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Purpose

To investigate the association of comorbidities including hyperparathyroidism and sociodemographic factors with band keratopathy.



Methods

This retrospective, population-based, matched case-control study recruited 2,545 patients suffering from band keratopathy. They were selected from the Taiwan National Health Insurance Research Database, based on the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code 371.43. The control group included 15,270 sex-, age-, and index date-matched non-band keratopathy patients collected from the Taiwan Longitudinal Health Insurance Database 2000. To compare band keratopathy patients with controls, McNemar’s test was used for nominal data and paired t- tests were used for continuous variables. Univariate conditional logistic regression analysis and multivariable conditional logistic regression were used to obtain the odds ratio (OR) and adjusted OR of developing band keratopathy.



Results

Patients with hyperparathyroidism were more likely to develop band keratopathy than controls (OR, 43.5; 95% confidence interval [CI], 23.789–79.544; P < 0.001) even after conditional logistic regression (adjusted OR, 11.28; 95% CI, 5.461–23.33; P < 0.001). Other conditions that increased the odds of scleritis development included systemic diseases such as chronic kidney disease (CKD) and diabetes mellitus (DM) and ocular conditions such as iridocyclitis, phthisis bulbi, and ever silicone oil retention. Regarding sociodemographic factors, >40% of patients with band keratopathy were aged ≥65 years old. Moreover, patients living in Eastern Taiwan and fishermen had higher odds of developing band keratopathy.



Conclusions

Band keratopathy is significantly associated with hyperparathyroidism, CKD, DM, iridocyclitis, phthisis bulbi, and ever silicone oil retention.
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Introduction

Band keratopathy is a chronic degenerative condition which was first described by Dixon in 1848. It is characterized by the formation of whitish to grayish opacities on the corneal surface, especially in the interpalpebral zone (1, 2). The corneal opacities are caused by the precipitation of calcium hydroxyapatite crystals into the superficial layers of the cornea (i.e., the Bowman’s membrane, the epithelial basement membrane, and the basal epithelium) (1, 2). Patients with band keratopathy remain asymptomatic in the early stages of the condition. However, if the opacities extend to the visual axis, the band keratopathy may lead to decreased visual acuity and significant glare. Furthermore, the disruption of the ocular surface due to the accumulation and deposition of the crystals may result in redness, irritation, photophobia, recurrent painful corneal erosion-like symptoms, and vulnerability to corneal ulcers (1).

Histological analysis of affected corneas shows a fine granular calcification in the superficial cornea including the Bowman’s membrane and deep-situated calcium plaques involving the anterior stroma (1, 3). A variety of factors are associated with band keratopathy, including chronic ocular conditions such as uveitis (4, 5), silicon oil retention (6, 7) and phthisis bulbi; and systemic condition such as diabetes mellitus (DM), chronic kidney disease (CKD) (8), elevated serum phosphate levels and increased serum calcium levels that are possibly related to secondary hyperparathyroidism (9–11).

Previous studies reported that hypercalcemia-related ocular manifestations are related to deposition of calcium hydroxyapatite crystals on the ocular surfaces (10, 11). Calcium deposition in the cornea of patients with hyperparathyroidism was first described by Walsh and Howard in 1947 (12). Several previous studies have linked corneal calcium deposition to hyperparathyroidism (11, 13). Some patients were diagnosed as hyperparathyroidism after the finding of calcium deposits in the cornea (14, 15). Several studies also reported that ocular calcium deposition in patients with primary hyperparathyroidism, secondary, or tertiary hyperparathyroidism were related to chronic renal failure (16–19). The mechanism of calcium deposition in the cornea is not understood well, but it may be associated with the precipitates left as tears evaporate, changes in the pH, degeneration and necrosis due to inflammatory diseases, and breakdown of phosphates (1, 20, 21). Primary and secondary hyperparathyroidism may cause high levels of serum calcium and lead to supersaturated concentrations and sediment formation on cornea (9, 11).

The purpose of this study was to investigate the association of hyperparathyroidism, sociodemographic factors, and various comorbidities with band keratopathy and to elucidate the epidemiological features of band keratopathy.



Materials and Methods


Patient Data

Data for this study were obtained from the National Health Insurance Research Database (NHIRD) provided by the Taiwan National Health Research Institute. The NHIRD has encrypted identification numbers of patients with demographic data such as date of birth, residential area, and admission and discharge dates. The database also incorporates “International Classification of Diseases, Ninth Revision, Clinical Modification” (ICD-9-CM) codes, and records diagnoses, prescriptions, and procedures; and expenses covered by the National Health Insurance (NHI). This study was exempted from review by the Institutional Review Board of the Chi Mei Medical Center because no identification information were found.



Selection Criteria

Band keratopathy patients and matched non-band keratopathy control patients were enrolled in this study. The information of patients from both groups was gathered from January 1, 2004, to December 31, 2011. Figure 1 shows the flowchart of this study. At the beginning, 2,558 patients diagnosed with band keratopathy (ICD-9-CM code 371.43) were enrolled. After excluding patients with missing demographic data and unknown sex, 2,552 patients were left. At the end, 2,545 patients (from the NHIRD) diagnosed with band keratopathy, for whom we found matched controls, were included in the analysis.




