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Introduction
Dry eye disease (DED), or Keratoconjunctivitis sicca (KCS), is a chronic condition caused by 
disruption in the ocular tear film layer associated with poor quality of tears (Evaporative Dry Eye 
[EDE]) and or insufficient quantity of tears (Aqueous Deficient Dry Eye [ADDE]).1 Dry eye disease 
may lead to inflammation and damage to the outer structures of the eye, resulting in symptoms 
that include discomfort and blurred vision.1 The prevalence of DED varies globally among 
different populations and has been reported to range from 5% to 50%.2 The aetiology of the 
condition is linked to infections, allergies, systemic diseases, environmental factors, age and 
genetic associations, among others.1 Considering its multifactorial nature, the diagnosis of DED 
involves a battery of tests including but not limited to, symptom questionnaires, staining of the 
ocular surface, tear osmolarity and objective assessment of tear volume or production.3,4 

While a range of tests are available for dry eye assessment, the use of appropriate clinical tests 
is essential for the accurate diagnosis and management of dry eyes. The reliability of these tests 
needs to be assessed before being used for clinical and research purposes. Reliability or 
precision refers to the close alignment between repeated measurements and is expressed as 
repeatability and reproducibility.5,6 Various factors contribute to discrepancies in repeated 
measurements including time intervals between measurements and different instruments 
used.6 Repeatability is a measure of consistent results of an instrument conducted on the same 
participant by the same examiner under the same testing conditions. In contrast, reproducibility 
is the consistency of measurements despite a varied set-up such as a different time interval 
between measurements.6

Background: The repeatability of the Schirmer test (ST) and Phenol Red Thread test (PRT) has 
been investigated thoroughly on patients with normal tear function; however, it is limited to 
dry eye patients.

Aim: This study aimed to compare the reliability of the ST and PRT on young adults with dry 
eyes. 

Setting: University of KwaZulu-Natal Eye Clinic. 

Methods: Forty-eight young adults (mean age 20.65 ± 1.71 years) participated in the study. 
Preliminary tests excluded dry eye-related abnormalities. Novesin (0.4%) was instilled into the 
right eye of each participant, followed by the administration of the ST and PRT, 5 min apart, 
then re-administered after a 10-min interval. The retest was conducted 1 week later with the 
PRT being performed first to minimise bias. 

Results: The intra-session correlation of the ST and the PRT was poor (ICC < 0.5) and the 
difference was statistically significant (P < 0.05). The inter-session correlation for the PRT was 
poor (ICC = 0.432) while the ST was moderate (ICC = 0.567) with no statistical difference 
observed for all parameters (P < 0.05). The Bland–Altman plots for intra- and inter-session 
indicate that 96% of observations fell within the 95% limits of agreement.

Conclusion: The ST and PRT demonstrated good intra-session and inter-session reliability, 
with ST showing better inter-session agreement than the PRT. 

Contribution: The ST and the PRT provide consistent and reproducible results on dry eye 
patients when conducted on the same individuals at different time points.

Keywords: dry eye; Schirmer test; Phenol Red Thread test; reliability; intra-session; 
intersession.
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The Schirmer test (ST) and Phenol Red Thread test (PRT) are 
two common diagnostic tests used to determine ADDE. The 
ST utilises a filter paper which has some drawbacks including 
extended testing period (5 min) and patient discomfort.7 The 
PRT employs a thread impregnated with phenol red, is quick 
to perform in less than 15 s with less discomfort and can be 
easily administered in children.8,9 Reflex tearing can occur 
during both tests; therefore, anaesthesia helps mitigate the 
discomfort, limits reflex tearing and provides more objective 
and reliable results measuring true basal tear production.4,10

