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Impact of blue-light filtering intraocular
lens implantation on the quality of sleep
in patients after cataract surgery
Xue Feng, MDa,b,c, Ke Xu, MDa,b, Yansheng Hao, MDa,b, Hong Qi, MDa,b,∗

Abstract
Background: There are 2 main types of intraocular lens (IOL) currently implanted in patients after cataract surgery. Till now, we do
not know exactly what the effect of intraocular lens implantation will be on the quality of sleep after cataract surgery.

Methods: The binocular BF-IOL (BF-IOL Groups) and UVB-IOL (UVB-IOL Groups) implantations were performed in 60 and
59 cataract patients, respectively. Pittsburgh Sleep Quality Index (PSQI) questionnaires were administered to evaluate the
quality of sleep in patients preoperatively, 1 month (1 m) and 12 months (12 m) postoperatively. Independent sample test and
x2 test were used to evaluate the difference between the 2 groups; one-way ANOVA was used to evaluate the difference
preoperatively and postoperatively in each group. The rank sum test was used for statistical analysis of 7 independent sleep
components in PSQI.

Results:As compared to preoperatively, the PSQI overall scores in both groups improved significantly postoperatively (P=0.00 at 1
m and 12 m). Among the 7 components of PSQI, 2 of them (sleep latency and daytime dysfunction) improved greatly postoperatively
in both groups (P< 0.05). Although the improvement of PSQI overall score in the UVB-IOL group was greater than that in the BF-IOL
Group only at early time (1 m) postoperatively (P=0.00), but not late time (12 m, P > 0.05) after the cataract surgery.

Conclusion: The sleep quality of cataract patients improved after IOL implantation, regardless of the type of IOL, suggesting that
BF-IOL might serve as an alternative to conventional UVB-IOL without a detrimental effect on quality of sleep after cataract surgery.

Abbreviations: BF-IOL = blue-light filtering intraocular lens, PSQI = Pittsburgh Sleep Quality Index, UVB-IOL = ultraviolet-
blocking intraocular lens.
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1. Introduction

The retinal pigment epithelium (RPE) cells could be damaged by
the radiation of visible light of short wavelength[1] (between 400
and 500nm). This retinal damage is in accordance with the
pathophysiology of age-related macular degeneration (AMD).
There are 2 main types of intraocular lens (IOL) currently
implanted in patients after cataract surgery, which differ in their
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transmission properties: conventional ultraviolet blocking
(UVB)-IOL and blue-light filtering (BF)-IOL. The BF-IOL, which
is able to block ultraviolet rays as well as purple and blue visible
light between 400 and 500nm, was designed with the purpose of
retinal protection.
Human circadian rhythm is mediated by melatonin secretion,

which is regulated through the visual signal from the retina to the
pineal gland.[2] The dim light at night promotes melatonin
secretion which keeps people sleep, whereas the high intensity of
light at daytime, especially blue light inhibits melatonin secretion
which keeps people awake. Since blue light have maximum
inhibitory effect on melatonin secretion,[3–5] implying that BF-
IOL implantation after surgery might influence the circadian
rhythm of cataract patient and further have adverse effects on the
quality of sleep.[6–9] Although other investigators presented their
different opinions, Landers et al[10] reported that BF-IOL
implantation had no adverse effect on the sleep quality in
cataract patients after the surgery as comparing with the
conventional UVB-IOL implantation, but their study showed
the limitation with short of preoperative data. Wei’s study[11]

indicated that BF-IOL could improve the quality of sleep after
cataract surgery with 2 months follow-up, but their study was
short of control group. Till now, we do not know exactly what
the long-term effect of BF-IOL implantation will be on the quality
of sleep after cataract surgery. In this prospective cohort study,
we used the Pittsburgh Sleep Quality Index to compare the effect
of BF-IOL implantation to UVB-IOL with 12 months follow-up
to evaluate the quality of sleep in patients before and after
cataract surgery.
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2. Material and methods