Figure 1 | Flowchart demonstrating the enrollment of patients with band keratopathy and controls.



For each patient with band keratopathy, six non-band keratopathy controls were randomly selected from the Longitudinal Health Insurance Database (LHID) 2000, which is a subdivision of the NHIRD and comprises the entire data of one million beneficiaries selected in the year 2000. Initially, we recruited 932,818 patients who had not been diagnosed with band keratopathy before the index date. Next, 38,829 patients with unknown sex or missing demographic data were excluded. Controls (n = 15,270) were sex-, age (± 30 days)-, and index date-matched with patients diagnosed without band keratopathy. The index date was defined as the first day the diagnosis of band keratopathy was established. Each patient in both groups was traced and his/her demographic data were recorded from the index date till the date of death or the end of 2011 (for those were still alive after 2011). To determine the medical comorbidities associated with band keratopathy, data regarding comorbidities such as hyperparathyroidism (ICD-9-CM code 252.0: hyperparathyroidism including hyperparathyroidism unspecified [ICD-9-CM code 252.00], primary hyperparathyroidism [ICD-9-CM code 252.01], secondary hyperparathyroidism of non-renal origin[ICD-9-CM code 252.02], and other hyperparathyroidism [ICD-9-CM code 252.08]; ICD-9-CM code 259.3: ectopic hyperparathyroidism; and ICD-9-CM code 588.81: secondary hyperparathyroidism of renal origin); CKD (ICD-9-CM code 585); DM (ICD-9-CM code 250); sarcoidosis (ICD-9-CM code 135); iridocyclitis (ICD-9-CM code 364.0: acute and subacute iridocyclitis, ICD-9-CM code 364.1: chronic iridocyclitis, ICD-9-CM code 364.2 certain types of iridocyclitis, and ICD-9-CM code 364.3 unspecified iridocyclitis); and phthisis bulbi (ICD-9-CM code 360.40: degenerated globe or eye, unspecified and ICD-9-CM code 360.41: blind hypotensive eye) were collected. We used the order code 86214C, which codes for removal of silicon oil, to identify eyes with ever silicone oil retention. Comorbidities were identified based on an ICD-9-CM code being recorded at least once during ambulatory care claims or admittance as an inpatient.



Statistical Analysis

All statistical analyses were performed using the software SAS 9.4 for Windows (SAS Institute, Inc., Cary, North Carolina, USA). For demographic data, McNemar’s test was used for nominal data analysis and paired t-tests were used to analyze continuous variables. Odds ratios (ORs) were obtained using univariate logistic regression analyses. Multivariable logistic regression models (conditional on sex, age, and index date) were created to get the adjusted ORs of developing band keratopathy for patients with various comorbidities. Independent variables included socio-demographic factors (residential city status, geographic residence, income, and employment) and the previously mentioned medical condition of concern. P < 0.05 was considered statistically significant.




Results


Demographic Data

At the end, 2,545 patients with band keratopathy and 15,270 sex- and age-matched controls who had got medical healthcare services provided by the NHI between 2004 and 2011 were investigated. The mean ages for the band keratopathy patients and controls were 56.77 (standard deviation [SD] 20.98) and 53.79 (18.57) years, respectively (Table 1). Of the 2,545 patients with band keratopathy, 255 (10.02%) were aged <25 years, 162 (6.37%) were aged between 25 and 34 years, 231 (9.08%) were aged between 35 and 44 years, 389 (15.28%) were aged between 45 and 54 years, and 1,508 (59.25%) were aged ≥55 years. Among 2,545 patients with band keratopathy, 1,277 (50.18%) were men and 1,268 (49.82%) were women. The incomes of patients with band keratopathy were significantly different from those of controls. The most common approximate income of patients with band keratopathy was < 30,000 New Taiwan dollars (NT$) (2,225; 87.43%), followed by between NT$ 30,000 and NT$ 60,000 (246; 9.67%), between NT$ 60,000 and NT$ 90,000 (53; 2.08%), and > NT$ 90,000 (21; 0.83%) (P < 0.001). With regarding to geographic distribution, the most common region of residence of patients with band keratopathy was Northern Taiwan (1,251; 49.16%), followed by the Southern (843; 33.12%), Central (348; 13.67%), and Eastern regions (103; 4.05%) which was significantly different from that of controls (P < 0.001). Most patients with band keratopathy resided in rural areas (1,191; 46.80%), followed by a metropolis city (955; 37.52%), and a satellite city (399; 15.68%), which was not significantly different from that in the control group (P = 0.202). With regarding to occupation, a significant difference in the distribution was found between the two groups with >50% of patients with band keratopathy having no remarkable occupation; the remaining patients were public servants including military, civil, or teaching staff (440; 17.29%), farmers (390; 15.32%) and fishermen (39; 1.53%) (P < 0.01).


