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Abstract

Background In industrialized countries, vitamin A

deficiency (VAD) is extremely rare, except associa-

tion with bariatric surgeries and hepatobiliary disor-

ders. It is unusual that VAD develops during

hemodialysis due to reduced glomerular filtration of

vitamin A-binding protein. We reported the case of a

58-year-old Japanese male hemodialysis patient diag-

nosed with VAD.

Case presentation The patient undergoing

hemodialysis for more than 15 years presented with

progressive photophobia and night blindness and was

ophthalmologically examined. He denied a history of

cancer or hepatobiliary disease and reported that he

loved eating prepackaged noodle bowls and foods,

with prolonged low intake of fruits/vegetables. He had

good visual acuity. Fundus images showed numerous

white dots in the midperipheral retinae, but no

degenerative changes. In baseline full-field elec-

troretinography (ERG), b-wave responses were extre-

mely reduced in rod ERG, a-wave amplitudes in

standard-flash/strong-flash ERG were reduced to

20–25% of our controls, a- and b-wave amplitudes in

cone ERG were reduced to 40–50% of the controls.

Whole-exome sequencing identified no pathogenic

variant for any inherited retinal disorder. He was

diagnosed with VAD because of reduced serum

vitamin A levels and treated with retinol palmitate.

Two months after treatment commencement, the

serum vitamin A level was within the normal range.

Full-field ERG showed that the scotopic ERG

responses markedly improved compared with

baseline.

Conclusions This is the first report of VAD associ-

ated with undernutrition in the Japanese hemodialysis

population.

Keywords Retina � Electroretinography � Renal
failure � Undernutrition � Fat-soluble vitamin � Whole

exome sequencing

Introduction

In developing countries, vitamin A deficiency (VAD)

associated with malnourishment is a major cause of

blindness [1]. In industrialized countries, however,

VAD is extremely rare, except in patients with

histories of malabsorptive bariatric surgeries, hepato-

biliary disorders, or pancreatic diseases [2–4]. VAD

can lead to a variety of ocular disorders, ranging from

night blindness to xerophthalmia [1, 5].
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Retinol, which is bound to retinol-binding protein 4

(RBP4), is the major clinically relevant form of

vitamin A found in the circulation. Vitamin A and

retinol levels have been shown to be elevated in

patients undergoing hemo- or peritoneal dialysis [6]

due to increased RBP4 levels caused by reduced

glomerular filtration [7]. Thus, hemodialysis may

protect patients from development of VAD. As far as

we investigated, there has been no report of VAD

associated with undernutrition in any hemodialysis

Japanese patient.

Here, we report a rare case of a Japanese patient

undergoing hemodialysis who was diagnosed with

VAD due to prolonged intake of an unbalanced diet.

Ethics statement

This case report was approved by the Ethics Commit-

tee of The Jikei University School of Medicine

(approval numbers: 24–231 6997 and 32–293

10,375). This report adhered to the tenets of the

Declaration of Helsinki, and written informed consent

was obtained from the patient.

Case presentation

A 58-year-old single male presented with progressive

photophobia and night blindness, which had first

developed in his 40 s. He had a history of bilateral

cataract surgeries at 55 years of age and idiopathic

renal insufficiency, for which he had been managed

with hemodialysis for more than 15 years. He denied a

history of cancer, digestive disorders, or hepatobil-

iary/pancreatic diseases. He also denied a family

history of ocular genetic disorders. He reported that he

loved eating prepackaged noodle soups/bowls and

other packaged foods, with prolonged low intake of

fruits and vegetables.

On examination, his best-corrected visual acuity

was 20/16 in both eyes (OU), with an unremarkable

slit-lamp examination, except for bilateral pseu-

dophakia. Ultra-wide-field pseudo-color fundus

images (Optos California, Optos PLC, Dunfermline,

UK) revealed numerous white dots in the midperiph-

eral retinae of both eyes (Fig. 1a, b). Ultra-wide-field

fundus autofluorescence images (Optos California)

did not demonstrate attenuated retinal vessels nor

degenerative changes (Fig. 1c). Horizontal cross-sec-

tional retinal images using optical coherence tomog-

raphy (Cirrus HD-OCT 5000; Carl Zeiss Meditec,

Dublin, CA, USA) showed preserved laminar struc-

tures and ellipsoid zones in both maculae (Fig. 1d).