2.1. Patients

In total, 152 patients who had bilateral cataract surgery in the
Department of Ophthalmology, Peking University Third
Hospital during the 12-months period between January and
December, 2013, were recruited in this study. They were
divided into 2 groups: BF-IOL group or UVB-IOL group. The
binocular BF-IOLs (Acrysof IQ, Alcon Laboratories) and
conventional UVB-IOLs (Tecnis, Abbott Medical Optics, Inc)
were implanted in 77 and 75 cataract patients, respectively. All
the included cataract patients had lens opacity≥N2 before the
surgery according to the Lens Opacity Classification System II
(LOCS II). LOCS II is a grading system for cataract according
to the transparency of the lens. Focusing on the nucleus
hardness, it can be divided into 4 levels (levelN0: transparent
nucleus, colorless; N1: soft nucleus, yellow-white color; N2:
medium hardness nucleus, yellow color; N3: stiff nucleus, dark
brown color). The target refraction for IOL implantation is
emmetropia in all cases. All the operations were performed by
the same skilled doctor.
Exclusion criteria included patients who were inability to

complete a questionnaire due to confusion or dementia,
suffered from high myopia and retinal optic neuropathy with
light absorption problems (including pigmentary degeneration
or ischemic optic neuropathy), with color vision problems
(diabetes, glaucoma) or color blindness. Individuals with sleep
disorders; treatment with benzodiazepines; with a diagnosis of
physical or psychiatric conditions, with a history of head
injury, past alcohol or drug abuse were also excluded from the
study. The study was performed after ethics committee of
Peking University Third Hospital gave ethical approval.
Informed consent forms were signed by all patients who
participating in the study.
Table 1

Pittsburgh Sleep Quality Index (PSQI) questionnaire[12].
1. During the past month, when have you usually gone to bed at night?
2. During the past month, how long (in minutes) has it usually taken you to fall asleep ea
3. During the past month, when have you usually gotten up in the morning?
4. During the past month, how many hours of actual sleep did you get at night? (This ma
5. During the past month, how often have you had trouble sleeping because you . . .
(a) Cannot get to sleep within 30 minutes. Not during the past month Les
(b) Wake up in the middle of the night or early

morning.
Not during the past month Les

(c) Have to get up to use the bathroom. Not during the past month Les
(d) Cannot breathe comfortably. Not during the past month Les
(e) Cough or snore loudly. Not during the past month Les
(f) Feel too cold. Not during the past month Les
(g) Feel too hot. Not during the past month Les
(h) Had bad dreams. Not during the past month Les
(i) Have pain. Not during the past month Les
6. During the past month, how would you rate

your sleep quality overall?
Very good Fai

7. During the past month, how often have you
taken medicine (prescribed or “over the
counter”) to help you sleep?

Not during the past month Les

8. During the past month, how often have you
had trouble staying awake while driving, eating
meals, or engaging in social activity?

Not during the past month Les

9. During the past month, how much of a
problem has it been for you to keep up
enough enthusiasm to get things done?

No problem at all On

PSQI = Pittsburgh Sleep Quality Index.

2

2.2. Questionnaire interviews

The questionnaire administered in this study was Pittsburgh Sleep
Quality Index (PSQI) (Table 1).[12] It is a self-rating sleep
questionnaire. It has been used in clinic for almost 20 years and
over that time has consistently shown robust validity and
reliability[13–15] to evaluate the quality of sleep by scoring 7
different independent sleep components. The PSQI consisted of 17
self-ratedquestions corresponding to7 componentswhich included
subjective sleep quality, sleep latency, sleep duration, habitual sleep
efficiency, sleep disturbances, use of sleeping medication, and
daytimedysfunction. Each componentwas graded from0 to 3, and
the accumulated scores were measured as overall score, ranging
from 0 to 21. A higher score correlated with poorer sleep quality,
and scores≥6 indicatedpoor quality of sleep. It usually took5 to10
minutes forpatients to complete the questionnaire. In this study, the
PSQI questionnaire interview was conducted for each participant
preoperatively, at 1 m and 12 m postoperatively.
2.3. Statistics

Statistical Analysis System softwar (SPSS19.0 software) was used
in this study. The independent sample test and x2 test were used to
evaluate the difference between the 2 groups (BF-IOL group and
UVB-IOL group). One-Way ANOVA was used to evaluate the
difference of PSQI overall scores among the 3 time points
(preoperatively, 1 m and 12 m postoperatively) in each group.
The data of 7 components in PSQI was not normal distributed, so
the rank sum test was used for statistical analysis. A P value of <
0.05 was considered significant.

