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Abstract
Purpose Two types of intraocular lenses (IOLs), namely ultraviolet-filtering IOL (UVF-IOL) and blue-light-filtering IOL
(BF-IOL), are used to replace the aging lens in cataract patients. This provides a clinical scenario to investigate the BF and
UVF effects on circadian rhythm. We revisited this topic and conducted an updated meta-analysis investigating the effects of
UVF-IOL and BF-IOL on sleep quality.
Methods A literature search was conducted using the PubMed, Embase, and Cochrane Library databases, and finally, four
randomized controlled trials, one nonrandomized controlled study, and two cohort studies were included in this meta-analysis.
Results The fixed-effect model revealed a significantly larger sleep quality improvement in the UVF-IOL group than in the
BF-IOL group (standard mean difference [SMD]= 0.10, 95% confidence interval [CI]: 0.00–0.21) at 3–8 weeks but not
7–12 months after IOL implantation (SMD= 0.03, 95% CI: −0.08 to 0.13). The random effects model revealed
no difference between groups at 3–8 weeks (SMD= 0.16, 95% CI: −0.07 to 0.39) and 7–12 months (SMD= 0.03, 95%
CI: −0.08 to 0.13) after IOL implantation.
Conclusions Our study found some weak evidence supporting that UVF-IOL implantation demonstrated a greater
improvement in subjective sleep quality than the BF-IOL implantation only in a shorter period but not in a longer period.
More trials should be conducted before further recommendations. Nevertheless, our study provides some insights into
the effects of short wavelength electromagnetic radiation on the circadian rhythm. PROSPERO registration number:
CRD42019128832.

Introduction

Light, an entity of a combination of electromagnetic waves,
affects the activities of possibly all organisms on earth [1].
The circadian rhythm, entrained by light input, is mediatedThese authors contributed equally: Tsung-Min Lee, El-Wui Loh
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by intrinsically photosensitive retinal ganglion cells
(ipRGC) [2]. These retinal ganglion cells contain mela-
nopsin—a photopigment that is sensitive to short wave-
lengths, especially the spectrum around 480 nm [3–7]. The
axons of the ipRGC mainly project to the suprachiasmatic
nucleus in the hypothalamus and regulate the secretion of
melatonin by the pineal gland [8, 9], with peak production
at 464 nm [10].

The normal human crystalline lens absorbs ultraviolet
(UV; wavelength: 10–400 nm) and harmful short wave-
lengths in visible electromagnetic radiation, namely blue
light (wavelength: 400–495 nm) [11]. Age-related cat-
aracts present with a yellow-brownish discoloration,
which indicates an accumulation of chromophores that
preferentially absorb short wavelengths in the visible
spectrum [12]; the discoloration predominantly reduces
the input of short wavelength light and reduces the light
input by more than 70% [13]. Currently, replacing the
aging lens with an artificial intraocular lens (IOL) is the
only treatment for improving light transmission in cat-
aract patients [14]. A wide range of IOLs is available,
and two types of IOL, namely the conventional UV-
filtering IOL (UVF-IOL) and blue-light-filtering IOL
(BF-IOL), are commonly used for implantation in
patients with cataract [15]. These two types of IOLs are
used to reduce damage caused by retinal pigment epi-
thelial cells exposed to short wavelengths, mainly UV
light (10–400 nm) and blue light (400–495 nm), and
therefore reduce the risk of age-related macular degen-
eration [15–17]. A meta-analysis showed that post-
operative visual performance did not differ between
patients with BF-IOLs and those with UVF-IOL, but the
colour vision was significantly compromised in blue
light under mesopic conditions in patients with BF-IOL
[18]. A systematic review of various types of studies
based on the Oxford Centre for Evidence-Based Medi-
cine criteria [19] and a systematic review of randomized
controlled trials (RCTs) [20] did not provide a consensus
regarding which of the two types of IOL offers greater
photoprotection. Nevertheless, the choice between the
two types of IOL in cataract surgery provides a clinical
scenario for the investigation of the effects of BF and
UVF on the circadian rhythm. Meta-analyses of non-
randomized controlled studies (NRSs) [21] and RCTs
[22] have not provided evidence that either BF or UVF
might be better than the other in terms of a normal cir-
cadian rhythm. Because new controlled trials and studies
comparing the effects of UVF-IOL and BF-IOL
implantation have been published recently, we revis-
ited this issue and conducted an updated meta-analysis
to investigate the effects of UVF and BF on sleep
quality.

