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Introduction
 The reported incidence of dry eye after cataract surgery ranges 
from 9.8% to 32% [1-6]. The aetiology underpinning this includes 
loss of conjunctival goblet cells, impaired meibomian gland function 
and damage to corneal nerves [5]. It has been claimed, 80% of cat-
aract patients have an abnormal tear test result, and over 50% have 
meibomian gland dysfunction, prior to surgery [7,8]. Several studies 
report tear stability, and Schirmer 1 test scores, reduce after routine 
cataract surgery [2,3,9-18]. And, some claim that tear stability returns 
to preop levels by 3 months postop [11,13,15,19]. Others found tear 
volume and osmolarity were unaffected by routine phacoemulsifica-
tion [12,20]. Nevertheless, damage to the lid margin and meibomian 
glands occurs, surface staining increases, conjunctival goblet cell 
count falls and metaplasia of the conjunctival epithelium is encoun-
tered, after cataract surgery [2,3,10,12,13,15,17,18,21,22]. 

 Reduced blood serum levels of Vitamin D(25(OH)D) have been 
shown to correlate with signs such as reduced tear volume and sta-
bility in dry eye [23-29]. However, there is conflicting evidence in 
the literature. One study, based on 16,396 patients, reported no link 
between serum 25(OH)D and dry eye [30]. Another, based on 17,542 
patients, reported serum 25(OH)D was reduced in patients with dry 
eye symptoms [31].

 Dry Eye is characterized by changes in tear composition and oc-
ular surface inflammation [32-35]. Surgical intervention at the oc-
ular surface generates an inflammatory response that could lead to 
dry eye symptoms. Could oral administration of vitamin D preserve 
the stability and volume of tears at the ocular surface after routine 
phacoemulsification?

 The aim of this study was to determine the effects of oral ingestion 
of vitamin D on ocular comfort, surface integrity, tear film stability 
and volume after routine unremarkable phacoemulsification.

Materials and Methods
Measurement of tear stability and volume

 Tear film stability was evaluated by the fluorescein Break-Up Test 
(BUT) [36]. Tear volume was assessed by routine Schirmer 1 test 
[37], and measurement of the Tear Meniscus Height (TMH) along 
the lower lid margin approximately half-way between the canthi us-
ing a standard slit lamp biomicroscope [38]. The incident slit light 
beam was kept at the narrowest setting, and lowest light intensity 
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Abstract
Objective: To determine the effects of Vitamin D supplement on tear 
volume, tear film stability, ocular surface integrity and comfort after 
phacoemulsification encompassing a 2.2mm self-sealing clear cor-
neal incision at the vertical meridian.

Methods: Twenty-five patients taking 600 IU cholecalciferol daily 
for up to 1month postop (group I,) were compared with a control 
group (II, n=25). Tear Meniscus Height (TMH), fluorescein Break-Up 
Test (BUT), Schirmer I test, ocular surface comfort (self-assessment 
ten-point discrete scale 0=No discomfort, 10=very uncomfortable) & 
staining (Oxford scale) checks were made on all eyes. Patients were 
checked at preop, 1 week, 1&2 months postop. 

Results: The key significant findings (p<0.05) were, at 1 month post-
op in groups I and II respectively, mean (±sd, 95%CI) TMH were 
0.20mm (±0.09, 0.16-0.24) and 0.12mm (±0.09,0.06-0.17) and me-
dian (range) ocular surface comfort score were 2.0 (0-8) and 4.0 
(1-7). There was a significant linear relationship between the change 
in TMH and TMH at preop in group I (r=0.581, n=22 p=0.011) and 
II, (r=0.908, n=12 p<0.001). Mean (±sd, 95%CI) serum vitamin D 
levels increased from 20.87ng/ml (±8.72, 17.38-24.35) to 25.78ng/ml 
(±10.52, 20.46-31.11). At 2 months postop mean (±sd, 95%CI) TMH 
was 0.12mm (±0.12,0.09-0.15) after vitamin D therapy had ceased in 

group I and TMH reduced from a preop of 0.29mm (±0.25,0.19-0.38) 
to 0.11mm (±0.11, 0.03-0.19) in group II. 

Conclusion: Oral ingestion of vitamin D appears to maintain, if not 
improve, tear volume and improve ocular comfort after cataract sur-
gery. Without daily vitamin D supplementation, tear volume and com-
fort reduced after phacoemulsification.
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(to avoid reflex lacrimation), but still allowed the TMH to be ob-
served. An image of the TMH was captured using a smart phone fixed 
to the eyepiece. The actual height of the tear meniscus was measured, 
after calibrating the arrangement, using a suitable scale. The setup 
was calibrated at each session of data collection. The typical mag-
nification at each session was approximately x35. One member of 
the team (MS) performed these tests in order to limit inter-operator 
variability.

Assessment of ocular surface integrity

 Ocular surface integrity was assessed using the Oxford scale after 
staining with lissamine green [39]. This scale consists of 5 pictures 
allowing for comparison of any surface staining. The categories range 
from 0 (no staining) through to 5 (severe staining).

