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Purpose: To determine the prevalence of dry eye disease (DED) in patients scheduled for cataract surgery in a Norwegian eye clinic.
Patients and Methods: 218 patients scheduled for cataract surgery were examined for DED in one randomly selected eye and 
questioned regarding symptoms and risk factors. Patients were diagnosed with DED if they fulfilled the DEWS II criteria with 
symptom score >12/100 with Ocular Surface Disease Index (OSDI) questionnaire, and the presence of any of the three signs: tear 
osmolarity >307 mOsm/L in either eye or a difference in osmolarity between the two eyes of >8 mOsm/L, corneal fluorescein staining 
(CSF) ≥ grade 2 and non-invasive tear film breakup time (NIKBUT) of <10 seconds. Additional tests were the Standard Patient 
Evaluation of Eye Dryness (SPEED) questionnaire, tear meniscus height (TMH), Schirmer 1, tear film thickness (TFT), corneal 
sensitivity and meibography (meiboscore). Dry eye test outcomes were correlated with risk factors for DED.
Results: The prevalence of DED was 55.5% according to the DEWS II criteria. The abnormal osmolarity percentage was 66.5, while 
29.8% had shortened NIKBUT and 19.7% exhibited CFS ≥2. 57% had Schirmer 1 ≤ 10 mm/5 min, and 81.1% had a meiboscore of ≥1. 
71.2% of subjects scored positive for DED symptoms using the OSDI questionnaire and 69.3% using SPEED. Logistic regression 
analysis showed that higher age correlated with a lower OSDI symptom score, reduced corneal sensitivity and increased meibomian 
gland atrophy. Female sex was associated with higher odds of having DED, abnormal NIKBUT and abnormal CFS. Ocular tests for 
DED did not correlate with OSDI symptom scores when assessed with Spearman`s rank analysis.
Conclusion: The prevalence of DED in an elderly Norwegian population scheduled for cataract surgery is high and associated with 
female sex. There was a lack of correlation between signs and symptoms of DED.
Keywords: dry eye disease, cataract surgery, corneal fluorescein staining, ocular surface, osmolarity, non-invasive keratograph tear 
break up time, NIKBUT, meibomian gland dysfunction

Introduction
Dry eye disease (DED) is a common clinical disorder of the anterior ocular surface characterized by an unstable tear film 
causing discomfort and visual impairment.1 DED occurs as a result of increased evaporation of the tear film and/or 
reduced tear production.2 Increased evaporation is considered to be the main cause of DED, and is characterized by 
meibomian gland dysfunction (MGD).3 The most common cause of decreased tear production is age-related 
hyposecretion.4 Autoimmune conditions like Sjögren’s syndrome can also reduce tear production through the breakdown 
of the glandular tissue.4

The prevalence of DED varies from 5 to 50% depending on the evaluation criteria.5–8 DED is associated with risk 
factors like higher age, gender, genetic predisposition, history of arthritis, smoking, diabetes, hypertension and rheumatic 
disease.8–10 Anti-hypertensive, diabetic medications, anti-depressants, statins and other medications may cause dry eye 
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secondary to decreased tear production, alteration of nerve input including reflex secretion and decreased corneal 
sensation or a direct inflammatory effect on secretory glands.11,12 In addition, environmental factors like indoor and 
outdoor climate and the use of visual display unit (VDU) may increase DED prevalence and severity.13

Over the years, various definitions and diagnostic criteria for DED have been proposed. In 2017, the Tear Film & 
Ocular Surface Society Dry Eye Workshop (TFOS/DEWSII®) Report offered an updated definition based on meta- 
analyses and reviews of the literature.14 The TFOS DEWSII report proposed the following tests for diagnosing DED: the 
Ocular Surface Disease Index (OSDI) or Dry Eye Questionnaire (DEQ-5), osmolarity, ocular surface staining (OSS), and 
non-invasive tear breakup time (NITBUT). In addition, etiological factors can be measured using tear production 
(Schirmer 1), meibography and corneal sensitivity (CS).14 The Standard Patient Evaluation of Eye Dryness (SPEED) 
questionnaire is developed for use prior to ocular surgery, and unlike OSDI, does not include questions regarding visual 
disturbances that may be due to cataract as well as tear film instability.15