Methods

Search strategy and study eligibility

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis guidelines in this study. A
systematic literature search was performed using the
PubMed, Embase, and Cochrane Library databases until
May 2019. A combination of keywords, namely sleep,
cataract, and blue light in the form of title words or
medical subject headings were used in the search. Two
reviewers (T-ML and DW) performed the literature search
independently. Discrepancies were resolved through dis-
cussion and consultation with the other two reviewers (K-
WT and E-WL). The reference lists of all retrieved articles
were manually examined to determine whether listed arti-
cles met the inclusion criteria. The proposal of our sys-
tematic review and meta-analysis was reviewed and
accepted by the PROSPERO (registration number:
CRD42019128832).

Inclusion and exclusion criteria

We investigated controlled trials or studies that compared
UVF-IOL and BF-IOL replacement in cataractous eyes.
Studies were included if they enroled patients diagnosed
with cataract with nuclear opacification grades of ≥2
according to the Lens Opacities Classification System II;
they were randomized or nonrandomized trials or controlled
studies focusing on the effect of cataract surgery on sleep
quality; and if patients had undergone either UVF-IOL or
BF-IOL implantation following phacoemulsification. Stu-
dies were excluded if they were conference abstracts,
single-arm trials or studies, or duplicate publications.

Bias assessment

Two methods were used for assessing the risk of bias in this
study. The risk of bias of NRSs and cohort studies was
assessed according to the Cochrane Methodology of Risk of
Bias in Non-Randomized Studies of Interventions
(ROBINS-I) [23]. RCTs were assessed according to the
revised Cochrane risk-of-bias tool for randomized trials
(Rob 2.0, released 15 March 2019) [24]. The ROBINS-I
included the following seven aspects: confounding bias,
selection of participant bias, classification of intervention
bias, deviations from intended intervention bias, missing
data bias, outcome measurement bias, and selection of
reporting bias. The Rob 2.0 included the following five
aspects: bias arising from the randomization process,
deviation from intended interventions, missing outcome
data, measurement of the outcome, and selection of the
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reported result. Two reviewers (T-ML and DW) completed
the risk-of-bias assessment independently. Disagreements
were resolved through discussion and consultation with the
other two reviewers (K-WT and E-WL).

Data extraction and outcomes of interest

Two reviewers (T-ML and DW) extracted data and com-
pared results. Discrepancies were resolved through discus-
sion and consultation with the other two reviewers (K-WT
and E-WL). The outcome was primarily subjective sleep
quality as measured by using the Pittsburgh Sleep Quality
Index (PSQI), Epworth Sleepiness Score (ESS), pictorial
sleepiness scale (PSS), or other similar scales. A lower
score in PSQI, ESS, and PSS implicates better sleep quality.

Data synthesis and statistical analysis

Changes in scores before and after surgery were used for
meta-analyses. For trials that reported the baseline and
endpoints, changes in scores were calculated using the
method recommended in the Cochrane Handbook (a cor-
relation between baseline and endpoint measurement of 0.5
was used) [25].

Continuous outcome data were analysed using the stan-
dard mean difference (SMD). The precision of each effect
size was reported as a 95% confidence interval (CI).
Cochran’s Q test was conducted, and the I2 was calculated
to evaluate statistical heterogeneity and inconsistency
between treatment effects across trials. To facilitate report-
ing, we tentatively assigned levels of heterogeneity, namely
low, moderate, and high, to I2 values of 25–50%, 51–75%,
and 76–100%, respectively, [26].

We reported both random effects [27] and fixed-effect
[28] models in the meta-analyses. All analyses were per-
formed using the Review Manager (version 5.3; The
Cochrane Collaboration, 2014, the Nordic Cochrane Centre,
Copenhagen, Denmark).

