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Abstract
● AIM: To explore the relationship between ocular and 
systemic conditions and the impact of ocular complications 
on the quality of life (QOL) in patients after allogeneic 
hematopoietic stem cell transplantation (ALLO-HSCT).
● METHODS: Forty-four patients with severe hematopoietic 
disease were enrolled after ALLO-HSCT at our center 
from July 2018 to October 2020. They completed two 
questionnaires: the Ocular Surface Disease Index (OSDI) 
and the quality-of-life scale for Chinese patients with visual 
impairment (SQOL-DV1). Ocular conditions and systemic 
conditions were also assessed. 
● RESULTS: Eye damage was correlated with total 
bilirubin (P=0.005), and gamma-glutamyl transferase (GGT) 
(P=0.021). There was no significant correlation between 
the overall QOL score and OSDI (P=0.8226) or SQOL-
DV1 (P=0.9526) scores. The OSDI and the overall QOL 
score were not correlated with ocular conditions, including 
best-corrected visual acuity (BCVA), intraocular pressure, 
Schirmer tear test II, sodium fluorescein staining, tear 
film breakup time, and tear meniscus height. SQOL-
DV1 was correlated with BCVA (P=0.0007), sodium 
fluorescein staining (P=0.007), and tear film breakup time 
(P=0.0146). 

● CONCLUSION: In some patients, early ocular symptoms 
are not evident after ALLO-HSCT, while ocular surface 
complications can be observed after a comprehensive 
ophthalmological examination. Especially for those with 
elevated total bilirubin or GGT, regular ophthalmic follow-up 
visits are essential to diagnose and treat ocular graft versus 
host disease (oGVHD), especially for patients with elevated 
total bilirubin or GGT.
● KEYWORDS: allogeneic stem cell transplantation; 
ocular graft versus host disease; ocular surface disease; 
quality of life; quality-of-life scale for Chinese patients with 
visual impairment; Ocular Surface Disease Index 
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INTRODUCTION

C urrently, allogeneic hematopoietic stem cell transplantation 
(ALLO-HSCT) is an effective treatment for many 

hematological malignancies and several benign hematopoietic 
diseases (such as lymphoma, leukemia, severe aplastic anemia 
and very severe aplastic anemia)[1-3]. However, ALLO-HSCT 
is associated with an array of complications, including severe 
infection, edema and hemorrhage[4]. However, graft-versus-
host disease (GVHD) remains one of the most frequent 
and severe complications of ALLO-HSCT, and it can affect 
multiple organ systems, especially the skin, gastrointestinal 
tract, liver, and eyes. Therefore, it often places a significant 
burden on patients and imposes huge costs on families and 
society[5-6]. Approximately 40%-60% patients with chronic 
GVHD (cGVHD) after ALLO-HSCT will have ocular GVHD 
(oGVHD)[7]. Acute GVHD with ocular manifestations is 
often considered a marker of poor prognosis[8-9]. With early 
identification of oGVHD patients and proper treatment, ocular 
conditions became mild or moderate in severity, permanent 
visual loss might be prevented. However, it might have a negative 
impact on many aspects of their quality of life (QOL), including 
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physical and psychological states, social relationships, and 
daily activities[10-11]. Moreover, oGVHD can affect almost all 
eye structures and causes no specific signs or symptoms[12]. 
Ocular structures such as the lacrimal glands, eyelids, 
conjunctiva, and cornea are the areas where structural or 
functional abnormalities often occur in oGVHD[7], with dry 
eye being the most common form of oGVHD[13-14]. Typical 
symptoms of dry eye comprise foreign body sensation, 
photophobia, red eye, photophobia, tearing, ocular fatigue 
and other ocular discomfort. Thus, oGVHD affects patient’s 
QOL[15-18]. QOL is defined as the general well-being of 
individuals and societies[19]. Many studies have explored QOL 
in patients with oGVHD, thereby revealing the effect of the 
disease on vision-related QOL[20-21]. oGVHD affects QOL in 
terms of general vision, ocular pain and some vision-specific 
activities, explaining its impact on daily activities[21]. Therefore, 
many doctors use QOL as a measurement of treatment efficacy 
in oGVHD patients[22].
Hence, we used regular ophthalmological examinations and 
QOL questionnaires after surgery to better explore the eye 
conditions of patients after ALLO-HSCT and their impact on 
QOL. Additionally, we evaluated the relationship between the 
systemic and ophthalmic conditions, consideration that there 
might be differences in the general condition between those 
with ocular lesions and nonmorbid patients.
SUBJECTS AND METHODS
Ethical Approval  This study was conducted in accordance 
with the tenets of the Declaration of Helsinki. The protocol 
of this study was approved by the Sun Yat-sen University 
Sun Yat-sen Memorial Hospital Ethical Committee in China 
(approval number: SYSKY-2022-434-01). All participants or 
their guardians gave written informed consent.
This prospective cross-sectional descriptive study was 
conducted at Sun Yat-sen Memorial hospital, Sun Yat-sen 
University, from July 2018 to October 2020. The patients 
underwent ophthalmic examination after they accepted ALLO-
HSCT in the Department of Hematology. The selected patients 
were ≥18 and <60 years old and able to read and complete the 
QOL questionnaires. Some of these patients were diagnosed 
with GVHD according to the National Institutes of Health 
(NIH) criteria[23] and had been receiving stable systemic and 
topical therapy after ALLO-HSCT. Patients with immune 
deficiency and immune system diseases, such as those with 
sarcoidosis and systemic lupus erythematosus (SLE), as well 
as ophthalmic infections, retinal disease and any other surgery 
in the past three months (including ocular surgery) were 
excluded. 
A total of 44 patients were eventually enrolled in the study. 
Before ALLO-HSCT, 22 patients had acute myelocytic 
leukemia, 7 patients had myelodysplastic syndrome, four 

