
Measurement of Perceived Stress in Age Related Macular 
Degeneration

Bradley E. Dougherty, OD, PhD, San-San L. Cooley, OD, MS, and Frederick H. Davidorf, MD
The Ohio State University College of Optometry (BED, S-SLC), and The Ohio State University 
Department of Ophthalmology (FHD), Columbus, Ohio

Abstract

Purpose—To validate the Perceived Stress Scale (PSS) in patients with age-related macular 

degeneration (AMD) using Rasch analysis.

Methods—Study participants with AMD were recruited from the retina service of the 

Department of Ophthalmology at the Ohio State University during clinical visits for treatment or 

observation. Visual acuity with habitual distance correction was assessed. A 10-item version of the 

PSS was administered in large print or by reading the items to the patient. Rasch analysis was used 

to investigate the measurement properties of the PSS, including fit to the model, ability to separate 

between people with different levels of perceived stress, category response structure performance, 

and unidimensionality.

Results—137 patients with a diagnosis of AMD were enrolled. The mean (±SD) age of 

participants was 82 ± 9 years. 54% were female. Median ETDRS visual acuity of the better eye 

was 65 letters (Snellen 20/50), with a range of approximately 20/800 to 20/15. 47% of participants 

were receiving an anti-VEGF injection on the day of the study visit. The response category 

structure was appropriate. One item, “How often have you felt confident in your ability to handle 
your personal problems?” was removed due to poor fit statistics. The remaining nine items showed 

good fit to the model, acceptable measurement precision as assessed by the Rasch person 

separation statistic, and unidimensionality. There was some evidence of differential item 

functioning by age and visual acuity.

Conclusions—The Perceived Stress Scale demonstrated acceptable measurement properties and 

may be useful for the measurement of perceived stress in patients with AMD.
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Age-related macular degeneration is associated with a number of negative psychological 

consequences, including depression and anxiety.1–5 The relationship between age-related 

macular degeneration (AMD) and perceived stress has not been studied as thoroughly as 

AMD’s relationship with depression. Williams et al. reported that responses by patients with 
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AMD on the Profiles of Mood States survey, which assesses a range of aspects of emotional 

distress, were significantly worse than for age-matched adults without AMD. Self-reported 

emotional distress in AMD patients was comparable to that reported in several other serious 

chronic conditions, including melanoma and bone marrow transplant.6

The Perceived Stress Scale was developed to assess the degree to which events in one’s life 

are deemed stressful and to evaluate the role of stress in various aspects of disease.7 The 

original questionnaire was composed of 14 items, and a second 10-item version was later 

proposed.8 The original report on the validation of the questionnaire found a coefficient 

alpha reliability ranging from 0.84 to 0.86, good test-retest correlation, and correlation 

between Perceived Stress Scale scores and number of stressful life events. The authors also 

found that Perceived Stress Scale scores were correlated with health outcomes, and that 

there was minimal effect of age or gender on any of the indicators of validity. Subsequent 

validation studies have also demonstrated good reliability as measured by Cronbach’s alpha 

and correlations with health outcomes.9–12 The Perceived Stress Scale has been cited in 

thousands of publications and used as a measure of stress in a number of diverse populations 

and across a wide range of health conditions.

Rasch analysis has been used to score and investigate the psychometric properties of many 

vision and health patient-reported outcome measures.13–19 Its advantages over traditional 

methods of questionnaire scoring and evaluation include interval-level scores from the 

ordinal survey responses, model fit statistics that provide guidance for inclusion or exclusion 

of individual items, and information about how well the questionnaire response category 

functions, how well the questionnaire targets the population, and whether the questions 

measure one latent construct (unidimensionality).18, 20, 21 We are not aware of any previous 

study of the Perceived Stress Scale in people with age-related macular degeneration, and 

only one other evaluation of the survey using Rasch analysis.22

Purpose

There are a number of potential stressors that a person with AMD might face, including the 

prospect of permanent vision loss, the inability to complete valued activities, and intraocular 

injection treatment. Psychological stress has been shown to increase the risk of 

cardiovascular disease, diabetes, and depression.23–26 Given the known consequences of 

stress on health, measuring perceived stress in people with AMD could provide valuable 

information for providing clinical care and for research on treatment outcomes. Additionally, 

perceived stress as measured by the Perceived Stress Scale has been shown to be predictive 

of inflammation, including C-reactive protein levels.27 As AMD is an inflammatory disease, 

we are currently conducting a study of the relationships among stress, inflammation, and 