Assessment of ocular surface comfort

 Patients were asked to rate the comfort of each eye using a 10-point 
discrete scale [40]. This consisted of a 10cm line with graduations 
labelled, 0=no discomfort, 10=very uncomfortable eye feeling very 
itchy and gritty all the time. 

Assessment of serum Vitamin D

 Both endogenously produced or food-derived vitamins, D2 (ergo-
calciferol) and D3 (cholecalciferol), are hydroxylated by the liver into 
25-hydroxy vitamin D(25(OH)D), the major circulating metabolite of 
vitamin D with a plasma half-life 2-3 weeks. Thus, the plasma con-
centration of 25(OH)D is the primary indicator of vitamin D status 
[41]. A reliable and economically viable Enzyme-Linked Immuno-
sorbent Assay (ELISA) was used for assessing 25(OH)D levels [42]. 
Blood serum levels, of the 25 patients recruited to receive daily vita-
min D supplements, were assessed before vitamin D supplementation 
and 30 days later (less than 8 days after Vitamin D treatment had 
ceased). These subjects arrived in the morning (07:00-10:00am) with 
an empty stomach following an overnight uninterrupted sleep of no 
less than 8 hrs. Subsequently, a resting venous blood sample (12 mL) 
was obtained, by venipuncture and collecting into a vacutainer tube, 
from an antecubital forearm vein. Plasma samples were measured for 
25(OH)D concentration using an ELISA kit (Euroimmun AG, Lue-
beck, Germany). Blood samples were taken only from the subjects 
that agreed to take the vitamin supplement. This was carried out for 
sake of cost and minimising the distress of intrusion.

Vitamin D supplement

 A recommended minimal daily dose of vitamin D supplementation 
safe for most people is 600 IU [43]. As such, a 600 IU vitamin D sup-
plement in the form of cholecalciferol capsules (D-cap 600, Д-КАП 
600, Omnifarma,Ukraine http://omnifarma.kiev.ua/products/d-kap) 
was chosen for this study.

Subject recruitment

 A power equation should be used to calculate the number of sub-
jects that should be enrolled in a clinical trial [44]. However, the data 
required to compute the power equation was not available as the nec-
essary assumptions regarding the likely treatment outcomes could not 
be made, with ample confidence, to proceed. Previous studies, based 
on oral antioxidants and tear film stability, reported statistically sig-
nificant improvements in cohorts of 20 and 40 subjects [45,46]. A 
more recent study by Yang et al., [27] reported significant reduction  

in dry eye symptoms and staining in 32 dry eye patients after oral 
vitamin D supplementation. These earlier trials were not based on 
surgical cases. Thus, for the current investigation it was decided that a 
sample of 25 subjects should be given the vitamin D supplement and 
25 should act as a control group.

Study design 

 This was a prospective, consecutive, partially masked, single-cen-
tre, observational pilot study that was approved by the local ethics 
committee and followed the tenets of the Declaration of Helsinki. 
Throughout the study, the investigator gathering the data on tear vol-
ume, stability, surface staining and comfort remained unaware which 
patient was, or was not, taking vitamin D.  All patients signed con-
sent forms after the aims and procedures of the investigation were 
fully explained. From the outset, measurements were taken from pa-
tients on a consecutive, case-by-case, and basis. Patients were ran-
domly assigned to one of two groups namely: Group I (n=25, given 
D-cap600 [Д-КАП600, Omnifarma, Ukraine http://omnifarma.kiev.
ua/products/d-kap] for daily intake for up to 30 days following sur-
gery) or Group II (n=25 control). Group 1 patients were encouraged 
and reminded to comply with the routine of taking the vitamin D sup-
plement every day. All patients were Caucasian, residents of Kyiv, 
Ukraine (latitude 50.45466°N), where the study was conducted be-
tween November 2017 and March 2018.Prior to surgery all patients 
went through the full mandatory, according to the local protocol, lab-
oratory and clinical examinations and tests. All patients were asked to 
continue with their normal diets over the course of the study, encour-
aged and reminded to return for all scheduled follow-up visits. A flow 
chart showing the schedule of events is shown in Figure 1.

Figure 1: Step-by-step flow chart showing the schedule of events over the 
course of the study.

http://doi.org/10.24966/OCR-8887/100065
http://omnifarma.kiev.ua/products/d-kap
http://omnifarma.kiev.ua/products/d-kap
http://omnifarma.kiev.ua/products/d-kap


Citation: Tutchenko L, Skovron M, Patel S (2020) Oral Vitamin D Therapy and Clinical Characteristics of the Tear Film following Routine Phacoemulsifica-
tion. J Ophthalmic Clin Res 7: 065.

