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Abstract 
 

Svensson, R. Pseudoexfoliation and mortality. 

 

Purpose: To evaluate the relationship between pseudoexfoliation (PEX) and all-cause 

mortality.  

Methods: A cohort of people aged 65–74 years was formed, using a population based study in 

the municipality of Tierp, Sweden, in 1984–86 and one of its follow-up studies as a main 

source. To increase the cohort, people aged 65–74 years were recruited from special glaucoma 

case records established in Tierp in 1978–2007. In this way, the cohort embraced 1,524 

people, representing more than 21,000 person-years at risk. Occurrence of PEX was 

determined from screening examination protocols and the glaucoma case records, 

respectively. Death dates were collected from the Swedish census registry. Standardized 

mortality ratios (SMRs) were calculated and Cox proportional hazards regression analyses, 

controlling for age, gender, smoking, birth year and participation in the population survey, 

were performed to assess hazard ratios for all-cause mortality. 

Results: Mean follow-up time was 14 years. A total number of 1,280 deaths occurred, out of 

which 350 occurred in the group exposed to PEX. Calculations of SMRs showed no 

association between PEX and mortality; neither did the Cox proportional hazards regression 

analyses (hazard ratio 1.02; 95% confidence interval 0.90–1.16). 

Conclusion: The results of this study strongly suggest that PEX does not have any effect on 

all-cause mortality. 
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Sammanfattning på svenska 
 

Svensson, R. Pseudoexfoliationer och mortalitet. 

 

Syfte: Att undersöka sambandet mellan pseudoexfoliationer (PEX) och mortalitet (oberoende 

av dödsorsak).  

Metod: En kohort med personer i åldrarna 65–74 år skapades med utgångspunkt från en 

befolkningsundersökning i Tierps kommun 1984–86 samt en av dess uppföljande studier. För 

att utöka kohorten inkluderades personer i åldern 65–74 år vid det första besöket från ett 

glaukomregister upprättat i Tierp 1978–2007. På det viset innefattade kohorten totalt 1524 

personer som sammanlagt representerade mer än 21000 personår under risk. Förekomsten av 

PEX bestämdes från screeningprotokollen respektive från glaukomregistret. Dödsdatum 

erhölls från befolkningsregistret. ”Standardized mortality ratios” (SMR) beräknades och en 

regressionsanalys enligt Cox genomfördes, där man kontrollerade för ålder, kön, rökning, 

födelseår och delatagande i befolkningsundersökningen. 

Resultat: Uppföljningstiden var i genomsnitt 14 år. Antalet dödsfall uppgick till 1280, av 

vilka 350 inträffade i gruppen med PEX. Varken SMR eller regressionsanalysen enligt Cox 

(hazardkvot 1.02; 95% konfidensintervall 0.90–1.16) visade något samband mellan PEX och 

mortalitet.  

Slutsatser: Resultaten i studien tyder starkt på att PEX inte påverkar överlevnaden. 
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Introduction 
 

Pseudoexfoliation 
 

It is possible that pseudoexfoliation (PEX) should not only be viewed as a risk factor for 

glaucoma, but rather as a systemic disease that affects other parts of the body than just the 

eye.
1,2

 PEX is an age-related disease characterized by the production and accumulation of 

fibrillar extracellular material. It is a known risk factor for open angle glaucoma (OAG).
2-6

 

Accumulation of PEX material can be found in the anterior segment of the eye, in the 

conjunctiva and in orbital structures.
1,2

 Pseudoexfoliation is diagnosed clinically and requires 

a slit-lamp examination. The most common clinical findings are small visible white deposits 

on the anterior lens capsule and the pupillary border.
2
 The exact composition of the 

exfoliation material is unknown. However, immunohistochemical studies have indicated 

exfoliation material to consist of glycoproteins/proteoglycans with epitopes of the basement 

membrane and elastic fibre system, such as elastin, tropoelastin, amyloid P, vitronectin, 

fibrillin-1, microfibril associated glycoprotein (MAGP-1) and latent TGF-β binding proteins 

(LTBP-1 and LTBP-2).
1,2

 Other identified components of exfoliation material are laminin, 

fibronectin, clusterin, fibulin, desmocollin-2, serum amyloid protein, the 

glucoseaminoglycans syndecan-3, the tissue inhibitor of metalloprotease-3 (TIMP-3), 

complement factor 1q (C1q) and metalloproteases of the “A Disintegrin and metalloprotease” 