AMD treatment outcomes. The motivation for the present study was to investigate the 

psychometric properties of the Perceived Stress Scale in patients with age-related macular 

degeneration using Rasch analysis in order to assess its potential usefulness as a measure of 

perceived stress in this population.
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METHODS

Participants

Study participants were recruited from the retina service of the Department of 

Ophthalmology at the Ohio State University. All patients with a diagnosis of AMD were 

eligible. Participants were recruited and study visits were conducted at the same time as 

previously-scheduled clinic visits. Some of these visits were for administration of anti-

VEGF injections, while others were for regular follow-up observation of AMD. Study 

procedures were reviewed and approved by the Institutional Review Board of the Ohio State 

University. All participants provided informed consent, and study procedures conformed to 

the tenets of the Declaration of Helsinki.

Vision Measurement

Visual acuity with habitual distance correction was assessed using a backlit ETDRS chart.28 

(Precision Vision, La Salle, IL) Participants were encouraged to guess and testing was 

stopped when at least three letters were missed on a line. A by-letter scoring method was 

used.29–31

Survey

The 10-item Perceived Stress Scale was printed in very large print, one item with all 

response options per page. Each participant was shown the first item of the survey and asked 

if they felt they could read it well enough to complete the survey alone. Participants who 

indicated that they could comfortably read the survey completed it by marking their 

responses on the paper form. Those who indicated that they could not read the survey well 

enough to complete it alone were administered the survey in an interview format. Study staff 

read each item and all response options to the participant and then marked his or her 

response to each.

In order to determine the amount of the latent variable (perceived stress), the Perceived 

Stress Scale requires subjects to rate each item considering a time frame of the past month. 

The Perceived Stress Scale uses the following response options: “Never”, “Almost Never”, 

“Sometimes”, “Fairly Often”, and “Very Often”. Participants were instructed that they were 

free to skip any question that they were uncomfortable with or did not want to answer. 

Responses were assigned a numerical value (0–4) for Rasch analysis, and responses to 

positively worded items (items 4, 5, 7, and 8) were reversed before analysis so that higher 

scores were always indicative of more perceived stress.

Rasch Analysis

The methods we used to evaluate the Perceived Stress Scale have previously been explained 

in detail by other authors,20, 32–35 and we used published guidelines for evaluation of scale 

validity.32 Briefly, we began by investigating the functioning of the response categories. To 

do this, we investigated the category response probability curves and category thresholds. 

Category thresholds are the points where the probability of a response in each of adjacent 

response categories is equal (or the point at which the response probability curves cross (see 

Figure 1)). Disordered thresholds indicate inadequate response category functioning. In 
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cases of disordered thresholds, adjacent response categories were combined and the analysis 

repeated until the thresholds were ordered.

Once it was established that response category functioning was appropriate, we checked the 

fit of each survey question (item) to the Rasch model using the infit mean square statistic. 

The infit mean square statistic is a chi-square like statistic with an expected value of 1 that 

indicates the degree to which observations fit the expectations of the Rasch model.33, 34 Infit 

mean square values less than 0.6 and greater than 1.4 were considered as evidence of 

misfit,36 and those items were removed and the analysis repeated until all items had 

satisfactory fit statistics.