Nichols et al. conducted a study on inter-session repeatability 
of the PRT and ST, without anaesthetic, on dry eye patients 
and reported poor repeatability of the ST.11 The authors 
suggested that to increase the reliability of the test, reflex 
tearing should be controlled with the use of an aesthetic. The 
authors, however, did not investigate intra-session 
repeatability. Saleh et al.12 reported poor agreement between 
ST and PRT values on young adults and elderly Caucasian 
patients who presented with symptoms of dry eye; however, 
no inter-session reproducibility was conducted. Senchyna 
et al.13 reported better repeatability in PRT values compared 
to ST, and concluded that the PRT was reliable in diagnosing 
dry eye. Vashisht et al.14 conducted a comparative study on 
40–80-year-old Indian patients and found that there was a 
strong agreement between ST and PRT values. The study, 
however, did not report on the inter-session reproducibility 
of the two tests.14 The above-mentioned studies suggest that 
the reliability of the PRT and ST test has yielded conflicting 
results and intra-session and inter-session analyses are not 
always reported. Furthermore, the repeatability and 
reproducibility of these tests on dry eye patients are 
somewhat limited, while the use of topical anaesthetic, to 
limit the effect of reflex tearing for more objective results, has 
not been extensively explored in reliability studies. The 
current study therefore aims to assess and compare the intra-
session repeatability and inter-session reproducibility of the 
PRT and ST test, with the use of anaesthetic, on dry eye 
patients. 

Ethical considerations
Ethical approval to conduct the study was obtained from the 
Biomedical Research and Ethics Committee (BE144/19). The 
study followed the principles of the Declaration of Helsinki, 
with informed consent obtained from participants after an 
explanation of the study’s purpose and potential implications.

Methods
This was a quantitative, observational and comparative 
study conducted among young adults with ADDE. The 
participants were selected using a nonprobability purposive 
sampling methodology. A sample-size estimate for this 
study  was n = 48 based on the within-subject standard 
deviation (Sw) to achieve a 20% margin of error at a 95% 
confidence level using the precision experiment formula, 

ʹ −
=1.96

2 ( 1)
0.2Sw

n n
Sw, for repeated measurements (n’).6 

The preliminary assessment included: (1) case history to 
identify any confounding variables, (2) completion of a range 
of questionnaires (Ocular Surface Disease Index [OSDI], 
Standard Patient Evaluation of Eye Dryness [SPEED] and 
McMonnies) to identify symptomatic patients, as relying on 
a single questionnaire may result in potentially missed 
patients,2 (3) slit-lamp examination to rule out ocular 
pathology, (4) and Tear Break Up Time (TBUT) of < 10 mm4 to 
exclude EDE patients, and finally, (5) ST evaluation, without 
anaesthetic, to assess for the presence of ADDE with a reading 
of ≤ 10 mm on ST.1,4 Upon adherence to the inclusion criteria, 
healthy males and females, between the ages of 18 and 30 
years, identified with the presence of ADDE and symptomatic, 
were enlisted in this study. Those with ocular infection or 
inflammation, prior surgery, pregnant or lactating females, 
and those taking medication such as antihistamines, diuretics, 
oral contraceptives, eye cosmetics and contact lens wearers 
were excluded from the study. 

Data collection procedure
Following the preliminary screening, the recruited participants 
proceeded to the PRT and ST to assess the reliability of these 
tests. The ST was performed first followed by the PRT, and the 
timing of the tests was monitored with a digital stopwatch. 
Novesin (0.4%) was considered the anaesthetic of choice for 
this study because of its lower concentration; hence, reduced 
drug absorption rate and risk of epithelial damage or allergic 
responses, particularly in DE patients.15,16 Furthermore, its 
duration of action of about 15 min allowed sufficient time for 
the completion of the testing procedures,15,16 Novesin (0.4%) 
was instilled into the right eye of each participant. A cotton-
wisp test was performed to ensure the cornea was desensitised, 
followed by the placement of the Schirmer strip in the inferior 
fornix of that eye. The eye remained closed throughout the 
procedure to minimise eye movement for more consistent 
results.4,15 Following a 5-min timing, the strip was removed, 
and the wet portion below the folded edge was measured 
immediately. Five minutes later, the cotton-wisp test was 
performed again ensuring the cornea was still anaesthetised 
and the PRT was conducted on the same eye. The timing 
between the ST and PRT was 5 min to avoid potential 
interference with results, as considered in previous studies.10,12,17 

The thread was positioned on the lateral part of the lower 
eyelid, with the eye remaining closed during the entire process. 
Upon contact with the tears, the PRT altered its colour from 
yellow to red, and after 15 s, the thread was removed, and the 
red portion below the bend was measured concluding session 
one. For session two, 10 min later, the procedure was repeated 
with the PRT conducted first followed by the ST. During and 
after the testing procedures, patients were advised to report 
any discomfort they experienced, but no discomfort was 
reported. 