• Page 3 of 10 •

J Ophthalmic Clin Res ISSN: 2378-8887, Open Access Journal
DOI: 10.24966/OCR-8887/100065

Volume 7 • Issue 1 • 100065

Exclusion criteria

 Other than the need for cataract surgery, none of the patients en-
rolled had any history of active (or previous) ocular conditions, or 
surgery involving either the anterior or posterior segment, or had any 
complications with respect to surgery (e.g. hyper-mature longstand-
ing hard cataracts, capsule rupture, vitreous loss), or during the postop 
period (e.g. corneal oedema, uveitis). At the time of the study, none of 
the patients had any severe health conditions which could additionally 
influence the anterior eye surface or vitamin D absorption/level (e.g. 
previous intestinal surgery, neoplasms, inflammation, autoimmune 
and endocrinological diseases, abnormal haematology, strict dietary 
limitations, intake of regular medication or antibiotics three months 
prior to the study).

Description of surgery and postoperative treatment

 Routine uneventful surgery was performed under topical anaes-
thesia through a 2.2mm self-sealing clear corneal incision at the ver-
tical meridian by one surgeon (LT). In all cases, a corneal tunnel at 
12 o’clock and paracenteses of 1.2mm at 3 and 9 o’clock, were made. 
Circular capsulorhexis, of 5.0mm, was followed by lens hydro dis-
section, phacoemulsification and bimanual cortex removal using the 
Infinity Vision System (Alcon Surgical, Inc). A hydrophobic acrylic 
1-piece monofocal IOL was inserted into the capsular bag. The surgi-
cal wound was closed by stromal hydration. Surgery was completed 
with injections of dexamethasone (subconjunctival) and beta metha-
sone (parabulbar). The time taken to complete surgery was monitored 
to quantify the duration of ocular surface exposure. Postoperative 
treatment included topical drops of levofloxacin, dexamethasone and 
indomethac in with a gradual tapering off, dexpanthenol gel and a 
combination of trehalose and hyaluronic acid. IOP was within normal 
limits at all examinations.

Pre- and postoperative assessment of ocular surface and 
tears

 Subjects were asked to rate their ocular comfort scores before any 
other tests. TMH was measured, fluorescein was instilled, BUT was 
measured and ocular surface staining assessed. The subject rested for 
five minutes, and then the Schirmer 1 test was performed. The order 
of data procurement remained unchanged throughout the study.

Statistical Analysis
 Data were stored on an Excel spread sheet (Microsoft, Redmond, 
WA) and analysed in two steps as follows.

Step 1

 Firstly, a comparison of pre-and 1-month postop levels of serum 
25(OH)D levels in group I (paired t-test). Secondly, an intergroup 
comparison of the duration of ocular surface exposure during surgery 
(t-test).Thirdly, within each group, to determine the significance of 
any) interocular differences in TMH, Schirmer, BUT, comfort and 
staining scores (t-test or Mann-Whitney U test), ii) intraocular dif-
ference between pre-and postop TMH, Schirmer, BUT, comfort and 
staining scores (paired t-test or Wilcoxon matched pairs signed rank 
test). Thirdly, to determine the significance of any differences in 
TMH, Schirmer, BUT, comfort and staining scores between the oper-
ated and unoperated eyes at each stage of the investigation (t-test or 
Mann-Whitney U test).

Step 2

 For the operated eyes, to estimate the significance of any i) associ-
ation between changes (preop-postop value) in TMH, Schirmer, BUT, 
comfort and staining scores with preop baseline values (Spearman’s 
rho or Pearson correlation coefficient [r]), ii) intergroup differences in 
the gradients of any significant linear associations between changes 
in TMH, BUT, comfort and staining scores and preop baseline val-
ues (repeat measure ANOVA, according to requirements described by 
Diedenhofen, et al. [47]. 

 Non-parametric tests were used where applicable. Paired t-, and 
Wilcoxon matched pairs signed rank, test was performed on data ob-
tained from patients at postop and their corresponding data harvested 
at preop. The significance level was set at p<0.05.

Results
 Group I (vitamin D) consisted of 15 females and 10 males (mean 
age 73±9.7, range 48-82 years) and group II (control group) consisted 
of 16 females and 9 males (mean age 71.1±8.2, range 51-83 years). 
Twenty-six returned for planned follow up at 1-week (17 group I 
and 9 group II),34at 1-month (22 group I and 12 group II) and 24 at 
2-months (15 group I and 9 group II) postop. The chief results are 
shown in tables 1-3 and figures 2-6. In both groups, there were no 
significant interocular differences with respect to TMH, Schirmer, 
BUT, comfort and staining scores at any time during the study. Some 
patients did not attend all follow up visits, consequently paired t- and 
Wilcoxon matched pairs signed rank tests were performed on data 
obtained at postop and the corresponding data obtained at preop. The 
key findings were as follows.

