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Abstract
Objective: The aim of this study was to investigate the relationship between nontyphoidal salmonellosis (NTS) 

and new-onset retinal diseases.

Methods: We conducted a 13-year nationwide, population-based, retrospective cohort study to examine the 
association between the history of NTS and risk of retinal diseases by using the Longitudinal Health Insurance 
Database (LHID) of Taiwan. The NTS cohort included 636 patients with newly diagnosed NTS who were older than 30 
years old and recruited between 2000 and 2012. Each patient was propensity score matching with 1:4 person without 
NTS (N=2544) from the LHID. To determine the occurrence of retinal diseases, the study population was followed up 
until the end of 2013. Cumulative incidence, hazard ratios (HRs), and 95% confidence intervals (CIs) were calculated 
after adjusting for age, gender, and medical comorbidities, Cox regression was adopted to assess hazard ratios (HRs) 
and 95% confidence intervals (CIs), with the unexposed group as reference.

Results: The adjusted HR for newly diagnosed retinal diseases in the NTS cohort was 1.15 (95% CI= 1.05 to 
1.25), compared with the non- NTS cohort. Stratified subgroup analysis revealed that the HRs of retinal diseases 
were 1.64 (95% CI = 1.04 to 2.58) for NTS among aged older than 61 years old. Risk of the retinal diseases was also 
significant in patients with hypertension (aHR= 2.10, 95% C.I. =1.38, 3.2), diabetes mellitus (aHR= 2.05, 95%C.I. = 
1.15, 3.65), and hyperlipidemia (aHR= 2.05, 95% C.I. =1.22, 3.45).

Conclusions: Old (aged older than 61 years old) patients with NTS had an increased 64% risk of retinal diseases 
than those without NTS.
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Implications for Practice
Retinal diseases are identified as an important cause of ocular 

morbidity and visual impairment globally. In this Taiwan nationwide 
cohort study, there was a 1.15- fold increase risk of developing new-
onset retinal diseases for incident nontyphoid salmonellosis (NTS) 
patients, compared with the matched controls. Furthermore, Stratified 
analysis showed that the associated risk of the investigated outcome was 
significant aged than 61 years old (aHR 1.64, 95% CI = 1.04 to 2.58), in 
patients with hypertension (aHR= 2.10, 95% C.I. =1.38, 3.2), diabetes 
mellitus (aHR= 2.05, 95%C.I. = 1.15, 3.65), and hyperlipidemia (aHR= 
2.05, 95% C.I. =1.22, 3.45).

Introduction
Retinal disease is a leading cause of blindness worldwide. It is a 

highly prevalent ocular disorder which has affected all ethnic groups 
[1-3]. According to the previous report, population-based studies have 
estimated a prevalence of 5.35% to 21.02% at aged more than 40 years [4-
6]. The retina is a crucial organ for vision, and its complex structure with 
several layers needed to turn the light stimulus into a chemical signal 
ultimately sent to the brain. Different retinal disorder such as retinal 
vascular occlusion, retinal detachment, and macula degeneration are 
important causes of blindness and accounted for most common retinal 
problems [7,8]. Risk factors for retinal diseases might include aging, 
smoking, obesity, diabetes, hypertension, atherosclerosis, trauma, and 
family history of retinal diseases [9,10]. Chronic inflammatory events 
have recently been identified as plausible causes of atherosclerosis, 
which may predispose to some retinal disorders.
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Salmonellosis is a common bacterial infection that affects the 
intestinal tract and an estimated 93.8 million cases of gastroenteritis 
occurring globally each year [10,11]. Salmonella may adhere to 
damaged endothelium persistly and cause secondary retina vascular 
lesions. Previous case report indicates that immune-mediated retinitis 
and macular neurosensory detachment is well-recognized sequelae of 
typhoid fever [12]. Cases of retinal necrosis, detachment, and phthisis 
with biopsy revealing Salmonella typhi in vitreous cultures are reported 

[13,14]. Furthermore, stellate maculopathy due to Salmonella typhi 
had been reported [15].

As Salmonella can multiply in various host cells including 
macrophages and endothelial cells, the pathogens tend to cause a 
chronic infection [16,17]. Nontyphoidal salmonellosis (NTS) is caused 
by orally ingested salmonellae bacterium. There has been no reported 
study to link retinal disorders before. Because retinal disorder is mostly 
asymptomatic in many cases, timely precautions and early detection 
is vital to prevent irreversible blindness. Therefore, identification of 
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their risk factors could help. We hypothesized that NTS could reside 
in reticular endothelial systems and may be associated with subsequent 
risk of retinal disorder. This study was conducted to explore the 
interrelations by using Taiwan’s National Health Insurance Research 
Database (NHIRD), among the largest medical database around the 
world. 