3. Results

Of the 152 recruited patients, 33 patients were lost during the 12-
months follow-up period because of the changed telephone
ch night?

ybe different than the number of hours you spend in bed.)

s than once a week Once or twice a week Three or more times a week
s than once a week Once or twice a week Three or more times a week

s than once a week Once or twice a week Three or more times a week
s than once a week Once or twice a week Three or more times a week
s than once a week Once or twice a week Three or more times a week
s than once a week Once or twice a week Three or more times a week
s than once a week Once or twice a week Three or more times a week
s than once a week Once or twice a week Three or more times a week
s than once a week Once or twice a week Three or more times a week
rly good Fairly bad Very bad

s than once a week Once or twice a week Three or more times a week

s than once a week Once or twice a week Three or more times a week

ly a very slight problem Somewhat of a problem A very big problem



Table 2

The Statistics of Descriptive Data before the cataract surgery in
the two groups.

BF-IOL group UVB-IO group P

Participants, n
Recruited 77 75
Enrolled 60 59

Mean age, SD 74 (5.7) 75 (5.7) 0.30
Sex, n, men/women 32/28 30/29 0.75
Poor sleep (≥6)% 40 (66.70%) 40 (67.80%) 0.90

The independent sample test and X2 test were used to evaluate the difference between the 2 groups.
BF-IOL=blue-light filtering intraocular lens, n=number, poor sleep = a higher score of Pittsburgh
sleep quality index overall score (≥6) correlated with poorer sleep quality, SD= standard deviation,
UVB-IOL=ultraviolet-blocking intraocular lens.

Figure 1. PSQI overall scores in the BF-IOL group (dotted line) and UVB-IOL
group (solid line) at 3 time points (pre-op, 1 m post-op, 12 m post-op). The
independent sample test was used to evaluate the difference of PSQI overall
scores between the 2 groups at 3 time points.

∗∗
, P<0.01. 1 m post-op = 1

month after the surgery, 12 m post-op= 12months after the surgery, BF-IOL=
blue-light filtering intraocular lens, Pre-op = before the surgery, PSQI =
Pittsburgh Sleep Quality Index, UVB-IOL = ultraviolet-blocking intraocular lens.
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number or address. There were 60 in the BF-IOL group (32 men,
53%; 28 women, 47%), and 59 (30 men, 51%; 29 women, 49%)
in the UVB -IOL group who finished all the PSQI Questionnaire
interviews enrolled in this study. The mean age of patients in 2
groups (BF-IOL group and UVB-IOL group) was 74±5.70 years
and 75±5.50 years, respectively. There was no significant
difference shown between the 2 groups (t= 0.41, P=0.30). There
was also no significant difference shown in the ratio of sex
between the 2 groups (x2 = 0.01, P=0.75). There were 40
(66.7%) patients in the BF-IOL group with preoperative PSQI
overall score≥6 and 40 (67.8%) patients in the UVB-IOL group
with preoperative PSQI overall score≥6. There was no significant
difference shown in the ratio of poor sleep between the 2 groups
(x2 = 0.02, P=0.90). The statistics of preoperative data in the 2
groups were shown in Table 2.
As Table 3 and Fig. 1 shown, PSQI overall scores in the BF-IOL