Figure 2: Change (Δ) in Tear Meniscus Height (TMH) at one month postop. Unfilled 
circles represent group I (Vitamin D treatment group) cases, filled circles represent 
group II (control group). The change (ΔTMH = preop TMH minus postop TMH) was 
significantly correlated with the preop value (x). The characteristics of the least squares 
regression lines linking ΔTMH (y) with x were, group I (broken line) y=0.506x-0.109 
(r=0.581, n=22, p=0.011) and group II (unbroken line) y=0.804x-0.0486 (r=0.908, 
n=12, p<0.01).The points below the y=0 line represent cases where TMH improved. 
There is a greater proportion of unfilled, as opposed to filled, circles below this line 
(z=-1.953, p=0.023). N.B, some data points overlap each other.
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TMH Group Pre-op 1 week 1 month 2 months

I, operated 0.18mm (±0.10, 0.14-0.22) 0.20mm, (±0.10, 0.14-0.24).  0.20mm, (±0.10, 0.16-0.24). 0.12mm, (±0.12, 0.09-0.15)

I, unoperated 0.19mm, (±0.09, 0.16-0.23) 0.18mm, (±0.11, 0.13-0.23) 0.21mm, (±0.08, 0.17-0.24) 0.13mm, (±0.08,0.09-0.17)

II, operated 0.29mm (±0.25,0.19-0.38) 0.14mm, (±0.04, 0.12-0.17]. 0.12mm, (±0.11,0.05-0.18) 0.11mm, (±0.11,0.03-0.19) 

II, unoperated 0.22mm, (±0.09,0.18-0.26) 0.16mm, (±0.06,0.12-0.20) 0.18mm, (±0.13,0.10-0.25) 0.09mm, (±0.09,0.02-0.17)

Schirmer Test Group Pre-op 1 week 1 month 2 months

I, operated 8.90mm (±5.7, 6.7- 1.1) 11.7mm (±6.3, 8.7-14.7)  14.2mm (±8.6, 10.4-18.0) 11.2mm (±9.0, 6.7-15.8)

I, unoperated 10.9mm (±7.2,8.1-13.8) 10.5mm (±6.1,7.6- 13.4) 13.5mm (±7.9,10.1-17.0) 12.1mm (±750,10.1-17.0)

II, operated 15.4mm (±8.1,12.2-18.6) 19.3mm (±9.3,13.2-25.3) 17.3mm (±9.3,12.1-22.6) 14.4mm (±5.6,10.8-18.1)

II, unoperated 16.2mm (±8.2,13.0-19.4) 19.4mm (±89,13.6-25.2) 17.1mm (±9.6,12.5-21.7) 13.7mm (±7.8,8.7-18.8)

Group Pre-op 1 week 1 month 2 months

I, operated 6.9s (±4.2,5.3-8.5) 7.2s (±2.9,5.8-8.6) 8.8s (±4.5,6.8-10.8) 9.6s (±7.3,6.7-11.9)

I, unoperated 6.0s (±3.1,4.8-7.2) 7.8s (±3.5,6.1-9.4) 8.9s (±4.1,7.1-10.7) 8.6s (±4.2,6.5-10.78)

II, operated 8.4s (±4.8,6.5-10.3) 5.7s (±2.1,4.3-7.1) 8.6s (±4.7,5.9-11.2) 7.2s (±1.6,6.1-8.2)

II, unoperated 8.8s (±4.4,7.1-10.5) 7.7s (±3.0,5.7-9.6) 6.7s (±4.6,4.1-9.3) 6.7s (±3.7,4.2-9.1)

Group Pre-op 1 week 1 month 2 months

I, operated i.4.5(0-10) ii.1.0(0-4) i.4.0(0-9) ii.1.0(0-1) i.2.0(0-8) ii.0.0(0-2) i.2.0(0-5) ii.0.0(0-1)

I, unoperated i.5.0(0-10) ii.1.0(0-3) i.5.0(0-8) ii.1.0(0-2) i.2.0(0-9) ii.1.0(0-4) i.2.0(0-5) ii.0.0(0-1)

II, operated i.2.5(1-7) ii.1.0(0-3) i.2.0(1-5) ii.0.5(0-1) i.4.0(1-7) ii.0.0(0-1) i.5.0(2-5) ii.0.0(0-1)

II, unoperated i.3.5(1-9) ii.1.0(0-3) i.3.0(1-4) ii.0.0(0-1) i.3.0(0-8) ii.0.0(0-1) i.4.0(1-5) ii.0.0(0-2)

Table 1: Tear Volume. The mean (±sd, 95% confidence interval) Tear Meniscus Height (TMH) and Schirmer test values at each stage of the study are shown for 
groups I (Vitamin D treatment group) and II (control group) for both operated and unoperated eyes.

Table 2: Tear Stability. The mean (±sd, 95% confidence interval) tear break up times (BUT, in seconds) at each stage of the study are shown for groups I (Vitamin 
D treatment group) and II (control group) for both operated and unoperated eyes. Apparent changes in the mean value of BUT were not significant (p≥0.05).

Table 3: Categories of ocular surface (i) comfort and (ii) staining according to the Oxford scale. The median, and range, of the scores at each stage of the study are 
shown for groups I (Vitamin D treatment group) and II (control group) for both operated and unoperated eyes.

Figure 3: Change (Δ) in Schirmer test scores at one month postop. Unfilled circles 
represent group I (Vitamin D treatment group) cases, filled circles represent group II 
(control group). The change (y= preop score minus postop score) was significantly 
correlated with the preop score (x) in group II only. For group II, the least squares 
regression line linking y with x was, y=1.01x- 17.40 (r=0.713, n=12, p<0.01). The 
points below the y=0 line represent cases where Schirmer test score improved. N.B, 
some data points overlap each other.

