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Abstract
● AIM: To assess physical activity (PA) including its intensity 
in primary open angle glaucoma (POAG).
● METHODS: PA was characterized by the use of 
questionnaires: Seven-Day Physical Activity Recall and 
Historical Leisure Activity Questionnaire. A questionnaire of 
36 questions, developed by the authors, was used to assess 
the level of knowledge about glaucoma
● RESULTS: The study was conducted among 625 adults. 
The study group comprised 312 POAG patients aged over 40y, 
including 238 women (76%) and 74 men (24%). The control 
group consisted of 313 adults (>40 years old), including 
202 (65%) women and 111 men (35%). The duration of 
current PA with an intensity of 4 metabolic equivalents (METs) 
was significantly shorter among people with POAG. PA in 
the past was significantly lower among people from the 
study group, regardless of gender. The level of glaucoma 
knowledge in patients with POAG was poor and significantly 
lower in men.
● CONCLUSION: Regular PA is an important and 
underestimated factor predisposing to the progression of 
POAG. There is a necessity to undertake educational and 
preventive actions with a view to modify the health behavior 
of glaucoma patients. 
● KEYWORDS: physical activity; intensity; primary open 
angle glaucoma; metabolic equivalent
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INTRODUCTION

G laucoma belongs to the group of eye diseases which 
are characterized by progressive damage to the optic 

nerve and may lead to loss of sight[1-2]. It is the second most 
common cause of blindness after cataract[3]. Moreover, it 
was recognised by the WHO as a social disease of the 21st 
century[4]. According to epidemiological data, about 2%-3% 
of the population aged between 40 and 65y and about 8% of 
the population aged over 65y are affected by the disease[5]. 
It is also estimated that about 70 million people worldwide 
are treated for glaucoma, of whom 14% patients suffer from 
blindness of both eyes[6].
The most common form of glaucoma is primary open angle 
glaucoma (POAG), the pathomechanism of which is related 
to the limitation of the outflow of aqueous humour by 
conventional route[7]. Increased intraocular pressure (IOP) is 
considered to be one of the most important risk factors for the 
occurrence and progression of the disease[8]. The significance 
of other glaucoma risk factors, including age over 35y, Afro-
American race, family history of glaucoma, lipid metabolism 
disorders and excessive psychological-emotional burden was 
also proven[9]. There is well-established link between POAG 
and diabetes mellitus, corneal thickness and high myopia[10]. 
The correlation between glaucoma and gender as well as 
cardiovascular diseases, such as cardiomyopathies, heart 
disease, nocturnal hypotonia, abnormal blood pressure, past 
stroke or Raynaud’s disease, is inconclusive[11].
Some studies point to a link between inappropriate health-
related behaviour and incidence of glaucoma. Few studies 
suggest that low physical activity (PA) as well as limited 
knowledge of the disease may contribute to the development 
and progression of glaucoma. However, the results of 
these studies are often inconsistent and raise considerable 
controversies[12-13]. In addition, opinions on the potential 
significance of these factors in glaucoma pathomechanism are 
inconsistent[14-15]. 
The progression of glaucoma observed despite the attempts 
to eliminate and/or modify the currently known disease risk 
factors should lead to the search for other predisposing agents 
and to a better understanding of the pathomechanism of the 
disease[16]. The aim of this study was to assess PA including 
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its intensity in a group of subjects with POAG and compare it 
with the control group without POAG. 
SUBJECTS AND METHODS
Ethical Approval The Bioethics Committee of the Lodz 
Medical University has given its consent for the conduct of 
the study (No.RNN/35/11/KB). Informed oral consent was 
obtained from all study participants.  
Subjects Totally 625 adults were enrolled in the study, 
including 312 with POAG as the study group and 313 without 
glaucoma as the control group. The inclusion criteria for the 
study group were age ≥40y as well as the diagnosis of POAG 
in accordance with the current guidelines for the disease 
diagnosis by American Glaucoma Society (AGS) and European 
Glaucoma Society (EGS)[17]. The studied group with POAG 
consisted of women in 76% (n=238) and in 24% of men (n=74). 
The control group included adults aged above 40y without 
POAG, with 64% of women (n=202) and 36% of men (n=111).
Methods General data of the examined subjects was collected 
during the interview and it covered, among others, co-existence 
of systemic diseases. This data was obtained by means of an 
original questionnaire. Anthropometric indices, including body 
mass index (BMI; kg/m2), were evaluated during the study. 
Current physical activity (CPA) was assessed using the Seven-Day 
Physical Activity Recall taking into account: duration, energy 
expenditure and intensity[18]. Past physical activity (PPA) was 
estimated on the basis of the Historical Leisure Activity 
Questionnaire taking into account its intensity ranging 
from very low [1.5 metabolic equivalent (METs)] to very 
high (10 METs)[19]. In this study, the MET of the intensity of 
PA is the METs number, where 1 METs=3.5 mL O₂/(kg·min)[20].
Among the respondents from the POAG group, the scope 
of their knowledge about glaucoma was evaluated using 
an original questionnaire of 36 questions, assessed using a 
6-point scale, i.e. from excellent level (correct answer to all 
questions) to insufficient level (lack of answers or incorrect 
answer to at least 12 questions). The questions focused, among 
others, on the knowledge of factors predisposing to glaucoma 
development, its symptoms and the treatment methods.