Table 1 | Baseline sociodemographic factors and comorbidities in patients with band keratopathy and controls after matching by age and sex.



Patients with band keratopathy exhibited a significantly higher prevalence of systemic diseases such as hyperparathyroidism (87; 3.42%), CKD (578; 22.71%), and DM (887; 34.85%) than controls (P < 0.001; Table 1). There was evidence of significant differences regarding presence of ocular conditions such as iridocyclitis (171; 6.72%), phthisis bulbi (257; 10.1%), and ever silicone oil retention (26; 1.02%) between patients with band keratopathy and controls (P < 0.001; Table 1). There was no significant difference with regard to incidence of sarcoidosis among patients with band keratopathy (2; 0.08%) and controls (P = 0.073).



Associated Risk Factors

Socio-demographic factors (including wages, geographic residence, residential city status, and employment) of band keratopathy patients and matched controls were analyzed using univariate logistic regression analyses and a multiple logistic regression model. The odds of developing band keratopathy for patients with income between NT$ 30,000 and NT$ 60,000, NT$ 60,000 and NT$ 90,000, and > NT$ 90,000 were not significantly increased when compared with those with income < NT$ 30,000 after adjusting for other confounders. Regarding the patients’ geographic residences, odds of band keratopathy was significantly higher for patients residing in Eastern Taiwan (OR, 1.583; 95% confidence interval [CI], 1.261–1.988; P < 0.001) than for those in Northern Taiwan, and residence in Eastern Taiwan remained a significant risk factor (for developing band keratopathy) after using conditional logistic regression analysis (adjusted OR, 1.671; 95% CI, 1.277–2.187; P < 0.001). Patients whose employment was fishing had a significantly higher prevalence of band keratopathy (OR, 1.546; 95% CI, 1.077–2.221; P = 0.018) compared to public servants (teaching, military, or civil staffs), and the fishing profession remained a significant risk factor after conditional multivariable logistic regression analysis (adjusted OR, 1.580; 95% CI, 1.030–2.423; P = 0.036) (Table 2).


Table 2 | Odds ratios and adjusted odds ratios for various sociodemographic factors and comorbidities associated with band keratopathy.



The associations of several possible comorbidities with band keratopathy were also analyzed using univariate and multiple logistic regression analyses (Table 2). Patients with hyperparathyroidism had significantly higher ORs of being diagnosed with band keratopathy (OR, 43.5; 95% CI, 23.789–79.544; P < 0.001), and the OR remained high even after conditional logistic regression analysis (adjusted OR, 11.287; 95% CI, 5.461–23.33, P < 0.001). Patients with CKD and DM had higher ORs of being diagnosed with band keratopathy before (OR, 10.55; 95% CI, 9.152–12.16; P < 0.001 and OR, 3.512; 95% CI, 3.173–3.887; P < 0.001, respectively) and after adjusting for other confounders (adjusted OR, 7.357; 95% CI, 6.258–8.649; P < 0.001; adjusted OR, 2.617; 95% CI, 2.324–2.947; P < 0.001, respectively) (Table 2). Patients with ocular conditions such as iridocyclitis, phthisis bulbi, and silicone oil retention had a significantly higher ORs of being diagnosed with band keratopathy (OR, 9.559; 95% CI, 7.486–12.206; P < 0.001; OR, 139.556; 95% CI, 76.323–255.179; P < 0.001; and OR, 156; 95% CI, 21.169–1149.582; P < 0.001, respectively), and the ORs remained high after conditional multivariable logistic regression analysis (adjusted OR, 9.509; 95% CI, 7.183–12.589; P < 0.001; adjusted OR, 141.968; 95% CI, 75.296–267.676; P < 0.001; and adjusted OR , 118.612; 95% CI , 14.595–963.938; P < 0.001, respectively) (Table 2).




Discussion

To the best of our knowledge, our study is the largest population-based, case-control study that explores the association between socio-demographic factors and common comorbidities (like hyperparathyroidism) with band keratopathy. Our analyses identified several key findings. First, > 40% of the patients with band keratopathy in Taiwan were aged ≥ 65 years and the male to female distribution was equal. Second, the odds of developing band keratopathy varied according to several sociodemographic factors. Patients living in Eastern Taiwan and fishermen had higher odds of developing band keratopathy. Third, the presence of some comorbidities significantly influenced the odds of developing band keratopathy, and patients with hyperparathyroidism had significantly higher odds of developing band keratopathy (adjusted OR, 11.287; 95% CI, 5.461–23.33; P < 0.001, Table 2).

Of the 2,545 patients with band keratopathy included in this study, 1508 (59.25%) were aged ≥ 55 years. Possible explanations for this finding include the observation that corneal calcium deposition may be a gradual process and correlated with increasing age. Moreover, many systemic diseases such as CKD and DM, which have a high prevalence in older individuals, were risk factors for band keratopathy. In this study, the male to female ratio of patients with band keratopathy was 1.01:1. Thus, no sex preponderance was demonstrated.

