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Sensitivity to light in bipolar disorder:
implications for research and
clinical practice
Amber Roguski, Philipp Ritter and Daniel J. Smith

Circadian dysfunction is a core feature of bipolar disorder and
may be due, at least in part, to abnormalities of non-visual
photoreception. We critically review the evidence for light
hypersensitivity in bipolar disorder and discuss how this may
shape future research and clinical innovation, with a focus on a
possible novel mechanism of action for lithium.
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Circadian dyregulation is a core feature of
bipolar disorder

For individuals with bipolar disorder – particularly those living at
more extreme latitudes – episodes of mania and depression
exhibit a sensitivity to seasonal patterns of light exposure.
Analyses of hospital admission records demonstrate peaks for
mania during spring/summer, coinciding with longer day length
(photoperiods) and peaks for depression in winter when daylight
is more limited. Mania and depression admissions increase particu-
larly around the spring and autumn equinoxes, respectively, when
day-to-day changes in photoperiod length are most rapid.
Interestingly, these trends appear to be strongest for women, sug-
gesting a possible gender difference in photoperiod sensitivity.

Seasonal variation in symptoms may provide a key mechanistic
insight for circadian disruption in bipolar disorder: namely, that
changes in light exposure levels can disrupt circadian rhythms
and destabilise the euthymic mood state. According to this ‘light
hypersensitivity hypothesis’, people with bipolar disorder may
have some pathophysiological vulnerability that makes them more
susceptible to the destabilising effects of excess light at night and
rapid daily changes in photoperiod length. Indirect clinical evidence
supporting light hypersensitivity in bipolar disorder comes from the
recognised efficacy of chronotherapies such as bright-light therapy
for bipolar depression and blue-light blocking glasses (or ‘dark
therapies’) for mania.1

Light hypersensitivity may be enriched in
bipolar disorder

Between the 1980s and early 2000s, several studies investigated light
sensitivity in bipolar disorder by assessing in vivo light-induced
melatonin suppression (for review see Swope et al2). Guided by

observations that melatonin levels may be elevated during mania
and decreased during bipolar depressive episodes, initial investiga-
tions of light sensitivity by Lewy et al3 assessed small numbers of
people with bipolar disorder during extreme mood states (for
example, two patients withmania and two with bipolar depression)2

(see Table 1). This small study reported 50% suppression of mela-
tonin when participants with bipolar disorder were exposed to
500 lux (compared to minimal suppression in a control group).
Increasing light intensity to 1500 lux almost completely suppressed
melatonin levels in the bipolar disorder group, compared with only
60% suppression in the control group. These melatonin suppression
experiments were subsequently extended to euthymic bipolar dis-
order, with several research groups reporting overall increased
melatonin suppression in response to night-time light stimulation2

(Table 1).
Conversely, several groups have reported that control partici-

pants may have either greater or comparable levels of melatonin
suppression to those of participants with bipolar disorder.2 In one
study by Nurnberger et al,4 this null result became positive
when the bipolar disorder group was stratified into type I (BD-I)
and type II (BD-II): individuals with BD-I exhibited greater
melatonin suppression than BD-II and control participants.
Additionally, participants with bipolar disorder not taking
medication had the greatest melatonin suppression. The largest
and most well-controlled study to date by Ritter and colleagues5

used a well-defined BD-I cohort and found no evidence for light
hypersensitivity or elevated melatonin suppression compared with
that in control participants.2

These contradictory results raise several important issues. First,
the within-group variation of melatonin suppression in these
studies demonstrates that light sensitivity is not uniform. Indeed,
we now know that sensitivity to light is influenced by age, gender,
genetic variability, eye colour and pupil size, as well as by environ-
mental factors such as prior light exposure. These factors mean that
light hypersensitivity is enriched in certain demographic, at-risk,
and disease populations. For example, increased sensitivity to
light (and elevated melatonin suppression) has been reported in
younger age groups and in delayed sleep–wake phase disorder,
and some studies suggest that people with unipolar depression
may have reduced sensitivity to light.2 This variability may also
apply to subtypes of bipolar disorder: melatonin suppression may
be greater in BD-I than in BD-II (but, as noted above, the only
study to assess this so far had a very small sample size).

Another limitation of previous bipolar disorder light hypersen-
sitivity investigations is the lack of in-depth phenotypic
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characterisation of study participants. For example, several studies
were conducted prior to DSM-IV (1994), before BD-II was intro-
duced and specific inclusion/exclusion criteria or diagnostic defini-
tions were often not provided. It is also not clear whether the broad
clinical spectrum of bipolar disorder (from bipolar disorder – not
otherwise specified to BD-II and BD-I) directly parallels a light sen-
sitivity spectrum, or if other confounding factors (such as age,
gender and medication) contribute to differences in light sensitivity
between BD-I and BD-II. To date there has been no study that com-
pares control participants with distinct BD-I and BD-II groups.