(ADAM) family.
7
  

 The current pathological theory identifies growth factors, cellular and oxidative stress, an 

impaired system for cellular protection and aggregation of misfolded proteins to be important 

pathogenic factors.
1
 Concerning gene expression, tissues with PEX mainly show a different 

expression of genes related to extracellular matrix metabolism and cellular stress than do 

normal tissues.
8
 Polymorphisms in lysyl oxidase like 1 (LOXL1) on chromosome 15q24 have 

been identified as strong genetic risk factors for PEX formation. The gene codes for a protein 

responsible for synthesis and maintenance of elastic fibers.
9,10

 

 The prevalence of PEX varies between studies carried out on different populations and 

with different methods.
2
 In the Swedish municipality of Tierp, 17% of people aged 65-74 

years have PEX.
11

 Research investigating difference between men and women shows 

ambiguous results. The prevalence of PEX is higher in hospital based studies than in those 

based on the general population.
2
 More than 60% of patients with a known diagnosis of OAG 

in Tierp have PEX.
12
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Open-angle glaucoma and pseudoexfoliation 
 

Glaucoma is a disease of the optic nerve that globally accounts for 2% of all visual 

impairment and 8% of all blindness.
13

 Open-angle glaucoma is the predominant form of 

glaucoma. The only treatable risk factor for OAG is increased intraocular pressure (IOP). 

Other known risk factors are PEX, high age, heredity and myopia.
5
 Studies investigating the 

possibility of an increased mortality in patients with OAG show ambiguous results.
14-20

 A 

comprehensive meta-analysis does not demonstrate any difference in mortality.
21

 

 Pseudoexfoliation increases IOP
2,4

 and is thought to give a more rapid progression of the 

disease.
22-26

 Glaucoma with PEX is more resistant to therapy than glaucoma without PEX.
23,27

 

Additionally, PEX predisposes for complications in association with cataract surgery.
28,29

 

Research suggests that PEX is associated with cataract formation.
30-35

 

 

Systemic occurrence of pseudoexfoliation 

 

Other than the eye, PEX material has been found in connective tissue and fibrovascular septa 

in other organs,
1,2

 such as lungs, heart, liver, skin, kidneys, cerebral meninges and 

gallbladder.
36,37

 It seems to originate from connective tissue fibroblasts, smooth and striated 

muscle cells and heart muscle cells.
1
  

 In view of the systemic occurrence of PEX, studies have been made to examine a 

connection between PEX and other diseases than those of the eye. The results are not 

unambiguous. One study suggests an increased prevalence of angina pectoris, hypertension 

and the combination of angina pectoris, myocardial infarction or stroke among patients with 

PEX.
38

 Others conclude that PEX is associated with coronary artery disease
39

, aneurysms of 

the abdominal aorta
40

 and sensorineural hearing loss.
41

 Patients with PEX have also been 

found to have increased levels of homocysteine in plasma, something which in itself 

constitutes a risk factor for cardiovascular disease.
42

 Another study contradicts a possible 

association between PEX and systemic diseases, including ischemic heart disease, 

hypertension and diabetes.
43

 Other studies have demonstrated an actual decrease in prevalence 

of diabetes in patients with PEX.
25,44

 One study discovered an association between PEX and 

senile dementia, cerebral atrophy, chronic cerebral ischemia and the probability of developing 

an acute cerebrovascular disease. It did however fail to show an increased rate of death caused 

by cancer, cardiac diseases or acute cardiovascular diseases.
45

 An association between age-

related dementia and PEX is supported in another study.
46

 Furthermore, a group of researchers 

found, with the help of magnetic resonance imaging, that patients with PEX had more white 
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matter lesions in the brain than did controls.
47

 However, a recent study concludes that PEX is 

not a predictor of Alzheimer’s disease.
48

 

 In the end, no studies have been able to show an increased mortality in patients with  

PEX.
1,49-52

 The purpose of this study is to evaluate if PEX has such a harmful effect on health 

as some previous research might suggest. This will be done by investigating if people with 

PEX have an increased all-cause mortality. 
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Materials and Methods 
 

The cohort 

 