Figure 4: Change (Δ) in Tear Break-Up Time (BUT) at one month postop. Un-
filled circles represent group I (Vitamin D treatment group) cases, filled circles 
represent group II (control group). The change (ΔBUT = preop BUT minus postop 
BUT) was significantly correlated with the preop value (x). The characteristics of the 
least squares regression lines linking ΔTMH (y) with x were, group I (broken line) 
y=0.765x-7.147(r=0.565, n=22, p=0.014) and group II (unbroken line) y = 0.542x-
4.407 (r=0.591, n=12, p=0.043). The points below the y=0 line represent cases where 
BUT improved. There is a greater proportion of unfilled, as opposed to filled, circles 
below this line (z=1.793, p=0.037). N.B, some data points overlap each other.
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Step 1

Serum levels

 For the group I cases that returned at 1-month postop, the mean 
(±sd) serum 25(OH)D level increased significantly (paired t-test, 
p=0.041) from 20.87ng/ml (±8.72, 95%CI, 17.38-24.35) to 25.78ng/
ml (±10.52, 95%CI, 20.46-31.11).

Duration of surgery

 The mean (±sd) duration of surgery was 9.5mins (±1.5, 95%CI, 
7-11) in group I and 9.2mins (±1.1, 95%CI, 8-10) in group II. The dif-
ference was not significant (t-test, p>0.05). Ocular surface exposure 
during surgery did not exceed 12 mins in any single case.

Longitudinal changes: Comparisons between pre-and postop values. 

Group I, operated eyes

 TMH reduced from a preop mean (±sd) value of 0.18mm 
(±0.10, 95%CI, 0.14-0.22) to 0.12mm (±0.12, 95%CI, 0.09-0.15) at 
2-months postop (paired t-test, p=0.017). Schirmer scores improved 
from preop mean (±sd) of 8.90mm/5mins (±5.7, 95%CI, 6.7-11.1) 
to 14.2mm/5mins (±8.6, 95%CI, 10.4-18.0) at 1-month (Wilcox-
on matched pairs sign rank test, p=0.007). Median (range) comfort 
score reduced from 4.5(0-10) at preop to 2.0(0-8) at 1-month (Wil-
coxon matched pairs sign rank test, p=0.034) remaining at 2.0(0-5) 
by 2-months (Wilcoxon matched pairs sign rank test, p=0.026) post-
op. Median (range) staining score reduced from 1.0(0-4) at preop to 
0.0(0-2) at 1-month (Wilcoxon matched pairs sign rank test, p=0.002) 
remaining at 0.0(range, 0-1) by 2-months (Wilcoxon matched pairs 
rank sign test, p=0.003) postop. 

Group I, contralateral unoperated eyes

 TMH reduced from a preop mean (±sd) value of 0.19mm (±0.09, 
95%CI, 0.16-0.23) to 0.13mm (±0.08, 95%CI, 0.09-0.17) at 2-months 
postop (paired t-test, p=0.025). Median (range) comfort score reduced 
from 5.0(0-10) at preop to 2.0(0-9) at 1-month (Wilcoxon matched 
pairs sign rank test, p=0.005) remaining at 2.0(0-5) by 2 months 
(p=0.004) postop. Median (range) staining reduced from 1.0(0-3) at 
preop to 0.0(0-3) at 1-month (Wilcoxon matched pairs sign rank test, 
p=0.045) remaining at 0.0(0-1) by 2-months (Wilcoxon matched pairs 
sign rank test, p=0.0) postop.

Group I, interocular comparisons

 At preop, 1 week, 1 and 2-months postop the respective p values 
were; 0.285, 0.360, 0.191 and 0.314 (t-test) for TMH; 0.146, 0.291, 
0.393 and 0.389 (Mann-Whitney U test) for Schirmer test scores; 
0.214, 0.322, 0.482 and 0.279 (Mann-Whitney U test) for BUT; 
0.333, 0.338, 0.467, 0.206 and 279 (Mann-Whitney U test) for com-
fort; 0.111, 0.107, 0.061 and0.464 (Mann-Whitney U test) for stain-
ing. 

Group II, operated eyes

 TMH fell from a preop mean (±sd) value of 0.29mm (±0.25, 
95%CI, 0.19-0.38) to0.12mm (±0.11, 95%CI, 0.05-0.18) at 1-month 
postop (paired t-test, p=0.005) and 0.11mm (±0.11, 95%CI, 0.03-
0.19) at 2-months postop (paired t-test, p=0.023). Median (range) 
staining reduced from 1.0(0-3) at preop to 0.0(0-1) at 1-month (Wil-
coxon matched pairs sign rank test, p=0.034) remaining at 0.0(0-1) at 
2-months (Wilcoxon matched pairs sign rank test, p=0.036) postop.  

Group II, contralateral unoperated eyes

 TMH reduced from a preop mean (±sd) value of 0.22mm (±0.09, 
95%CI, 0.18-0.26) to 0.09mm (±0.09, 95%CI, 0.02-0.17) at 2-months 
postop (paired t-test, p=0.007).

