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ABSTRACT
Aims  To report the baseline intraocular pressure (IOP) 
characteristics and its diurnal fluctuation in the Laser in 
Glaucoma and Ocular Hypertension China cohort.
Methods  622 primary open-angle glaucoma (POAG) 
patients and 149 ocular hypertension (OHT) patients 
were recruited at Zhongshan Ophthalmic Center from 
2015 to 2019. Standardised ocular examinations 
were performed including IOP measurement using the 
Goldmann applanation tonometer. Daytime phasing IOP 
was recorded at 8:00, 10:00, 11:30, 14:30, 17:00 hour.
Results  The mean baseline IOP was 20.2 mm Hg 
for POAG patients and 24.4 mm Hg for OHT. Multiple 
regression analysis revealed that thicker central corneal 
thickness (CCT) was correlated with higher IOP in both 
POAG and OHT. Male gender and younger age were 
correlated with higher IOP only for POAG. As for diurnal 
IOP fluctuation, mean IOP fluctuation was 3.4 mm Hg in 
POAG eyes and 4.4 mm Hg in OHT. The peak and trough 
IOP occurred at 8:00 and 14:30 hour in both POAG and 
OHT eyes.
Conclusions  Younger age, male gender and thicker 
CCT are correlated to higher IOP in POAG patients 
while only thicker CCT is related to higher IOP in OHT 
patients. Peak IOP appears mostly at early morning or 
late afternoon and trough value occurs mostly at early 
afternoon.

INTRODUCTION
Glaucoma, a group of disease characterised by optic 
nerve injury and progressive visual impairment, is 
regarded as one of the world’s leading causes of 
irreversible blindness. Although it is a multifactorial 
disease, intraocular pressure (IOP) remains the only 
verified modifiable risk factor for the condition. 
Evidence suggests that high IOP1–3 and IOP fluctu-
ation4 are both potential risk factors for the onset 
and progression of glaucomatous optic neuropathy. 
Thus, it is of great clinical interest to fully under-
stand characteristics of IOP in ocular hypertension 
(OHT) and primary open angle glaucoma (POAG) 
patients for glaucoma prevention and prognosis.

Many factors, including age,5–8 central cornea 
thickness (CCT)9 10 and spherical equiva-
lent11 12 have been reported to be associated with 
IOP. However, all these results are inconsistent 
even in similar ethnicity and most of the studies are 
normal population based. Relatively little informa-
tion on IOP and its related factors have been avail-
able in OHT or POAG patients.13 14 Since the ocular 

biometry can be different between normal and glau-
coma eyes,15 the risk factors for normal subjects 
may or may not influence the IOP of POAG or 
OHT patients.14 On the other hand, it is acknowl-
edged that IOP is not fixed, but varies during the 
24-hour cycle.16 Therefore, monitoring a patient’s 
IOP during the daytime or over a 24-hour period 
known as phasing has obvious pragmatic benefits in 
the management of glaucoma.

The Laser in Glaucoma and Ocular Hypertension 
(LiGHT) China Trial is a single centre, prospective, 
randomised controlled trial, aiming to compare eye 
drops vs selective laser trabeculoplasty (SLT) as the 
first-line treatment for newly diagnosed patients 
with POAG or OHT. The purpose of this paper is 
to report the baseline IOP characteristics and its 
diurnal fluctuation in the LiGHT China cohort.

METHODS
Subjects
Eligible patients were recruited at the Zhongshan 
Ophthalmic Centre from March 2015 to January 
2019. A total of 771 patients aged 18 years and 
above who met the eligibility criteria were enrolled 
in the LiGHT China. The details about the LiGHT 
China design have been published previously.17 
Briefly, patients with newly diagnosed, untreated 
POAG in one or both eyes (including normal tension 
glaucoma (NTG)) or OHT qualifying for treatment 
according to National Institute for Health and 
Care Excellence guidelines18 were enrolled. Exclu-
sion criteria included contraindications to SLT, 
unable to accept randomisation, having visually 
significant cataract or were having treatment for 
another ophthalmic condition, having any history 
of treatment for POAG or OHT or previous intra-
ocular surgery. Written informed consent was also 
obtained from all study participants.