DED is an important aspect of cataract surgery both pre- and postoperatively. Numerous studies have shown that an 
unstable tear film can alter the preoperative biometric measurement, leading to a higher variability and inaccurate IOL 
power calculation with the potential for an unsatisfactory postoperative result.16–18 Furthermore, cataract surgery is 
known to either induce or exacerbate preexisting DED, and more than 50% of patients suffer from sore, red eyes, and 
general ocular discomfort after cataract surgery.19

Previous studies have found a high prevalence of DED in patients scheduled for cataract surgery. Gupta et al found 
that 80% of their study population, had at least 1 abnormal test result suggestive of DED before cataract surgery.19 

Similarly, Trattler et al demonstrated that up to 62% of patients presenting for surgery had a tear film break-up time 
(TBUT) of < 5 seconds and 77% had positive corneal staining.20 Studies have pointed out that an impaired ocular surface 
might have an effect on surgical planning with keratometry variability and affect the postoperative outcome, with 
subsequent patient dissatisfaction. Consequently, preoperative examination to identify and manage any DED is becoming 
increasingly important.16,21–23

In this prospective, cross-sectional single-center study, we aimed to determine whether the prevalence of signs and 
symptoms of DED in a cohort of patients scheduled for cataract surgery in an eye clinic located on the west coast of 
Norway was similar to data in the previous literature.

Materials and Methods
This prospective cross-sectional study was conducted from August 2020 to January 2022. The study population consisted 
of patients presenting for routine standard phacoemulsification cataract surgery at a single clinical site in Haugesund, 
Norway. The study followed the tenets of the Declaration of Helsinki and was approved by the Regional Committee for 
Medical and Health Research Ethics in Norway (Ref. 2020/64847). Informed consent was obtained from all participants. 
Inclusion criteria included patients who were scheduled for cataract surgery, willing and able to participate in the study, 
with good mental health, and no systemic disease that would impact the corneal surface. Exclusion criteria were any 
manifestation of corneal disease or scarring and previously performed corneal refractive procedures. Patients were 
instructed not to wear contact lenses on the day of examination and not to use any eye drops at least two hours before the 
examination. The current study is part of a larger project which is investigating the ocular surface before and after 
surgery.

One eye was randomly selected as the study eye and dry eye examinations were performed only on the study eye, 
except for osmolarity testing. Osmolarity was measured in both eyes as required by the manufacturer’s instructions. 
Symptom scores for dry eye disease were assessed with two validated questionnaires, the OSDI and SPEED. The OSDI 
is expressed in a number from 0 to 100 with higher scores indicating the degree of disability. Summary scores of the 
questions of the SPEED questionnaire were derived by summing the 0 to 4 scores of each of the 8 questions, and the total 
is referred as the SPEED score in the range of 0 to 28.1,15 The cutoff score for diagnosing DED was a score ≥13 for OSDI 
and ≥ 4 for SPEED. In addition, all participants answered a questionnaire regarding medical and medication history, 
height and weight, use of heat pump at home, smoking, alcohol consumption, breakfast, and activity/training.

An extensive dry eye examination was performed in the following order, with a 3-minute break between each test to 
standardize the measurements: 1. Tear film osmolarity (Tearlab Osmolarity system, Tearlab Corp, Escondido, California, 
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USA).24 Osmolarity values ≥ 307 mOsm/L in either eye or an inter-eye difference > 8 mOsm/L, were considered as dry 
or indicating abnormal osmolarity.14 As recommended by the TearLab manufacturer, the measurement from the eye that 
had the highest osmolarity was used for further analyses. Calibration of the TearLab instrument was performed daily to 
control for temperature and humidity. 2. Non-invasive keratograph tear break up time (NIKBUT) (OCULUS Keratograph 
5M, Medistim, Norway).25 The cut-off criteria for diagnosing dry eyes was <10 seconds for the average measurements.1 

