there is no moon-
light0 correspond to a sensitivity of
48% at a specificity of 94%, and a
sensitivity of 33% and 74% for early
and moderate/severe glaucoma, respec-
tively. This suggests some potential for
questionnaires in the field of glaucoma
screening. Obviously, this potential has
to be confirmed in other studies, espe-
cially in studies where the cases are not
aware of their diagnosis. Screening
with questionnaires may be interesting
for research purpose, for example, for
case finding in huge cohort studies,
where a full eye examination in all
participants is not easily realized (Kie-
fer et al. 2013).

In conclusion, the common view of
glaucoma as a disease that is asymp-
tomatic, especially in an early stage,
appears only valid with optimal lumi-
nance. Differences in visual complaints
between glaucoma patients and con-
trols are greater under extreme lumi-
nance conditions, especially in the
dark. This offers opportunities for
better diagnostic tests and may be even
screening. As the complaints impact
vision already in an early disease stage,
this study indirectly supports a timely
detection and treatment of glaucoma.

Table 2. 2 9 2 tables showing the answers of the glaucoma patients to the task-independent

questions (marked with a * in Table 1) for the four extreme luminance conditions.

High luminance

PhiNo complaints Complaints

Low luminance

No complaints 58 4 0.40

Complaints 35 23

Sudden decrease

PhiNo complaints Complaints

Low luminance

No complaints 54 6 0.46

Complaints 28 31

Sudden increase

PhiNo complaints Complaints

Low luminance

No complaints 55 5 0.40

Complaints 33 25

Sudden decrease

PhiNo complaints Complaints

High luminance

No complaints 79 20 0.50

Complaints 7 22

Sudden increase

PhiNo complaints Complaints

High luminance

No complaints 88 11 0.61

Complaints 7 21

Sudden increase

PhiNo complaints Complaints

Sudden decrease

No complaints 82 6 0.62

Complaints 15 27
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