Regarding socio-demographic factors, we found statistically significant associations between band keratopathy and patients living in Eastern Taiwan compared with those living in Northern Taiwan (adjusted OR, 1.671; 95% CI, 1.277–2.187; P < 0.001, Table 2), and patients whose occupation was fishing compared with those in public service (adjusted OR, 1.580; 95% CI, 1.030–2.423; P = 0.036, Table 2). It is worth noting that Eastern Taiwan has a long coastline, and most people living in Eastern Taiwan make a living as fishermen. The higher rate of band keratopathy diagnosis in Eastern Taiwan and fishermen in our study, may be attributed to the humid and windy coastal climate with full sunlight in Eastern Taiwan, which may enhance calcium precipitation compared with that in other regions of Taiwan. Individuals with a lower income did not have significantly higher odds of developing band keratopathy, which implied that patients with band keratopathy did not have limitation in employment due to limitation of visual acuity by the disease.

In this study, patients with hyperparathyroidism including primary hyperparathyroidism and secondary hyperparathyroidism due to non-renal or renal impairments had a remarkably higher OR for band keratopathy development (adjusted OR, 11.287; 95% CI, 5.461–23.330; P < 0.001). Previous studies have reported corneal calcium deposition in patients with secondary hyperparathyroidism with hypercalcemia secondary to chronic renal failure (10, 16) or with normal serum calcium but with vitamin D insufficiency (22). These deposits were identified as calcium hydroxyapatite crystals (11), which is primarily composed of calcium and phosphate (23). Possible factors that trigger the formation of hydroxyapatite crystals include abnormalities in calcium, vitamin D, and parathormone metabolism (15, 19); a change in pH value over the interpalpebral ocular surface; and an increase in the local concentrations of calcium and phosphate ions (2).

CKD is an independent risk factor for band keratopathy after adjusting for other confounders (adjusted OR, 7.357; 95% CI, 6.258–8.649; P < 0.001, Table 2). This finding is consistent with that in previous studies (8, 24). In a study of 94,039 patients with CKD, Weng et al. showed that CKD was an independent risk factor of band keratopathy (adjusted hazard ratio, 11.56 [95% CI, 7.70–17.35]) in the total cohort (8). The increased risk for band keratopathy in patients with CKD may be explained by the elevated serum phosphate level (25), increased serum calcium level (24, 26, 27), and greater frequency of long-standing eye-drop instillation due to irritable red eyes and ocular hypertension (28, 29).

In this study, DM was another significant risk factor for band keratopathy (adjusted OR, 2.617; 95% CI, 2.324–2.947; P < 0.001, Table 2). No previous study has demonstrated a relationship between DM and band keratopathy. Several studies showed that the prevalence ocular surface problems such as recurrent corneal erosions and corneal ulcers is significantly higher in patients with DM (30, 31). Compromised corneal surface, delayed epithelial wound healing, and corneal epithelial basement membrane abnormalities are common in patients with DM (32–34) and may lead to an increased risk of recurrent corneal erosions and corneal ulcers. These corneal conditions may result in the cornea being vulnerable to sub-epithelial precipitation of calcium hydroxyapatite in patients with DM and may be important reasons for the increased risk of band keratopathy in patients with DM.

Our findings showed that iridocyclitis is indeed an independent risk factor of band keratopathy development (adjusted OR, 9.509; 95% CI, 7.183–12.589; P < 0.001, Table 2). This finding is consistent with that in previous reports, which showed that band keratopathy was a common ocular complication (19.2%–38%) in patients with Juvenile idiopathic arthritis-associated uveitis (4, 35, 36). The exact pathophysiology of band keratopathy is unknown, but it may be associated with phosphate breakdown due to pH changes on the ocular surface. Alkaline changes in the palpable ocular surface may occur due to precipitation as tears evaporate or degeneration and necrosis due to chronic ocular inflammatory diseases (1, 2).

Regarding the association between ocular surgery and band keratopathy, the results of our regression analysis show that silicon oil tamponade is an important risk factor for band keratitis (Table 2). Silicone oil has been widely used as a vitreous substitute in advancement of vitreoretinal surgical techniques. Silicone oil is either removed 3–6 months postoperatively or long-term silicone tamponade is performed depending on various diseases and situations. The observation is the same as that in several studies, which demonstrated that silicone oil tamponade is an important risk factor for band keratopathy (6, 7, 37) even after removal (38). Although the mechanism of band keratopathy is multifactorial, many studies have shown that silicone oil plays a significant role in the development of band keratopathy (7, 37) and that the tissue toxicity of silicone oil or pH changes due to from decreased flow across the corneal tissue may be associated with band keratopathy development (39).

Our study had several strengths. It is the largest study till date to focus on patients with band keratopathy, with 2,545 cases identified in the NHIRD database. The claims data of the NHIRD are recorded electronically rather than depending on patient self-reporting of medical conditions, which reduces the recall bias. Since our data were based on a nationwide population-based dataset, the selection bias regarding referral centers was obviated. In addition, this case-control study incorporated longitudinal data from 10 years on various sociodemographic factors and comorbidities in patients and controls. It is worth noting that these sociodemographic factors and comorbidities including hyperparathyroidism were recognized as potential confounding factors and appropriately adjusted when assessing the OR in patients with band keratopathy.