Baseline IOP measurement
The key points of the protocol have been attached 
as an online supplemental appendix.17 The series 
of examinations started with a standardised 
questionnaire that consisted of questions on the 
participants’ personal information, general health 
condition, past history, family history, lifestyle and 
so forth. Complete ophthalmological examinations 
including Goldmann applanation tonometry (GAT), 
Schiotz tonometer, slit-lamp examination, gonios-
copy, automated visual field test and Heidelberg 
Retinal Tomograph disc imaging were performed. 
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The refractive error was calculated as the spherical equivalent 
measured with an autorefractor (SE=spherical +1/2 cylindrical 
power). The CCT was measured with type A ultrasound. GAT 
was performed by technicians who had been trained followed the 
protocol and passed the consistency assessment before recruit-
ment. The average of two readings was recorded and more 
readings were required if the difference between the first two 
readings is >1 mm Hg. Calibration of tonometry was checked on 
a weekly basis. IOP phasing was not included in the protocol of 
the Trial but was an alternative diagnostic item. Daytime phasing 
IOP was recorded using GAT at five time-intervals during the 
day (8:00, 10:00, 11:30, 14:30, 17:00 hour). All examinations 
were based on standard operating procedures and performed by 
examiners blinded to trial.

Statistical analysis
Definitions of the terms used to describe fluctuation are shown 
below: (1) Peak IOP: highest IOP recorded in the stated time 
period; (2) Trough IOP: lowest IOP recorded in the stated time 
period; (3) IOP fluctuation: Peak IOP minus trough measured in 
the stated time period and (4) Mean amplitude of IOP excursions 
(MAPE): MAPE was calculated as the arithmetic mean value of 
the relevant IOP fluctuations meeting this criterion.19 All cate-
gorical data were represented by frequency with percentage and 
it was analysed by χ2, Fisher’s exact test. Continuous data were 
presented by mean with SD and tested by Student’s t-test. Pearson 
correlation analysis and multivariate regression analysis were 
used to analyse the association with IOP. All p values were two 
sided and were considered statistically significant when p<0.05. 
Statistical analysis was carried out using a commercially available 
statistical software package (SPSS for Windows, V.26.0).

RESULTS
A total of 1105 POAG eyes and 271 OHT eyes of 771 partici-
pants (both eyes were eligible in 605 subjects, only the right eye 
was eligible in 73 subjects, and only the left eye in 93 subjects) 
were enrolled in the LiGHT China. Of the 1376 eyes identified, 
945 POAG eyes and 264 OHT eyes accepted daytime phasing 
IOP measurements.

The mean age of the POAG patients was 49.76±17.19 years, 
and 364 (58.5%) were male. For OHT patients, the mean age 
was 38.81±14.69 years, and 72 (48.3%) were male. Mean 
IOP was 20.4±5.4 mm Hg for eyes diagnosed with POAG and 
24.4±3.2 mm Hg for OHT eyes. OHT eyes had higher IOP 
and thicker CCT than POAG eyes with a statistical significance 
(p<0.001) (table 1). Notably, in patients with both eyes eligible, 
right eyes were more myopic than left eyes in both diagnostic 
group (both p<0.05). Also, in POAG group, IOP of left eyes 
was higher than that of right eyes with a statistical significance 
(p=0.003) (table 2).

Pearson correlation analysis demonstrated that higher IOP 
was significantly correlated to thicker CCT and younger age 
in OHT group (all p<0.05). For POAG patients, younger 
age, male gender, thicker CCT, lower SE were all correlated 
with increasing IOP with a statistical significance (all p<0.01) 
(table 3). With regard to the results of multiple regression anal-
ysis, in both groups, higher IOP was still significantly correlated 
to thicker CCT (all p<0.05), but not with spherical equivalence. 
Additionally, a statistic significant correlation was noted between 
increasing IOP and male gender, younger age in POAG group 
(all p<0.01) while this correlation was not significant in OHT 
group (table 3).

As for the diurnal variation in IOP, the highest IOP (POAG: 
18.7±5.1 mm Hg, OHT: 23.3±3.3 mm Hg) occurred at 8:00 

Table 1  Baseline characteristics of 771 subjects in the LiGHT China

Parameters OHT (n=149) POAG (n=622)

Age, years, mean (SD) 38.81±14.69 49.76±17.19

Gender, male (%) 72 (48.3) 364 (58.5)

IOP, mm Hg, mean (SD)* 24.4±3.2 20.4±5.4

SE, dioptres, mean (SD)* −3.10±3.52 −2.72±3.84

CCT, um, mean (SD)* 544.64±29.13 536.08±33.54

*Data from 1376 eligible eye.
CCT, central cornea thickness; IOP, intraocular pressure; LiGHT, Laser in Glaucoma 
and Ocular Hypertension; OHT, ocular hypertension; POAG, primary open angle 
glaucoma; SE, spherical equivalent.