The evidence supporting light hypersensitivity in bipolar dis-
order therefore comes from a relatively limited number of small
studies. Discrepancies between studies may be explained by con-
founding factors such as light delivery timing, differences in spectral
composition, medication status, differences in pupillary diameter,
bipolar disorder diagnostic heterogeneity and individual differences
in light sensitivity. One important factor that no studies have
adjusted for (including those by Ritter et al5) is individual differ-
ences in circadian phase. As people with bipolar disorder often
exhibit a delayed circadian phase, delivery of the light stimulus at
the same time for all participants is likely to be a serious confound.
Future experiments should therefore adjust the timing of light
stimuli delivery according to an individual’s circadian phase.

It is also important to note that most investigations into light
hypersensitivity were conducted prior to the discovery (in 1998)
of melanopsin-containing intrinsically photosensitive retinal gan-
glion cells (ipRGC), which are the main conduit for non-visual/cir-
cadian light effects. These studies therefore lacked a key piece of
mechanistic information, which might have informed study
design decisions and the interpretation of findings.

Locating light hypersensitivity pathology
in the retinohypothalamic tract

Clearly more research on light sensitivity in bipolar disorder (and
potential links to mechanisms of relapse) is warranted. Objec-
tive markers of light hypersensitivity to assess in future work
would include: functional and structural changes in the retino–
hypothalamic–pineal pathway; changes in melatonin levels; changes
to behaviour; and changes in mood or activity symptoms in response
to light stimuli. The success of light- and dark-chronotherapies – as
well as experimental evidence that melatonin suppression recovery
does not differ between bipolar disorder and control groups2 –
suggests that pathways that are downstream from the suprachias-
matic nucleus for melatonin synthesis are intact and sufficient for
entraining circadian rhythms, and that light is in itself capable of
influencing mood states.

Some evidence therefore points to photic stimulation as a puta-
tive trigger for changes in circadian markers (including, but not
limited to, melatonin secretion). A logical next step is to plan inves-
tigations at the level of the retina and, specifically, to study ipRGCs.
There have been no cellular studies of ipRGC function in bipolar
disorder so far. However, retinal imaging has identified that
people with bipolar disorder may have decreased thickness of
retinal nerve fibre and ganglion cell layers. Furthermore, psycho-
physical testing has found colour vision abnormalities in people
with bipolar disorder. Retinal pathology may therefore be a key
(but previously unrecognised) feature of bipolar disorder, and
light hypersensitivity occurring via ipRGC dysfunction is feasible
and testable.

Table 1 Summary of melatonin suppression studies in bipolar disorder

Authors
Bipolar disorder
group, n; state

Control
group, n

Bipolar disorder
medications

Bipolar disorder
group melatonin

suppression, % (s.e.)a

Control group
melatonin

suppression, % (s.e.)a

Evidence for bipolar
disorder light
hypersensitivity

Lewy et al3 n = 4; n = 2 manic, n = 2 with
current depression

n = 6 No details 500 lux: 50 500 lux: negligible
1500 lux: ∼100 1500 lux: 60

Lewy et al6 n = 11; euthymic n = 24 Medications ceased 2
weeks prior to study;
most participants were
on lithium

500 lux: 61.5 (1.6) 500 lux: 28 (5.8)

Nathan et al7 n = 8; presumed euthymic n = 63 6/8 on lithium medication,
with two not on
medication

200 lux: 43.57 200 lux: 14.33

Hallam et al8 n = 7 (BD-I); euthymic n = 33 Stable medications, no
further details

200 lux: 51 200 lux: ∼25
500 lux: 61 500 lux: ∼30
1000 lux: 73 1000 lux: ∼45

Inconclusive evidence
for bipolar disorder
light hypersensitivity

Nurnberger et al4 n = 29 (n = 21 BD-I, n = 8 BD-II);
euthymic

n = 50 Mix of medications 500 lux: 29.8 (5.5)
BD-I only: 62.7 (5.6)

500 lux: 34.6 (2.6)
Matched to BD-I only:

40.0 (9.1)
Evidence against bipolar

disorder light
hypersensitivity

Lam et al9 n = 8 (n = 4 BDI-I, n = 4 BD-II); n = 2
BD-I with current depression,
n = 2 BD-I manic, n = 4 BD-II
with current depression

n = 15 No psychotropic drugs No % given; control had
larger suppression

No % given; control
had larger
suppression

Whalley et al10 n = 15; euthymic n = 15 No medications 500 lux: 38.3 (8.2) 500 lux: 50.4 (6.5)
Ritter et al5 b n = 33 (BD-I); euthymic n = 57 Mixed medications 5.0 (39.1) 14.6 (20.6)