This study had several limitations. First, the presence of band keratopathy among those identified as patients or the absence of band keratopathy in controls was based on claims data and was not confirmed by assessment of clinical records. In addition, the diagnosis of band keratopathy and other comorbidities based on ICD-9-CM codes may lead to disease misclassification. We could not assess whether the management of blood sugar level and glycosylated haemoglobin influenced the risk of developing band keratopathy, because the insurance claims data did not include information on the current blood sugar value or haemoglobin A1C level. Finally, there were no data to confirm that controls had not been diagnosed with band keratopathy before January 1996 due to the absence of information before 1996, which may result in potentially compromised findings.

In conclusion, this study described some socio-demographic factors (such as living in Eastern Taiwan and fishing jobs) associated with an increased risk of developing band keratopathy. It is important to notice that after adjusting for socio-demographic factors and some comorbidities such as CKD, DM, iridocyclitis, phthisis bulbi, and silicone oil retention, patients with hyperparathyroidism had a significantly higher risk of developing band keratopathy than controls. To the best of our knowledge, our study is the largest study to show an association between hyperparathyroidism and band keratopathy development. This associations should be clarified in future studies, to enhance the understanding of the epidemiology and pathophysiology of band keratopathy.



Data Availability Statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.



Author Contributions

Conceptualization, R-LJ and Y-SC; Formal analysis, R-LJ and Y-SC; Methodology, R-LJ and Y-SC; Resources, J-JW; Software, J-JW; Writing – original draft, R-LJ and Y-SC; Writing – review and editing, S-HT and Y-SC. All authors contributed to the article and approved the submitted version.



Acknowledgments

Taiwan Bureau of National Health Insurance and Department of Health provided the National Health Insurance Research Database. We thank the staffs at ESTAT Statistical Consulting Co., Ltd. for providing statistical analysis and consultation.



Abbreviations

CI, confidence interval; DM, diabetes mellitus; CKD, chronic kidney disease; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; LHID 2000, Longitudinal Health Insurance Database 2000; NHI, National Health Insurance; NHIRD, National Health Insurance Research Database; NHRI, National Health Research Institute; NT$, New Taiwan dollars; OR, odds ratio; SD, standard deviation



References

1. Jhanji, V, Rapuano, CJ, and Vajpayee, RB. Corneal Calcific Band Keratopathy. Curr Opin Ophthalmol (2011) 22(4):283–9. doi: 10.1097/ICU.0b013e3283477d36

2. O'Connor, GR. Calcific Band Keratopathy. Trans Am Ophthalmol Soc (1972) 70:58–81.

3. Taravella, MJ, and Forstot, SL. Calcific Band Keratopathy. Arch Ophthalmol (1991) 109(8):1072. doi: 10.1001/archopht.1991.01080080032018

4. Marelli, L, Romano, M, Pontikaki, I, Gattinara, MV, Nucci, P, Cimaz, R, et al. Long Term Experience in Patients With JIA-Associated Uveitis in a Large Referral Center. Front Pediatr (2021) 9:682327. doi: 10.3389/fped.2021.682327

5. Nascimento, H, Yasuta, MK, Marquezan, MC, Salomao, GH, Gonzalez, D, Francesconi, C, et al. Uveitic Band Keratopathy: Child and Adult. J Ophthalmic Inflammation Infect (2015) 5(1):35. doi: 10.1186/s12348-015-0062-z

6. Al-Abri, M, Al-Hinai, A, Al-Musalami, A, and Al-Ghaithi, H. Complications Associated With the Use of Two Types of Silicone Oil in Vitreoretinal Surgeries: A Single Tertiary Center Experience in Oman. Oman J Ophthalmol (2021) 14(3):149–52. doi: 10.4103/ojo.ojo_158_21

7. He, K, Liao, M, Zhu, Y, Cui, B, Chen, H, Wang, T, et al. Risk Factors for Band Keratopathy in Aphakic Eyes With Silicone Oil Tamponade for Open-Globe Injuries: A Multicenter Case-Control Study. Front Med (Lausanne) (2021) 8:713599. doi: 10.3389/fmed.2021.713599

8. Weng, SF, Jan, RL, Chang, C, Wang, JJ, Su, SB, Huang, CC, et al. Risk of Band Keratopathy in Patients With End-Stage Renal Disease. Sci Rep (2016) 6:28675. doi: 10.1038/srep28675

9. Jensen, OA. Ouclar Calcifications in Primary Hyperparathyroidism. Histochemical and Ultrastructural Study of a Case. Comparison With Ocular Calcifications in Idiopathic Hypercalcaemia of Infancy and in Renal Failure. Acta Ophthalmol (Copenh) (1975) 53(2):173–86. doi: 10.1111/j.1755-3768.1975.tb01152.x