Table 2  Baseline eye characteristics of patients eligible for both 
eyes

Mean±SD Right eyes Left eyes P value

POAG (n=483) IOP, mm Hg 20.1±5.3 20.5±5.4 0.003*

 �  SE, dioptes −2.82±3.93 −2.67±3.82 0.019*

 �  CCT, µm 536.13±32.49 536.87±33.43 0.063

OHT (n=122) IOP, mm Hg 24.4±3.4 24.4±3.1 0.807

 �  SE, dioptres −3.33±3.51 −3.10±3.47 0.018*

 �  CCT, µm 545.33±29.46 545.89±29.76 0.330

*P<0.05 level.
CCT, central cornea thickness; IOP, intraocular pressure; OHT, ocular hypertension; 
POAG, primary open-angle glaucoma; SE, spherical equivalent.

Table 3  Correlation coefficients and multivariate regression analysis between IOP and other variables

Variables

Correlation coefficients Multivariate regression analysis

OHT POAG OHT POAG

Pearson 
correlation P value

Pearson 
correlation P value β P value β P value

Age (years) −0.16 0.045* −0.23 <0.001* −0.033 0.063 −0.066 <0.001*

Central cornea thickness (μm) 0.20 0.012* 0.16 <0.001* 0.019 0.022* 0.019 0.002*

Spherical equivalent (dioptres) −0.013 0.873 −0.012 0.003* 0.049 0.501 0.047 0.472

Gender, female/male†‡ — 0.052 — <0.001* −0.707 0.137 −1.449 0.001*

*P<0.05 level.
†Student’s t-test was used to compare the IOP of different gender.
‡Coding for dummy variables: male=0, female=1.
IOP, intraocular pressure; OHT, ocular hypertension; POAG, primary open-angle glaucoma.
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hour and gradually decreased during the day to reach its lowest 
value (POAG: 17.3±4.5 mm Hg, OHT: 20.9±2.9 mm Hg) at 
14:30 hour (figure 1). The vast majority of eyes had their peak 
IOP recorded at 8:00 hour (POAG: 51.3%, OHT: 56.4%) and 
the lowest IOP values mostly occurred at 14:30 hour in both 
diagnostic groups (POAG: 31.7%, OHT: 42.8%). Addition-
ally, on average, OHT eyes showed larger IOP fluctuation than 
POAG eyes in the daytime phasing curve (p<0.001). OHT 
eyes had higher level of MAPE than POAG eyes in the daytime 
phasing (p<0.001). In POAG group, there was no significant 
difference among different severities sub-groups with mean IOP 
(p=0.631), daytime peak IOP (p=0.476), daytime trough IOP 
(p=0.769), IOP fluctuation (p=0.425) or MAPE (p=0.159) 
(table 4).

A total of 1105 eyes of 622 OAG patients were enrolled in 
LiGHT China Trial, among which 620 eyes in 317 patients were 
recorded with baseline IOP lower than 21 mm Hg (51.0% in 
OAG). There is no detailed description or inclusion criteria of 
NTG in the protocol of the trial. We named them here NTG 
patients. The mean age of the enrolled NTG patients was 
52.69±17.16 years old, including 155 males and 162 females. 
The mean baseline IOP of NTG eyes was 16.7±2.5 mm Hg (Mild 
OAG：16.8±2.4 mm Hg, Mod OAG:16.8±2.7 mm Hg, Severe 
OAG: 16.2±2.7 mm Hg). A total of 540 NTG eyes accepted 
daytime phasing IOP measurements. Similarly, the majority of 
eyes had their peak IOP recorded at 8:00 hour (52.6%) and 
the trough IOP values mostly occurred at 14:30 hour (29.6%) 
(table 4).

DISCUSSION
IOP is an important indicator in the development and progres-
sion of glaucoma, thus fully understanding risk factors of 
elevated IOP and IOP fluctuation is of great significance. To 
our knowledge, this study is the first to report the baseline IOP, 
its associated factors and diurnal fluctuation of the POAG and 
OHT patients from the LiGHT China Trial.

The mean baseline IOP in OHT patients was 24.4±3.2 mm 
Hg, similar to 24.9±2.7 mm Hg reported in the Ocular Hyper-
tension Treatment Study3 and other studies that included OHT 
patients.12 Average baseline IOP of POAG patients was 20.2±5.4 
mm Hg, which was also similar to 20.7±4.1 mm Hg in the Early 
Manifest Glaucoma Trial20 and other studies.21 OHT eyes had 
significant higher baseline IOP and thicker CCT than POAG 
eyes in our cohort. As evidence, the results in our study have 
confirmed a positive relationship between IOP and CCT, which 
has been documented consistently in the literature.6 9 10 Our data 
revealed that an increase of 10 µm in CCT was associated with 
an increase of 0.21 mm Hg in OHT and 0.25 mm Hg in POAG, 
which close to a 0.23 mm Hg elevation reported in the Liwan 
Eye Study in China.10