In order to evaluate measurement precision (the ability to discriminate between people with 

different levels of the underlying trait), we used the person separation coefficient statistic, 

with values greater than 2.0 considered as evidence of acceptable precision.32 The person 

separation statistic is a ratio of the standard deviation of the measures to the error standard 

deviation.34

Unidimensionality of the measured latent trait is a requirement of the Rasch model. 

Acceptable fit of all items to the model is one indicator that the assumption of 

unidimensionality is met. Another technique for the assessment of unidimensionality is the 

use of a principal component analysis of the model residuals. If the scale is unidimensional, 

there should be no significant structure in these residuals.37, 38 We performed a PCA of the 

model residuals, with an eigenvalue of 2.0 or greater on the first contrast considered as 

evidence of multidimensionality.

We also investigated whether there was differential item functioning (DIF) by gender, age, or 

visual acuity of the better eye (above and equal to or below the median). DIF occurs when a 

survey question has different meaning or difficulty for two different samples (e.g. males and 

females). DIF of 0.5 logits or greater may indicate item bias.34 Rasch analysis was 

performed using the Andrich rating scale model39, 40 with Winsteps version 3.69.1.41

RESULTS

One-hundred thirty seven patients with a diagnosis of AMD were enrolled. The mean (±SD) 

age of participants was 82 ± 9 years. 54% were female. Median ETDRS visual acuity of the 

better eye was 65 (Snellen 20/50), with a range of approximately 20/800 to 20/15. 47% of 

participants were receiving an anti-VEGF injection on the day of the study visit.

The response category probability curves from the Rasch analysis are shown in Figure 1. 

Each curve shows the probability of a response in a certain category as a function of the 

difference between the amount of the underlying trait possessed by the responder (Rasch 

person measure) and the amount of the trait required for endorsement (Rasch item measure). 

These curves indicate that the response category structure of the instrument was acceptable, 

with ordered response categories.

Table 1 shows the infit mean square statistics for the Rasch analysis. In the first analysis, 

which included all 10 items, item number 4 (How often have you felt confident in your 
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ability to handle your personal problems?) showed a fit statistic value outside of the 

recommended range. A second analysis was performed with item 4 removed, and in this 

analysis the remaining nine items all had fit statistics within the range of 0.6 to 1.4. This 

nine-item set was used for the remaining analyses.

Table 2 shows summary statistics for the nine-item set. The nine-item set had a Rasch person 

separation coefficient of 2.09, indicating acceptable ability to separate between people with 

different levels of perceived stress. The item reliability statistic was 0.92, indicating good 

predicted replicability of item calibrations for similar samples. A principal components 

analysis of the model residuals showed that no contrast had an eigenvalue greater than 1.9, 

which provides evidence that the model assumption of unidimensionality was reasonable.

An examination of the targeting of the Perceived Stress Scale to the participants surveyed 

showed targeting of the instrument to the sample of participants was not ideal, with a 

separation of 1.26 logits between the mean item measure and the mean person measure. 

Ideally, this difference would be smaller, indicating better matching between the mean stress 

level perceived by subjects and the mean level required by the questions. The person-item 

map in Figure 2 shows that the Perceived Stress Scale items generally required more 

perceived stress for endorsement than the level of perceived stress of the participants.

We also completed an analysis of differential item functioning (DIF, or “item bias”) by age, 

gender, and visual acuity. None of the Perceived Stress Scale items exhibited evidence of 

significant DIF (greater than 0.5 logits) by gender. Two items, “I felt nervous or stressed” 

(0.54 logits) and “I felt on top of things” (0.63 logits) showed some evidence of DIF by age. 

Younger participants found it easier to endorse the “I felt nervous or stressed” item and more 

difficult to endorse the “I felt on top of things” item than participants above the median age. 

Two items, “I was upset by things that normally do not upset me” (0.59 logits) and “I felt 

things were going my way” (0.64 logits) showed some evidence of DIF by better-eye visual 

acuity. Participants with VA worse than the median value found it easier to endorse the “I 

was upset by things that normally do not upset me” item and also the “I felt things were 

going my way” item. There was no significant correlation between better-eye visual acuity 

and Perceived Stress Scale person measure (r = – 0.04, p = 0.64).