BD-I, bipolar disorder type I; BD-II, bipolar disorder type II.
a. Data are s.d. for Whalley et al.10

b. Ritter et al5 used photon density (1.6 × 1013 photons/cm2/s) as a measure of photic stimulation.
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Taking this a step further, some kind of pathological change to
retinal structure and/or function could result in a vulnerability to
changes in both visual and non-visual responses. One consequence
of this is could be supersensitivity to blue light at night and
increased susceptibility to circadian phase shifts (as demonstrated
by Ritter et al11) caused by natural or synthetic light stimuli that
are out-of-sync with the external environment. These phase shifts
could lead to misalignment of internal and external clocks and dis-
rupted daily rhythms of sleep, neuroplasticity, activity, metabolism
and immune function. The adverse effects of these changes (such as
sleep fragmentation and sleep deprivation) could then cause indivi-
duals to relapse into mania or depression. Importantly for this ten-
tative hypothesis, circadian dysfunction in bipolar disorder is
posited as a downstream consequence of retinal pathology.

A potential mechanism of action for lithium

If light hypersensitivity is a true biomarker of bipolar disorder (even
within a subgroup) then the implications for understanding current
treatments and for developing new therapies could be substantial.
Lithium is a gold-standard treatment for bipolar disorder but it is
not effective for at least one-third of patients, suggesting the exist-
ence of subgroups with ‘lithium-responsive’ and ‘lithium non-
responsive’ bipolar disorder. Although lithium’s mechanism of
action is unclear, good evidence indicates that it regulates neuro-
transmission and has neuroprotective effects by reducing neural
excitotoxicity. It is also known that lithium has a dose-dependent
effect on the circadian period length and can stabilise internal
free-running period length, as well as delaying the sleep phase.
We would add that lithium may also be effective (at least in some
patients) by correcting retinal hypersensitivity to light at night.

The plausibility of retinal effects of lithium is supported by
human magnetic resonance imaging research that shows that
lithium accumulates within the eyes.12 Early animal studies demon-
strated that lithium stabilised circadian rhythms by reducing light-
induced phase delays and that it influenced pupillary response to
light (but not dark).13 Thus, it is likely that lithium acts by modulat-
ing the retinal response to light rather than modulating pupillary
muscle tone. In healthy human participants, 5 days of lithium
therapy reversed the effects of light-induced melatonin suppres-
sion.14 One study using electrooculography and electroretinography
found no retinal electrophysiological differences in response to light
between participants with bipolar disorder on long-term lithium
therapy and controls.15 Although the authors concluded that
light sensitivity was not a feature of bipolar disorder and that
lithium did not reduce light hypersensitivity, in fact the opposite
may be true. It is theoretically possible that the long-term lithium
treatment of the participants with bipolar disorder (mean 7 years)
may have restored light sensitivity levels to that of the control
participants.

Overall, these studies tentatively support a mechanism of action
for lithium that reduces light hypersensitivity. There have been no
attempts to date to classify people with bipolar disorder according
to light sensitivity levels. Additionally, research nowneeds to establish
how light sensitivity changes across different bipolar mood states.
To do so could be a first step towards providing treatments that spe-
cifically target light hypersensitivity subgroups, with flexibility to
account for dynamic, mood-dependent light sensitivity profiles.

If people with bipolar disorder can indeed be stratified accord-
ing to light sensitivity, research investigating the mechanisms of
action of different therapies within these subgroups could move
forward. Longer term, this stratification approach could inform per-
sonalised medicine (and specific chronotherapeutic) approaches to
treating bipolar disorder.

As a clinical and research community, we need to communicate
more clearly to patients and their families that chronotherapies are
useful and feasible and we need to work with patients to produce
high-quality accessible bipolar-specific information on light, circa-
dian disruption, sleep and rest/activity rhythms.

Conclusion

Converging evidence from basic science and from clinical practice
suggests that light hypersensitivity may be a biomarker of risk for
relapse, at least in a subgroup of patients with bipolar disorder. A
light hypersensitivity perspective of bipolar disorder is an exciting
focus for future research. It confers challenges for both patients
and clinicians but also new opportunities for patient stratification
and treatment innovation.

Amber Roguski , Division of Psychiatry, University of Edinburgh, UK; and Centre for
Clinical Brain Sciences, University of Edinburgh, UK; Philipp Ritter , Clinic for
Psychiatry and Psychotherapy, Carl Gustav Carus University Hospital, Technical
University of Dresden, Germany;Daniel J. Smith , Division of Psychiatry, University of
Edinburgh, UK; and Centre for Clinical Brain Sciences, University of Edinburgh, UK

Correspondence: Amber Roguski. Email: amber.roguski@ed.ac.uk

First received 16 Aug 2023, final revision 9 Oct 2023, accepted 18 Oct 2023

Author contribution

A.R. was responsible for conceptualisation and writing (original draft, review and editing); P.R.
was responsible for writing (review and editing); and D.J.S. was responsible for conceptualisa-
tion and writing (original draft, review and editing).