10. Abeysiri, P, and Sinha, A. An Unusual Pattern of Corneal Calcification in Tertiary Hyperparathyroidism. Arch Ophthalmol (2006) 124(1):138–9. doi: 10.1001/archopht.124.1.138

11. Berkow, JW, Fine, BS, and Zimmerman, LE. Unusual Ocular Calcification in Hyperparathyroidism. Am J Ophthalmol (1968) 66(5):812–24. doi: 10.1016/0002-9394(68)92795-5

12. Walsh, FB, and Howard, JE. Conjunctival and Corneal Lesions in Hypercalcemia. J Clin Endocrinol Metab (1947) 7(9):644–52. doi: 10.1210/jcem-7-9-644

13. Walsh, FB, and Murray, RG. Ocular Manifestations of Disturbances in Calcium Metabolism. Am J Ophthalmol (1953) 36(12):1657–76. doi: 10.1016/0002-9394(53)90001-4

14. Petrohelos, M, Ticoulis, D, and Diamantacos, P. Band Keratopathy With Bilateral Deafness as a Presenting Sign of Hyperparathyroidism. Br J Ophthalmol (1977) 61(7):494–5. doi: 10.1136/bjo.61.7.494

15. Porter, R, and Crombie, AL. Corneal Calcification as a Presenting and Diagnostic Sign in Hyperparathyroidism. Br J Ophthalmol (1973) 57(9):665–8. doi: 10.1136/bjo.57.9.665

16. Klaassen-Broekema, N, and van Bijsterveld, OP. Limbal and Corneal Calcification in Patients With Chronic Renal Failure. Br J Ophthalmol (1993) 77(9):569–71. doi: 10.1136/bjo.77.9.569

17. Klaassen-Broekema, N, and Van Bijsterveld, OP. Rapid Progression of Band-Shaped Keratopathy With Early Central Localisation in a Patient on Chronic Dialytic Treatment. Eur J Ophthalmol (1994) 4(2):126–9. doi: 10.1177/112067219400400210

18. Canellos, HM, Cooper, J, Paek, A, and Chien, J. Multiple Calcified Deposits Along the Eyelid Margins Secondary to Chronic Renal Failure and Hyperparathyroidism. Optometry (2005) 76(3):181–4. doi: 10.1016/S1529-1839(05)70283-9

19. Eom, Y, Han, JY, Kang, SY, Kim, HM, Huh, K, and Song, JS. Calcium Hydroxyapatite Crystals in the Anterior Chamber of the Eye in a Patient With Renal Hyperparathyroidism. Cornea (2013) 32(11):1502–4. doi: 10.1097/ICO.0b013e318298e344

20. Kollias, AN, Spitzlberger, GM, Thurau, S, Gruterich, M, and Lackerbauer, CA. Phototherapeutic Keratectomy in Children. J Refract Surg (2007) 23(7):703–8. doi: 10.3928/1081-597X-20070901-09

21. Moisseiev, E, Gal, A, Addadi, L, Caspi, D, Shemesh, G, and Michaeli, A. Acute Calcific Band Keratopathy: Case Report and Literature Review. J Cataract Refract Surg (2013) 39(2):292–4. doi: 10.1016/j.jcrs.2012.12.020

22. Shah, SG, and Shah, GY. Corneal Calcium Deposition as a Plaque Following Collagen Cross Linking and Vitamin D Insufficiency. Indian J Ophthalmol (2020) 68(7):1441–2. doi: 10.4103/ijo.IJO_2160_19

23. Chen, KH, Li, MJ, Cheng, WT, Balic-Zunic, T, and Lin, SY. Identification of Monoclinic Calcium Pyrophosphate Dihydrate and Hydroxyapatite in Human Sclera Using Raman Microspectroscopy. Int J Exp Pathol (2009) 90(1):74–8. doi: 10.1111/j.1365-2613.2008.00614.x

24. Klaassen-Broekema, N, and van Bijsterveld, OP. The Red Eye of Renal Failure: A Crystal Induced Inflammation? Br J Ophthalmol (1992) 76(10):578–81. doi: 10.1136/bjo.76.10.578

25. Waheed, AA, Pedraza, F, Lenz, O, and Isakova, T. Phosphate Control in End-Stage Renal Disease: Barriers and Opportunities. Nephrol Dial Transplant (2013) 28(12):2961–8. doi: 10.1093/ndt/gft244

26. Ballinger, AE, Palmer, SC, Nistor, I, Craig, JC, and Strippoli, GF. Calcimimetics for Secondary Hyperparathyroidism in Chronic Kidney Disease Patients. Cochrane Database Syst Rev (2014) 12):CD006254. doi: 10.1002/14651858.CD006254.pub2

27. Negri, AL, and Brandenburg, VM. Calcitriol Resistance in Hemodialysis Patients With Secondary Hyperparathyroidism. Int Urol Nephrol (2014) 46(6):1145–51. doi: 10.1007/s11255-013-0637-2

28. Pavicic-Astalos, J, Lacmanovic-Loncar, V, Petric-Vickovic, I, Saric, D, Mandic, Z, Csik, T, et al. Eye Drops Preservative as the Cause of Corneal Band Keratopathy in Long-Term Pilocarpine Hydrochloride Treatment. Acta Clin Croat (2012) 51(1):107–11.