group was 6.00±1.09, preoperatively, which go down to 5.00±
1.09 at 1 m postoperatively and that was 5.00±1.04 at 12 m
postoperatively. There were significant differences of PSQI
overall scores among the 3 time points (preoperatively, 1 m
and 12 m postoperatively) in the BF-IOL group (F=17.35,P=
0.02). The PSQI overall score in patients who underwent BF-IOL
implantation improved significantly at 1 m postoperatively
compared to that preoperatively (P=0.00). This effect of
improvement sustained till 12 m postoperatively as compared
to the results preoperatively (P=0.00). PSQI overall scores in the
UVB-IOL group was 6.02±1.04 preoperatively, which go down
to 4.02±1.09 at 1 m postoperatively and that was 5.00±1.09 at
12m postoperatively (Table 3). There were significant differences
of PSQI overall scores among the 3 time points (preoperatively, 1
m and 12 m postoperatively) in the UVB-IOL group (F = 43.68,
P=0.00). The PSQI overall score of patients who underwent
Table 3

PSQI overall scores before and after cataract surgery in the 2 group

Pre-op 1 m

BF-IOL group (mean±SD) 6.00±1.09 5.
P#

UVB-IOL group (mean±SD) 6.02±1.04 4.
P#

One-way ANOVA was used to evaluate the differences of PSQI overall scores among 3 time points (pre
1 m post-op=1 month after the surgery, 12 m post-op=12 months after the surgery, BF-IOL=blue-lig
Scores, Px = the difference of PSQI Overall Scores among 3 time points in the 2 groups, Pre-op=be
∗
P<0.05.

∗∗
P<0.01.
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UVB-IOL implantation improved significantly at 1 m postopera-
tively compared to that preoperatively (P=0.00). This effect of
improvement also sustained till 12 m postoperatively as
compared to the results preoperatively (P=0.00). There was
no significant difference in PSQI overall scores between the 2
groups preoperatively (t=0.09, P=0.93) and at 12 m postoper-
atively (t= 0.08, P=0.93), whereas the scores were significantly
higher in the BF-IOL group at 1m postoperatively than that in the
UVB-IOL group (t = 4.92, P=0.00, Fig. 1).
As Table 4 shown, the median score of sleep latency in the BF-

IOL group decreased significantly at 1 m (Z=12.30, P=0.00) and
12 m (Z=12.01, P=0.00) postoperatively, which also happened
in the UVB-IOL group postoperatively (Z=23.50, P=0.00 at 1 m
and Z=11.35, P=0.00 at 12 m). The median score of daytime
dysfunction in the BF-IOL Group decreased significantly at 1 m
(Z=6.59, P=0.01) and 12m (Z= 6.59, P=0.01) postoperatively,
which also happened in the UVB-IOL group postoperatively
(Z=14.20, P=0.00 at 1 m and Z=8.44, P=0.00 at 12 m). There
were no significant differences shown in other 5 independent
sleep components (subjective sleep quality, sleep duration,
habitual sleep efficiency, sleep disturbances, and use of sleeping
medication) among the 3 time points (preoperatively, 1 m and 12
m postoperatively) in each group. There were also no significant
differences between the 2 groups for each 7 independent sleep
component before and after cataract surgery (all P>0.05).
s.

post-op 12 m post-op

00±1.09 5.00±1.04 F=17.35
= 0.00

∗∗
P#= 0.00

∗∗
Px= 0.02

∗

02±1.09 5.00±1.09 F=43.68
=0.00

∗∗
P#= 0.00

∗∗
Px= 0.00

∗∗

-op, 1 m post-op, 12 m post-op) in the 2 groups.
ht filtering intraocular lens, P# = the difference between postoperative and preoperative PSQI Overall
fore the surgery, SD= standard deviation, UVB-IOL=ultraviolet-blocking intraocular lens
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Table 4

Median Scores of the PSQI before and after cataract surgery in the 2 groups.