3. Bulbar redness (BR), graded 0–4 by the keratograph software (OCULUS Keratograph 5M).26 4. Tear meniscus height 
(TMH) in mm, with 0.2 mm as the cut-off value for a DED diagnosis (OCULUS Keratograph 5M). 5. Tear film thickness 
(TFT) (Lipiview II Interferometer, TearScience Inc., Morrisville, NC). A cut-off value of 75 nm was used.27,28 6. Corneal 
fluorescein staining (CFS). Five µL of fluorescein sodium 2% (without anesthesia) was instilled into the inferior fornix. 
After 0.5 to 1 minute, the punctate staining of the cornea (CFS) was assessed in a slit lamp biomicroscope at 16 times 
magnification and cobalt blue light with yellow barrier filter according to the Oxford grading scheme (0–5).29 Subjects 
with corneal staining of grade 2 and above were categorized as having DED. 7. Tear production was tested with Schirmer 
strips without anesthesia (Schirmer 1) (TearFlo, MDT, Krakow, Poland). Subjects with a Schirmer test < 10 mm after 5 
minutes were considered to have abnormal tear production.30 8. Corneal sensitivity (CS) (Cochet-Bonnet esthesiometer, 
Luneau SAS, Aesthesiometer 12/100 mm)31 with a grading scale of 0–6 mm, where 6 mm is considered normal, and ≤ 5 
considered abnormal. 9. Meibum quality and expressibility were assessed according to DEWSII with some 
modifications.1 In brief, the 5 central gland orifices of the lower eyelid were examined for meibum in a slit lamp 
biomicroscope after pressing a cotton swab gently towards the margin of the lower eyelid. Expressibility was graded 0–3; 
grade 0 when all glands were expressible, grade 1 when 3–4 glands were expressible, grade 2 when 1–2 glands were 
expressible, and grade 3 where no glands were expressible. The meibum was graded from 0–3: grade 0 showed a clear 
meibum fluid, grade 1 a cloudy meibum, grade 2 a granular meibum and grade 3 a thick, toothpaste-looking meibum. 10. 
Meibomian gland dropout (meiboscore) was assessed from infrared images of the lower eye lid (Oculus Keratograph 
5M). Grade 0 represented no loss of meibomian glands, grade 1; < 1/3 of glands lost, grade 2; 1/3 – 2/3 glands lost and 
grade 3; >2/3 glands lost.32

Total prevalence was calculated based on the DEWS II criteria; positive symptom score (OSDI score ≥ 13) plus at 
least one positive result of the markers of homeostasis (Osmolarity, CFS and/or NIKBUT).

Statistical analysis was performed using the Statistical Package for the Social Sciences (IBM, SPSS Statistics, version 
14.0). Testing for normal distribution was performed by using the Kolmogorov–Smirnov test. Continuous data were 
described as median with interquartile range (IQR), and categorical data in frequencies or percentages. Pearson’s chi- 
square test was used to compare categorical values and a Mann–Whitney U-test, was used to compare the continuous 
data. The correlation between ocular DED tests and symptom scores from questionnaires was tested with Spearman’s 
rank order correlation for nonparametric variables. Logistic regression analyses were computed to address the relation-
ship of independent variables with DED overall, OSDI and objective tests, and the odds ratio was calculated. p < 0.05 
was considered to indicate a statistically significant difference.

Results
A total of 222 consecutive patients scheduled to undergo routine cataract surgery met the study criteria. The majority of 
the patients (95%) were recruited from a small town (Haugesund) along the west coast of Norway, and the rest from the 
nearby district. Four patients were excluded from the study because they were not able to complete the extensive 
examination. The inclusion and examination of the patients were distributed throughout four seasons, with average 
indoor temperatures varying from 22.1°C to 26.7°C, and humidity from 19% to 50%. Patient demographics and 
characteristics are shown in Table 1. The median patient age at the time of cataract evaluation was 75 years with 
a range from 47 to 91 years. Fifty-seven percent of the study population were women. Other demographic information 
included a history of DED with patients using artificial tears minimum twice daily in 28.9% (63 patients); 19.9% (39 
patients) had a history of diabetes mellitus, and 63.3% (138 patients) had an installed heat pump at home.

The prevalence of DED according to the DEWSII criteria (with positive OSDI and at least one positive test of 
Osmolarity, CFS or NIKBUT) was 55.5% (Figure 1). Patients who had symptom scores suggestive of dry eye were 
71.2% for OSDI and 69.3% for the SPEED questionnaire. There were no statistically significant differences in 
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percentages of dry eye diagnosis for the two questionnaires (p=0.7). Tear film osmolarity was the most sensitive of the 
three DEWSII diagnostic tests. 66.5% of patients had abnormal osmolarity, while 29.8% had an unstable tear film 
(NIKBUT average) and 19.7% exhibited corneal staining. Results from other DED tests indicated that 57% had reduced 
tear production by Schirmer 1 test, 38.5% had reduced corneal sensitivity and 49.2% had thinning of the tear film (TFT). 
MGD with a meiboscore ≥ grade 1 was present in 80.1% of patients.