Statistical Analysis Statistical analysis used the independence 
χ2 test and independence χ2 test with Yates’ correction, χ2 
Pearson test, exact Fischer test and non-parametric U Mann-
Witney test. Statistical analysis was performed using the 
statistical package Statistica 9.0. The significance level of 
inference was P<0.05.
RESULTS 
The general and clinical characteristics of the subjects 
are presented in Table 1. Women with glaucoma were 
characterized by higher body weight and BMI values than 
women without glaucoma (P<0.00). The number of women 
with normal body weight (BMI 18.5-24.9) was significantly 
lower in the group of women with glaucoma than in the control 
group (29.4% vs 56.4%; P<0.00). It was shown that obesity 
was significantly more common among people with POAG, 
regardless of gender (P<0.00). Table 2 shows the general 
and clinical characteristics of the subjects with POAG and 
control group. The examined glaucoma group demonstrated 
worse general health condition in comparison to the control 
group, both in relation to men and women (P<0.00). Among 
patients with POAG, coexistence of diseases and pathological 
symptoms was more common than among patients in the 
control group, among women (81.1% vs 60.4%, P<0.00) and 
men (82.4% vs 74.8%, P<0.00), respectively.
CPA of the examined subjects is presented in Table 3. The 
relative total weekly energy expenditure per kilogram of 
body weight was significantly lower in the group with POAG 
compared to the group without glaucoma. Statistically 
significant differences were observed in the group of women 
(P=0.005). The duration of moderate intensity CPA (4 METs) 
was significantly shorter in glaucoma patients than in control 
group patients, both in women (P=0.0005) and men (P=0.003).
Distribution of reasons (n=437) why the subjects in both study 
groups did not undertake PA of intensity ≥4 METs in leisure 
time is depicted in Figure 1. The most common reason for not 
engaging with PA among the respondents from POAG group 
was their aversion to physical exercise (36.5%) and in lower 
percentage their lack of motivation (27.5%). The reluctance 

Table 1 The general and clinical characteristics of the subjects, depending of gender                                                         n=625, mean±SD

Parameters 
Female (n=440)

P
Male (n=185)

P
POAG (n=238) Control (n=202) POAG (n=74) Control (n=111)

Age (y) 73.1±11.2 71.8±11.2 0.18 73.5±12.5 74.7±10.2 0.34
Height of body (cm) 160.7±7.1 162.7±5.7 0.49 171.6±7.0 170.5±6.3 0.09
Body mass (kg) 72.8±14.6 66.9±11.4 <0.001 80.5±13.1 79.4±13.9 0.65
BMI (kg/m²), n (%) 28.6±5.8 25.2±3.9 <0.001 27.4±4.4 27.3±4.3 0.55

Normal (18.5-24.9) 70 (29.4) 114 (56.4) <0.00 21 (28.4) 33 (29.7) 0.67
Overweight (25.0-29.9) 82 (34.5) 66 (32.7) 0.37 39 (52.7) 64 (57.7) 0.16
Obesity (≥30) 86 (36.1) 22 (10.9) 0.00 14 (18.9) 14 (12.6) 0.00

BMI: Body mass index; POAG: Primary open angle glaucoma. P: POAG vs Control.
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to exercise was as well the main reason for lack of PA among 
POAG-free individuals (36.5%). Significant differences were 
observed between the groups in terms of concerns about the 
impact of PA on the condition of the eyes and the performance of 
daily physical work.