Full-field electroretinography (ERG) was then

performed based on the International Society for

Clinical Electrophysiology of Vision standard [8],

using a light-emitting diode, built-in electrode ERG

system (LE-4000, TOMEY, Nagoya, Japan). For

strong-flash electroretinography, we used dark-

adapted (DA) 200 cd s/m2 (DA 200) instead of

DA 10.0. The procedure and conditions have been

previously reported [9–12]. All electroretinographic

responses of the patient were compared with those of

previously reported controls (n = 23) [12]. In prepa-

ration, the right eye (OD) was dark adapted for 24 h,

and the left eye (OS) was dark adapted for 30 min,

which were performed to exclude inherited retinal

disorders (IRDs) with delayed dark adaptation. The

patient wore a thick patch over the right eye the day

before ERG recordings. On baseline ERG testing

(Fig. 2), rod (DA 0.01) ERG showed remaining

residual b-wave amplitudes in OD due to the pro-

longed dark adaptation and extinguished b-wave

response in OS. Standard-flash (DA 3.0)/DA 200

ERG demonstrated a-wave amplitudes that were

reduced to approximately 20–25% of the controls,

with more significant reductions in b-wave amplitudes

of DA 200 ERG. Light-adapted (LA) cone (LA 3.0)

ERG demonstrated a- and b-wave amplitudes that

were reduced to 40–50% of the controls. Amplitudes

were reduced to approximately 70% of the controls on

LA 30-Hz flicker ERG.

We then conducted a molecular genetic analysis

using the patient’s blood sample (JU1833) and whole-

exome sequencing (WES) (Macrogen, Tokyo, Japan)

to identify possible pathogenic gene variant(s) for

IRDs such as fundus albipunctatus (OMIM #136,880)

and retinitis punctata albescens (OMIM #136,880)/

Bothnia retinal dystrophy (OMIM #607,475). Addi-

tional blood sample was not available from his family

members. The details of the WES methodology have

been previously reported [10, 13, 14]. Among 271 IRD

genes listed in the Retinal Information Network

database (https://sph.uth.edu/retnet/), we searched

rare variants (allele frequency\ 0.001) of any ethnic

subgroup found in the following database, 1000

Genomes database (https://www.
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internationalgenome.org/), Genome Aggregation

Database (gnomAD; https://gnomad.broadinstitute.

org/) and Human Genetic Variation Database (http://

www.genome.med.kyoto-u.ac.jp/SnpDB/). Conse-

quently, we did not identify any rare heterozygous or

homozygous variant in those genes including the

RDH5, RPE65, LRAT, RLBP1, RHO, and RPPH2

genes, which are responsible for fundus albipunctatus

and retinitis punctata albescens [10, 15–17].

Blood testing, however, demonstrated a reduced

serum vitamin A level of 76 IU/dl (normal range:

97–316 IU/dl), and the patient was subsequently

diagnosed with VAD. His serum zinc and low-

density-lipoprotein (LDL) cholesterol levels were

87 lg/dl (normal range: 80 - 130 lg/dl) and

Fig. 1 Multimodal retinal images at patient presentation. a Ultra-wide-field fundus images, b magnified images of the nasal area, c
ultra-wide-field fundus autofluorescence images, and d optical coherence tomography images of the macula
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105 mg/dl (normal range: 70 - 139 mg/dl), both

were within normal range. Consequently, retinol

palmitate was administered at a dosage of

10,000 IU/day for the next two months, and subjective

symptoms improved within 20 days after starting

treatment. Two months after treatment

commencement, the serum vitamin A level was within

the normal range (283 IU/dL). ERG was performed

again in OU after dark adaption for 30 min (Fig. 2).