The association between DED and its signs and symptoms with age and gender were explored in a simple 
logistic regression model (Table 2). The odds of having DED (based on the DEWS II criteria) were significantly 
higher in women (male/female OR 1.76, 95% CI 1.10–3.06, p=0.043). The odds of being symptomatic for DED 
were not significantly higher for women. The odds of having abnormal CFS (OR 1.19, 95% CI 1.05–4.53, p=0.035) 

Table 1 Demographics and Characteristics of DED Negative (DED-) versus DED 
Positive (DED+) Subjects According to DEWSII Criteria

Parameters DED-c (n=97) DED+d (n=121) P-value

Median age in years (IQR) 76 (7) 74 (9) 0.013b*
Females in % 48.5 63.6. 0.024a*

Use of eye drops in % 23.7 33.1 0.121a

Diabetes in % 16.4 19 0.590a

Autoimmune disease in % 9.3 9.1 0.977a

Cholesterol medication in % 37.1 32.2 0.477a

Antihypertensives in % 57.7 54.5 0.738a

Glaucoma eye drops in % 4.1 3.3 0.759a

Smokers in % 10.3 10.7 0.917a

Heat pump at home in % 64.9 62 0.652a

Median AI in days (IQR) 3 (5) 2.9 (4) 0.571b

Median BMI (IQR) 24.7 (6) 24.9 (5.1) 0.381b

Notes: ͣ Pearson’s Chi-square test for categorical data, bMann–Whitney U-test for continuous data. cDED-: 
Normal OSDI, osmolarity, CFS and NIKBUT; d DED+: OSDI ≥ 13, plus at least one positive score of 
osmolarity, CFS and/or NIKBUT, * Statistically significant, p <0.05. 
Abbreviations: IQR, interquartile range; BMI, body mass index; OSDI, ocular surface disease index; 
NIKBUT, non invasive keratography break up time; CFS, corneal fluorescein staining; TFOS DEWSII, Tear 
film and Ocular Surface Society Dry Eye Workshop; AI, Activity level, Physical activity/exercise level.

TFT (< 75 nm)

Corneal sensibility (<60 mm)

Schirmer(< 10 mm)

MGD (meiboscore ≥1)

NIKBUT average (≤10 seconds)

CFS (≥ grade 2)

Osmolarity (≥ 308 mOsms/L)

SPEED (≥ score 4)

OSDI (≥ score 13)

DED DEWS II criteria

Prevalence (%)

sevita
nretlatse

T

Figure 1 The prevalence of DED in % based on DEWS II criteria, subdivided based on dry eye tests. 
Abbreviations: DED, dry eye disease; DEWS II criteria, According to the Tear Film & Ocular Surface society (TFOS) symptoms and at least one positive result of the 
markers of homeostasis (Osmolarity, NIKBUT and CFS); OSDI, ocular surface disease Index; SPEED, standard patient evaluation of eye dryness; CFS, corneal fluorescein 
staining; NIKBUT, non-Invasive keratograph break-up time; MGD, meibomian gland dysfunction; TFT, tear film thickness.
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and abnormal NIKBUT average (OR 2.00, 95% CI 1.08–3.70, p=0.028) were significantly higher for women. The 
prevalence of DED (DEWS II criteria) was not significantly associated with age (OR 0.96, 95% CI 0.92–1.00, 
p=0.09). However, the odds of being symptomatic for DED (OSDI) were associated with younger age (OR 0.92, 
95% CI 0.87–0.9, p=0.003). Meibomian gland atrophy was statistically significantly associated with higher age (OR 
1.06, 95% CI 1.01–1.12, p=0.01). The risk of having reduced corneal sensitivity was also associated with higher age 
(OR 1.08, 95% CI 1.02–1.13, p=0.002).