In 1984–86, a population based survey on the prevalence of OAG was performed in the 

municipality of Tierp, Sweden. It had a defined target population of 2,429 people aged 65–74 

years. The study involved 838 people, one third of the target population, whom were invited 

to an eye examination at the Eye clinic in Tierp. Out of these, 760 were examined. One 

additional person, who did not participate in the study, joined the cohort after being examined 

in 1993. The screening examination included IOP measurements, visual field testing with the 

Competer 350 automated perimeter (Bara Elektronik AB, Lund, Sweden), slit-lamp 

biomicroscopy after dilation of the pupil, binocular assessment of the optic disc and 

gonioscopy. It also included a personal interview covering medical history, eye symptoms, 

current medication, previously received eye healthcare and family history of glaucoma. 

Medical records were also used to obtain information.
53

 The 761 people involved in the 

population survey constitute about half of the cohort.  

 Up until December 2006, a follow-up of the population survey was conducted. 

Recruitments were made to the follow-up study in order to increase the cohort. Sixty-six 

people aged 65–74 years were selected, using registers of people having visited either the Eye 

clinic in Tierp or the eye clinic at Uppsala University Hospital. These participants were 

offered free eye examinations at the Eye clinic in Tierp. Out of these, 58 people are included 

in the present cohort, after removing 8 doublets. 

 To expand the cohort, people from special glaucoma case records, established at the Eye 

clinic in Tierp, are included in the cohort. The glaucoma case records cover 2,159 patients 

with glaucoma or suspected glaucoma examined in Tierp between August 1978 and February 

2007. People with eye disease discovered in the population survey are not included. The 

records include information on examination dates, visual acuity, IOP, visual field 

examinations, PEX, glaucoma diagnoses, medical treatment and eye operations. The first visit 

at the Eye clinic in Tierp constitutes the baseline examination from which information about 

PEX is retrieved. Patients who were aged 65–74 years during the calendar year of the first 

visit in Tierp (788 people) are included in the study. 

 Thus, the cohort of the present study might include 1607 people. However, out of these, 83 

are excluded for various reasons: 5 people were never examined in Tierp; 3 people were not 

registered in the municipality of Tierp or the adjacent municipality of Älvkarleby; 6 people 
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were in the wrong age at baseline examination; 44 people had either secondary glaucoma or 

angle-closure glaucoma; 9 people had undergone bilateral lens extraction at baseline 

examination; for 6 people it was impossible to obtain all necessary information, and 10 people 

declined participation in the study. The remaining 1524 constitute the study cohort, whose 

characteristics are presented in Table 1.  

Ethics 

 

All living participants included in the study have given written or oral consent to the usage of 

their personal data in research purposes. The Regional Ethical Review Board of Uppsala 

University approved the study (Dnr: 2012/428). 

Collection of data 

 

The presence of PEX is defined as the deposition of characteristic white flakes on the lens 

capsule and/or on the pupillary border, as can be seen using slit-lamp examination after 

dilating the pupil with tropicamide. Subjects with PEX in either eye at baseline are defined as 

exposed to PEX. Information about other factors, such as smoking, diabetes mellitus, blood-

pressure lowering treatment (as a marker for hypertension), ischaemic heart disease, chronic 

obstructive lung disease and IOP, was collected either through interviews, from the glaucoma 

case record or from ordinary medical records.  

 

Table 1. Characteristics of the cohort, by age and gender.  

 

  

  No. of people (n = 1,524) Person-years (n = 21,156) 

 

Age group 

 

Female (%) 

 

Male (%) 

 

Female (%) 

 

Male (%) 

 

65–69 years 

 

413 (49) 

 

316 (47) 

 

6,985 (54) 

 

4,520 (54) 

70–74 years 434 (51) 361 (53) 5,854 (46) 3,798 (46) 

65–74 years 847 (100) 677 (100) 12,838 (100) 8,318 (100) 

 

Mean follow-up time: 13.9 years (standard deviation 7.0). 
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 Follow-up started at baseline examination and ended in August 15, 2013 (censor date). 

Death dates were obtained from the Swedish census registry. 

Statistical methods 
 

To assess whether people exposed to pseudoexfoliation (PEX) have an increased all-cause 

mortality compared to people unexposed, age- and gender-standardized mortality ratios 

(SMRs) were estimated. Age groups were defined as people <70 years of age and ≥ 70 years 

of age, respectively. Ninety-five percent confidence intervals (CIs) for the SMRs were 

calculated. 