Materials and Methods
The study was approved by the Institutional Review Board of 

China Medical University (IRB permit number: CMUH104-REC2-
115(AR-4)).

Data source

This study was conducted using data from the National Health 
Insurance Research Database (NHIRD), including the claims data 
from Taiwan’s National Health Insurance (NHI) program, which 
was established in 1995 and covers over 99.99% of Taiwan’s 23 
million citizens. Insurance benefits include all types of medical visits, 
eg.Inpatient, ambulatory, emergency, dental, and traditional Chinese 
medicine services. Quarterly expert reviews on random samples of 
claims data, with a sampling rate of 1 in 50–100, are performed by 
the Bureau of NHI to ensure accuracy of diagnosis. The NHI records 
diseases on the basis of the International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM). Before releasing 
the database for research, the original identification numbers were 
anonymized to protect patients’ privacy. The informed consent was 
waived because of a de-identified procedure for research purposes and 
anonymously analyzed nature.

Sampled participants

We identified patients newly diagnosed with NTS (ICD-9-CM 
code 003) between 2000 and 2012 from among those with at least three 
ambulatory care visits or one inpatient care visit. The index date was 
defined as the date of the first diagnosis of NTS. We excluded patients 
with history of retinal disorder before the index date. For creating the 
comparison cohort (non- NTS group), we randomly selected insured 
people without NTS from the same period to maintain the same index 
date. The non-NTS cohort were frequency matched according to age 
and gender with the NTS cohort at a ratio of 1:4. A propensity score 
matching to balance the heterogeneity of baseline characteristics 
is used to reduce potential selection bias. The propensity score is a 
probability calculated by logistic regression. We corrected risk factors 
including age, gender, and history of medical comorbidities in both 
cohorts. The medical comorbidities in the logistic regression models 
included diabetes (ICD-9-CM code  250), hypertension (ICD-9-CM 
codes 401–405), hyperlipidemia (ICD-9-CM code 272), asthma (ICD-
9-CM code 493), chronic obstructive pulmonary disease (ICD-9-CM 
code 491, 492 and 496), sleep apnea (ICD-9-CM code 780.51, 780.53 
780.57 and 327.23), cancer (ICD-9-CM code 140-208), chronic liver 
diseases (ICD-9-CM code 571.4), chronic kidney disease (ICD-9-CM 
code 585), retinal diseases such as retinal vascular occlusion(ICD-
9-CM code362.3), retinal detach (ICD-9-CM code362.4), macula 
degeneration(ICD-9-CM code362.5), other retinal vascular change, 
(ICD-9-CM code362.1), other proliferative retinopathy (ICD-9-
CM code362.2), other retinal disorder(ICD-9-CM code362.8), and 
unspecified retinal disorder (ICD-9-CM code 362.9), was identified as 
the study end point. Both cohorts were monitored from the index year 
until being diagnosed with any kind of retinal disorder diseases, loss to 
follow-up, death, and withdrawal from insurance or at the end of 31 
December 2013.

Statistical Analysis

We analyzed the data of demographic characteristics (distributions 
of categorical age, gender, and comorbidities) of the NTS and non- NTS 
group by the Chi-square (χ2) test or Student’s t-test as appropriate. We 
calculated the incidence rate by the number of occurrences and person-
years. We utilized hazard ratios (HRs) and 95% confidence intervals 
(CIs) of the two groups for estimate in univariate and multivariate Cox 
proportional hazard regression models. The Kaplan-Meier curve was 
plotted to describe the cumulative incidence between the two groups; 
then the log rank test was used. SAS statistical software package, version 
9.1 (SAS Institute, Cary, NC), was used for our statistical analysis and 
the significance level was set at 0.05.

Results
Demographics of the Study Population

There were 636 subjects with NTS and 2544 subjects without 
NTS in this study, with similar distributions of age, sex and medical 
comorbidities after propensity score matching. The baseline 
characteristics of two groups.

The follow-up times (person-years) in the NTS and comparison 
groups were 4276and 18762 person-years, respectively.