Post-op

Time Pre-op 1 m 12 m

IOL group UVB BF UVB BF UVB BF
Participants, n 59 60 59 60 59 60
Subjective sleep quality 1.00±0.00 1.00±0.00 1.00±1.00 1.00±0.00 1.00±0.00 1.00±0.00
Sleep latency 1.00±1.00 1.00±1.00 0.00±1.00

∗∗
0.00±1.00

∗∗
0.00±1.00

∗∗
0.00±1.00

∗∗

Sleep duration 1.00±0.00 1.00±0.00 1.00±1.00 1.00±0.00 1.00±0.00 1.00±0.00
Habitual sleep efficiency 1.00±1.00 1.00±1.00 1.00±1.00 1.00±1.00 1.00±1.00 1.00±1.00
Sleep disturbances 1.00±1.00 1.00±1.00 1.00±1.00 1.00±0.00 1.00±0.00 1.00±0.00
Use of sleeping medication 0.00±1.00 0.00±1.00 0.00±1.00 0.00±1.00 0.00±1.00 0.00±1.00
Daytime dysfunction 1.00±1.00 1.00±1.00 0.00±1.00

∗∗
0.00±1.00

∗
0.00±1.00

∗∗
0.00±1.00

∗

The rank sum test was used to evaluate the difference of each 7 independent sleep component between pre-op and post-op median scores in the 2 groups.
12 m=12 months, 1 m=1 month, BF=blue-light filtering, IOL= intraocular lens, post-op= after the surgery, Pre-op=before the surgery, UVB=ultraviolet-blocking.
∗
P<0.05.

∗∗
P<0.01.
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4. Discussion

BF-IOL was designed with the purpose of retinal protection.
Then, how the BF-IOL implantation will affect the quality of
sleep in the cataract patient after surgery with comparing to their
preoperative quality of sleep? In our study, we found that there
were significant differences shown in PSQI overall scores among
the 3 time points (preoperatively, 1 m and 12 m postoperatively)
in the BF-IOL group (P<0.05). The quality of sleep in patients
who underwent BF-IOL implantation improved at 1 m
postoperatively as compared to that preoperatively (P<0.01).
Our result was consistent with Wei’s study.[11] Although this
effect of improvement would sustain till 12 m postoperatively
(P<0.01), among the 7 independent sleep components, 2 of them
(sleep latency and daytime dysfunction) improved greatly at both
1 m and 12 m postoperatively (all P<0.05). There would be 2
reasons for the improvement on the quality of sleep in the BF-IOL
group after the cataract surgery. Once the cataract has been
removed, the overall light transmission increased. Although the
BF-IOL is able to block part of purple and blue visible light
between 400 and 500nm, the residual blue light transmission of
BF-IOL is sufficient to suppress the melatonin at daytime. The
circadian rhythm regulatory system was responded to the sudden
increased light exposure.[16] The inhibition of melatonin
secretion, which keeps people awake at daytime, further
improves the quality of sleep at nighttime. Another reason for
the improvement of sleep quality was the recovery of visual acuity
after the cataract surgery. The increased visual acuity making
peoples do more physical exercise at daytime, so they would feel
sleepier at nighttime.
Secondly, how the BF-IOL implantation in cataract patient will

affect the quality of sleep after the surgery with comparing to the
conventional UVB-IOL implantation? As Fig. 1 shown in our
study, there was no significant difference in the preoperative PSQI
overall score between the 2 groups (P>0.05). However, the
improvement of sleep quality in the UVB-IOL group was greater
than that in the BF-IOL group only at early time (1 m)
postoperatively (P<0.01), but not late time (12 m, P>0.05).
Moreover, there were no significant differences shown between
the 2 groups in each 7 independent sleep component at any 3 time
points: preoperatively, 1 m and 12 m postoperatively (all P>
0.05). The greater of improvement in the UVB-IOL group on the
quality of sleep than that in the BF-IOL group is because that
the blue light transmittance of the BF-IOL is lower than that of
4

UVB-IOL at early time. As time goes by, patients adapted to the
new conditions. So there was no significant difference shown on
the quality of sleep between the 2 groups at late time
postoperatively. Our conclusion is consistent with Landers’
finding[10] that BF-IOL implantation had no adverse effect on the
sleep quality in cataract patients after the surgery as comparing
with the conventional UVB-IOL implantation.
In summary, the sleep quality of cataract patients improved

after IOL implantation, regardless of the type of IOL, suggesting
that BF-IOL might serve as an alternative to conventional UVB-
IOL without a detrimental effect on quality of sleep after cataract
surgery.