A repeat evaluation was administered a week later, with the 
PRT conducted first, followed by ST as a measure to eliminate 
any bias in results. Test and retest were conducted in the 
same room and under a similar uniform environment. 
Furthermore, to eliminate intra-examiner variability, a single 
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examiner performed all tests on both occasions. In addition, a 
predetermined protocol was followed to minimise systematic 
differences. 

Data management and analysis
The Statistical Package for Social Sciences version 26.0 (SPSS, 
Inc., Chicago, IL, United States) was used to conduct 
statistical analysis. Normal distribution was tested using the 
Shapiro–Wilk test and descriptive statistics was used to 
express means ± standard deviations (s.d.), while intra-
session and inter-session reproducibility were assessed using 
the Bland–Altman analysis, One-sample t-test (significant 
Level at P < 0.001) and intra-class correlation coefficient (ICC) 
at a 95% confidence interval (CI). The ICC levels were 
interpreted as poor (< 0.5), moderate (0.50 to 0.75), good (0.75 
to 0.90) and excellent (> 0.90).18 The paired-sample t-test 
established the comparative reliability of the PRT and ST 
with P < 0.001 considered as statistically significant.

Results
A total of 48 subjects including 40% males (n = 19) and 60% 
females (n = 29) participated in the study. Their ages ranged 
from 18 to 25 years (mean = 20.65 ± 1.71 years) with 23% 
being Indian (n = 11) and 77% African (n = 37). 

Table 1 shows the intra-class correlation and one-sample 
t-test results for intra-session repeatability of PRT and ST. 
These tests were conducted using two measurements (1 and 2) 
taken 10 min apart on the first day (Day 1) and repeated 1 
week later (Day 2). The intra-session means ± s.d. for PRT 
values and ST values for Day 1 were 2.21 mm ± 3.04 mm and 
1.81 mm ± 2.66 mm, while for Day 2 were 1.58 mm ± 2.83 mm 
and 1.10 mm ± 2.44 mm, respectively. The ICCs for PRT and 
ST measurements were < 0.5 suggesting poor intra-session 
association on both days with the one-sample t-test revealing 
statistically significant differences (P < 0.001) for all 
parameters except for ST on Day 2 (P = 0.003). An intra-
session repeatability comparison of PRT and ST for Days 1 
and 2 displays a poor correlation (ICC < 0.50) that is 
statistically different (P < 0.001) (Table 1).

The Bland-Altman plots were used to evaluate the 
agreement between the first and second readings of PRTs 
and STs for Days 1 and 2. The results are displayed in Figure 
1a–d. The three horizontal lines depict the mean (solid line) 
and the upper and lower Limits of Agreements (LoA) 
(dashed lines) which are set at mean ± 1.96 s.d., representing 
a 95% CIFor PRT (Figure 1a and b), 96% (46/48) and 100% 

(48/48) of the measurements fall within the 95% LoA for 
both days. For ST (Figure 1c and d), on Days 1 and 2, 100% 
(48/48) and 93.75% (45/48) of the measurements are within 
the 95% LoA, respectively. The mean differences for PRT on 
Days 1 and 2 are 2.21 mm and 1.58 mm while ST is 1.81 mm 
and 1.10 mm.

Table 2 shows the inter-session reproducibility and comparison 
of the PRT and ST for the two sessions (Days 1 and 2). The 
difference in means for PRT and ST is 0.326 and 0.243, 
respectively with PRT having poor inter-session association 
(ICC = 0.432), while ST being moderate (ICC = 0.567). No 
statistical difference was observed for both PRT and ST 
(P > 0.001) measurements. Comparatively (Table 2), PRT and 
ST readings reflect a statistically significant difference (P < 0.05) 
with a poor association (ICC = 0.053) between the two tests. 