Figure 5: Change (Δ) in comfort scores at one month postop. Unfilled circles repre-
sent group I (Vitamin D treatment group) cases, filled circles represent group II (control 
group). The change (y = preop score minus postop score) was significantly correlated 
with the preop value (x). The least squares regression lines linking y with x were, group 
I (broken line) y=0.74x-1.78 (r=0632, n=22, p<0.01) and group II (unbroken line) y = 
1.34x-5.14 (r=0.591, n=12, p<0.01). The points below the y=0 line represent cases that 
reported a fall in comfort. N.B, some data points overlap each other.

Figure 6: Change (Δ) in staining scores at one month postop. Unfilled circles repre-
sent group I (Vitamin D treatment group) cases, filled circles represent group II (con-
trol group). The change (y = preop staining score minus postop staining score) was 
significantly correlated with the preop value (x). The least squares regression lines 
linking y with x were, group I (broken line) y=0.86x-0.07 (r=0.843, n=22, p<0.01) and 
group II (unbroken line) y = 0.96x-0.30 (r=0.919, n=12, p<0.01). The points below the 
y=0 line represent cases where staining became worse. N.B, some data points overlap 
each other.
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Group II, interocular comparisons

 At preop, 1 week, 1 and 2-months post op the respective p values 
were; 0.109, 0.425, 0.198, and 0.328 (t-test) for TMH; 0.382, 0.485, 
0.474 and 0.425 (Mann-Whitney U test) for Schirmer test scores; 
0.402, 0.085, 0.173 and 0.370 (Mann-Whitney U test) for BUT;0.212, 
0.225, 0.379 and 0.242 (Mann-Whitney U test) for comfort; 0.358, 
0.400, 0.500 and 0.422 (Mann-Whitney U test) for staining. 

Operated eyes: Intergroup comparison of TMH, Schirmer, BUT, 
comfort and staining scores at each stage of the investigation

 At preop, there was a significant difference in Schirmer test 
(Mann-Whitney U test, p=0.002). Preop mean (±sd) values were, 
group I 8.9mm/5mins (±5.69, 95%CI, 6.68-11.14) and group II 
15.3mm/5mins (±8.11, 95%CI, 12.20-18.55). At 1-month postop, 
there was a significant difference with respect to TMH (unpaired t-test, 
p=0.006) and comfort (Mann-Whitney U test, p=0.04). Mean (±sd) 
values for TMH were, group I0.20mm (±0.09, 95%CI, 0.16-0.24) and 
group II 0.12mm (±0.09, 95%CI, 0.06-0.17). Median (range) comfort 
scores were, group I 2.0(0-8) and group II 4.0(1-7). Differences be-
tween the groups were most prominent at 1-month postop. Thus, for 
the step 2 analysis, the changes in TMH, Schirmer, BUT, comfort and 
staining scores at 1-month postop were compared with the respective 
baseline values.

Unoperated eyes: Intergroup comparison of TMH, Schirmer, 
BUT, comfort and staining scores at each stage of the investiga-
tion

 At preop, there was a significant difference in Schirmer test 
(Mann-Whitney U test, p=0.012).Preop mean (±sd) values were, 
group I 10.5mm/5mins (±6.92, 95%CI, 7.78-13.21), group II 
17.7mm/5mins (±8.16, 95%CI, 14.53-20.93). A difference was also 
detected1-week later. At 1-month there was a significant difference 
in relation to BUT (Mann-Whitney U test p=0.015). Mean (±sd) val-
ues for BUT were, group I 8.89s (±4.12, 95%CI, 7.08-10.69) and 
group II 7.39s (±5.04, 95%CI, 4.54-10.25). At 2-months there was 
a significant difference in relation to TMH (unpairedt-test, p=0.032) 
and comfort (Mann-Whitney U test, p=0.018). Mean (±sd) values for 
TMH were, group I 0.13mm (±0.07, 95%CI, 0.09-0.17) and group II 
0.09mm (±0.09, 95%CI, 0.02-0.17). Median (range) comfort scores 
were, group I 2.0(0-5) and group II 4.0(1-5). 

Step 2

 For the operated eyes, the indices of the best fit least squares re-
gression lines linking the changes observed at 1-month post with the 
corresponding baseline values are shown in table 4. The process for 
comparing pairs of gradients [47] revealed no significant intergroup 
differences except for TMH (unpaired t=2.552, p=0.016).The change 
in TMH at 1-month postop and baseline values are shown in figure 2. 
Points below the y=0.0 line are cases where TMH improved. Com-
pared with group II, there was a significantly greater proportion of 
group I cases below this line (z-test for two population proportions, z 
=-1.953, p=0.023).

 An association between individual changes in Schirmer test at 
1-month postop and baseline values was significant in group II but 
not in group I. These data are shown in figure 3. The points below 
the y= 0 line are cases where the Schirmer test scores improved. An 
intergroup difference in the proportions below the y= 0 line was not 
significant (z=0.019, p=0.985). 