On DA 0.01 ERG, b-wave amplitudes in OD had

improved to 50% of our controls [12]. On DA 3.0 and

DA 200 ERG, a-wave amplitudes had improved to

DA 200

LA 3.0

LA 30-Hz
flicker

Control
Baseline Two months 

DA 0.01 

DA 3.0

100 μV

10 ms

50 μV

10 ms

50 μV

10 ms

100 μV

10 ms

100 μV

25 ms

OS

OD

OD:DA 24 h, OS:DA 30 min

OD

OS

OD

OD

OS

OD

OS

OD

OS

OD

OS

OD

OS

OD

OS

OD

OS

after treatment
OU:DA 30 min

Fig. 2 Full-field electroretinograms. Full-field electroretino-

grams (ERG) of a control and this patient at baseline (24-h

[h] dark adaptation [DA] in the right eye [OD] and 30-min [min]

DA in the left eye [OS]) and at two months after treatment

commencement (30-min DA in both eyes [OU]). For scotopic

ERG, dark-adapted (DA) 0.01 cd s/m2 (DA 0.01) ERG, DA 3.0

ERG and DA 200 ERGwere recorded. For photopic ERG, light-

adapted (LA) 3.0 ERG and LA 30-Hz flicker ERG were

recorded
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70% and 85% of the controls, respectively, whereas

b-wave amplitudes had improved to 65% of the

controls. Responses to LA 3.0 and LA 30-Hz flicker

ERGs were also slightly improved in comparison with

baseline.

Discussion

In this report, we have described the case of a 58-year-

old patient undergoing hemodialysis who presented

with progressive photophobia and night blindness and

was found to have numerous white dots in bilateral

midperipheral retinae (Fig. 1) and extremely reduced

responses in DA 0.01 ERG (Fig. 2).

Although this patient’s differential diagnosis ini-

tially included fundus albipunctatus, retinitis punctata

albescens, and paraneoplastic retinopathy, paraneo-

plastic retinopathy was ruled out due to a lack of a

cancer history, and IRDs were also ruled out by the

WES analysis. Subsequently, the patient was found to

have a low serum vitamin A level and was diagnosed

with VAD. He denied a history of bariatric surgery or

hepatobiliary/pancreatic diseases, although these con-

ditions are often responsible for VAD in industrialized

nations [6]. Since patients with renal insufficiency

undergoing hemodialysis often have high levels of

serum vitamin A/retinol due to reduced glomerular

filtration of RBP4 [7], it was unusual for this patient to

present with VAD. There has been one report of two

Japanese hemodialysis patients with VAD caused by

the use of non-calcium-containing phosphate binders

during maintenance hemodialysis, leading to low

levels of both serum LDL cholesterol and vitamin A

due to impaired lipid absorption [18]. However, our

patient did not use the non-calcium-containing phos-

phate binders, and his serum LDL cholesterol con-

centration was within normal range.

At baseline ERG of our patient, the b-wave

amplitude in OD of DA 0.01, dark-adapted for 24 h,

showed 15% of our controls in amplitude, whereas that

in OS, dark-adapted for 30 min, was extinguished

(Fig. 2). The substantial amplitude in OD by delayed

dark adaptation was also seen in patients with fundus

albipunctatus and Oguchi disease (OMIM #258,100,

#613,411) [16, 17, 19]. A significant common finding

of VAD, fundus albipunctatus, and Oguchi disease is

the presence of potentially functional rod photorecep-

tors. On the other hand, the photopic responses were

greater than the rod responses at baseline (Fig. 2).

Two months after treatment commencement, the

amplitudes in OU, dark-adapted for 30 min, were

markedly recovered in DA 0.01, DA 3.0, and DA 200

ERG (Fig. 2). The recovered scotopic responses were

still decreased compared with those of our controls,

indicating rod photoreceptor loss to some extent.

Taken together, rod photoreceptors are more vulner-

able to VAD than cone photoreceptors as previously

reported [3, 20, 21]. In previous reports, decreased

scotopic and photopic ERG amplitudes have been

recovered to normal amplitudes after vitamin A

treatment in some VAD patients [3, 20, 22], whereas

there has been a patient who does not recover to

normal [21]. Our ERG results indicate that VAD may

cause irreversible change, eventually rod photorecep-

tor death to some extent.

