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Abstract

Purpose: To assess the relationship between the intraocular pressure (IOP) peaks detected during the water drinking test (WDT) 
and the modified diurnal tension curve (MDTC) in both normal and glaucomatous eyes.

Basic Procedures: An interventional prospective study that comprised eighty eyes from forty participants. All patients were above 
40 years, with primary open-angle glaucoma (POAG) controlled surgically or medically or glaucoma-suspect patients. The control 
group had normal IOP and a normal examination. 

Main Findings: The study included 80 eyes from 40 participants of which 20 (50%) were males and 20 (50%) were females. There 
was a statistically significant difference between the mean mDTC value and the associated WDT peaks among the whole study group 
(p=0.003), the normal group (p=0.041) and the glaucoma suspects group (p<0.0001) with no significant difference within the other 
groups

Principal Conclusions: Intraocular pressure peaks detected during the water-drinking test can be used as a tool to estimate the 
observed peaks during the modified diurnal tension curve. However, a larger sample may be required to assess whether it is an 
equivalent alternative measure of IOP fluctuations.
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Introduction
Glaucoma is a progressive disease affecting the optic nerve and 

may lead to irreversible visual impairment unless it is properly 
managed [1]. It is one of the major causes of irreversible low vision 
and blindness worldwide [2,3]. Meanwhile, increased intraocular 
pressure (IOP) is one of the major risk factors for glaucoma devel-
opment. Thus, the designed therapeutic strategies to decrease the 
IOP remain the main treatment modality to slow down the dete-
rioration in both of the optic nerve head and the associated visual 
field (VF) [4].

IOP in the human eye is regulated by many factors, including the 
rate of aqueous humor (AH) production, the facility of trabecular 

outflow, the rate of fluid drainage through the uveo-scleral outflow 
pathway, and the pressure in the epi-scleral veins [5]. Moreover, it 
may vary throughout the 24-hour period due to potential changes 
in these physiologic parameters [6,7]. The taken measurement of 
IOP as once time point during office hours may render an incom-
plete picture of IOP due to the diurnal variation of IOP [8]. Hence, 
the IOP profile may be better assessed by a 24-hour daily tension 
curve (DTC) [9]. It is anticipated that the IOP fluctuations and peaks 
may provide the ophthalmologist with more reliable information 
about the short-term IOP profile. However, this monitoring may be 
infeasible and time-consuming either for patients or ophthalmolo-
gists; this may turn it into a restricted tool in regular clinical prac-
tice. 
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The modified diurnal tension curve (MDTC) emerged as an 
alternative way that involves IOP measurements every 2-3 hours 
during the daily office hours instead of the 24-hour diurnal ten-
sional curve (DTC) in the habitual position. It is more feasible and 
may give better information than single IOP measurements [10]. 
The literature shows that the detected IOP peaks during the DTC 
may well-correlate with the detected peaks during WDT [11].

 The current study addresses the importance of WDT in the as-
sessment of the treatment quality and the potentiality of progres-
sion [12]. Water drinking test is done by drinking a considerable 
volume of water over a relatively short period, with measurements 
of IOP compared before and after water drinking. The volume of 
ingested water is either a fixed volume of one liter or using a body-
weight measure, such as 10 ml/ kg of body weight in the duration 
of 5 minutes, with no fluid ingestion about 2 hours before the test. 
This will often lead to an elevation of IOP within around 30 min-
utes [12]. 

WDT is used to evaluate the ability of the eye to deal with a 
transient IOP elevation through observing the level of IOP in-
crease and the duration it may take to return to its regular baseline 
[12,13]. The WDT aims to stress the trabecular meshwork (TM) 
via increasing the episcleral venous pressure (EVP) which takes 
place secondarily to an increase in central and peripheral venous 
pressure. This leads to negative transient aqueous [14] that would 
by its turn, lead to a transient elevation of IOP as a result of the de-
creased facility outflow from a decreased pressure gradient across 
the TM [13].

Patients and Methods
The current study follows an interventional study design that 

comprised 80 eyes from 40 participants who met the following in-
clusion criteria; being above 40 years of age, have POAG controlled 
surgically or medically, or being glaucoma suspects, while the con-
trol group had normal IOPs that were confirmed by clinical exami-
nation. Patients who have narrow or occludable anterior chamber 
angle, systemic hypertension, congestive heart failure, chronic re-
nal impairment or having uncontrolled POAG were excluded from 
the current study.