 The associations between individual changes in BUT at 1-month 
postop and base line values are shown in figure 4. Points below the 
y= 0.0 line are cases where BUT improved. Compared with group II, 
there was a significantly greater proportion of group I cases below this 
line (z- test for two population proportions, z=1.793, p=0.037).

 The associations between individual changes in comfortat 
1-month postop and baseline comfort scores are shown in figure 5. 
Points below the y= 0 line are cases where the comfort scores became 
worse. An intergroup difference in the proportions below the y= 0 line 
was not significant (z-test for two population proportions, z=0.066, 
p=0.948). 

 The association between individual changes in staining at 1-month 
postop and baseline staining scores are shown in figure 6. Points be-
low the y= 0 line are cases where the comfort scores became worse. 
An intergroup difference in the proportion below the y= 0 line was not 
significant (z-test for two population proportions, z=0.768, p=0.221). 

Discussion
 All patients were directed, and reminded, to adhere to the pre-
scribed postop treatment regimen and return for all scheduled postop 
checkups. Of the fifty patients, 52% returned at 1 week, 68% at 1 
month and 48% at 2 months post-op. Despite the cases that did not 
attend all postop visits, a significant fall in mean TMH was observed 
in the operated eyes not treated with vitamin D supplements (group 
II). This was evident at 1-monthpostop and remained low at 2-months 
postop. In contrast to this, the mean TMH in the operated eyes of 
group I remained stable until vitamin D treatment was withdrawn. The 
difference between the two groups of operated eyes could be related 
to different exposure times encountered during surgery. This can be 
ruled out as there was no significant intergroup difference in mean ex-
posure times. Table 1 shows the similarity in mean TMH between the 
operated and unoperated eyes. In group I, the mean TMH remained 
unwavering and declined on cessation of vitamin D supplementation. 
In group II, mean TMH fell after surgery and thereafter remained 
low. This is in marked contrast with earlier reports claiming TMH 
remained unaffected by phacoemulsification [12] or returned to preop 
levels between 2-6 weeks after surgery [9,18]. Figure 2 compares the 
change in TMH at 1-month postop with the baseline value. In both 
groups the expected change in TMH can be predicted using the appro-
priate equations listed in table 4. For a preop TMH value of 0.20mm  

 Group I Group II Δ gradient

TMH y=0.506x-0.109, 
r=0.581,p=0.011

y=0.804x-0.049, 
r=0.908, p<0.01 t=2.552,p=0.016

Schirmer y=0.629x-10.58, 
r=0.405,p=0.062

y=1.01x-17.40, 
r=0.713, p<0.01  

BUT y=0.77x-7.15, 
r=0.565,p=0.014

y=0.54x-
4.41,r=0.591,p=0.043 p=0.972

Comfort y=0.74x-1.78,rho=0.632, 
p<0.01

y=1.34x-5.14, 
rho=0.843,p<0.01 p=0.799

Staining y=0.88x-0.07, 
rho=0.843,p<0.01

y=0.96x-0.30, 
rho=0.918, p<0.01 p=0.977

Table 4: Correlation between individual changes in TMH, Schirmer test, BUT, com-
fort and staining scores at 1-month postop and baseline values. Group I= operated eyes 
of patients treated with vitamin D. Group II=operated eyes of the control patients. 
For each of the five measurements, the significance of inter group difference in the 
gradients was tested according to the procedures outlined by Diedenhofen, et al.[47]. 
The results of the comparisons, where applicable, are noted in the column labelled Δ 
gradient. 
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the predicted fall in TMH in a patient not treated with vitamin D 
would be is 0.11mm by 1-month postop whereas in a patient treat-
ed with vitamin D the predicted change would be less than 0.01mm. 
Figure 2 also shows that in both groups, the greater the preop TMH 
the greater the expected change in TMH by 1-month postop. Further-
more, the difference in the gradients between the two equations in-
dicates that the greater the preop TMH, the greater the predicted fall 
in TMH in those patients not treated with the vitamin D supplement. 
Figure 2 gives the impression the difference in the gradients results 
from a small number of group II outliers. However, on closer exam-
ination the cluster of remaining group II data points are located on, or 
very close to, the best fit line. Excluding these three outliers increases 
the gradient to 1.101, reduces the correlation co-efficient to 0.759 and 
adjusts the p value to 0.017. The prediction of a substantial fall in 
TMH is still evident.

 In figures 2 and 4, those cases below the preop-postop= 0 line are 
those where the tear volume and stability improved by 1-month after 
surgery. There is a significantly greater proportion of the group I cases 
below this line compared with group II. Clearly, there was a greater 
chance of obviating a fall in TMH in the group given the vitamin D 
supplement. The volume of tears at the ocular surface at any moment 
is the net result of the amount secreted, the loss from evaporation and 
drainage, following the blink. The vitamin D supplement influenced 
this balance by increasing the volume of tears. 

