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1. Introduction

   Cystinosis is a systemic disorder caused by mutations in the CTNS 
gene, which encodes the lysosomal cystine transporter protein, 
leading to intracellular cystine accumulation primarily affecting the 
kidneys, causing progressive organ damage1. The incidence of auto-
somal recessive cystinosis disease is 0.5-1/100.0002. So far, over 
140 mutations have been found in cystinosis patients. The most 
common one is a significant 57-kb deletion that impacts the initial 9 
exons of CTNS and a portion of exon 102,3. However, it's worth not-
ing that a Turkish patient group studied by Topaloglu et al. did not 
exhibit this particular 57-kb deletion4. 
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There are three clinical forms of cystinosis based on age of onset and 
kidney involvement: infantile, juvenile, and adult (ocular non-
nephropathic). Infantile nephropathic cystinosis is severe, often 
leading to end-stage kidney disease (ESKD). Juvenile form is less 
common, with diagnosis after age 10. Adult form is rare, causing 
photophobia due to corneal cystine accumulation5. 
Infantile nephropathic cystinosis presents with Fanconi syndrome 
around 6 months accompanying polyuria, growth issues, vomiting, 
dehydratation, and rickets5,6. Glomerular function declines, usually 
resulting in ESKD by the first decade, treated with kidney replace-
ment therapy (KRT) include hemodialysis (HD), peritoneal dialysis 
(PD) or kidney transplantation. Since cystinosis patients do not ex-
perience recurrence after kidney transplantation, kidney transplan-
tation is preferred for KRT4. However, early cysteamine therapy 
helps clear cystine, benefiting kidney function and delaying ESKD 
onset7,8. The prevention of progression to ESKD is of significant im-
portance in terms of patients' prognosis and morbidity, as it enables 
the identification of other prognostic factors, in addition to the sig-
nificance of early initiation and effectiveness of treatment. In a re-
cent study, a high level of proteinuria at the time of diagnosis (spot 
urine protein/creatinine >6 mg/mg) was identified as a prognostic 
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factor affecting kidney survival9. 
This study aims to assess cystinosis, a rare condition with significant 
multisystem impact and potential complications, particularly kid-
ney failure. By investigating clinical features, disease progression, 
and prognosis, we also aim to identify the factors like early treat-
ment that relate to chronic kidney disease (CKD) and ESKD out-
comes. 
 

2. Materials and methods 

 
We conducted a retrospective review of the medical records of 

cystinosis patients who were diagnosed and followed up at the De-
partment of Pediatric Nephrology, Başkent University Adana Appli-
cation and Research Center, from 2006 to 2023. 

The study included patients diagnosed with cystinosis based on 
clinical and laboratory findings. Patients with accessible medical 
records and a follow-up period of at least 6 months were included. 
Cystinosis diagnosis was confirmed through the observation of cor-
neal cystine crystals in slit lamp examinations, elevated leukocyte 
cystine levels (> 2 nmol ½ cystine per mg protein), and/or the pres-
ence of mutations in the CTNS gene identified through genetic test-
ing. 

The medical records of patients' age at diagnosis, consanguinity 
and family history, age of onset of symptoms, duration of diagnosis 
and follow-up, presenting clinical findings, and laboratory values at 
diagnosis and at the end of follow-up, leukocyte cystine level (nmol 
½ cystine mg protein), cysteamine dose and supportive treatments 
were evaluated retrospectively. The eGFR was calculated with the 
Schwartz formula.10 

Cysteamine was initiated orally at a dose of 60–90 mg/kg/day, 
which was initiated at a low dose and gradually increased, for all pa-
tients upon diagnosis. Additionally, topical cysteamine eye drops 
were prescribed for all patients upon detection of eye involvement. 

At the end of the follow-up period, the patients were classified 
into five stages of CKD 1,2,3,4 and 5 according to the KDIGO classifi-
cation. Then the patients were categorized into two groups based on 
their stages: patients with stage 3, 4 and 5 grouped as eGFR<60 
ml/min/1.73 m2 and with stage 1, 2 and without CKD grouped as 
eGFR>60 ml/min/1.73 m2. Then, demographic, clinical, and labora-
tory data, along with treatment and disease-related complications, 
were statistically compared between these two groups to identify 
factors associated with CKD. 