The Bland–Altman plots (Figure 2) were used to evaluate 
the inter-session reproducibility of the PRT and ST 
conducted on the same participants but on different days. 
The three horizontal lines depict the mean (solid line) and 
the upper and lower LoA (dashed lines), positioned at the 
mean ± 1.96 standard deviations, indicating a 95% CI. The 
plots display that 96% (46/48) of the PRT (Figure 2a) and 
97.9% (47/48) of the ST (Figure 2b) values lie within the 95% 
LoA. 

Discussion
Dry eye is a prevalent condition affecting millions globally. 
Among numerous dry eye diagnostic tests available, PRT 
and ST are commonly used to measure tear production and 
volume; however, their reliability appears inconsistent. 
Furthermore, the repeatability and reproducibility of these 
tests on dry eye patients, even with topical anaesthetics, are 
somewhat constrained, with this study providing evidence 
of good reliability of PRT and ST.

The greater participation of females in this study may be 
attributed to dry eye being more prevalent in females than 
males.9 The contributing factors include a higher susceptibility 
of females to systemic health issues, which may increase their 
risk of developing dry eye.9 With controlled variables in 
place, a possible explanation for the presence of dry eyes 
could be hormonal.19 Young adults (mean age of 20.65 ± 1.71 
years) with ADDE were included in the study despite the 
risk of dry eye being lower in the younger population.2 

Considering restricted repeatability studies on young adults, 
and the prevalence of dry eye in younger adults and school 
children on the rise,2 possibly related to the increased use of 

TABLE 1: Intra-session repeatability and comparison of the Phenol Red Thread and Schirmer tests. 
Day Test Intra-class correlation  

coefficient
One-sample  

t-test
Intra-class correlation  

coefficient
Paired-sample 

t-test

ICC Lower bound Upper bound Mean s.d. P ICC Lower bound Upper bound P

1 PRT 0.146 0.078 0.377 2.21 3.04 0.000 -0.003 -0.162 0.193 0.000
ST 0.340 0.065 0.567 1.81 2.66 0.000 - - - -

2 PRT 0.134 -0.097 -0.370 1.58 2.83 0.000 0.056 -0.109 0.254 0.000
ST 0.330 0.065 0.056 1.10 2.44 0.003 - - - -

PRT, Phenol Red Thread test; ST, Schirmer test; s.d., standard deviation.
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digital devices, more studies are encouraged in this younger 
cohort. The majority of participants were African, followed 
by Indian, with no other racial groups represented. A 
previous study, in a similar setting, found a greater 
occurrence of dry eye among the African population 
compared to other race groups.20 This supports the 
representation of more Africans with ADDE in this study.

Intra-session repeatability
The intra-session correlation of both the PRT and ST is poor 
(ICC < 0.5) with the difference between measurements for 

each test being statistically significant (P < 0.001). 
Furthermore, the intra-session comparison of PRTs and STs 
tests reveals the same. Previous studies reported similar 
findings10,12 indicating a lack of association between 
repeated measurements per test per session and between 
the two tests. Statistical differences suggest that the 
observed differences in results are unlikely to have occurred 
by chance. While Masmali et al.10 associated this difference 
with the participants in their study being non-dry eye 
patients, together with Saleh et  al.,12 the authors reported 
that each test may be measuring different components of 
the tear film hence the difference. 

FIGURE 1: Bland–Altman plots showing intra-session repeatability of Phenol Red Thread test (a and b) and Schirmer test (c and d) on Days 1 and 2.
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TABLE 2: Inter-session reproducibility and comparison of the Phenol Red Thread test and Schirmer test.
Test Intra-class correlation coefficient (ICC) One-sample t-test Intra-class correlation coefficient (ICC) Paired-sample t-test

ICC value Lower bound Upper bound Mean s.d. P ICC value Lower bound Upper bound P