There have been some reports that have docu-

mented the presence of retinal dots/flecks related to

VAD [20, 21, 23–25], although the mechanism of

development of the white dots/flecks remains to be

unresolved. Similarly, numerous white dots/flecks are

seen in midperipheral to peripheral retinae of patients

with fundus albipunctatus caused by biallelic RDH5

variants [10, 15, 16]. Previous studies using cultured

cells and Rdh5 knockout (Rdh5-/-) mice have

revealed that white dots/spots may be related to the

accumulation of cis-retinyl esters in the retinal

pigment epithelium (RPE) [26, 27]. In fact, a recent

electron microscopic study has demonstrated that low-

density vacuoles were accumulated in the RPE of the

Rdh5-/- mice, leading to development of the white

dots/spots [28]. A similar pathomechanism might be

responsible for development of white dots/flecks in

VAD patients as seen in our patient. On the other hand,

VAD patients without fundus white dots/flecks have

been also reported [3, 29–31]. In one of those patients,

night blindness had lasted for 3 years before diagnosis

of VAD [30]. Therefore, it should be noted that the

mechanism of how the white dots/flecks develop in

VAD patients remains to be elucidated.

According to the ‘‘Japanese Meal Absorption,

Standard (2020 edition)‘‘ report, provided only in

Japanese, (https://www.mhlw.go.jp/stf/newpage_

08517.html) published by the Ministry of Health,

Labour and Welfare of Japan, a 58-year-old Japanese

male has an estimated average daily requirement of

600–650 lg (retinol activity equivalents: RAE) of

vitamin A; however, a 100-g cup of noodles or a 100-g
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serving of retort curry contains only 3 lg and 8 lg of

Vitamin A, respectively, according to the Food

Composition Database of the Ministry of Education,

Culture, Sports, Science and Technology of Japan.

Therefore, his vitamin A intake had likely been far

below this daily requirement for some time.

In summary, we have described ophthalmological

findings in a Japanese patient undergoing hemodial-

ysis who presented with night blindness and was found

to have VAD. Although hemodialysis patients tend to

have high levels of serum vitamin A, VAD can still

occur in these patients if they are malnourished

secondary to prolonged intake of an unbalanced diet.

Therefore, VAD should always be considered in the

differential diagnosis of night blindness, even in

hemodialysis patients residing in industrialized

nations.

Acknowledgements We thank the patient for participating in

this report.

Funding This report was supported by The Jikei University

Research Fund 2020 to TH.

Compliance with ethical standards

Conflict of interest The authors declare that there is no con-

flict of interest.

Statements of human rights All procedures performed in

studies involving human participants were in accordance with

the ethical standards of the institutional and/or national research

committee and with the 1964 Declaration of Helsinki and its

later amendments or comparable ethical standards.

Statement on the welfare of animals This article does not

contain any studies with animals performed by any of the

authors.

Patient consent The patient has consented to the submission

of the case report to the journal.

References

1. Courtright P, Hutchinson AK, Lewallen S (2011) Visual

impairment in children in middle- and lower-income

countries. Arch Dis Child 96:1129–1134. https://doi.org/10.

1136/archdischild-2011-300093

2. Zalesin KC, Miller WM, Franklin B, Mudugal D, Rao

Buragadda A, Boura J, Nori-Janosz K, Chengelis DL,

Krause KR, McCullough PA (2011) Vitamin a deficiency

after gastric bypass surgery: an underreported postoperative

complication. J Obes 2011. https://doi.org/10.1155/2011/

760695

3. Hayashi T, Gekka T, Nakano T, Tsuneoka H (2011)

Improvement in S-cone-mediated visual fields and rod

function after correction of vitamin A deficiency. Eur J

Ophthalmol 21:657–660. https://doi.org/10.5301/EJO.

2011.6337

4. Wiseman EM, Bar-El Dadon S, Reifen R (2017) The vicious

cycle of vitamin a deficiency: a review. Crit Rev Food Sci

Nutr 57:3703–3714. https://doi.org/10.1080/10408398.