The final study group was further divided into the medically-
controlled POAG group (Glaucoma subjects on anti-glaucoma med-

ication) and surgically-controlled POAG group (Glaucoma Subjects 
with SST); patients with Glaucoma-suspects (subjects with suspi-
cious glaucomatous changes that affects the optic disc/ or elevated 
IOP) and the glaucoma-free group including (healthy non-glauco-
matous volunteers). All of the involved patients in this study un-
derwent comprehensive ophthalmic examination including history 
taking and a complete ophthalmological examination that implied; 
full anterior segment slit-lamp examination (eyelashes, eyelid mar-
gins, palpebral conjunctiva, bulbar conjunctiva, bulbar episclera, 
sclera, cornea, anterior chamber, iris, lens and anterior vitreous 
examination where each structure was examined for any abnor-
mality). Anterior chamber angle examination was also conducted 
including limbal chamber depth technique examination, where the 
eyes with Van Herick grade I and II were submitted to examination 
by gonioscopy to exclude the angle-closure glaucoma. Moreover, a 
fundus examination was conducted to determine any glaucoma-
tous fundal changes and finally, intraocular pressure was assessed.

Each enrolled eye was submitted to a modified diurnal tension 
curve reading (measurements of intraocular pressure around 9:00 
am, 4:00 pm and 9:00 pm by Goldmann’s applanation tonometry 
(HAAG_STREIT international model AT900) and Water drinking 
test. The evaluation method consisted of a single IOP measurement 
before intake of one liter of water over five minutes with no previ-
ous fluid drinking in the last 2 hours before the test. This step was 
followed by three times IOP measurements at 30-minute intervals. 
Both measurements of IOP could be done on the same day, espe-
cially in admitted (inpatient ward) patients where the WDT was 
immediately done following the last reading of mDTC i.e. around 
9:00 pm. Meanwhile, others who were not admitted patients were 
submitted to the mDTC in a clinic visit and WDT in the next follow-
up visit. 

Statistical analysis

Data were collected, stored, cleaned and analyzed using the sta-
tistical package for social science (SPSS) version 24 and the follow-
ing were done: Categorical data were presented as numbers and 
percentages (No. (%), while continuous variables were presented 
as means, standard deviations and ranges (Mean (SD), [min –max]. 
The comparison between the fluctuations of two methods (mDTC 
and WDT) was conducted using the Wilcoxon signed-ranked test, 
and the correlation between peaks and fluctuations was detected 
by the Spearman correlation test. The confidence interval was set 
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to 95% and the margin of error accepted was set to 5%. Any output 
with a p below 0.05 was interpreted as an indicator of statistical 
significance.

Results
The study included 80 eyes from 40 participants of which 20 

(50%) were females and 20 (50%) were males. The percentage of 
females exceeded that of males in glaucoma- suspect group (80% 
and 20%, respectively) and the opposite was true for medically-
controlled glaucoma patients where the percentage of males was 
exceeding the female percentage (75% and 25% respectively)., 
while the other subgroups show relative similar percentages. The 
mean (SD), range of the recruited participants’ age was 48.9 (4.8) 
years. 

The whole study group was further categorized into four sub-
groups. Fourteen participants (35%) of the studied sample were 
confirmed as free from glaucoma (healthy group). Ten partici-
pants (25%) were suspected to have glaucoma (glaucoma-suspect 
group) and eight participants (20%) were previously diagnosed 
as glaucoma patients that are surgically controlled followed by 