Results

Literature search

The sampling procedures are delineated in Fig. 1. A total of
68 articles were identified in the initial search and a related
trial was found in the reference list. After duplicates were
removed, 43 articles were potentially relevant. Then, 20
irrelevant articles were excluded. After further examination
of the contents of remaining articles, one reply letter, one
conference paper, seven reviews and/or meta-analyses, two
protocols, and five single-arm trials were excluded. Finally,
seven articles, namely four RCTs [13, 29–31], one NRS

[15], and two cohort studies [14, 32], were selected. The
characteristics of the included trials and studies are sum-
marized in Table 1. Their sample size ranged from 63 to
961 patients. Most of these trials and studies reported age
information of the participants except one trial. The inclu-
sion criteria of these trials and studies varied, so as the sides
of implanted eyes (unilateral or bilateral), the interval to
fellow eye surgery, and the assessment scale and time.

Bias assessment

The assessment results are summarized in Table 2. Zam-
browski et al. [31] demonstrated a low risk of bias in all five
risk domains. Both Brøndsted et al. [30] and Brøndsted et al.
[29] demonstrated a low risk of bias arising from the ran-
domization process, missing outcome data, measurement of
the outcome, and selection of the reported result and some
concerns in the bias arising from deviation from intended
interventions. Schmoll et al. [13] demonstrated some con-
cerns in the bias arising from the randomization process,
deviation from intended interventions, measurement of the
outcome, and selection of the reported result and high risk of
bias arising from missing outcome data. Deviation from
intended intervention appeared to be common in the included
RCTs mainly because of the deficiency of related information
in the articles. In the NRS [15] and cohort studies [14, 32],

Records iden�fied from databases and reference list: 69
Pubmed: 28
Cochrane Library: 10
Embase: 30
Reference list: 1

Redundancy: 26

Poten�ally relevant records: 43

Excluded records: 36
Editor reply le�er: 1
Conference abstract: 1
Review: 5
Irrelevant: 20
Protocol: 2
Meta-analysis: 2
Single-arm comparison: 5

Trials and studies included in meta-analysis: 7
RCT: 4
NRS: 1
Cohort: 2

Fig. 1 Risk of bias. Rob 2.0 revised Cochrane risk-of-bias tool was
used to assess the randomized trials and ROBINS-I risk of bias was
used to assess the nonrandomized studies of interventions. Sampling
flowchart.

Effects of ultraviolet and blue-light filtering on sleep: a meta-analysis of controlled trials and. . . 1631



none of the domains accessed exhibited a serious risk, whereas
a moderate risk was predominant over confounding, devia-
tions from intended intervention, measurement of outcomes,
and selection of reported results. All three studies had a low
risk in the classification of intervention. For the selection of
participants into study and missing data, both the cohort
studies demonstrated a low risk, whereas the NRS demon-
strated a moderate risk.

Subjective sleep quality

All included studies compared the effect of the two types
of IOL on subjective sleep quality. Among them, four
included trials and studies compared the effect of the two
types of IOL on PSQI 3–8 weeks [14, 15, 30, 32] and four
on 7–12 months [14, 15, 29, 32] after implantation; one
included study reported the finding using a PSS with the
change of score calculated from the 1-week average
2 months after surgery and the 1-week average before
surgery [31], and one included study reported a non-
significant finding on ESS without providing any statis-
tical detail [13]. Finally, six studies with statistical results
were used in the meta-analysis. Figure 2 demonstrates the
pooled effects of the two types of IOL on changes in
subjective sleep quality in a fixed-effect model, and Fig. 3
demonstrates the effects in a random effects model. The
fixed-effect model revealed a significantly larger ampli-
tude of subjective sleep quality improvement in the UVF-
IOL group than in the BF-IOL group (SMD= 0.10, 95%
CI: 0.00–0.21) 3–8 weeks after implantation with mod-
erate heterogeneity across trials (p= 0.01, I2 = 69%). The
between-group difference 7–12 months after implantation
(SMD= 0.03, 95% CI: −0.08 to 0.13) and the hetero-
geneity across trials (p= 0.45, I2 = 0%) were not sig-
nificant. No difference was observed between the two
analyses (p= 0.31, I2= 2.0%).