Table 4 shows the characteristics of PPA by the respondents 
(n=232) taken into account the intensity and type of undertaken 
PPA, respective to gender. Significantly higher PA was 
reported by subjects in the control group in comparison to 
POAG group, regardless of sex (P<0.00). It was shown 

Table 2 The general and clinical characteristics of the subjects, depending of gender                                                                     n=625, n (%)

Characteristics
Male (n=185) Female (n=440)

POAG (n=74) Control (n=111) P POAG (n=238) Control (n=202) P
No coexistence of diseases 13 (17.6) 28 (25.2) 0.03 45 (18.9) 80 (39.6) <0.00
Other chronic diseasea 17 (23.0) 42 (37.8) 0.03 74 (31.1) 50 (24.8) 0.14
Hypertension 26 (35.1) 38 (34.2) 0.11 109 (45.8) 58 (28.7) 0.00
Cold hands and feet 31 (41.9) 24 (21.6) 0.003 162 (68.1) 66 (32.7) <0.00
Migraine 6 (8.1) 6 (5.4) 0.46 64 (26.9) 32 (15.8) 0.001
Stroke past 5 (6.8) 6 (5.4) 0.70 24 (10.1) 10 (5.0) 0.04
Heart diseaseb 47 (63.5) 49 (44.1) 0.01 137 (57.6) 69 (34.2) <0.00
Diabetes mellitus 1/2 26 (35.1) 35 (31.5) 0.61 64 (26.9) 48 (23.8) 0.45

aLungs, joints, thyroid, pancreas and liver, mental, peptic ulcer and duodenum; bIschemic heart diseases, heart attack, cardiomyopathy. POAG: 
Primary open angle glaucoma. P: POAG vs Control.

Table 3 Current weekly energy expenditure in absolute and relative terms to PA                                                                                  mean±SD

Weekly energy expenditure
Female (n=440) Male (n=185)

POAG (n=238) Control (n=202) P POAG (n=74) Control (n=111) P

Values Absolute (kcal/wk) 1818±513.0 1766±506.1 0.11 2144±602.1 2118±637.7 0.36

Relative (kcal/kg·wk) 253.5±50.5 261.0±47.4 0.005 255.1±52.6 266.4±53.8 0.08

Duration of PA of 
varying intensity 
(h/wk)

1 METs 54.7±13.9 50.5±9.5 0.001 56.7±11.3 51.6±9.8 0.06

1.5 METs 105.2±17.0 106.0±15.1 0.40 104.1±15.7 105.1±14.3 0.85

4 METs 6.1±7.7 8.3±10.3 0.0005 4.2±5.4 7.5±8.1 0.003

6 METs 1.7±4.0 2.5±4.9 0.10 2.1±4.0 2.5±4.8 0.89

10 METs 0.3±1.3 0.7±3.5 0.15 0.9±2.8 1.3±3.2 0.72

POAG: Primary open angle glaucoma. P: POAG vs Control.

Table 4 Characteristics of the subjects’ regular PPA 

Types of PPA (age, y)
Female (n=440) Male (n=185)

POAG 
(n=238)

Control 
(n=202) P POAG 

(n=74)
Control 
(n=111) P

People with regular recreational PA in leisure time of intensity≥4 METs at last 30min per day, 3-5 times in a week (n=264)
Gardening (56-65) 14 (5.9) 6 (3.0) 0.24 6 (8.1) 4 (3.6) 0.02
Types of regular exercises (18-35) 54 (22.7) 94 (46.5) <0.00 23 (31.8) 63 (56.8) 0.001
Team games 16 (6.7) 39 (19.3) <0.00 7 (9.5) 38 (34.2) <0.00
Classes at fitness clubs/resistance dynamic 

and static exercises 16 (6.7) 44 (21.8) <0.00 10 (13.5) 33 (29.7) 0.01

Running 42 (17.6) 74 (36.6) <0.00 12 (16.2) 35 (31.5) 0.02
Swimming 27 (11.3) 64 (31.7) <0.00 10 (13.5) 35 (31.5) 0.005