MDTC Readings 
Time

Whole 
Sample

POAG Controlled 
Medically

POAG Controlled 
Surgically

Glaucoma 
Suspects

Healthy 
Volunteers

9am 17.7±3.6 16.8±2.9 15.4±1.9 22.7±1.9 15.9±1.8

4pm 14.3±2.1 13.9±2.2 13.4±1.7 15.95±1.9 13.56±1.9

9pm 12.21±1.7 11.9±1.5 11.5±1.4 12.8±1.7 12.4±1.7

medical treatment (POAG surgically controlled), while the remain-
ing eight (20%) didn’t have previous surgical intervention (POAG 
medically controlled).  Intraocular measurements by the mDTC 
showed that the intraocular pressure varied according to the time 
duration within the day with the highest mean of mDTC IOP read-
ings at 9:00 am. (Table 1). Meanwhile, intraocular measurements 
by the WDT are demonstrated in (Table 2). Moreover, the highest 
mean value of WDT IOP readings was detected at 30 minutes. On 
the other hand, Peak’s frequency as regards the day time and WDT 
readings revealed that the major percentage (95%) of participants 
underwent peaks at 9:00 am, while (5%) at 4:00 pm, zero% at 9:00 
pm (Table 3). In the WDT, the major percentage (92.5%) of peaks 
was detected at 30 minutes assessment, while (7.5)% was detected 
at the 60 minutes assessment, zero% at both 90 minutes readings 
and zero minute readings. There was a statistically significant dif-
ference between the mean mDTC value and the associated WDT 
peaks among the whole study group (p=0.003), the normal group 
(p = 0.041) and the glaucoma suspects group (p < 0.0001) with no 
significant difference within the other groups (Table 4).

Table 1: Description of mDTC IOP readings (mean and SD) among different subgroups.

WDT Whole 
Sample

POAG Controlled 
Medically

POAG Controlled 
Surgically

Glaucoma 
 Suspects

Healthy  
Volunteers

Zero time 12.3 ±1.6 12.1 ±1.6 11.9 ±1.4 12.7 ±1.8 12.5 ±1.7
After 30min 17.03 ±2.7 16.9 ±2.0 15.6 ±1.5 20.5 ±2.1 15.5 ±1.6
After 60min 14.1 ±1.7 14.2 ±1.9 13.6 ±1.6 14.8 ±1.9 14.0 ±1.6
After 90min 12.1 ±1.4 12.4 ±1.4 11.8 ±1.4 12.4 ±1.4 12.03 ±1.5

Table 2: Description of WDT readings (mean and SD) among different subgroups.
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WDT Readings 
Time

Whole 
Sample

POAG Controlled 
Medically

POAG Controlled 
Surgically

Glaucoma  
Suspects

Healthy  
Volunteers

9am 76(95%) 14(87.5%) 16(100%) 20(100%) 26(92.9%)

4pm 4(5%) 2(12.5%) 0(0%) 0(0%) 2(7.1%)

9pm 0(0%) 0(0%) 0(0%) 0(0%) 0(0%)

Table 3: Frequency and percent of peak IOP measured during (WDT) in relation to time.

MDTC Peak WDT Peak P-Value
Whole Study Group 17.6 (3.5) 17.04 (2.8) 0.003
POAG controlled  
medically

17.2 ±2.6 17.2 ±1.9 0.718

POAG controlled  
surgically

15.4 ±1.9 15.6 ±1.5 0.291

Glaucoma suspects 19.1 ±1.97 20.5 ±2.1 <0.0001
Healthy volunteers 16.1 ±1.8 15.8 ±1.4 0.041

Table 4: Difference between mDTC peaks and WDT peaks.

Assessment of the range of IOP fluctuation in the mDTC showed 
that the Intraocular pressure fluctuation range varied based on the 
type of subgroups. For instance, it ranged from (2 - 6 mmHg) in 
96.5% among the healthy group, while it ranged (5 -13 mmHg) in 
90% of the glaucoma suspect group. In the surgically controlled 

Fluctuation of IOP 
(MMHG)

Whole 
Sample

POAG Controlled 
Medically

POAG Controlled 
Surgically

Glaucoma  
Suspects

Healthy  
Volunteers

No (%) No (%) No (%) No (%) No (%)
2 2(2.5%) 0(0%) 2(12.5%) 0(0%) (%)
3 20(25%) 1(6.3%) 4(25%) 0(0%) 15(53.6%)
4 15(18.8%) 0(0%) 4(25%) 0(0%) 11(39.3%)
5 14(17.5%) 7(43.8%) 5(31.3%) 1(5%) 1(3.6%)
6 6(7.5%) 4(25%) 1(6.3%) 0(0%) 1(3.6%)
7 2(2.5%) 2(12.5%) 0(0%) 0(0%) 0(0%)
8 7(8.8%) 2(12.5%) 0(0%) 5(25%) 0(0%)
9 1(1.3%) 0(0%) 0(0%) 1(5%) 0(0%)
10 4(5%) 0(0%) 0(0%) 4(10%) 0(0%)
11 6(7.5%) 0(0%) 0(0%) 6(30%) 0(0%)
12 1(1.3%) 0(0%) 0(0%) 1(5%) 0(0%)
13 2(2.5%) 0(0%) 0(0%) 2(10%) 0(0%)
Range 2 – 13 3 – 8 2 – 6 5 – 13 2 – 6