29. Evans, RD, and Rosner, M. Ocular Abnormalities Associated With Advanced Kidney Disease and Hemodialysis. Semin Dial (2005) 18(3):252–7. doi: 10.1111/j.1525-139X.2005.18322.x

30. Chang, YS, Tai, MC, Ho, CH, Chu, CC, Wang, JJ, Tseng, SH, et al. Risk of Corneal Ulcer in Patients With Diabetes Mellitus: A Retrospective Large-Scale Cohort Study. Sci Rep (2020) 10(1):7388. doi: 10.1038/s41598-020-64489-0

31. Jan, RL, Tai, MC, Ho, CH, Chu, CC, Wang, JJ, Tseng, SH, et al. Risk of Recurrent Corneal Erosion in Patients With Diabetes Mellitus in Taiwan: A Population-Based Cohort Study. BMJ Open (2020) 10(6):e035933. doi: 10.1136/bmjopen-2019-035933

32. Schultz, RO, Van Horn, DL, Peters, MA, Klewin, KM, and Schutten, WH. Diabetic Keratopathy. Trans Am Ophthalmol Soc (1981) 79:180–99.

33. Misra, SL, Patel, DV, McGhee, CN, Pradhan, M, Kilfoyle, D, Braatvedt, GD, et al. Peripheral Neuropathy and Tear Film Dysfunction in Type 1 Diabetes Mellitus. J Diabetes Res (2014) 2014:848659. doi: 10.1155/2014/848659

34. Dogru, M, Katakami, C, and Inoue, M. Tear Function and Ocular Surface Changes in Noninsulin-Dependent Diabetes Mellitus. Ophthalmology (2001) 108(3):586–92. doi: 10.1016/S0161-6420(00)00599-6

35. Thorne, JE, Woreta, F, Kedhar, SR, Dunn, JP, and Jabs, DA. Juvenile Idiopathic Arthritis-Associated Uveitis: Incidence of Ocular Complications and Visual Acuity Loss. Am J Ophthalmol (2007) 143(5):840–6. doi: 10.1016/j.ajo.2007.01.033

36. Paroli, MP, Abbouda, A, Restivo, L, Sapia, A, Abicca, I, and Pivetti Pezzi, P. Juvenile Idiopathic Arthritis-Associated Uveitis at an Italian Tertiary Referral Center: Clinical Features and Complications. Ocul Immunol Inflamm (2015) 23(1):74–81. doi: 10.3109/09273948.2013.855798

37. Morphis, G, Irigoyen, C, Eleuteri, A, Stappler, T, Pearce, I, and Heimann, H. Retrospective Review of 50 Eyes With Long-Term Silicone Oil Tamponade for More Than 12 Months. Graefes Arch Clin Exp Ophthalmol (2012) 250(5):645–52. doi: 10.1007/s00417-011-1873-8

38. Shah, R, Byanju, R, and Pradhan, S. Outcomes of Silicone Oil Removal in Complex Retinal Detachment. Nepal J Ophthalmol (2018) 10(20):124–9. doi: 10.3126/nepjoph.v10i2.23012

39. Green, K, Cheeks, L, Stewart, DA, and Trask, D. Role of Toxic Ingredients in Silicone Oils in the Induction of Increased Corneal Endothelial Permeability. Lens Eye Toxic Res (1992) 9(3-4):377–84.



Author Disclaimer: The conclusions and interpretations incorporated here do not represent those of the Bureau of National Health Insurance, Department of Health, or National Health Research Institutes.


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Jan, Wang, Tseng and Chang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-13-927513-g001.jpg
Band keratopathy (BK)
2004-2011 Comparison cohort

National Health Insurance LHID2000 from NHIRD

Research Database (NHIRD) (n =932,960)
(n=2,558)

Excluded patients

Excluded patients
with unknown sex
or missing

with BK (n = 142),
and unknown sex
or missing

demographic data demographic data
(n=06) (n = 38,829)

Band keratopathy Comparison cohort
(n =2,552) (n = 893,989)

Matching (1:6) by age and gender

Band keratopathy Selected controls

(n=2,545) (n=15,270)






OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Sociodemographic Factors and Comorbidities Including Hyperparathyroidism Are Associated With an Increased Risk of Band Keratopathy: A Population-Based Study in Taiwan

      

        		

          Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Patient Data

          



          		

            Selection Criteria

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Demographic Data

          



          		

            Associated Risk Factors

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Author Contributions

        



        		

          Acknowledgments

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
Sociodemographic factors
Age (years; Mean + SD)
Age (years)
<25
25-34
35-44
45-54
55-64
>65
Sex
Male
Female
Income
< NT$ 30,000
NT$ 30,000-60,000
NT$ 60,000-90,000
> NT$ 90,000
Geographical region of Taiwan
Northern
Central
Southern
Eastern
Residential city status
Metropolis
Satellite
Rural
Occupation
Public servant
Farmer
Fisherman
Other
Comorbidities
Hyperparathyroidism
Chronic kidney disease
Diabetes mellitus
Sarcoidosis
Iridocyclitis
Phthisis bulbi
Ever silicon oil retention

*Paired t-test; "McNemar's test.