Patients were sub-grouped based on having DED (DED+) or not (DED-) using the DEWSII diagnostic criteria and 
tested for differences in risk factors for DED. Data for subgroups are presented in Table 1. Patients with DED were 
statistically significantly younger than non-DED patients (median age 74 years for DED+ versus 76 for DED-, p< 0.013). 
More DED+ patients were women (63.6% versus 48.5% of DED- patients). For women, the numerically higher 
distribution in the DED+ group was statistically significant (p= 0.024). The distribution of systemic diseases (diabetes 
mellitus, autoimmune diseases), use of glaucoma-medication and systemic drugs (anti-hypertensive and cholesterol- 
lowering) lifestyle (smoking, activity level, BMI) and environmental factors (heat pump) were not statistically signifi-
cantly different between the sub-groups. With regards to the distribution of abnormal objective tests, there was no 
statistical significance difference between symptomatic and asymptomatic patients (Table 3).

A Spearman`s rank correlation was computed to assess the relationship between objective DED tests and subjective 
questionnaire scores (Table 4). We found no correlation between OSDI and any of the objective tests. SPEED showed 

Table 2 Association Between DED and Its Signs and Symptoms with Age and Gender in a Simple Logistic Regression 
Model

Age (Years) Gender (Male/Female)

OR (95% CI) p-value OR (95% CI) p-value

DED DEWSII criteria 0.96 (0.92–1.00) 0.090 1.76 (1.10–3.06) 0.004*
OSDI (≥13) 0.92 (0.87–0.97) 0.003* 1.53 (0.83–2.80) 0.169

SPEED (≥4) 0.96 (0.92–1.01) 0.174 1.04 (0.58–1.88) 0.876

Osmolarity (≥308, diff>8mOsm/L) 0.98 (0.94–1.02) 0.449 1.30 (0.73–2.31) 0.389
CFS (≥ grade 2) 1.05 (0.99–1.12) 0.061 1.19 (1.05–4.53) 0.035*

NIKBUTavg (≤10 seconds) 1.02 (0.97–1.07) 0.281 2.00 (1.08–3.70) 0.028*

Schirmer (< 10 mm) 1.00 (0.96–1.05) 0.68 0.90 (0.52–1.55) 0.713
CS (< 60 mm) 1.08 (1.02–1.13) 0.002* 1.22 (0.68–2.15) 0.514

Meiboscore (≥ grade 1) 1.06 (1.01–1.12) 0.01* 0.69 (0.33–1.44) 0.338

TFT (< 75 nm) 0.99 (0.95–1.03) 0.83 0.77 (0.44–1.34) 0.372

Notes: * Statistically significant, p <0.05. 
Abbreviations: OR, odds ratio; CI, confidence interval; DED DEWS II, Dry eye disease based on DEWS II criteria; OSDI, ocular surface disease 
index; SPEED, standard patient evaluation of eye dryness; CFS, corneal fluorescein staining; NIKBUT, non-invasive keratograph break-up time; CS, 
Corneal Sensitivity; TFT, tear film thickness.

Table 3 Distribution of Abnormal Tests in the Study Population (%)

Test Cutoff Symptomatica (n =155) Asymptomaticb (n =63) Total (n= 218) p-value

Osmolarity ≥308 mOsms/L 107 (74) 38 (26) 145 (66.5) 0.217

CFS ≥grade 2 28 (18) 15 (34) 43 (19.7) 0.334

NIKBUTaverage < 10 seconds 49 (75) 16 (25) 65 (29.8) 0.363
Schirmer 1 <10 mm 90 (72.5) 34 (27.5) 124 (56.9) 0.580

Corneal sensibility <60 mm 63 (75) 21 (25) 84 38.8) 0.337

Meiboscore ≥Grade 1 126 (71.5) 50 (28.5) 176 (80.7) 0.954
TFT <75nm 74 (71) 30 (29) 104 (47.7) 0.896

Notes: a OSDI ≥ 13, b OSDI <13. 
Abbreviations: OSDI, ocular surface disease index; SPEED, standard patient evaluation of eye dryness; CFS, corneal fluorescein staining; NIKBUT, non- 
Invasive keratograph break-up time; TFT, tear film thickness.
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a weak negative correlation with NIKBUT average (r= 0.17, p=0.009), and a weak positive correlation with tear film 
thickness (TFT, r=0.18, p=0.009). CFS had a positive correlation with osmolarity, NIKBUT, TFT and Schirmer testing. 
There was a weak negative correlation between age and OSDI (r=−0.172, p=0.011), age and SPEED (r=−0.143, p=0.035) 
and CS (r=−0.171, p=0.012). There was no correlation between OSDI and CS (r=0.065, p=0.33).