This study was approved by Başkent University Instutional Re-
view Board. (Project no: KA23/253). 

2.2 Statistical Analysis 

Statistical analyses for this observational, descriptive, retrospec-
tive study were conducted using IBM® SPSS© 24 software. Categor-
ical variables were presented as numbers and percentages. Normal-
ity of numerical variables was assessed using analytical methods 
such as Kolmogorov-Smirnov and Shapiro-Wilk tests. Descriptive 
statistics for normally distributed numeric variables were reported 
as mean and standard deviation. To compare continuous variables 
between groups, we used either Student's t-test for parametric val-
ues or Mann-Whitney U test for non-parametric values. Categorical 
variables between groups were analyzed using the chi-square test 
or Fisher's exact test. The threshold for statistical significance was 
set at p<0.05. 

 

3. Results 
 

    3.1. Demographic and Clinical Findings 

      A total of 18 cystinosis patients, 7 males and 11 females, were 
followed up at our center, with a mean age at diagnosis of 
46.61±50.42 months. The patient with the older age at diagnosis, he 
was at 174 months and had a homozygous c.451A>G p.Arg151Gly 

mutation. The other four patients with older age at diagnosis (mini-
mum 43 months-maximum 126 months) also had the same muta-
tion. The patient diagnosed at 53 months had a heterozygous muta-
tion of c.864_842del p.Val279_Tyr281del/c.1015G>A p.Gly339Arg. 
Among the patients diagnosed at an early age (minimum 7 months, 
maximum 17 months), 5 had a homozygous c.681G>A p.Glu227Glu 
mutation, and the other 3 had a homozygous/heterozygous c.18-
21del p.Thr7Phefs*7 mutation. The genetic analysis of a total of 15 
patients revealed that the homozygous c.451A>G p.Arg151Gly, 
which was detected in six patients, was the most frequently ob-
served mutation in our study. The mean diagnosis period was 
4.33±7.64 months. 
All patients presented with polyuria and polydipsia as their chief 
complaints, while vomiting (44.4%) and growth retardation 
(33.3%) were other commonly observed symptoms. While pro-
teinuria was present in 17 (94.4%) patients, fanconi syndrome was 
observed in 12 (66.7%) patients. Eleven patients (61.1%) exhibited 
acidosis, while alkalosis was present in 2 patients (11.1%). One pa-
tient had acute kidney injury at presentation, which improved dur-
ing follow-up. At the time of diagnosis, the mean eGFR of the patients 
was 72.94±21.69 mL/min/1.73m2, and the mean spot urine pro-
tein/creatinine (Spot Up/cr) was 2.20±1.88 mg/mg.   The mean 
leukocyte cystine level in all patients was 5.51±4.63 nmol ½ cystine 
per mg protein, while the initial treatment doses averaged at 
27.22±8.61 mg/kg.Table-1 summarizes the demographic and 
clinical characteristics of the patients at the time of presentation. 
 

 

 
Demographic, clinical characteristics, and findings of the cysti-

nosis patients at presentation and diagnosis 

 
 

 Patients (n= 18) 

Male, n (%) 7 (38.9%) 

Consanguinity, n (%) 14 (77.8%) 

Family history of Cystinosis, n (%) 4 (22.2%) 

Age of diagnosis, months (mean±SD) 46.61±50.42 

Diagnosis period, months (mean±SD) 4.33±7.64 

Symptoms  

• Polyuria, n (%) 

• Polydipsia, n (%) 

• Vomiting, n (%) 

• Growth retardation, n (%) 

• Photophobia, n (%) 

• Tetany, n (%) 

 

18 (100%) 

18 (100%) 

8 (44.4%) 

6 (33.3%) 

1 (5.6%) 

1 (5.6%) 

Other findings  

• Proteinuria, n (%) 

• Corneal involvement, n (%) 

• Fanconi, n (%) 