 Apart from standardized analyses, Cox proportional hazards regression analyses were used 

to estimate the effect of more than one predictor. The analysis was adjusted to age, gender and 

smoking. The influence of birth year and participation in the population based study was also 

tested. Statistica 8.0 (Stat-Soft, Inc., Tulsa, OK, USA) was used for multivariable analyses. 
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Results 
 

Out of the 1,524 people who comprise the cohort, 440 were exposed to PEX, and 1,084 were 

unexposed. A total number of 1,280 deaths occurred, out of which 350 occurred in the 

exposed group. The SMR for exposed versus unexposed subjects amounted to 1.00 (95% CI 

0.88–1.13), showing no indication of an increased mortality in the exposed group. The 

stratified data is illustrated in Table 2. 

 Table 3 provides SMRs for a number of potential risk factors at baseline. Notable 

differences in SMRs between the people with and without PEX were detected only for 

smoking habits and chronic obstructive lung disease. The rest of the baseline characteristics 

were substantially identical for the two groups, indicating that PEX has no effect on mortality.  

 Exposure to PEX, together with either current smoking or chronic obstructive lung disease 

is associated with an increased all-cause mortality. However, the CI is wide as a consequence 

of low numbers. 

 Participants born 1918 or later had a lower mortality compared to participants born before 

1918, with a SMR of 0.72 (95% CI 0.64–0.82). A standardized analysis showed that the 

population sample had an increased mortality compared to the part of the cohort selected from 

the glaucoma case records, with a SMR of 1.20 (95% CI 1.07–1.34).  

 

 

 

Table 2. Strata used in the analysis of age- and gender standardized mortality ratios. 

 

 

 

 

 PEX (n = 440) No PEX (n = 1,084) 

Deaths  Person-years Deaths Person-years 

Males 

 

≥ 70 years of age 79 953 236 2,844 

< 70 years of age 51 837 229 3,683 

Females 

 

≥ 70 years of age 124 1,971 246 3,883 

< 70 years of age 96 2,094 219 4,891 

 

PEX = pseudoexfoliation. 
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Table 3. Associations of potential risk factors and death, by presence of pseudoexfoliation. 

 

 

  

  

PEX (n = 440) 

 

 

No PEX (n = 1,084) 

   

Baseline characteristics Deaths SMR (95% CI) Deaths SMR (95% CI) 

Age ≥ 70 years 203 1.37 (1.11–1.69) 482 1.37 (1.21–1.56) 

Male gender 130 1.32 (1.06–1.64) 465 1.35 (1.18–1.53) 

Medical history factors       

Current smoking 46 1.53 (1.12–2.11) 161 1.30 (1.09–1.56) 

Diabetes mellitus (E10–E14) 56 1.55 (1.16–2.06) 143 1.55 (1.30–1.86) 

Blood pressure-lowering treatment 142 1.17 (0.94–1.45) 306 1.16 (1.01–1.34) 

Ischaemic heart disease (I20–I25) 75 1.47 (1.14–1.90) 168 1.45 (1.22–1.72) 

Obstructive lung disease (J42–J45) 30 1.47 (1.01–2.15) 71 1.12 (0.88–1.43) 

Ocular factors, any eye       

IOP ≥20 mmHg, untreated 220 0.87 (0.70–1.08) 317 0.96 (0.84–1.10) 

 

SMR = standardized mortality ratio; CI = confidence interval; IOP = intraocular pressure;  

PEX = pseudoexfoliation. 

International Statistical Classification of Diseases and Related Health Problems, 10
th

 Revision (ICD-10) characters 

are given in parenthesis. 



12 

 

 

Table 4. Cox model assessing the influence of pseudoexfoliation on mortality. 

 

 

 

The Cox proportional hazards models included PEX, age, gender, smoking, birth year and 

participation in the population survey. The results were almost identical to that of the 

stratified analysis, with no association between PEX and mortality. The ultimate model is 

presented in Table 4. Adjustments neither for birth year, nor for participation in the 

population survey had any influence on the estimates (data not shown).  