The population was sub-categorized by severity level (normal, mild, moderate and severe) based on osmolarity 
scores, CSF, NIKBUT and OSDI. Osmolarity was normal and mildly positive in most patients (33.5% normal and 39.4% 
mild) (Figure 2A). Similarly, 80.3% of the patients had normal and mild corneal staining on slit lamp evaluation 
(Figure 2B), and 70.2% of patients were characterized with normal NIKBUT (Figure 2C). As regards to symptom scores 
with OSDI, 28.9% were normal and 16.1% were mildly affected. In contrast to the objective diagnostic tests where very 
few of the patients had moderate and severe scores, 19.3% had moderate and 35.8% had severe symptoms when 
responding to the OSDI (Figure 3A and B). There was no statistically significant difference between the score 
distribution of the two questionnaires (p = 0.621).

The matrix results of the severity of dry eye symptoms based on OSDI questionnaire and the number of positive 
objective signs (Table 5) further underline the discrepancy between subjective and objective testing in this population. 
Only 17.1% were asymptomatic with none or one positive objective sign of DED.

Discussion
The prevalence of DED in our study population was 55.1% using the DED definition from the DEWS II diagnostic 
report.1 The percentage is higher than in previous population-based prevalence studies using a combination of 
symptoms and signs, where the percentages varied from 8.7 to 30.1%.6,33–35 The large variation reported in the 
literature has been suggested to originate from variations in DED diagnostic criteria, and the use of different 
questionnaires and dry eye tests.1 In addition, various studies have investigated different age groups (40–96 years). 
In our study, the median age was 75 years, which is higher than most other previous studies and could be a possible 
explanation of the reason for the high prevalence of DED since age has been reported to be a risk factor for DED. 
Noor et al investigated the prevalence of DED in cataract patients in Indonesia (mean age of 75 years) and found that 
22.5% were affected.36 The Prospective Health Assessment of Cataract Patients Ocular surface (PHACO) study 
showed that up to 80% of patients scheduled for cataract surgery had signs of DED in the ocular surface. Seventy- 
seven percent had corneal staining, and 63% with TBUT < 5 seconds. The mean age of the patients in the PHACO 
study was 70.7 years.20 Gupta et al found that 80% of patients had at least one abnormal ocular surface test for DED 
(osmolarity or MMP-9 inflammatory test) prior to cataract surgery, and 40% had two abnormal tests.19 This is 
consistent with our findings that 77% of patients had at least one, and 46% had two or three positive tests (osmolarity, 
NIKBUT, CFS).

Table 4 Correlation Matrix of Objective DED Test and Subjective Questionnaires, Spearman`s Rho Correlation Coefficient

Test Age OSDI SPEED Osmolarity NIKBUT avg CFS TFT Schirmer 1 Meibo CS

Age OSDI −0.172*

SPEED −0.143* 0.621*

Osmolarity −0.104 0.075 0.102
NIKBUTavg −0.023 −0.127 −0.176* −0.138*

CFS 0.055 0.020 0.059 0.178* 0.181*

TFT 0.023 0.123 0.179* 0.024 0.063 0.208*
Schirmer 1 −0.012 −0.035 0.015 0.112 0.055 0.175* 0.079

Meiboscore 0.257* −0.089 0.012 0.065 −0.066 0.107 0.026 0.053

CS −0.171* 0.065 −0.013 −0.200* −0.045 −0.270* −0.177* 0.159* 0.142*

Notes: * Statistically significant; p < 0.05. 
Abbreviations: OSDI, ocular surface disease index; SPEED, standard patient evaluation of eye dryness; CFS, corneal fluorescein staining; NIKBUTavg, non-Invasive 
keratograph break-up time; TFT, tear film thickness; CS, corneal sensitivity.
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Multiple studies have identified high age as a major risk factor for DED.35,37–39 We found that the prevalence of DED 
based on the DEWS II criteria was approaching but not reaching significantly levels of association with age (p=0.09) 
even though, meibomian gland atrophy increased with age. Moreover, a weak negative correlation was found between 
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Figure 2 Distribution of: osmolarity grading severity (A), corneal fluorescein staining (CFS) (B), abnormal non-invasive keratography breakup time (NIKBUT) (C) in the 
study population.
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age and OSDI, and between age and CS, suggesting that participants with higher age are less likely to experience 
symptoms due to reduced CS. However, OSDI and CS did not correlate, rendering some uncertainty to reduced CS as an 
explanatory factor to the finding of fewer DED symptoms among the elderly.
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Figure 3 Distribution of: the ocular surface disease index (OSDI) questionnaire score (A), the standard patient evaluation of eye dryness questionnaire (SPEED) score in the 
study population (B).