The role of age and its relationship with IOP still remains 
controversial. Numerous studies have discovered a posi-
tive association between older age and higher IOP level.5 22 
However, in our study, multivariate analysis showed a signif-
icant negative correlation between age and IOP in POAG 
patients, consistent with the results of studies conducted in 
Asia populations.6 7 9 Ageing is relevant to reduced production 
of aqueous humor,23 which may be the reason for the reduc-
tion of IOP. But conversely, age-related structural changes in 
the trabecular meshwork can also increase the resistance to 
aqueous humour outflow and lead to elevated IOP.24 Briefly, 
different changes in aqueous humour circulation may have 
caused those two opposite results. As for the observed gender 
difference in IOP of POAG patients, it was hard to explain, 
probably because of hormonal difference.25

Refractive error is postulated to influence IOP by altering 
the shape of the eye (axial elongation and scleral thinning) 
and subjecting it to greater stress as the spherical equivalent 
decreases.11 12 26 Accordingly, some studies have found a negative 
association between IOP and SE,6 11 however, this association 
was not significant after controlling for age.

As a physical phenomenon, IOP is known to be dynamic with 
short-term and long-term fluctuations. In our study, multiple 
IOP measurements during office time demonstrated that IOP 
reached a peak early in the morning and decreased steadily 
during the day, which was similar with other studies.27 28 An 
average of 3.4 mm Hg IOP fluctuation in POAG eyes and 4.4 
mm Hg in OHT eyes were reported in daytime phasing, and 

Figure 1  Diurnal variation in intraocular pressure in POAG and OHT 
eyes. IOP intraocular pressure; OHT, ocular hypertension; POAG, primary 
open-angle glaucoma.

Table 4  Daytime phasing IOP measurements of included eyes

Mean IOP, mm Hg 
(mean±SD)

Peak IOP, mm Hg 
(mean±SD)

Trough IOP, mm Hg 
(mean±SD)

IOP fluctuation, mm Hg 
(mean±SD)

MAPE, mm Hg 
(mean±SD)

POAG (n=945 eyes) 18.0±4.7 19.8±5.3 16.4±4.2 3.4±2.2 2.4±1.7

Mild POAG (n=598 eyes) 18.1±4.6 20.0±6.5 16.4±4.1 3.6±4.5 2.4±1.7

Moderate POAG (n=251 eyes) 18.2±5.0 20.0±5.6 16.5±4.5 3.5±2.3 2.4±1.7

Severe POAG (n=96 eyes) 17.7±4.6 19.2±5.0 16.1±4.2 3.1±1.9 2.1±1.3

NTG (n=540 eyes) 15.1±2.5 16.7±4.9 13.8±2.3 2.9±4.4 1.9±1.2

OHT (n=264 eyes) 22.1±2.7 24.4±3.2 20.0±2.4 4.4±2.4 2.8±1.6

The severity of POAG is classified according to MD value of baseline visual field (mild POAG: MD value ≥6; moderate POAG: −6>MD value ≥12; severe POAG: MD value≤12).
IOP, intraocular pressure; MAPE, mean amplitude of IOP excursion; NTG, normal tension glaucoma; OHT, ocular hypertension; POAG, primary open-angle glaucoma.
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IOP fluctuation in OHT eyes was larger than that in OHT 
eyes, which were both within ‘normal’ range.16 The MAPE of 
OHT eyes was also higher than that of POAG eyes. Besides, 
the mean MAPE of POAG eyes in our study was 4.18 mm 
Hg and similar to the mean MAPE reported in another study 
(4.16 mm Hg).19 The daytime phasing demonstrated signif-
icant larger variation in IOP of OHT eyes than POAG eyes, 
possibly supporting the findings that IOP fluctuation might 
not be an independent risk factor for conversion from OHT 
to glaucoma.29 30

It is also interesting to mention that in both POAG and 
OHT patients the right eyes were more myopic than left eyes, 
which confirmed the findings that right eyes have longer 
axial length than left eyes.31 However, the interocular IOP 
difference noted only in POAG patients was difficult for us 
to explain.

Potential limitations of our study should also be discussed. 
First, 24 hours IOP phasing with large sample size should be 
needed to get more accurate results, which will be shown in our 
other studies. Besides, risk factors in our study are still limited. 
Some parameters, such as ambulatory blood pressure9 11 and 
axial length,32 proved to be potential predictors of IOP were not 
included in our study.

In conclusion, for POAG patients, higher IOP is correlated to 
younger age, male gender, thicker CCT, whereas in patients with 
OHT, only thicker CCT seems to be risk factors of higher IOP. 
IOP of POAG or OHT eyes varies and reaches the peak value 
mostly at early morning or late afternoon and the trough value 
mostly at early afternoon.
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