People with habitual PA of intensity <4 METs (n=361)
PA of intensity ≤1.5 METs 25 (10.5) 10 (4.9) 0.03 10 (13.5) 9 (8.1) 0.24
PA during education at school (8-25) 129 (54.2) 64 (31.7) <0.00 30 (40.5) 22 (19.8) 0.002
Professional physical work (18-55) 11 (4.6) 16 (5.9) 0.15 2 (2.7) 9 (8.1) 0.23
Physical work at home (18-55) 5 (2.1) 12 (5.9) 0.07 3 (4.1) 4 (3.6) 0.81
Total 145 (60.9) 92 (45.5) 0.001 35 (47.3) 35 (31.5) 0.03

PPA: Past physical activity; PA: Physical activity; POAG: Primary open angle glaucoma. P: POAG vs Control.
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that recreational PA with an intensity of ≥4 METs was most 
frequently undertaken between the ages of 18 and 35y in both 
groups, similarly among women and men. Moreover, in this 
period of life there was observed the highest percentage of 
people with glaucoma among whom the only undertaken PA 
was physical education at school. The results were statistically 
significant for women (P<0.00) and men (P=0.002). On 
the other hand, no statistically significant correlations were 
identified between the character of the performed professional 
work or coexistence of systemic diseases (in particular 
cardiovascular diseases) and subjects PA (P>0.05).
No significant differences were found in the frequency of 
≥4 METs PA intensity for such sociodemographic variables 
as: age, sex or place of residence of the subjects (P>0.05). It 
was observed that the only factor considerably affecting PA 
was education. Higher education correlated strongly with 
higher CPA and PPA, both in the POAG group and the control 
group, and it referred to both genders (P<0.00). The highest 
percentage of PA during the participants’ lifetime was recorded 
in both studied and control groups with secondary and tertiary 
education. It was found that people with better knowledge of 
their disease more often undertook PA, but the results were 
not statistically significant (P>0.05). Analysis of the level 
of education as a factor that can influence CPA and PPA is 
depicted in Figure 2. 
The studied POAG subjects’ level of knowledge about 
glaucoma on a six-point scale is presented in Figure 3. The 
factor determining the degree of knowledge about glaucoma 
was the level of education. A direct correlation was observed, 
i.e. the lower the education, the lower the glaucoma awareness 
among the respondents (P>0.05). In addition, it was found that 
women tended to be better informed about glaucoma than men. 
The level of glaucoma knowledge among patients with POAG 
was poor and significantly lower among men than among 
women (P<0.00). The 74.0% of women and 78.4% of men 
lacked information on their disease (P>0.05). Only 4.3% of the 

respondents had very good and good knowledge level (women 
2.5% vs men 1.4%). The 24.7% of subjects were neither aware 
of the diagnosed disease nor of the reason for ophthalmological 
treatment: this group included significantly more men (women 
21.8% vs men 33.8%, P>0.05).
DISCUSSION
Although glaucoma has been known for almost 160y[10], 
the pathomechanism of the disease remains unclear and the 
effectiveness of treatment, even today, is not satisfactory in 
all cases[8,21-25]. Currently, we are aware of numerous potential 
factors influencing glaucoma occurrence and progression apart 
from increased IOP[26]. The importance of abnormal health-
related behavior including insufficient PA as well as relatively 

Figure 1 Characteristics of the reasons for not engaging in 
regular recreation physical exercise of intensity ≥4 METs by 
70.0% respondents (n=437) aP<0.01.

Figure 2 The percentage of subjects taking regular PA 30min a 
day, 3-5 times per week with intensity ≥4 METs, currently (A, n=188) 
and in the past (B, n=264), as compared to the level of education. 