Table 5 Matrix Results of the Severity of Dry Eye Symptoms Based on the Ocular 
Surface Disease Index (OSDI) and the Number of Positive DED Signs (Osmolarity, 
NIKBUTavg, CSF)

Number of DED Signs

0 1 2 3

Test Severity % % % %

OSDI Normal (0–12) 6.5 10.6 8.7 3.2

Mild (13–22) 4.1 4.6 5.5 1.8
Moderate (23–32) 5.9 4.1 6.4 2.8

Severe (22–100) 4.6 13.3 11.9 5.5

Abbreviations: DED, dry eye disease; OSDI, ocular surface disease index; NIKBUTavg, non-Invasive 
keratograph break-up time; CFS, corneal fluorescein staining.
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A meta-analysis of DED epidemiology showed that women have a prevalence rate 1.3–1.5 times higher than men, 
including both signs and symptoms.7 This is in line with our results, where 63% (p=0.023) of our patients with DED 
were women, and the odds of having DED were significantly higher for females (p=0.004). In our study we found a high 
level of patients with Schirmer score below 10 mm, which is associated with more severe DED.40 The high percentage of 
aqueous deficient dry eye disease (ADDE) is in line both with a larger Norwegian cohort of patients that sought help for 
DED and cohorts of cataract patients.40–42 Even though the prevalence of reduced tear production was 57%, the number 
of patients that reported using ocular lubricants regularly was only 28%. Therefore, our data suggest that treatment with 
artificial tears prior to surgery should be considered even in asymptomatic patients.

Despite the rather high prevalence of patients with symptoms of DED in this study population, none of the ocular dry- 
eye tests correlated with OSDI. However, the SPEED scores showed a weak negative correlation with NIKBUT and 
a weak positive correlation with TFT. Multiple studies have explored correlations between dry eye symptoms and ocular 
surface dry eye tests, with mostly conflicting and non-significant findings.43–46 However Lee et al found a correlation 
between OSDI and NIKBUT for the first breakup time (r= −0.33) and lipid layer thickness (LLT, r= −0.42).47 Also, 
Blackie et al reported that LLT was significantly correlated with severe symptoms using the SPEED questionnaire.48 Due 
to the low correlation coefficients in both Lee et al, Blackie et al, and our study, the clinical utility of the correlations is 
questionable. Nevertheless, our findings that the TFT is linked to symptoms, suggest further research in this area might 
be beneficial.

Only a few, weak correlations were found between the DED tests used in the study. This could be explained by the 
multi-factorial nature of DED and that each single dry eye test represents different segments of the DED diagnostic 
universe. It also underpins the lack of a gold standard for diagnosing DED. Our data suggest that many ocular surface dry 
eye tests and at least one symptom score questionnaire should be used to screen for DED due to the lack of correlation 
between tests. In a clinical setting this is time-consuming and uncomfortable for the patient. A simple and evidence-based 
diagnostic test would be valuable, but evidence supporting a simplified approach is lacking, as is apparent from our 
findings and those of previous researchers.

There are some limitations to this study. First, the single-center study design may affect the generalizability of the 
prevalence data. Second, the examinations were complex and time-consuming with many tests and three trained 
technicians involved, which might have caused a higher variability of the measurements. Third, differences in tempera-
ture and humidity during the study period could have affected the dry-eye tests and patient-reported symptoms.

Conclusion
The prevalence of DED in an elderly Norwegian population scheduled for cataract surgery is high and associated with the 
female sex. Meibomian gland atrophy, but not symptomatic DED increased with age. Both aqueous deficient dry eye and 
meibomian gland dysfunction are common and should be tested for and treated prior to surgery. Further studies are 
warranted to identify diagnostic tests that correlate better with symptoms.
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