• Acidosis, n (%) 

• Anemia, n (%) 

• Renal osteodystrophy, n (%) 

 

17 (94.4%) 

14 (77.8%) 

12 (66.7%) 

11 (61.1%) 

9 (50.0%) 

6 (33.3%) 

eGFR at (ml/min/1.73m2), mean±SD 72.94±21.69 

Spot Urine protein/creatinine (mg/mg), mean±SD 2.20±1.88 

Leukocyte cystine level (nmol half-cystine/mg protein), mean±SD 5.51±4.63 

Cysteamine dose (mg/kg/day), mean±SD 27.22±8.61 

Table 1 
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eGFR: estimated Glomerular Filtration Rate 

    3.2. Prognosis 

     During an avarage follow-up of 68.28±60.18 months, rickets were 
observed in 9 cases (50.0%). At their last visit, patients had a mean 
eGFR 63.97±23.59 mL/min/1.73m2. Among them, with 44.4% (8 
patients) had an eGFR below 60 mL/min/1.73m2, and 5 (27.8%) un-
derwent KRT with three of them receiving kidney transplantation. 
Currently, 10 cystinosis patients are being actively monitored, with 
two having undergone kidney transplantation and one continuing 
PD. The prognosis is summarized in Table 2.  
Among the 8 patients with eGFR<60 mL/min/1.73 m2, 4 had the ho-
mozygous c.681G>A mutation and 1 had the homozygous c.18-
21delGACT p.T7Ffs7 mutation (early-onset diagnosis), while 3 had 
the c.451>G p.Arg151Gly mutation (late-onset diagnosis). The mean 
age of ESKD development in the 5 patients with ESKD was 12.8±6.05 
(ranging from 7 to 20 years) years. Among these, 3 patients with the 
homozygous c.681G>A mutation and 1 patient with the homozygous 
c.18-21delGACT p.T7Ffs7 mutation (early-onset diagnosis) had a 
mean age of ESKD development at 8.67±2.89 years. In siblings with 
late-onset c.451>G p.Arg151Gly mutation, the age of ESKD was 18 
and 20 years. 
3.3 CKD with GFR<60 mL/min/1.73 m2 associated factors  

    In patients with eGFR<60 mL/min/1.73 m2, the presence of con-
sanguinity (8/8 patients vs. 6/10, p=0.04) and family history (4/8 
patients vs. 0/10, p=0.01), the presence of renal osteodystrophy at 
presentation (5/8 patients vs. 1/10, p=0.02), and the development 
of rickets (7/8 patients vs. 2/10, p=0.02) were statistically signifi-
cantly higher. The initial cysteamine dose was found to be statisti-
cally significantly lower in patients with eGFR<60 mL/min/1.73 m2 
(22.50±8.45 vs. 31.0±6.99; p=0.03). The comparison between pa-
tients with eGFR<60 mL/min/1.73 m2 and >60 mL/min/1.73 m2 is 
shown in Table 3. 
 

 

 
Prognosis of the cystinosis patients 
 

 

 Patients (n= 18) 

eGFR at last visit (mL/min/1.73m2), mean±SD 63.97±23.59 

Spot Urine protein/creatinine at last visit (mg/mg), mean±SD 2.59±2.32 

Leukocyte cystine level at last visit (nmol half-cystine/mg pro-

tein), mean±SD 

3.35±3.32 

Cysteamine dose at last visit (mg/kg/day), mean±SD 53.3±14.45 

Systemic findings  

• Rickets, n (%) 

• Hypothyroidism, n (%) 

• Gastrointestinal involvement, n (%) 

 

9 (50.0%) 

2 (11.1%) 

2 (11.1%) 

Chronic Kidney Disease with eGFR<60 mL/min/1.73m2, n (%) 8 (44.4%) 

Kidney Replacement Therapy, n (%) 

• Kidney Transplantation, n (%) 

• Peritoneal Dialysis, n (%) 

5 (27.8%) 

3 (16.7%) 

2 (11.1%) 