patients had severe aplastic anemia (SAA), 4 patients had 
chronic myelocytic leukemia (CML), 3 patients had T 
lymphoblastic lymphoma/leukemia (TLBL), 2 patients had 
acute lymphoblastic leukemia (ALL), 1 patient had myeloid 
sarcoma (MS) and 1 patient had mixed lineage acute leukemia 
(MAL). They all received busulfex/cyclophosphamide 
pretreatment and GVHD prophylaxis with cyclosporine (CsA), 
methotrexate (MTX), and mycophenolate mofetil (MMF) 
before surgery. Posttransplant GVHD prophylaxis consisted of 
CsA and MMF.
The data were collected at the patients’ first ophthalmology 
clinic visits and including four categories: the patients’ 
basic information, physical condition, eye condition and the 
impact of eye condition on QOL. The basic information and 
physical condition including age, sex, duration after ALLO-
HSCT, systemic conditions, disease status, platelet, alkaline 
phosphatase, alanine aminotransferase (ALT), globulin, 
platelet, and basophil count at enrollment, were analyzed. 
The patients’ eye conditions included the best corrected 
visual acuity (BCVA), intraocular pressure (IOP), tear film 
breakup time (TBUT), Schirmer tear test Ⅱ (STTⅡ), corneal 
fluorescein staining (FL), tear meniscus height (TMH), bulbar 
conjunctival hyperemia, and edema. Each ocular examination 
was performed by the same two ophthalmologists. oGVHD 
was diagnosed according to the criteria of the NIH[23]. We used 
the NIH scoring system to assess the severity of oGVHD. The 
score ranged from 0 to 3 and depended on the severity of dry 
eye symptoms, frequency of eye drops or intervention for dry 
eye, and impact on activities of daily living[24-25]. In addition to 
NIH eye scores, we have also used two QOL questionnaires. 
One was Ocular Surface Disease Index (OSDI), which 
measures three aspects (the frequency of dry eye symptoms, 
visual impact of dry eye, and triggers) to denote the severity 
of dry eye. Higher scores usually indicate greater severity[26-27]. 
The other questionnaire was the QOL scale for Chinese 
patients with visual impairment (SQOL-DV1), which has 
20 questions assessing symptoms, visual function, physical 
function, social activity, and psychology. The scores of each 
question range from 0 to 10. The higher the score is, the 
greater the severity of depressive symptoms, and the total 
score of the scale is 200 points[28]. In the end, each patient gave 
their own assessment of the overall QOL score, which ranged 
from 0 (worst) to 100 (best). These specific evaluation scales 
are shown in Figure 1.
All the data were analyzed. Taking into account multiple 
testing, we set the statistical significance at 0.05. The data 
collection was performed by using EpiData 3.1 software 
with two investigators. The statistical analysis of the data 
was perfoemed by the software Statistical Package for Social 
Sciences (SPSS) version 25.
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RESULTS
Basic Characteristics of the Study Population  A total of 
44 participants (23 men and 21 women) with a mean age of 
39y participated in the study. The patients’ post-ALLO-HSCT 
period during this study varied: 31 cases were at 1-7mo post-
ALLO-HSCT, 12 cases were at 7mo -5y post-ALLO-HSCT, 
and one case was at >5y post-ALLO-HSCT. According to 
the NIH consensus criteria, 28 patients were diagnosed with 
oGVHD-related dry eye, which varied from mild to moderate 
to severe. Furthermore, we divided these 28 patients into 
different onset groups. They all received anti-GVHD therapy 
for presumed GVHD. Nine patients were self-medicated 
or treated by an ophthalmologist through some methods 
(tacrolimus eye drops, artificial tear drops, etc.). The patients’ 
clinical characteristics were shown in Table 1.
Relationship Between General Clinical Data and Eye 
Damage  Clinical data are shown by group according to the 
NIH eye score in Table 2, which also included total bilirubin 
(TB; P=0.005), and gamma-glutamyl transferase (GGT; 
P=0.021).
QOL Questionnaire and Objective Index Score  Table 3 