NTS$. New Taiwan dollars: SD, standard deviation.

Band keratopathy
N = 2545

n (%)
56.77 + 20.98

2565 (10.02%)
162 (6.37%)
231 (9.08%)

389 (15.28%)

461 (18.11%)

1047 (41.14%)

1277 (50.18%)
1268 (49.82%)

2225 (87.43%)
246 (9.67%)
53 (2.08%)
21 (0.83%)

1251 (49.16%)

348 (13.67%)
843 (33.12%)
108 (4.05%)

955 (37.52%)
399 (15.68%)
1191 (46.8%)

440 (17.29%)
390 (15.32%)
39 (1.53%)
1676 (65.85%)

87 (3.42%)
578 (22.71%)
887 (34.85%)
2 (0.08%)
171 (6.72%)
257 (10.1%)
26 (1.02%)

Control
N = 15,270

n (%)
53.79 + 18.57

1530 (10.02%)
972 (6.37%)
1386 (9.08%)
2334 (15.28%)
2766 (18.11%)
6282 (41.14%)

7662 (50.18%)
7608 (49.82%)

12868 (84.27%)
1860 (12.18%)
370 (2.42%)
172 (1.13%)

7121 (46.63%)

1958 (12.82%)
5818 (38.1%)
373 (2.44%)

5555 (36.38%)
2281 (14.94%)
7434 (48.68%)

3183
2305

189
9593

20.84%)
15.09%)
1.24%)

62.82%)

12 (0.08%)
439 (2.87%)
2078 (14.92%)
2(0.01%)
116 (0.76%)
13 (0.09%)

1 (0.01%)

P value

<0.001°
0.999°

0.999°

<0.001°

<0.001°

0.202°

<0.001°

<0.001°
<0.001°
<0.001°
0.073°
<0.001°
<0.001°
<0.001°





OEBPS/Images/table2.jpg
0Odds Ratio® P value Adjusted Odds Ratio® P value
(95% CI) (95% CI)
Sociodemographic factors
Income
< NT$ 30,000 1.00 1.00
NT$ 30,000-60,000 0.732 (0.631-0.849) <0.001 0.894 (0.735-1.089) 0.266
NT$ 60,000-90,000 0.783 (0.58-1.056) 0.109 1.146 (0.793-1.656) 0.469
> NT$ 90,000 0.669 (0.421-1.062) 0.088 1.225 (0.732-2.049) 0.440
Geographical region of Taiwan
Northern 1.00 1.00
Central 1.012 (0.889-1.152) 0.858 1.013 (0.864-1.188) 0.874
Southern 0.824 (0.75-0.905) <0.001 0.84 (0.751-0.939) 0.002
Eastern 1.583 (1.261-1.988) <0.001 1.671 (1.277-2.187) <0.001
Residential city status
Metropolis 1.00
Satellite 1.018 (0.896-1.156) 0.785
Rural 0.932 (0.85-1.022) 0.132
Occupation
Public servant 1.00 1.00
Farmer 1.325 (1.122-1.564) <0.001 1.198 (0.957-1.501) 0.115
Fisherman 1.546 (1.077-2.221) 0.018 1.580 (1.030-2.423) 0.036
Other 1.338 (1.181-1.515) <0.001 1.136 (0.955-1.352) 0.151
Comorbidities
Hyperparathyroidism 43.5 (23.789-79.544) <0.001 11.287 (5.461-23.33) <0.001
Chronic kidney disease 10.55 (9.152-12.16) <0.001 7.357 (6.258-8.649) <0.001
Diabetes mellitus 3.512 (3.173-3.887) <0.001 2.617 (2.324-2.947) <0.001
Sarcoidosis 6 (0.845-42.594) 0.073 <0.001
Iridocyclitis 9.559 (7.486-12.206) <0.001 9.509 (7.183-12.589) <0.001
Phthisis bulbi 139.556 <0.001 141.968 <0.001
(76.323-255.179) (75.296-267.676)
Ever silicon oil retention 156 <0.001 118.612 <0.001

(21.169-1149.582)

(14.595-963.938)

A0dds ratio was obtained from a univariate conditional logistic regression analysis; *Adjusted odds ratio was calculated from a multivariable conditional logistic regression model that was
conditioned on age-group, sex, and the year of index date.

NTS$. New Taiwan dollars: Cl, confidence interval.





OEBPS/Images/fendo.2022.927513_cover.jpg
’ frontiers | Frontiers in Endocrinology

Sociodemographic Factors and
Comorbidities Including
Hyperparathyroidism Are Associated
With an Increased Risk of Band
Keratopathy: A Population-Based
Study in Taiwan