Follow-up period (months), mean±SD 68.28±60.18 

Follow-up situation at last visit 

• Follow-up 

• Follow-up by adult 

• Unfollowed 

 

10 (55.6 %) 

4 (22.2%) 

4 (22.2%) 

eGFR: estimated Glomerular Filtration Rate 

 

 

 
Demographic, clinical characteristics, and prognosis differences 

between cystinosis patients with eGFR<60 mL/min/1.73m
2

 and 

eGFR>60 mL/min/1.73m
2

 

 

 

 eGFR<60 eGFR>60 
p 

value 

Number of patients, n (%) 8 10  
Gender (Male/Female) 5/3 2/8 0.06 
Consanguinity, n 8 6 0.04 
Family history of Cystinosis, n 4 - 0.01 

Age of diagnosis, month (mean±SD) 
42.13±50.

24 
50.20±52.97 0.74 

Diagnosis period, month (mean±SD) 2.75±2.49 5.60±10.07 0.45 
Growth retardation at diagnosis, n 2 4 0.50 
Symptoms at diagnosis 

• Growth retardation, n  

• Photophobia, n  

• Vomiting, n  

• Tetany, n 

 
2 
0 
5 
1 

 
4 
1 
3 
- 

 
0.50 
0.36 
0.17 
0.25 

Other findings  

• Proteinuria, n 

• Fanconi, n  

• Renal osteodystrophy, n  

• Acidosis, n 

• Anemia, n  

 
8 
6 
5 
5 
3 

 
9 
6 
1 
6 
6 

 
0.36 
0.50 
0.02 
0.91 
0.34 

eGFR (ml/min/1.73m2) at diagnosis, 
mean±SD 

80.13±23.
47 

67.94±19.43 0.22 

Spot Urine protein/creatinin (mg/mg) at di-
agnosis, mean±SD 

2.41±1.95 2.03±1.91 0.68 

Leukocyte cystine level (nmol half-cys-
tine/mg protein) at diagnosis, mean±SD 

6.58±5.65 4.66±3.72 0.39 

Initial dose of Cysteamine (mg/kg), 
mean±SD 

22.50±8.4
5 

31.0±6.99 0.03 

Systemic findings  

• Rickets, n 

• Hypothyroidism, n  

• Gastrointestinal involvement, n  

• Corneal involvement, n 

 
7 
2 
1 
7 

 
2 
- 
1 
7 

 
0.02 
0.09 
0.87 
0.38 

Bold shows that p value is statistically significant, eGFR: estimated Glomerular Filtration 
Rate 

 
 

4. Discussion 
 
Cystinosis is a rare, autosomal recessive, multisystemic, lysoso-

mal storage disorder. Although cysteamine treatment significantly 
improves the disease course, allowing for more widespread use of 
KRT, the development of ESKD and systemic symptoms are still 
commonly observed, particularly due to ongoing challenges in drug 
procurement and other social and economic difficulties in our coun-
try. Therefore, we evaluated cystinosis patients followed up at our 
center in terms of clinical manifestations, disease progression, and 
kidney involvement, aiming to identify factors associated with CKD 
and the development of ESKD.  

In autosomal recessive hereditary diseases, consanguineous mar-
riages increase the risk of being affected, and in our study, consan-
guineous marriage was found in 77.8% of cases, while family history 
was present in 22.2%. Similar rates have been reported in other 
studies conducted in our country, where the rate of consanguineous 
marriages is generally high in the general population4,9,11,12. In con-
trast to our population, Greco et al. reported the rate of consanguin-
eous marriages as 8.6%13. Cystinosis, although considered a rare 
disease, is important in our country due to its relatively higher oc-
currence resulting from consanguineous marriages. Therefore, rais-
ing awareness about the condition is crucial to facilitate early diag-
nosis. 