Funding

This work was supported by the Wellcome Trust (226787/2/22/Z).

Declaration of interest

None.

References

1 Gottlieb JF, Benedetti F, Geoffroy PA, Henriksen TEG, Lam RW, Murray G, et al.
The chronotherapeutic treatment of bipolar disorders: a systematic review
and practice recommendations from the ISBD task force on chronotherapy and
chronobiology. Bipolar Disord 2019; 21: 741–73.

2 Swope CB, Rong S, Campanella C, Vaicekonyte R, Phillips AJ, Cain SW, et al.
Factors associated with variability in the melatonin suppression response to
light: a narrative review. Chronobiol Int 2023; 40: 542–56.

3 Lewy AJ, Wehr TA, Goodwin FK, Newsome DA, Rosenthal NE. Manic-depressive
patients may be supersensitive to light. Lancet Lond Engl 1981; 1: 383–4.

4 Nurnberger JI, Adkins S, Lahiri DK, Mayeda A, Hu K, Lewy A, et al. Melatonin
suppression by light in euthymic bipolar and unipolar patients. Arch Gen
Psychiatry 2000; 57: 572–9.

5 Ritter P, Wieland F, Skene DJ, Pfennig A, Weiss M, Bauer M, et al. Melatonin
suppression by melanopsin-weighted light in patients with bipolar I disorder
compared to healthy controls. J Psychiatry Neurosci JPN 2020; 45: 79–87.

6 Lewy AJ, Nurnberger JI, Wehr TA, Pack D, Becker LE, Powell RL, et al.
Supersensitivity to light: possible trait marker for manic-depressive illness.
Am J Psychiatry 1985; 142: 725–7.

7 Nathan PJ, Burrows GD, Norman TR. Melatonin sensitivity to dim white light in
affective disorders. Neuropsychopharmacol Off Publ Am Coll
Neuropsychopharmacol 1999; 21: 408–13.

8 Hallam KT, Begg DP, Olver JS, Norman TR. Abnormal dose-response melatonin
suppression by light in bipolar type I patients compared with healthy adult
subjects. Acta Neuropsychiatr 2009; 21: 246–55.

9 Lam RW, Berkowitz AL, Berga SL, Clark CM, Kripke DF, Gillin JC. Melatonin
suppression in bipolar and unipolar mood disorders. Psychiatry Res 1990; 33:
129–34.

Sensitivity to light in bipolar disorder

3
https://doi.org/10.1192/bjp.2023.150 Published online by Cambridge University Press

https://orcid.org/0000-0002-5934-7311
https://orcid.org/0000-0003-4286-5830
https://orcid.org/0000-0002-2267-1951
mailto:amber.roguski@ed.ac.uk
https://doi.org/10.1192/bjp.2023.150


10 Whalley LJ, Perini T, Shering A, Bennie J. Melatonin response to bright light in
recovered, drug-free, bipolar patients. Psychiatry Res 1991; 38:13–9.

11 Ritter P, Soltmann B, Sauer C, Yakac A, Boekstaegers L, Reichard M, et al.
Supersensitivity of patients with bipolar I disorder to light-induced phase delay
by narrow bandwidth blue light. Biol Psychiatry Glob Open Sci 2021; 2: 28–35.

12 Smith FE, Thelwall PE, Necus J, Flowers CJ, Blamire AM, Cousins DA. 3D 7li
magnetic resonance imaging of brain lithium distribution in bipolar disorder.
Mol Psychiatry 2018; 23: 2184–91.

13 Seggie J, Steiner M, Wright N, Orpen G. The effect of lithium on pupillary
response to pulses of light in sheep. Psychiatry Res 1989; 30: 305–11.

14 Hallam KT, Olver JS, Horgan JE, McGrath C, Norman TR. Low doses of lithium
carbonate reduce melatonin light sensitivity in healthy volunteers. Int J
Neuropsychopharmacol 2005; 8: 255–9.

15 Lam RW, Allain S, Sullivan K, Beattie CW, Remick RA, Zis AP. Effects of chronic
lithium treatment on retinal electrophysiologic function. Biol Psychiatry 1997;
41: 737–42.

Roguski et al

4
https://doi.org/10.1192/bjp.2023.150 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.2023.150

	Sensitivity to light in bipolar disorder: implications for research and clinical practice
	Circadian dyregulation is a core feature of bipolar disorder
	Light hypersensitivity may be enriched in bipolar disorder
	Locating light hypersensitivity pathology in the retinohypothalamic tract
	A potential mechanism of action for lithium
	Conclusion
	Author contribution
	Funding
	Declaration of interest
	References