shows the correlation of ocular assessment with SQOL-DV1, 
OSDI and the overall QOL score. The correlation between 
QOL and ocular involvement was significant despite adjusting 
for clinical factors. We found that OSDI or the overall QOL 
score was not correlated with the ocular conditions including 
BCVA, IOP, STTⅡ, FL, TBUT, and TMH. SQOL-DV1 was 
correlated with BCVA (P=0.0007), FL (P=0.007), and TBUT 
(P=0.0146). 
Relationship Between SQOL-DV1 and OSDI Scores and 
the Overall QOL Score  There were no significant correlation 
between the overall QOL score and OSDI or SQOL-DV1 
(P=0.8226, P=0.9526; Figure 2). 
DISCUSSION
Our patients received ophthalmic examinations regularly 
after ALLO-HSCT. Most patients were systemic disease-free 
or stable, but their clinical ocular symptoms differed. This 
suggests that systemic and ocular conditions are not parallel. It 
has also been confirmed by previous studies[12].
Many studies[25,29] have examined the relationship between 
systemic and ocular condition. Skin, gastrointestinal, and 
liver GVHD could be risk factors for developing oGVHD. 

Figure 1 Evaluation items of oGVHD patients’ ocular symptoms 

and quality of life measurement scale ADL: Activity of daily living; 

oGVHD: Ocular graft-versus-host disease.