In our study, the average age at diagnosis (46.61±50.42 months) 

Table 2 

Table 3 
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was found to be higher compared to previous studies.4,8,14 Among 
the patients with late-onset disease, six had the homozygous 
c.451A>G p.Arg151Gly mutation. On the other hand, among the pa-
tients diagnosed at an early age, five had the homozygous c.681G>A 
p.Glu227Glu mutation, and the other three had the homozy-
gous/heterozygous c.18-21del p.Thr7Phefs*7 mutation. Likewise, a 
recent extensive cohort study conducted in Turkey revealed that the 
prevailing mutations were c.681G>A p.Glu227Glu and c.18-21del 
p.Thr7Phefs*7, both linked to early-onset disease and a more severe 
clinical progression.4 In the study by Atmış et al9, it was reported 
that patients with the c.451A>G mutation had older ages at diagno-
sis and longer follow-up periods compared to patients with other 
mutations. In our study, similar to the previously reported findings 
from the same region in our country, the homozygous c.451A>G 
p.Arg151Gly mutation was also found to be prevalent9,15. The higher 
proportion of patients with the homozygous c.451A>G p.Arg151Gly 
mutation, which was the initial description was provided by Topal-
oglu et al. in Turkey16, in our study might have contributed to the 
higher average age at diagnosis compared to previous studies. Alt-
hough we observed fewer patients with mutations detected at a 
young age, we would have expected a longer diagnosis period due 
to factors such as non-specific evaluation of symptoms in younger 
patients, insufficient awareness of the disease among primary care 
physicians, limited diagnostic methods, and the presence of corneal 
cystine crystals in examinations before the age of 1.5 years. How-
ever, the diagnosis period in our study was not very long. This may 
be attributed to pediatric physicians promptly referring suspicious 
patients to the nephrology department. 

Consistent with previous research, our study also found that the 
most frequent initial symptoms were polyuria and polydipsia, fol-
lowed by vomiting, growth retardation, and renal osteodystrophy.4,8 

At the time of diagnosis, renal osteodystrophy was observed in 
33.3% of patients. Previous studies by Brodin et al.8 and Topaloglu 
et al.4 reported the occurrence of rickets in 41% and 44% of cases, 
respectively. Patients with rickets were found to have a younger age 
at diagnosis and to have the c.681G>A p.Glu227Glu and c.18-21del 
p.Thr7Phefs*7 mutations. Nevertheless, the research conducted by 
Topaloglu et al.4 reported no notable distinction concerning the oc-
currence of rickets between individuals with these frequently ob-
served mutations and those with other genetic mutations. While 
typical clinical presentation in cystinosis involves proximal renal 
tubular acidosis, our study and the others reported cases where pa-
tients presented with a hypokalemic, hypochloremic metabolic al-
kalosis pattern, resembling Bartter syndrome12,17-20. The exact 
cause of metabolic alkalosis is not fully understood. Nonetheless, it 
has been proposed that an abnormality in sodium-dependent trans-
tubular transport contributes to heightened sodium reabsorption, 
leading to the depletion of potassium and hydrogen ions. Conse-
quently, this process culminates in the development of metabolic al-
kalosis18-20. 

At the time of admission, the average eGFR of the patients was 
72.94±21.69 ml/min/1.73 m2. One patient had acute kidney injury 
due to dehydration, with an eGFR of 32 ml/min/1.73 m2, which 
later improved to above 90 ml/min/1.73 m2 during follow-up. After 
an average follow-up of 68.28±60.18 months, the mean eGFR was 
63.97±23.59 ml/min/1.73 m2, similar to the findings reported by 
Atmış et al.9 with the most common C.451A>G mutation. At the end 
of the follow-up period, the prevalence of CKD (eGFR<60 
mL/min/1.73m2) was 44.4%, and the rate of KRT was 27.8%. In a 
large-scale cohort study conducted in our country, the rate of KRT 
was reported as 36%,4 while in the study by Atmis et al.9, where the 
C.451A>G mutation was most commonly identified, the rate was 
16.6%. Our study, in which the mean age of ESKD development was 
found to be 12.8 years, is consistent with a similar study where the 

most common C.451A>G mutation was identified, reporting an 
mean ESKD age of 122 months9. On the other hand, in a large cohort 
study by Topaloglu et al.4, where the c.681G>A p.Glu227Glu and 
c.18-21del p.Thr7Phefs7 mutations were more prevalent, the aver-
age ESKD age was reported as 11 years. The later onset of ESKD in 
the study with a higher frequency of these mutations, which are 
more common and have a more severe course at a young age diag-
nosed, was attributed to the early initiation of cysteamine therapy 
(<2 years). In our study, cysteamine treatment was started before 
the age of 2 in patients, who developed ESKD, with the c.681G>A 
p.Glu227Glu and c.18-21del p.Thr7Phefs7 mutations. 