 Table 1 also shows the changes in the Schirmer test scores. In 
group II, there was no significant change in the Schirmer test in ei-
ther the operated or contralateral unoperated cases. The results are in 
broad agreement with other studies that reported either no change in 
Schirmer test scores after phacoemulsification [12] or a tendency for 
any change to revert to preop levels by 6-weeks postop [18]. In group 
I, there were no differences between the operated and unoperated eyes 
at each stage of the investigation, but the results of the Schirmer test 
improved in the operated cases by 1-month postop. For the operated 
eyes, Schirmer test score was significantly lower in group I compared 
with group II at preop only. It is tempting to accept that vitamin D 
supplementation improved the Schirmer test scores in the operated 
cases, however there was no concomitant change in the unoperated 
eyes. The change in Schirmer test score cannot be predicted on a 
case-by-case basis in group I. This is in stark contrast with the results 
shown in figure 2. The ambiguity of statistical outcomes calls into 
question the value of the Schirmer test for assessing the change in tear 
volume after cataract surgery.

 The DEWS report highlighted the impact on ocular comfort and 
stability of the tear film resulting from damage to the meibomian 
glands [48]. The assault on the eyelids(from use of lid retractors), 
conjunctiva (from exposure, irrigation and postop drops)and cornea 
(from exposure and incisions) have a direct impact on the tissues that 
ultimately secrete the components of the tear film and contribute to 
ocular comfort [2,3,5,10,12,13,15-18,21,22]. Mean BUT remained 
unchanged over the duration of the study (as shown in table 2). Trat-
tleret al., [2] found 63% of patients had BUT values below 5s af-
ter cataract surgery. In the current study less than 25% of all oper-
ated cases demonstrated a BUT below 5s at 1-month postop. Some 
have claimed that BUT returns to preop levels by 1-month post op 
[11,15,19] and others maintain that low BUT continuous to persist af-
ter 1-month postop [12,16,17,21]. Figure 4 shows the change in BUT 
in relation to preop BUT in both groups of operated eyes. The indices  

of the least squares a regression line predicts that, at 1-month post-
op, BUT tends to improve when the preop is ≤9s and reduces when 
the preop is ≥10s. On closer examination, there was a significantly 
higher proportion of group I cases (55%) below the preop-postop = 0 
line compared with group II (33%). Therefore, a higher proportion of 
patients are predicted to present with an improved BUT, at 1-month 
postop, after taking a vitamin D supplement compared with those 
patients that did not. Conjunctival goblet cell count declines rapidly 
after cataract surgery [10] remaining below preop levels by 1-month 
postop [22]. The routine postop programme of drops may have facil-
itated an improvement in the stability of the tear film in some cases 
by either improving the ability of the ocular surface to anchor the 
precorneal tear film or reducing the rate of tear evaporation. BUT 
values tended to remain constant in the unoperated eyes, however by 
1-month postop the mean BUT were greater in group I compared with 
group II. This might have been a statistical anomaly, but it does sug-
gest that the higher proportion of improved cases in the unoperated 
cases of group I may have resulted from a further promotion of the 
tear film brought about by the vitamin D supplement. The study was 
conducted during the winter months. The temperature and humidity in 
the clinics could have facilitated an overall increase in BUT in some 
cases forcing upwards the mean BUT in both groups. This could have 
led to there being no statistically significant difference between the 
groups over the period of investigation. 

 Table 3 shows there was a significant fall in comfort scores in, 
operated and unoperated eyes of, group I by 1-month postop. In group 
II, there was no change in self-reported comfort. For the operated eyes 
at 1-month postop, group I patients rated a median score of 2.0 while 
group II patients rated a median score of 4.0. Turning to figure 5, the 
impression given is that a greater proportion of group I patient report-
ed an improvement in comfort. The appropriate equations in table 4 
predict, for a preop comfort score of 2, at 1-month postop the change 
in group I is negligible but up to 2.5 unit rise in discomfort in group 
II. The results should be viewed with caution because a placebo was 
not implemented. The patients using vitamin D were, to some extent, 
motivated to score an improved comfort rating. Table 3 also shows 
the staining scores reduced in the operated and unoperated eyes of 
both groups. Figure 6 shows there was no striking difference between 
groups I and II with respect to changes in staining scores in relation to 
baseline values. Thus, according to this benchmark, it cannot be said 
that vitamin D supplement was a factor that contributed to improving 
the status of the ocular surface.

Conclusion
 In the group that did not take the vitamin D tablets, mean TMH re-
duced after phacoemulsification and this was still evident at 2-months 
postop. This presumably resulted from a combination of factors in-
cluding, fall in rate of tear production, increase in rate of tear evap-
oration and maybe a rise in rate of tear drainage. Vitamin D supple-
mentation appears to combat any of the factors that would cause TMH 
to fall after phacoemulsification and leads to a greater percentage of 
cases where BUT is enhanced. To the best of our knowledge, this 
is the first report based on the role of vitamin D supplementation in 
relation to clinical signs of dry eye after phacoemulsification. Further 
prospective long-term studies on larger cohorts of different patients, 
including various dosages of vitamin D supplementation, and place-
bo groups are necessary to determine the ideal limits of vitamin D 
intake to offset, mitigate and combat existing symptoms of dry eye. 
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The results reported can be used, in conjunction with a power equa-
tion, to estimate the number of patients that should be enrolled in 
further long-term studies [44]. 
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