Table 1 Characteristics of the study population

Variables Mean±SD/median Normal values

Age (y) 39.12±11.48 -

Albumin 37.85±5.57 40-55

Globulin 28.86±8.69 20-40

Total bilirubin 12.57±5.84 3.4-22.2

Alkaline phosphatase 86.00 (50.75-109.25) 45-125

White blood cell 3.91 (2.96-5.55) ×109 (3.50-9.50)×109

Red blood cell (3.37±0.84)×1012 (3.80-5.10) ×1012

Hemoglobin 105.2±22.68 115-150

Platelets 112.00 (87.75-180.00)×109 (125-350)×109

Eosinophil 0.07 (0.028-0.155) ×109 (0.000-0.060) ×109

ALT 30.5 (20.5-53.5) 15-40

AST 30.00 (22.00-39.75) 9-50

GGT 45.50 (25.75-134.50) 10-60

BCVA 0.75 (0.60-1.00) -

IOP (mm Hg) 15.36±2.66 10-21

Schirmer II test (mm/5min) 7.00 (5.75-11.25) ≥10

Inflammatory index total score 0.50 (0.00-2.00) 0

Sodium fluorescein stain 0.00 (0.00-4.00) 0

Tear film rupture time (s) 3.00 (0.00-5.00) ≥10

lachrymal height (mm) 0.286±0.067 -

Visual function QOL scores 64.00 (46.25-85.25) 0-200

Whole body quality of life assessment 70.90±18.40 0-100

OSDI 14.58 (8.33-28.72) 0-100

ALT: Alanine transaminase; AST: Aspartate aminotransferase; GGT: 

Gamma-glutamyl transpeptidase; BCVA: Best corrected visual acuity; 

IOP: Intraocular pressure; OSDI: Ocular Surface Disease Index; QOL: 

Quality of Life.

Ocular manifestations and QOL after HSCT
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When skin or liver GVHD occurs, it may advance the onset 
of oGVHD and aggravate ocular symtons. Even if some 
individuals were in a generally better physical health state, 

hepatic function differed between the ocular-onset group and 
nonocular-onset group. Prior research[30] has suggested that 
liver function changes might be related to underlying ocular 

Figure 2 Relationship between QOL, OSDI and overall QOL score. QOL: Quality of Life; OSDI: Ocular Surface Disease Index.

Table 2 Comparison of two groups

Variables
ALLO-HSCT

χ2/t/W P
Without ocular manifestation (n=16) With ocular manifestation (n=28)

Male 8 (50.00) 15 (53.57) 0 1.00
Age, y 43.27±12.85 36.81±10.18 1.674 0.107
Albumin 38.16±3.93 37.67±6.38 0.312 0.757
Globulin 31.43±5.49 27.39±9.87 7.742 0.089
Total bilirubin 9.73±3.72 14.19±6.26 -2.967 0.005
Alkaline phosphatase 64.5 (45.5-101.5) 87.5 (56.5-123.5) 169 0.184
White blood cell 4.07 (3.50-5.11) 3.87 (2.89-5.67) 241.5 0.678
Red blood cell 3.26±0.83 3.44±0.85 -0.662 0.513
Hemoglobin 99.00±21.83 108.82±22.76 -1.414 0.167
Platelets 96.0 (75.5-137.0) 125.0 (96.5-185.5) 155 0.095
Eosinophil 0.10 (0.045-0.195) 0.055 (0.015-0.090) 290 0.109
ALT 25.5 (17.0-40.5) 32.0 (23.0-66.5) 173.5 0.222
AST 24.0 (21.0-33.0) 32.0 (24.5-59.0) 144 0.052
GGT 32.0 (16.0-68.0) 91.5 (31.0-331.5) 129 0.021

ALLO-HSCT: Allogeneic hematopoietic stem cell transplantation; ALT: Alanine transaminase; AST: Aspartate aminotransferase; GGT: 

Gamma-glutamyl transpeptidase.

Table 3 Ocular questionnaires and objective index score

Variables
OSDI SQOL-DV1 Overall QOL

r β P r β P r β P

BCVA -0.480 -1.166 0.143 -0.560 -0.911 0.0007 0.088 0.156 0.339
IOP 0.037 0.026 0.796 -0.216 -0.047 0.183 -0.164 -0.035 0.082
STT II -0.308 -0.051 0.341 -0.220 -0.028 0.143 -0.135 -0.007 0.513
FL 0.271 0.133 0.054 0.494 0.065 0.007 0.067 0.005 0.727
TBUT -0.099 -0.069 0.530 -0.356 -0.092 0.0146 0.008 -0.005 0.819
TMH -0.339 -5.336 0.160 -0.211 -2.132 0.115 -0.174 -0.329 0.673