In cystinosis patients, various factors affecting prognosis, such as 
the timing of cysteamine treatment initiation, and treatment dose, 
patient adherence to therapy, leukocyte cystine levels, and spot 
urine protein/creatinine ratios, have been evaluated in previous 
studies. It has been suggested that starting cysteamine treatment 
before the age of 2 delays the onset of ESKD4,8,13, and that patient 
adherence and proper dosage usage also delay ESKD development.8 
Furthermore, it has been observed that patients with lower leuko-
cyte cystine levels develop ESKD at a later stage,8 and those with 
spot urine protein/creatinine ratios lower than 6 mg/mg have a bet-
ter prognosis9. 

In our study, there were no significant differences in the age of 
cysteamine treatment initiation, leukocyte cystine levels, and spot 
urine protein/creatinine ratio between patients with eGFR<60 
ml/min/1.73 m2 and eGFR>60 ml/min/1.73 m2. However, it was ob-
served that the initial cysteamine treatment dose was lower in pa-
tients with eGFR<60 ml/min/1.73 m2. This result is consistent with 
the poor adherence to cysteamine treatment is associated with early 
onset of ESKD detected in the previous studies8. Also, the most sig-
nificant contributing factor to this situation in our country is the dif-
ficulties patients experience in obtaining drugs. These results are 
emphasizing the importance of starting treatment with higher doses 
or increasing doses promptly to ensure treatment adherence and 
achieve optimal outcomes. Compliance with medication and regular 
intake of prescribed drugs are of critical importance for cystinosis 
patients21. 

In our study, there was a statistically significant higher in consan-
guinity and family history among patients with CKD. Consanguinity 
and family history should be considered as risk factors for CKD de-
velopment. In our country, where consanguineous marriages are 
observed at a high rate, patients should be evaluated for their family 
history and receive genetic counseling. Close monitoring, family ed-
ucation, and early diagnosis are crucial, and sibling screening is 
highly important for cystinosis patients. 

In our study, the presence of renal osteodystrophy or the devel-
opment of rickets during follow-up period was found to be signifi-
cantly associated with CKD. Rickets, being a factor associated with 
ESKD, can have negative effects on patients' growth and bone 
health. Therefore, regular monitoring of bone health in cystinosis 
patients and the appropriate and adequate treatments, especially 
cysteamine and other supportive therapies, are crucial, as empha-
sized once again in this study. 

The limitations of our study include its retrospective nature, small 
sample size, short follow-up period, and the lack of molecular ge-
netic analysis performed in all patients. However, considering the 
importance of identifying factors that can impact the prognosis of 
this rare and preventable condition, the findings of this and other 
studies may be beneficial in planning larger-scale prospective stud-
ies in the future. 

 

5. Conclusions 
 

In conclusion, our study highlights crucial aspects of managing cysti-
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nosis, including early diagnosis and appropriate treatment dosing 
to prevent complications and enhance patients' quality of life. Con-
sanguinity and family history emerged as significant risk factors for 
CKD in cystinosis patients, underscoring the importance of as-
sessing family history and providing genetic counseling, especially 
in regions with prevalent consanguineous marriages such as our 
country. The presence of renal osteodystrophy or rickets during fol-
low-up was strongly linked to CKD, stressing the need for regular 
bone health monitoring and timely, suitable cysteamine therapy. 
Despite the study's limitations, these findings underscore the signif-
icance of further research involving larger patient cohorts to better 
comprehend cystinosis and CKD-related factors. This knowledge 
will ultimately lead to improved patient outcomes and a deeper un-
derstanding of the disease. 
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