  

Covariate Coef. Std. error HR (95% CI)  

PEX 0.020 0.064 1.02 (0.90–1.16)  

Age (per year)* 0.121 0.009 1.13 (1.11–1.15)  

Male gender 0.411 0.059 1.51 (1.34–1.69)  

Current smoking 0.522 0.080 1.69 (1.44–1.97)  

 

Coef. = Coefficient; Std. error = Standard error; HR = hazard ratio;  

CI = confidence interval 

* Age at baseline, continuous variable 
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Discussion 
 

In the present study, after a mean follow-up of 14 years, no increased mortality in people 

exposed to PEX was found. This is in agreement with results from previous studies 

investigating the association between PEX and all-cause mortality
1,49-52

 and undermines the 

hypothesis of PEX being a disease with harmful systemic effects on health. Applying a 

confidence level of 95% and a power of 80%, the study could detect a 19% increased risk. 

With a hazard ratio of 1.02 and a good statistical power, an association between PEX and 

mortality is highly unlikely in the examined population. 

 The strengths of the present study include its long-term follow-up, the sizeable cohort and 

its community-based design. About half of the cohort is randomly selected. Another 

advantage is that the study is largely based on objective data. Death dates were obtained from 

the Swedish census registry and the presence of PEX from either the screening examination 

protocols or the glaucoma case records. Practically all clinical identification of PEX was 

made by the same eye doctor. Considering confounding factors, the multivariate analyses 

were adjusted for age, gender, current smoking, birth year and participation in the population 

survey. The analyses were not adjusted for the other possible risk factors presented in Table 3 

since the standardized analyses showed that they had no effect.  

 The people recruited from the glaucoma records have themselves sought medical care, 

unlike the people from the population survey, and it is not unlikely that the two groups have 

different spectra of other diseases. Moreover, the prevalence of PEX in the glaucoma record 

group was higher than that in the population sample, 18 and 40%, respectively. The 

composition of the cohort, being recruited in different ways, should however not be a 

confounding factor. To enlarge the cohort by adding patients from the glaucoma case records 

will never bias the result as long as the identification of deaths was independent of the 

exposure under study, which was the case in the present study. Adjusting for participation in 

the population survey did not influence the multivariate estimate.  

 People with earlier birth dates have, both according to the standardized analysis and the 

multivariate analysis, an increased mortality compared to people born later. This association 

is not fully understood. Some of the association might result from a gradually increasing life 

expectancy in Sweden due to enhanced medical care and a healthier way of living. Some of it 

might be a statistical artefact due to the fact that more people born in early 20
th

 century have 

died at the end of the study period than people born later. However, adjusting for birth dates 

did not influence the estimates. 
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 Interestingly, the SMRs presented in Table 3 indicate that current smoking and chronic 

obstructive lung disease, together with exposure to PEX, is associated with an increased all-

cause mortality. The standardized analyses indicating this are based on too small a sample to 

permit any conclusions, but it is worth noting. Might exposure to PEX, being a disease of 

elastic components in connective tissue, make people more sensitive to negative effects of 

smoking? This might make out the challenge of future research projects. 

 Unfortunately, this study also has some weaknesses. The analyses are based on PEX 

discovered at baseline and do not consider PEX developed during follow-up. Since the 

occurrence of PEX is age-related, a gradually increased prevalence is to be expected 

throughout the follow-up. Individuals who developed PEX later will dilute the unexposed 

group. It is however uncertain what effect this might have on the estimate.  

 The data on smoking is rather uncertain. It is obtained through medical records or 

interviews. Hence, it depends both on the honesty of self-report and on the interviewer asking 

and documenting the answers. In the present study, current smokers are compared to non-

smokers, making no distinction between a person who has previously smoked for 40 years but 

stopped a month ago and a person who has never smoked. This may dilute the effect of 

smoking in the analyses.  

 In the population survey there were 78 non-participants. It is possible that people who were 

ill, and therefore might have an increased mortality, declined participation in the population 

survey. However, for the non-participants to affect the results of the present study, they also 

need to have a prevalence of PEX different from that of the rest of the cohort. It is unlikely 

that the low number of non-participants has any influence on the estimates. 

 To sum up, the cohort study in Tierp investigated the association between PEX and 

mortality over an average follow-up time of 14 years. No association between PEX and all-

cause mortality was found. 
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