glaucoma group, the fluctuation showed a range of (2 - 6 mmHg) 
at the same levels among the healthy group. The fluctuation range 
among the on-medication glaucoma subgroup (3 - 8 mmHg) was 
varied to occupy the area from normal group levels to glaucoma 
suspect group levels (Table 5). There were relatively similar re-
sults in the WDT fluctuations, as IOP fluctuation ranged from (3-7 
mmHg) in 96.4% among the healthy group, while it ranged (5-11 
mmHg) in 85% of the glaucoma suspect group. In the surgically 
controlled glaucoma group and on-medication glaucoma subgroup, 
the fluctuation showed the same range of fluctuation (3-6 mmHg) 
(Table 6). Additionally, 77 (96.3%) eyes showed a difference of ≤ 
2 mmHg between the two methods. Meanwhile, no significant dif-
ference was detected between the mean value of mDTC and WDT 
fluctuations at glaucoma controlled medically subgroup, but there 
were significant differences between the mean of mDTC and WDT 
fluctuations in other groups (p < 0.001) (Table 7).

Table 5: The range of mDTC fluctuation in the different subgroups.
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Fluctuation Of 
IOP (MMHG)

Whole 
Sample

POAG Controlled 
Medically

POAG Controlled 
Surgically

Glaucoma 
Suspects Healthy Volunteers

No (%) No (%) No (%) No (%) No (%)
3 7(8.8%) 4(25%) 4(25%) 0(0%) 2(7.1%)
4 22(27.5%) 7(43.8%) 7(43.8%) 0(0%) 14(50%)
5 20(25%) 3(18.8%) 3(18.8%) 1(5%) 11(39.3%)
6 9(11.3%) 2(12.5%) 2(12.5%) 2(10%) 0(0%)
7 6(7.5%) 0(0%) 0(0%) 3(15%) 1(3.6%)
8 6(7.5%) 0(0%) 0(0%) 4(20%) 0(0%)
9 4(5%) 0(0%) 0(0%) 4(20%) 0(0%)
10 3(3.8%) 0(0%) 0(0%) 3(15%) 0(0%)
11 3(3.8%) 0(0%) 0(0%) 3(15%) 0(0%)
Range 3 – 11 3 – 6 3 – 6 5 – 11 3 – 7

Table 6: The range of fluctuation in WDT in different subgroups.

MDTC fluctuation

Mean + SD(mmHg)

WDT fluctuation

Mean + SD(mmHg)
T p-value

POAG controlled medically 5.8 ± 1.3 2.1 ± 0.34 -0.775 0.451
POAG controlled surgically 3.9 ± 1.2 4.2 ± 0.98 11.067 <0.001*
Glaucoma suspects 9.9 ± 1.97 8.5 ± 1.8 -5.347 <0.001*
Healthy volunteers 3.6 ± 0.74 4.4 ± 0.79 5.659 <0.001*

Table 7: Comparison between IOP fluctuation by mDTC and WDT for each subgroup separately.

Discussion 
Glaucoma is known to be a progressive disease of the optic 

nerve that may lead to an irreversible impairment of visual acuity 
unless it is properly treated [1]. The measurement IOP is essential 
in the diagnosis and treatment of OAG, but a single measurement 
in the ophthalmologist’s clinic may or may not reflect the changes 
in IOP during day or night [15]. The process of 24 Hrs IOP moni-
toring may be unpractical and time-consuming for both physicians 
and patients, which may turn it into a restricted tool in clinical 
practice. Alternatively, the modified diurnal tension curve (mDTC) 
provides summarized information of the 24-h DTC which is impor-
tant in managing glaucoma patients  [10]. 

The WDT method was first described as a diagnostic tool for glau-
coma where a 6 - 8 mmHg increase in IOP was considered as a 
threshold to confirm the diagnosis. Although WDT may not be an 
ideal confirmatory test for glaucoma diagnosis (because of a large 
number of the reported false positive and false negative cases), it 
may reflect IOP peaks and fluctuations [16].

In our study, we attempted to compare both peaks and fluctua-
tions of IOP collected from the modified diurnal tension curve that 
were collected from WDT in various subtypes.