DISCUSSION

A nine-item form of the Perceived Stress Scale Perceived Stress Scale demonstrated 

acceptable psychometric properties in patients being managed for age-related macular 

degeneration (AMD). Over the past thirty years, various versions of the Perceived Stress 

Scale have been used in a wide range of populations. This is the first evaluation of the 

Perceived Stress Scale in people with AMD of which we are aware. The Rasch analysis 

presented here showed that the questionnaire demonstrated reasonable measurement 

precision, evidence of unidimensionality, and a properly functioning response category 

structure. The removal of one item from the ten-item version slightly improved measurement 

precision and unidimensionality in this analysis. However, there may be cases in which 

leaving a slightly misfitting item in the set is not harmful to measurement and may be 

desirable. In future studies, investigators using the Perceived Stress Scale should consider 
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the fit of each item and make decisions regarding item inclusion or exclusion based on the 

results of their own analyses, taking into account the various indicators of scale validity. 

These findings provide support for the Perceived Stress Scale’s potential usefulness for 

patients with AMD.

A psychometrically sound, easy to administer questionnaire such as the Perceived Stress 

Scale is important for use with patients with AMD, given the evidence for increased rates of 

psychological symptoms in the population. Scores on the Perceived Stress Scale have been 

shown to be related to increases in cortisol levels, susceptibility to infection, shortened 

telomeres, increased pro-inflammatory cytokines, slow wound healing, and other negative 

health outcomes.42–46 Additionally, there are a variety of stress reduction treatment 

protocols that have been shown effective in reducing stress and improving health 

outcomes.47–51 Though depression has been examined in people with AMD in several 

studies, there has been relatively little exploration of perceived stress. There have, however, 

been some studies that used scales with related content. One scale that measures some 

similar constructs and has been used in AMD is the Profile of Mood States (POMS).52 The 

POMS scale asks subjects to rate how they feel at the time of survey for a number of words 

that describe feelings, including “tense”, “angry”, and “confident”. The POMS has been 

used in studies of interventions for patients with AMD.53 It differs from the Perceived Stress 

Scale in several ways, including that it is meant to target seven different constructs while the 

Perceived Stress Scale is meant only to be a measure of perceived stress, it is considerably 

longer, and its response scale is different and covers a different time period (at the time of 

survey for the POMS versus in the last week for the Perceived Stress Scale). The POMS is a 

proprietary instrument, while the Perceived Stress Scale is available for use at no charge. 

The Impact of Vision Impairment instrument contains a socioemotional subscale with items 

dealing with worry about worsening eyesight and concern about coping with everyday life, 

but additionally others that target content similar to depression scales (sad or low, felt like a 

burden, lonely or isolated).

We found that the Perceived Stress Scale targeted people with somewhat higher perceived 

stress levels than those of study participants. Previous work54 on trends in Perceived Stress 

Scale scores by demographics provide some insight into why this might have occurred. First, 

it has been reported that Perceived Stress Scale scores generally decline with increasing age, 

and the mean age in our sample was 82 years. Stress levels have also been shown to be lower 

in Whites, who are at higher risk for AMD and comprised the vast majority of study 

subjects. Additionally, Perceived Stress Scale scores would be expected to decline with 

increasing levels of education, and this study sample likely had a higher average education 

level than the general population. Approximately 42% of the sample had at least a 

bachelor’s degree, compared with about 27% of people 65 years or older in the United 

States, as reported in the 2015 U.S. Population Survey.55 Further work should be done to 

determine how the targeting of the Perceived Stress Scale might be different in other 

samples of people with AMD.