2016.1160362

5. Sahile Z, YilmaD, Tezera R, Bezu T, HaileselassieW, Seifu

B, Ali JH (2020) Prevalence of Vitamin A deficiency among

Preschool children in Ethiopia: a systematic review and

meta-analysis. Biomed Res Int 2020:8032894. https://doi.

org/10.1155/2020/8032894

6. Holden RM, Ki V, Morton AR, Clase C (2012) Fat-soluble

vitamins in advanced CKD/ESKD: a review. Semin Dial

25:334–343. https://doi.org/10.1111/j.1525-139X.2012.

01084.x

7. Jing J, Isoherranen N, Robinson-Cohen C, Petrie I,

Kestenbaum BR, Yeung CK (2016) Chronic kidney disease

alters Vitamin A homeostasis via effects on hepatic RBP4

protein expression and metabolic enzymes. Clin Transl Sci

9:207–215. https://doi.org/10.1111/cts.12402

8. McCulloch DL, Marmor MF, Brigell MG, Hamilton R,

Holder GE, Tzekov R, Bach M (2015) ISCEV Standard for

full-field clinical electroretinography (2015 update). Doc

Ophthalmol 130:1–12. https://doi.org/10.1007/s10633-014-

9473-7

9. Hayashi T, Hosono K, Kurata K, Katagiri S, Mizobuchi K,

Ueno S, Kondo M, Nakano T, Hotta Y (2020) Coexistence

of GNAT1 and ABCA4 variants associated with Nougaret-

type congenital stationary night blindness and childhood-

onset cone-rod dystrophy. Doc Ophthalmol 140:147–157.

https://doi.org/10.1007/s10633-019-09727-1

10. Katagiri S, Hayashi T, Nakamura M, Mizobuchi K, Gekka

T, Komori S, Ueno S, Terasaki H, Sakuramoto H, Kuniyoshi

K, Kusaka S, Nagashima R, KondoM, Fujinami K, Tsunoda

K, Matsuura T, Kondo H, Yoshitake K, Iwata T, Nakano T

(2020) RDH5-related fundus albipunctatus in a large Japa-

nese cohort. Invest Ophthalmol Vis Sci 61:53. https://doi.

org/10.1167/iovs.61.3.53

11. Katagiri S, Hosono K, Hayashi T, Murai N, Wake E, Miyata

I, Mizobuchi K, Kurata K, Matsuura T, Nakano T, Hotta Y

(2020) Novel biallelic splice-site BBS1 variants in Bardet-

Biedle syndrome: a case report of the first Japanese patient.

Doc Ophthalmol 141:77–88. https://doi.org/10.1007/

s10633-020-09752-5

12. Ninomiya W, Mizobuchi K, Hayashi T, Okude S, Katagiri

S, Kubo A, Masuhara N, Nakano T (2020) Electroretino-

graphic abnormalities associated with pregabalin: a case

report. Doc Ophthalmol 140:279–287. https://doi.org/10.

1007/s10633-019-09743-1

13. Mizobuchi K, Hayashi T, Yoshitake K, Fujinami K,

Tachibana T, Tsunoda K, Iwata T, Nakano T (2020) Novel

homozygous CLN3 missense variant in isolated retinal

dystrophy: A case report and electron microscopic findings.

Mol Genet Genomic Med. https://doi.org/10.1002/mgg3.