The random effects model, though demonstrates a trend
in the same direction, did not reveal a statistical between-
group difference at 3–8 weeks (SMD= 0.16, 95% CI:
−0.07 to 0.39) after implantation. Similar to that observed
in the fixed model, no difference was found in
7–12 months (SMD= 0.03, 95% CI: −0.08 to 0.13).
Moderate heterogeneity across the trials was observed
3–8 weeks after implantation (p= 0.01, I2= 69%) but not
7–12 months after implantation (p= 0.45, I2= 0%).
Similarly, there was no difference between two analyses
(p= 0.31, I2= 1.8%).

Discussion

Our study demonstrated that UVF-IOL implantation sig-
nificantly reduced the PSQI score compared with BF-IOLTa
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implantation in cataract patients 3–8 weeks after surgery
according to the fixed-effect model. No significant differ-
ence was observed between the two types of implantation
7–12 months after surgery, either by random- or fixed-effect
models.

On most occasions, the random effects model is used in a
meta-analysis. Similarly, two previous meta-analyses
examining the blue-filtering effect on cataract patients
used the random effects model in their meta-analyses. The
fixed-effect model may be used in a meta-analysis in the
following conditions: (1) all studies included in the analysis

are functionally identical and (2) the study goal is to com-
pute the common effect size for an identical population and
not generalize the findings to other populations [28, 32, 33].
These conditions were met in our study. The results of the
fixed-effect model appeared more reasonable because phy-
siological changes caused by IOL implantation are attribu-
table only to a change of wavelength in a small, closed, and
fixed environment in cataract patients. In other words, the
meta-analysis performed using the fixed-effect model is
appropriate in our study because all included trials are
functionally identical, and the inference is limited to the

Table 2 Risk of bias.
RoB 2.0 Schmoll [13] Brøndsted [30] Brøndsted [29] Zambrowski [31]

RCT RCT RCT RCT

Randomization process Some concerns Low risk Low risk Low risk

Deviation from intended
interventionsa

Some concerns Some concerns Some concerns Low risk

Missing outcome data High risk Low risk Low risk Low risk

Measurement of the outcome Some concerns Low risk Low risk Low risk

Selection of the reported result Some concerns Low risk Low risk Low risk

Overall High risk Some concerns Some concerns Low risk

ROBIN-I Alexander [14] Ayaki [32] Feng [15]

Cohort Cohort NRS

Confounding Moderate Moderate Moderate –

Selection of participants into study Low Low Moderate –

Classification of intervention Low Low Low –

Deviations from intended
intervention

Moderate Moderate Moderate –

Missing data Low Low Moderate –

Measurement of outcomes Moderate Moderate Moderate –

Selection of reported results Moderate Moderate Moderate –

aEffect adhering to intervention.

Fig. 2 Forest plot comparing ultraviolet-filtering intraocular lenses (UVF-IOLs) and blue-light-filtering IOL (BF-IOLs) in the fixed-effect
model. Test for subgroup difference: χ2= 1.02, df= 1 (p= 0.31, I2= 2.0%).
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specific population included in the analysis. However, it
should be reminded that the significant findings of our study
are rather weak.

In addition to trials and studies that reported changes in
subjective sleep quality prospectively, investigations using
other experimental designs have been published. Lander
et al. conducted a retrospective nonrandomized study
comparing the effects of UVF-IOL and BF-IOL on sleep
quality [34]. The study reported no difference between the
groups. The results of single-arm interventions for PSQI
scores [2, 3], ESS scores [3], number of poor sleepers [2],
melatonin secretion profiles [35], and other sleep quality
indicators [2, 35] described the changes before and after the
implantation of the types of IOL examined. Similarly, the
meaning of meta-analysis [22] of the single-arm interven-
tions simply means that the types of IOL investigated is
effective in improving subjective sleep quality in cataract
patients.