PRT 0.432 0.177 0.635 0.3264 1.56 0.153 0.053 -0.097 0.239 0.000
ST 0.567 0.342 0.731 0.2431 1.43 0.246 - - - -

PRT, Phenol Red Thread test; ST, Schirmer test; s.d., standard deviation.
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The use of Bland–Altman plots is a common and preferred 
method to assess the agreement and repeatability of tests, 
providing a graphical representation that is less sensitive to 
outliers as opposed to ICC and T-tests.21 The Bland–Altman 
plots used to evaluate the intra-session agreement of the PRT 
and ST suggest that while there may be a poor association for 
each test measurement within each session (Day 1 or 2), there 
is good agreement in terms of the differences between 
measurements for each test except for ST on Day 2. Despite 
the use of anaesthetic, the ST may still induce some reflex 
tearing impacting its reliability.10 Furthermore, the 95% 
confidence limit for sessions one and two for PRT and ST 
provides a range within which the true values for the intra-
session repeatability of the tests are likely to lie. Vashisht 
et al.14 also found a strong intra-session agreement between 
PRT and ST tests on dry eye patients; however, no anaesthetic 
was used in the procedure. The difference in means and 
range of the LoA for both the PRT and ST shows a greater 
variation in intra-session measurements with first readings 
being greater than the second. The current study, unlike 
Vashisht et al.,14 did not grade the severity of the dry eye, and 
together with the use of anaesthetic could have had a 
contributory effect on the poor intra-session correlation. 
Masmali et al.10 stated that despite the use of anaesthetic, the 
awareness of the test in the eye may itself be a stimulus to 
some reflex tearing. Even though there is good intra-session 
agreement for PRT and ST, the differences observed within 
sessions should be considered by averaging repeated 
measurements and considering a combination of tests in 
improving diagnosis, especially in patients with ADDE. 

Inter-session reproducibility 
The means ± s.d. for PRTs and STs for inter-session 
reproducibility is lower compared to intra-session with ST 
being even lower with moderate association (ICC = 0.567) 
between the two sessions while PRT displays a poor 

association (ICC = 0.432). This suggests a lesser variation is 
observed for inter-session than intra-session evaluations and 
for ST over PRT for ADDE patients; however, considering 
the differences observed are not statistically significant, the 
reproducibility of both the test measurements, 1 week apart, 
are similar. This is further supported by the Bland–Altman 
plots, which show that most measurements fall within the 
95% LoA for both the PRT and ST when anaesthetic is used. 
This indicates that both tests are reliable for assessing ADDE 
over two sessions spaced 1 week apart, with the ST test 
exhibiting slightly better reproducibility. Similarly, Nichols7 
found that ST was more reliable than the PRT test particularly 
when ST measurements were lower. A study by Kecskemet 
et  al.,22 on the other hand, found that despite the good 
reproducibility of both tests, the PRT was more reproducible 
compared to ST as the level of protein in the tears was less 
likely to contaminate PRT results than ST. 

Finally, the paired-sample t-test for inter-session comparison 
of PRT and ST displays a poor correlation between tests with 
measurements being statistically different (P < 0.001). As 
reflected in intra-session comparison, the discrepancy 
between tests may be attributed to each test assessing distinct 
components of the tears, and the consciousness of the test in 
the eye inducing some reflex tearing despite the use of 
anaesthetic.10,14

As this study showed good intra-session repeatability and 
inter-session reproducibility of both PRT and ST on ADDE 
patients, the poor correlation especially for intra-session 
measurements for ST and PRT could have been influenced by 
the severity of the ADDE which was not controlled for in this 
study. The instillation of topical anaesthetic on DE patients 
increases the risk of epithelial damage; however, the use of 
one drop of Novesin (0.4%) at a time, and patients being 
advised not to rub their eyes during and after the testing 
procedure, as well as the application of ocular lubricant 

FIGURE 2: Bland–Altman plots showing inter-session reproducibility of Phenol Red Thread test (a) and Schirmer test (b) for Days 1 and 2.
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ensured no epithelial complication. Furthermore, post-
staining revealed no epithelial compromise.

Conclusion
The study shows that both PRT and ST are reliable measures 
for ADDE patients. These tests demonstrate consistency in 
repeatability and reproducibility when conducted on the 
same individuals at different time points. However, it’s 
important to note that the final diagnosis of dry eye should 
not be based solely on one test.
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