1308

14. Hayashi T, Kameya S, Mizobuchi K, Kubota D, Kikuchi S,

Yoshitake K, Mizota A, Murakami A, Iwata T, Nakano T

(2020) Genetic defects of CHM and visual acuity outcome

123

90 Doc Ophthalmol (2021) 143:85–91

https://doi.org/10.1136/archdischild-2011-300093
https://doi.org/10.1136/archdischild-2011-300093
https://doi.org/10.1155/2011/760695
https://doi.org/10.1155/2011/760695
https://doi.org/10.5301/EJO.2011.6337
https://doi.org/10.5301/EJO.2011.6337
https://doi.org/10.1080/10408398.2016.1160362
https://doi.org/10.1080/10408398.2016.1160362
https://doi.org/10.1155/2020/8032894
https://doi.org/10.1155/2020/8032894
https://doi.org/10.1111/j.1525-139X.2012.01084.x
https://doi.org/10.1111/j.1525-139X.2012.01084.x
https://doi.org/10.1111/cts.12402
https://doi.org/10.1007/s10633-014-9473-7
https://doi.org/10.1007/s10633-014-9473-7
https://doi.org/10.1007/s10633-019-09727-1
https://doi.org/10.1167/iovs.61.3.53
https://doi.org/10.1167/iovs.61.3.53
https://doi.org/10.1007/s10633-020-09752-5
https://doi.org/10.1007/s10633-020-09752-5
https://doi.org/10.1007/s10633-019-09743-1
https://doi.org/10.1007/s10633-019-09743-1
https://doi.org/10.1002/mgg3.1308
https://doi.org/10.1002/mgg3.1308


in 24 choroideremia patients from 16 Japanese families. Sci

Rep 10:15883. https://doi.org/10.1038/s41598-020-72623-

1

15. Yamamoto H, Simon A, Eriksson U, Harris E, Berson EL,

Dryja TP (1999) Mutations in the gene encoding 11-cis

retinol dehydrogenase cause delayed dark adaptation and

fundus albipunctatus. Nat Genet 22:188–191. https://doi.

org/10.1038/9707

16. Dryja TP (2000) Molecular genetics of Oguchi disease,

fundus albipunctatus, and other forms of stationary night

blindness: LVII Edward Jackson Memorial Lecture. Am J

Ophthalmol 130:547–563. https://doi.org/10.1016/s0002-

9394(00)00737-6

17. Zeitz C, Robson AG, Audo I (2015) Congenital stationary

night blindness: an analysis and update of genotype-phe-

notype correlations and pathogenic mechanisms. Prog Retin

Eye Res 45:58–110. https://doi.org/10.1016/j.preteyeres.

2014.09.001

18. Shimajiri T, Miyagi A, Odaguchi N, Shimoji Y, Shimoji T,

Kaneshiro T, Yonaha T, Nakazato S (2015) [Two cases of

nyctalopia caused by non-calcium-containing phosphate

binders in maintenance hemodialysis patients] in Japanese.

Nihon Toseki Igakkai Zasshi 48:309–314

19. Gouras P (1970) Electroretinography: Some basic princi-

ples. Invest Ophthalmol 9:557–569

20. Apushkin MA, Fishman GA (2005) Improvement in visual

function and fundus findings for a patient with vitamin

A-deficient retinopathy. Retina 25:650–652. https://doi.org/

10.1097/00006982-200507000-00016

21. Genead MA, Fishman GA, Lindeman M (2009) Fundus

white spots and acquired night blindness due to vitamin A

deficiency. Doc Ophthalmol 119:229–233. https://doi.org/

10.1007/s10633-009-9200-y

22. Singer JR, Bakall B, Gordon GM, Reddy RK (2016)

Treatment of vitamin A deficiency retinopathy with sub-

lingual vitamin A palmitate. Doc Ophthalmol 132:137–145.

https://doi.org/10.1007/s10633-016-9533-2

23. Steinemann TL, Christiansen SP (1998) Vitamin A defi-

ciency and xerophthalmia in an autistic child. Arch Oph-

thalmol 116:392–393. https://doi.org/10.1001/archopht.

116.3.392

24. Elison JR, Friedman AH, Brodie SE (2004) Acquired sub-

retinal flecks secondary to hypovitaminosis A in a patient

with hepatitis C. Doc Ophthalmol 109:279–281. https://doi.

org/10.1007/s10633-004-4119-9

25. Aleman TS, Garrity ST, Brucker AJ (2013) Retinal structure

in vitamin A deficiency as explored with multimodal

imaging. Doc Ophthalmol 127:239–243. https://doi.org/10.