References

[1] Ham WTJr, Ruffolo JJJr, Mueller HA, et al. The nature of retinal
radiation damage: dependence on wavelength, power level and exposure
time. Vision Res 1980;20:1105–11.

[2] Terman JS, Terman M, Lo S, et al. Circadian time of morning light
administration and therapeutic response in winter depression. Arch Gen
Psychiatry 2001;58:69–75.

[3] Wright HR, Lack LC, Kennaway DJ. Differential effects of light
wavelength in phase advancing the melatonin rhythm. J Pineal Res
2004;36:140–4.

[4] Morita T, Tokura H, Wakamura T, et al. Effects of the morning
irradiation of light with different wavelengths on the behavior of core
temperature and melatonin in humans. Appl Human Sci 1997;16:
103–5.

[5] Sasseville A, Paquet N, Sevigny J, et al. Blue blocker glasses impede the
capacity of bright light to suppress melatonin production. J Pineal Res
2006;41:73–8.

[6] Schwartz L, Boellle PY, D’hermies F, et al. Blue light dose distribution
and retinitis pigmentosa visual field defects: an hypothesis. Med
Hypotheses 2003;60:644–9.

[7] Mainster MA. Intraocular lenses should block UV radiation and violet
but not blue light. Arch Ophthalmol 2005;123:550–5.

[8] Werner JS. Night vision in the elderly: consequences for seeing through a
“blue filtering” intraocular lens. Br J Ophthalmol 2005;89:1518–21.

[9] Mainster MA. Violet and blue light blocking intraocular lenses:
photoprotection versus photoreception. Br J Ophthalmol 2006;90:
784–92.

[10] Landers JA, Tamblyn D, Perriam D. Effect of a blue-light-blocking
intraocular lens on the quality of sleep. J Cataract Refract Surg 2009;35:
83–8.

[11] Wei X, She C, Chen D, et al. Blue-light-blocking intraocular lens
implantation improves the sleep quality of cataract patients. J Clin Sleep
Med 2013;9:741–5.

[12] Buysse DJ, Reynolds CF, 3rd, Monk TH, et al. The Pittsburgh Sleep
Quality Index: a new instrument for psychiatric practice and research.
Psychiatry Res 1989;28:193–213.



[13] Kotronoulas GC, Papadopoulou CN, Papapetrou A, et al. Psychometric [15] Carpenter JS, Andrykowski MA. Psychometric evaluation of

Feng et al. Medicine (2016) 95:51 www.md-journal.com
evaluation and feasibility of the Greek Pittsburgh Sleep Quality Index
(GR-PSQI) in patients with cancer receiving chemotherapy. Support Care
Cancer 2011;19:1831–4.

[14] Tsai PS, Wang SY, Wang MY, et al. Psychometric evaluation of the
Chinese version of the Pittsburgh SleepQuality Index (CPSQI) in primary
insomnia and control subjects. Qual Life Res 2005;14:1943–52.
5

the Pittsburgh Sleep Quality Index. J Psychosom Res 1998;45:
5–13.

[16] Riemersma-van der Lek RF, Swaab DF, Twisk J, et al. Effect of bright
light and melatonin on cognitive and noncognitive function in elderly
residents of group care facilities: a randomized controlled trial. JAMA
2008;299:2642–55.

http://www.md-journal.com

	Impact of blue-light filtering intraocular lens implantation on the quality of sleep in patients after cataract surgery
	1 Introduction
	2 Material and methods
	2.1 Patients
	2.2 Questionnaire interviews
	2.3 Statistics

	3 Results
	4 Discussion
	References