The short-term difference between UVF-IOL and BF-
IOL implantation in cataract patients may be partially
explained by the circadian system reacting to acute
changes in light exposure, which eventually habituates
and restores to the pre-exposure status [14, 15, 36].
Cataract surgery would increase blue-light transmission
by ~250% in cataract patients with BF-IOL implantation
and 300% in cataract patients with UVF-IOL implanta-
tion [30]. The additional blue-light transmission, which
benefits sleep quality, appears to be adapted by the cir-
cadian system and returns to the norm after a period.
However, both types of IOLs probably effectively
improve sleep quality, and the difference can be detect-
able in the early period after IOL implantation but not
distinguishable after 7–10 months. The adaption phe-
nomenon was also observed in the RCT conducted by
Schmoll et al. that the ESS reduction was significant for

cataract patients who had one-eye surgery but not for
those who had two-eye surgery as compared with control
[13]. Additional studies are required to test this hypoth-
esis. Furthermore, the possibility of a ceiling effect
cannot be excluded; the effect could have resulted from
treatments having reached their highest capacity or
effects being not measurable. Although BF-IOLs are
promoted to preserve the macular health and prevent age-
related macular degeneration [31], decreased light
transmission in BF-IOLs may affect colour vision, con-
trast sensitivity, and scotopic sensitivity, in addition to
sleep quality and circadian rhythms [37]. Nevertheless,
recent systematic reviews have demonstrated that BF-
IOL and UVF-IOL do not differ in terms of best-
corrected visual acuity, short-term contrast sensitivity,
macular pigment optical density, contrast sensitivity,
colour discrimination, daytime alertness, reaction time,
or patient satisfaction [20, 37, 38].

Both methodological and clinical factors might have
contributed to the heterogeneity observed in this study.
First, our included studies adopted different experimental
designs, namely RCT, NRS, and cohort studies, meaning
different levels of measuring errors. Second, different
diagnostic criteria were used for the included studies,
implying that patient populations might consist of cataract
patients of different severity, and thus, might need different
recovery speed after surgery and time length for optical and
circadian adjustments. Third, although three controlled
trials conducted implantations for both eyes of their
patients, one cohort study included those who underwent
unilateral or bilateral implantation, and the other cohort
study did not report information on this issue. This poses a
question of light dose effects.

Our study has a few limitations. First, the scenario
occurred in cataract patients. The question of whether blue-

Fig. 3 Forest plot comparing ultraviolet-filtering intraocular lenses (UVF-IOLs) and blue-light filtering. IOL (BF-IOLs) in the random
effects model. Test for subgroup difference: χ2= 1.02, df= 1 (p= 0.31, I2= 1.8%).
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filtering effects may be generalized to the general popula-
tion, for example, people using blue-filtering spectacles and
screens, remains unanswered. Second, most of the cataract
patients in the included trials were elderly patients and had
severe cataract. Thus, the findings of this study may not be
applied to younger patients with cataract or patients with
mild cataract.

Conclusions

Our study found some weak evidence demonstrating that
UVF-IOL implantation causes a greater improvement in
subjective sleep quality than BF-IOL implantation within a
short period but not after a longer period as revealed in the
fixed model. The strength of evidence has not yet indicated
a need of concerning UVF-IOL in priority. The choices
should be based on ophthalmological indications and con-
siderations. Nevertheless, our findings provide some
insights into the effects of short wavelength electromagnetic
radiation on the circadian rhythm. Additional trials and
studies with larger sample sizes are warranted to clarify
this issue.

Summary

What was known before

● UVF-IOL and BF-IOL are commonly used for implan-
tation in cataract patients. Both are designed to reduce
the potential damage of short wavelengths on the retina
and retinal pigment epithelium, while BF-IOL was
introduced later to prevent chromatic aberration and
cyanopsia; further synthesis showed that BF-IOL
compromises the colour vision in blue light under
mesopic conditions.

● The choice of IOL provides a clinical scenario for the
investigation of the effects of BF and UVF on the
circadian rhythm.

● Previous syntheses did not find any evidence that UVF-
IOL and BF-IOL affect the circadian rhythm differently.

What this study adds

● Our updated synthesis found weak evidence that UVF-
IOL implantation causes a greater improvement in
subjective sleep quality than BF-IOL implantation
within a short period.

● The findings have little impact on clinical practice but
provide further insight into the effects of light on the
circadian rhythm.
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