1007/s10633-013-9403-0

26. Driessen CA, Winkens HJ, Hoffmann K, Kuhlmann LD,

Janssen BP, Van Vugt AH, Van Hooser JP, Wieringa BE,

Deutman AF, Palczewski K, Ruether K, Janssen JJ (2000)

Disruption of the 11-cis-retinol dehydrogenase gene leads to

accumulation of cis-retinols and cis-retinyl esters. Mol Cell

Biol 20:4275–4287. https://doi.org/10.1128/mcb.20.12.

4275-4287.2000

27. Farjo KM, Moiseyev G, Takahashi Y, Crouch RK, Ma JX

(2009) The 11-cis-retinol dehydrogenase activity of RDH10

and its interaction with visual cycle proteins. Invest Oph-

thalmol Vis Sci 50:5089–5097. https://doi.org/10.1167/

iovs.09-3797

28. Xie Y, Gonome T, Yamauchi K, Maeda-Monai N, Tanabu

R, Ishiguro SI, Nakazawa M (2020) A spectral-domain

optical coherence tomographic analysis of Rdh5-/- mice

retina. PLoS ONE 15:e0231220. https://doi.org/10.1371/

journal.pone.0231220

29. LeeWB, Hamilton SM, Harris JP, Schwab IR (2005) Ocular

complications of hypovitaminosis a after bariatric surgery.

Ophthalmology 112:1031–1034. https://doi.org/10.1016/j.

ophtha.2004.12.045

30. Renner AB, Dietrich-Ntoukas T, Jagle H (2015) Recurrent

episodes of night blindness in a patient with short bowel

syndrome. Doc Ophthalmol 131:221–230. https://doi.org/

10.1007/s10633-015-9516-8

31. Spits Y, De Laey JJ, Leroy BP (2004) Rapid recovery of

night blindness due to obesity surgery after vitamin A

repletion therapy. Br J Ophthalmol 88:583–585. https://doi.

org/10.1136/bjo.2003.022459

Publisher’s Note Springer Nature remains neutral with

regard to jurisdictional claims in published maps and

institutional affiliations.

123

Doc Ophthalmol (2021) 143:85–91 91

https://doi.org/10.1038/s41598-020-72623-1
https://doi.org/10.1038/s41598-020-72623-1
https://doi.org/10.1038/9707
https://doi.org/10.1038/9707
https://doi.org/10.1016/s0002-9394(00)00737-6
https://doi.org/10.1016/s0002-9394(00)00737-6
https://doi.org/10.1016/j.preteyeres.2014.09.001
https://doi.org/10.1016/j.preteyeres.2014.09.001
https://doi.org/10.1097/00006982-200507000-00016
https://doi.org/10.1097/00006982-200507000-00016
https://doi.org/10.1007/s10633-009-9200-y
https://doi.org/10.1007/s10633-009-9200-y
https://doi.org/10.1007/s10633-016-9533-2
https://doi.org/10.1001/archopht.116.3.392
https://doi.org/10.1001/archopht.116.3.392
https://doi.org/10.1007/s10633-004-4119-9
https://doi.org/10.1007/s10633-004-4119-9
https://doi.org/10.1007/s10633-013-9403-0
https://doi.org/10.1007/s10633-013-9403-0
https://doi.org/10.1128/mcb.20.12.4275-4287.2000
https://doi.org/10.1128/mcb.20.12.4275-4287.2000
https://doi.org/10.1167/iovs.09-3797
https://doi.org/10.1167/iovs.09-3797
https://doi.org/10.1371/journal.pone.0231220
https://doi.org/10.1371/journal.pone.0231220
https://doi.org/10.1016/j.ophtha.2004.12.045
https://doi.org/10.1016/j.ophtha.2004.12.045
https://doi.org/10.1007/s10633-015-9516-8
https://doi.org/10.1007/s10633-015-9516-8
https://doi.org/10.1136/bjo.2003.022459
https://doi.org/10.1136/bjo.2003.022459

	Vitamin A deficiency after prolonged intake of an unbalanced diet in a Japanese hemodialysis patient
	Abstract
	Background
	Case presentation
	Conclusions

	Introduction
	Ethics statement
	Case presentation
	Discussion
	Funding
	References