An analysis of differential item functioning (DIF), or item bias, detected two Perceived 

Stress Scale items that had slightly more than desirable DIF by age, and two with slightly 

higher than desirable DIF by better-eye visual acuity. Younger participants found it easier to 
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endorse the “I felt nervous or stressed” item and more difficult to endorse the “I felt on top 

of things” item than participants above the median age, while participants with visual acuity 

below the median level found it easier to endorse the “upset by things that normally do not 

upset me” item but also the “felt things were going my way” item. The presence of DIF can 

negatively affect measurement, and our findings indicate that it may be desirable to make 

accommodations in scoring procedures or discard the items in future studies using the 

Perceived Stress Scale.56

One other recently-published study by Nielsen et al. evaluated a Danish version Perceived 

Stress Scale using a different form of the Rasch model than the one used in this study.22 This 

study was performed with a population-based sample in Denmark, and it used the partial 

credit Rasch model, which allows for different category thresholds for each item. It found 

that there was evidence of multidimensionality related to differences between positively- and 

negatively- worded items, and that there were problems with overall model fit (as assessed 

with a global chi-squared test) as well as category structure for some items. Using the rating 

scale Rasch model,40 we found no disorder in the response category thresholds. We found 

that the eigenvalue of the first contrast of a principal component analysis of model residuals 

for the nine item set was 1.9, just below the 2.0 threshold which has been recommended as 

an indicator of acceptable unidimensionality. However, inspection of the factor loadings on 

this first contrast showed that the positively-worded items all loaded together, a finding that 

is generally consistent with Nielsen et al. and others9, 57 that there may be fundamental 

differences in responses to the positively- and negatively-worded items. In fact, Nielsen et al. 

suggested developing and testing a version of the Perceived Stress Scale in which all of the 

items are negatively-worded, which may be a strategy for dealing with this issue.

A limitation of the study is that some participants were administered the Perceived Stress 

Scale by study staff if they indicated they could not comfortably complete it alone secondary 

to difficulty reading the questions. Survey questions were printed one per page in 36 point 

font in order to avoid this problem as much as possible, but the nature of AMD’s effect on 

reading makes administering surveys in print difficult. It is possible that some of these 

participants answered some questions in a different way than they would have had they been 

able to complete the survey alone. Strengths of this study include that it is the first study of 

which we are aware that has assessed the Perceived Stress Scale, an instrument that is in 

very common use throughout many health-related fields and has been shown to be related to 

a number of important health outcomes, in people with age-related macular degeneration. 

The study is also only the second of which we are aware to analyze the Perceived Stress 

Scale using a Rasch analysis, the benefits of which have been demonstrated frequently.
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Figure 1. 
Category response probability curves for nine-item set.
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Figure 2. 
Targeting of the nine-item Perceived Stress Scale. The X axis shows frequency for subjects 

(left side) and items (right side).
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Table 1

Rasch Model Item Measures and Fit Statistics.

Item
Rasch Item Measure (SE) Infit Mean Square Statistic

First Analysis Second Analysis First Analysis Second Analysis

1. Upset because something happened unexpectedly – 0.44 (0.11) – 0.42 (0.11) 1.29 1.33

2. Unable to control the important things in life – 0.06 (0.11) – 0.02 (0.12) 0.95 0.96

3. Felt nervous and stressed – 0.73 (0.11) – 0.74 (0.11) 0.79 0.79

4. Felt confident about your ability to handle your personal 
problems

0.45 (0.12) * 1.66 *

5. Felt that things were going your way 0.13 (0.12) 0.20 (0.12) 1.18 1.37

6. Found that you could not cope with all of the things you had to 
do

– 0.06 (0.11) – 0.02 (0.12) 0.94 0.98

7. Able to control the irritations in your life 0.40 (0.12) 0.49 (0.12) 0.82 0.95

8. Felt that you were on top of things 0.29 (0.12) 0.37 (0.12) 0.92 1.05

9. Angered because of things that were outside of your control – 0.46 (0.11) – 0.45 (0.11) 0.81 0.83

10. Felt difficulties were piling up so high that you could not 
overcome them

0.49 (0.12) 0.59 (0.13) 0.72 0.77
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