OSDI: Ocular Surface Disease Index; SQOL-DV1: Quality of Life scale for Chinese patients with visual impairment; QOL: Quality of 

Life; BCVA: Best corrected visual acuity; IOP: Intraocular pressure; FL: Cornea fluorescein stain; TBUT: Tear film breakup time; STT II: 

Schirmer II test; TMH: Tear meniscus height.
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alterations. Our study also confirmed their finding. There 
was a significant difference in TB and GGT between the two 
groups. The marked increase in GGT and TB levels has been 
associated with cholestasis and bile duct damage[31-32]. We 
consider that oGVHD might be associated with cholestasis and 
bile duct damage and that GGT and TB levels might be ocular 
and systemic risk factors. Further studies are needed to prove 
this hypothesis.
We selected two questionnaires for them in this study to 
evaluate the relationship between subjective and objective 
measurements of ocular performance in patients after ALLO-
HSCT. One was OSDI[33], which was mainly used to evaluate 
the performance of the ocular surface and the impact of 
ocular discomfort on life and then to investigate the patients’ 
QOL. Regarding this questionnaire, there was no statistically 
significant difference. The other questionnaire we selected 
was SQOL-DV1[28]. It mainly evaluated patients’ subjective 
symptoms and the impact of eye discomfort on the economy, 
psychology, and daily activities. Our research showed that 
ocular discomfort had a significant correlation with BCVA 
and FL but not with other ocular conditions. This is probably 
because our research subjects were the first time to visit the 
ophthalmology clinic, and some of them might have felt very 
mild ocular discomfort and had been accustomed to it when 
they were suffering from a more serious condition. Only a few 
patients developed unbearable ocular symptoms, and their eye 
lesions severely affected their QOL. However, the number of 
patients with moderate-to-severe ocular lesions was relatively 
small at the initial visit.
Patients with oGVHD perceive significant differences in QOL 
effects related to their ocular conditions[34-36]. The worse the 
ocular condition, the worse the QOL. Some patients even rely 
more on others and stay at home longer than before because 
of eye discomfort. For some patients with cGVHD, their 
subjective perception of the patient is not directly related to 
the ocular disease[37]. Although some patients did not feel any 
ocular discomfort, they had severe ocular lesions.
Kurosawa et al[38] have reported that patients without systemic 
GVHD symptoms have a higher QOL. Acute GVHD often 
means a worse QOL. For those with chronic GVHD, a good 
treatment response could cause a significant improvement 
in QOL. The literature has shown that there are no severe 
systemic diseases and only mild changes in the skin or eye 
for some patients with mild GVHD. For patients with milder 
systematic conditions, the general condition cannot become 
an important factor affecting their QOL[29]. Our study proved 
that the general QOL did not play an important role for mild 
systemic GVHD patients.
There were some limitations in our study. First, because 
GVHD rarely occurs in the whole population, the number of 

our patient samples was small, and further studies with larger 
sample sizes are needed. Second, there were some subjective 
indicators in our study, such as FL and TBUT. Although we 
designated two physicians to evaluate patients at the same 
time, there still might have been some possibility of errors. 
Additionally, this study was a cross-sectional study, and further 
prospective studies could better evaluate the ocular surface 
conditions and related QOL for patients after ALLO-HSCT.
In this study, we confirmed that systemic and ocular conditions 
were not parallel and that liver function changes were related 
to oGVHD. We first found that elevated GGT and TB were 
related to oGVHD and that Chinese patients’ QOL was 
correlated with BCVA and FL. However, the QOL of mild 
oGVHD patients was not directly related to ocular damage. 
When oGVHD patients feel obvious ocular discomfort, they 
might already have severe oGVHD that is difficult to cure. 
Therefore, early, timely and regular assessment of the patient’s 
eye condition after ALLO-HSCT is very important, especially 
when the patients’ TB or GGT levels are elevated. We consider 
that oGVHD might be associated with cholestasis and bile duct 
damage, GGT and TB levels may be ocular and systemic risk 
factors. Moreover, further studies with large sample sizes are 
needed.
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