Figure 3 Level of knowledge about glaucoma among POAG 
patients (n=312).
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poor knowledge about glaucoma and PA role[27] is increasingly 
emphasized as one of the above-mentioned factors. 
It has been proven that the most beneficial form of workout 
for adults is PA with energy expenditure above 2000 kcal/wk 
(4200 kJ/wk). According to some scientific societies, including 
European Academy of Sociology (EAS),  European Society 
of Cardiology (ESC), European Society of Hypertension 
(ESH), PA should be based on moderate intensity endurance 
effort, i.e. inducing up to 60%-70% of maximum heart 
rate at least 5 times a week and lasting 150min/wk[20,28-29]. 
Regrettably, most of the respondents did not comply with these 
recommendations.
The results of authors’ research also confirmed that the values 
of relative total weekly energy expenditure during PA (per 
kilogram of body weight) were significantly lower in the group 
with POAG in comparison to the control group. Moreover, 
duration of moderate intensity PA (≥4 METs, recommended 
for the prevention of chronic non-communicable diseases) 
was significantly shorter in the POAG group compared to the 
glaucoma-free group.
Interestingly, numerous POAG subjects named worries 
about their eyesight as the main reason for such low PA. We 
assumed, based on this research, that it was influenced by low 
knowledge of the disease nature and lack of motivation for PA. 
On the other hand, another seemingly objective reason for 
small PA was the advanced age of the subjects (73.3±11.9y) 
and more frequent aversion to exercise in this age group.
As currently established, regular exercise reduces IOP and 
improves vascular perfusion of the retina and choroid. 
Moreover, better color recognition and contrast parameters 
were observed in these cases[30]. It has been proven that even 
short distances walk effectively lower IOP in glaucoma 
patients[31]. Furthermore, dynamic single physical effort 
decreases IOP by 30% in healthy people and even by 54%-
60% in glaucoma patients[32-33].
Analysis of the data obtained and published in other studies 
showed that PA among adults in the USA was lower than 
among respondents in a similar age group in Poland and 
other European countries[34]. It was reported that only 11% 
of American adults undertook PA according to the current 
recommendations[35]. A higher percentage of PA was recorded 
in Lithuania (48%), Latvia (48%) and Estonia (57%). 
According to data from 2001-2010, it was estimated that 70% 
of healthy people in Poland did not undertake any physical 
exercise[36]. Active leisure time spending was reported among 
33.6% of adults aged 65y and over and they were walking, 
cycling or gardening[37].
In addition, it was found that PA was lower in the POAG 
group than in the glaucoma-free group and this affected both 
genders. It was also shown that only 42.2% of the respondents 

with glaucoma undertook in the past recreational PA with an 
intensity of ≥4 METs in their time off their professional and 
household duties. The most frequently practised sports among 
these respondents were team games (football, volleyball, 
basketball) as well as fitness club activities (including 
resistance, static and dynamic exercises), short and long 
distance running and swimming. Furthermore, it was observed 
that, regardless of type of activity, PA was mostly undertaken 
at the age of 18-35y, although a more accurate assessment 
of PA regarding its forms in the past was difficult to assess, 
especially among the elderly.
In the available scientific literature, there are no comprehensive 
studies on the characteristics of PA type in patients with POAG, 
including analysis of its intensity and duration. Besides, as 
shown in own and other authors’ research, the knowledge 
of patients with POAG about their disease was far from 
sufficient[38-39]. It is emphasized that older age and lower 
education correlated strongly with less knowledge about the 
disease.
By demonstrating poor knowledge of disease as well as low 
PA level among POAG patients, this study revelated a need for 
future action in order to influence these factors. Improvement 
could be achieved for example by creating patients’ self-
support groups and social support for glaucoma patients and 
their families. These measures can contribute to modification 
of the health-related behavior of glaucoma patients[40-41]. This 
is not only important for the slower progression of glaucoma 
but also for reducing incidence of other chronic diseases. 
Furthermore, such actions may contribute to the prevention of 
early disability and allow POAG patient to remain physically 
and occupationally active for the longest possible period of time. 
The results of the research indicate the need to undertake 
educational and preventive measures in the field of 
modification of health-related behaviours especially PA of 
people with glaucoma. This may have a positive impact, not 
only on the course of POAG, but also on the prevention of 
other chronic non-communicable diseases in these patients.
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