Our results show that the highest mean of mDTC IOP readings 
was during the morning. These findings did not agree with the 
reported results of some other similar studies such as Liu., et al. 
study that worked on 16 volunteer and provided evidence that the 
mean IOP was statistically significantly more increased in the late 
nocturnal period than in the regular diurnal/wake period for both 
the sitting and the supine IOPs [6]. Meanwhile, the WDT readings 
demonstrated that the highest mean (peak) of WDT readings was 
at the 30 minutes readings. This fact was similar to the findings of 
Yi-Chieh Poon., et al. study. There was a significant increase in IOP 
that persisted up to 30 minutes after water ingestion in the POAG 
[17], and this also agree with study of Nongpiur ME., et al. which 
demonstrated that a significant increase in IOP at 30 minutes af-
ter the WDT and decrease in serum osmolality [18]. Moreover, 
water intake was also found to be associated with an increase in 
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blood pressure and peripheral vascular resistance [6]. Therefore, 
changes in hemodynamics may be associated with an increased 
episcleral venous pressure, which leads by its turn to a decreased 
outflow facility.

The majority (95%) of patients underwent peaks at 9:00 am 
which agrees with Shaoying Tan., et al. study that included 22 
POAG patients (22 eyes), and including primary angle-closure glau-
coma PACG (31 eyes). Tan’s study proved that the mean patient-
measured IOP at the regular home environment was at its highest 
level at 08:00 am, which tended to drop over the day course, and 
reached its lowest value around midnight, in both of the PACG and 
POAG eyes in this reported study [19]. 

Regarding the WDT, the major percentage (92.5%) of peaks was 
at 30 minutes readings. Thus, it is not impossible to rely on the first 
two readings in clinical practice/assessment when their time is in-
sufficient to complete the whole test. Meanwhile, the WDT peaks 
were significantly correlated with the mDTC peaks in most groups 
besides that, there was no statistically significant difference in 
the Wilcoxon test between the mean value of mDTC and the WDT 
peaks. Findings from our study agree with the findings by Kumar 
and colleagues when 25 patients were enrolled in this study, and 
proved that the detected IOP peak that is measured during diur-
nal testing showed strong correlation with peak IOP during WDT, 
whereas the mean IOP peak measured through diurnal testing, 
was of no statistical difference with that measured by WDT. How-
ever, the study recommended enrolling a larger sample to develop 
concrete evidence [11].

Each subgroup of our sample has its specific pattern in terms of 
the range of IOP fluctuation of Mdtc. The glaucoma group with SST 
has a specific range of fluctuation (2-6 mmHg) which was similar 
to the normal subgroup range (2-6 mmHg). Both groups showed 
a range less than that of glaucoma on medications (3-8 mmHg), 
while the glaucoma suspect subgroup showed the highest range of 
IOP fluctuation (5-13 mmHg). These findings are similar to the re-
sults of Yassein HA., et al. which included 40 participants (40 eyes) 
showed the glaucoma with SST subgroup has a specific fluctuation 
range of (1.5 – 5 mmHg) that was similar to normal subgroup range 
(1-5 mmHg) where both of them demonstrated a lower range than 
that of the on-medication glaucoma group (4-11 mmHg) [20].

The water-drinking test fluctuations showed poor correlation 
between the mean of mDTC and WDT fluctuations, in most of the 
subgroups as there was a significant difference in the Wilcoxon 
test which agrees with Kumar., et al. study that showed poor cor-

relation [11]. Nevertheless, the study of Yassein HA., et al. showed 
that the water drinking test fluctuations were significantly corre-
lated with the mDTC fluctuations [20,21].

Additionally, there were no detected peaks in the 90 minutes 
IOP reading of WDT which made it impossible to compare the 
mDTC fluctuation with the rising volume of the IOP during the first 
60 minutes of WDT to reduce the time required to do the test. That 
yielded a statistically significant correlation between the 0-60 min-
utes IOP rise and the mDTC fluctuations in most groups. Therefore, 
we can use this “modified” water-drinking test in clinical practice 
when our time is restricted.

The current study suffers some limitations such as the relatively 
small sample size and the need for assessing other glaucoma indi-
ces to enrich the analysis and evaluate the severity of IOP increase. 
However, it can be concluded that: The detected intraocular pres-
sure peaks during the water-drinking test may be used in practice 
to estimate the peaks observed during the modified diurnal ten-
sion curve. However, a larger sample is required to assess whether 
it is an equivalent alternative measure of IOP fluctuations. Further 
studies with a higher sample size in clinical trial study design are 
highly recommended for developing more concrete evidence on 
these findings. 
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