The results of univariate Cox regression analysis and multivariate 
Cox regression analysis. At the end of this study, the overall incidence 
rates of retinal disorder in the NTS cohort and non- NTS cohort were 
10.5 and 6.88 per 1,000 person-years, respectively. After adjusting for 
age, gender, and medical comorbidities, the NTS cohort exhibited a 
higher risk of retinal diseases compared with the non- NTS cohort 
[aHR=1.15, 95% CI= 1.05 to 1.25]. Among all relevant variables, 
male, patients aged ≥60 years, and patients with the comorbidities of 
diabetes, hypertension, and hyperlipidemia exhibited a high risk of 
retinal diseases.

Demonstrates the association of risks of incidental retinal diseases 
and NTS among different subgroups. In age-subgroup analysis, only 
the HRs of retinal diseases were 1.64 (95% CI = 1.04 to 2.58) for NTS 
among aged older than 61 years old. 

Among comorbidities, hypertension patients with NTS had a 
significant higher risk (2.10, 95% C.I. 1.38, 3.2) in developing retinal 
diseases compared to those non- NTS.

Risk of the retinal diseases was also significant in patients with 
diabetes mellitus (aHR= 2.05, 95%C.I. = 1.15, 3.65), and hyperlipidemia 
(aHR= 2.05, 95% C.I. =1.22, 3.45) shows the risk of retinal disease in 
different follow up periods

The incidence density rates of retinal diseases were the highest and 
most significant in the 1-5 years after index date (the aHRs=1.83, 95% 
CI = 1.08, 3.10).

The Kaplan Meier analysis revealed that the cumulative incidence 
of retinal diseases was significantly higher in the NTS cohort than in 
the non-salmonella cohort (log-rank test, P < 0.01; (Figure 1).

Discussion
In this 13-year cohort study using population-based data from the 

NHIRD of Taiwan, we first found that NTS patients were associated with 
an increased incidence of retinal diseases. Furthermore, the subgroup 
for NTS among aged older than 61 years old was also significant in 
patients with hypertension, diabetes mellitus and hyperlipidemia. Our 
study investigated in a Taiwanese patient population and the findings 
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could help us to estimate the burden and underlying risk factors for 
retinal disorders. 

The most frequent bacterial diseases that affect the retina are 
syphilis and tuberculosis [18]. The ability of the syphilis retinal-specific 
autoimmune cells to persist in the eye for longer duration results in 
persistent inflammation and prolongation of the disease process 
[19]. Tuberculosis of the retina most commonly results from the 
direct extension from the underlying uvea but may also be caused by 
hematogenous spread. Retinal lesions may take the form of either focal 
tubercles or diffuse retinitis [20]. Salmonella can rarely affect the eye 
either by direct infection or rarely by immune-mediated mechanism. 
As Salmonella can multiply in various host cells including macrophages 
and endothelial cells, the pathogens tend to cause a chronic infection 
a low grade chronic inflammatory reaction may appear as possible 
mechanism [21].

Typhoid fever affecting the eye has been reported as early as 1893.
Practically every layer of the eye can be affected. The mechanism 
of Typhoid retinitis is via a direct invasion by the organism or via 
an immune-complex mediated hypersensitivity reaction [22]. The 
pathogenicity of Salmonella is multifactorial and attributed in part 
to production of cholera toxin–like and Escherichia coli heat-labile 
enterotoxin–like toxins [23].

Limitations
This study had several limitations. First, not all NTS patients 

were included. The patients coded with NTS mostly due to positive 
stool cultures, so the result is probably trustworthy despite being 
underestimated. Furthermore, some NTS patients may have been 
included in the comparison group because mild clinical symptoms do 
not submit claims for medical services. If NTS is associated truly with 
subsequent retinal disease, patient-misclassification would suppress 
the estimated HRs to the null. Therefore, our study results are reliable 
[24]. Second, the lack of data regarding retinal disease subtypes. We 
don’t know the stratification of retinal disease subtypes. Third, the 
study involved only Taiwanese population, so this data is not sure to be 
applicable to other ethnical populations except Han people. Regardless 

of these limitations, we believe that the current results provide novel 
and important information for nontyphoidal salmonellosis (NTS) 
patients.

In conclusion, this is a novel study demonstrating that an infection 
with  nontyphoid Salmonellosis may be an additional risk factor for 
retinal disorders, especially in the subgroup of older than 61 years and 
hypertension, diabetes mellitus and hyperlipidemia patients. Therefore, 
we propose that findings of should be provided to the physician taking 
care of NTS. Further studies are needed to characterize retinal disease 
findings.
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