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Abstract

The purpose of this study was to examine the influence of explanatory and confounding variables 

on health-related quality of life (HRQoL) after accounting for response shift, measurement bias, 

and response shift in measurement using structural equation modeling. Hypertensive patients with 

coronary artery disease randomized to anti-hypertensive treatment completed the SF-36 

questionnaire at both baseline and one year (n=788). Three measurement biases were found and all 

three were considered as response shift in measurement. Older patients reported worse scores for 

both physical functioning (PF) and role physical at baseline and one year later compared to 

younger patients and males reported better PF than females, conditioning on latent trait of general 

physical health. Before controlling for response shift, patients’ PF scores were not statistically 

different over time, however, PF scores significantly improved (p<0.01) after controlling for 

recalibration response shift. Assessment of how patients perceive their change in HRQoL over 

time is warranted.
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Introduction

Hypertensive medications from different pharmacologic classes sometimes have varying 

side effect profiles for patients with coronary artery disease (CAD). CAD is likely to have a 

direct impact on the patient’s functional status and health-related quality of life (HRQoL) 

such as reduced walking distances, shortness of breath, troubles in lifting and carrying 

objects and doing housework. Hypertensive medication may introduce the risk for 

depression [1,2] and evidence suggests that depression is highly prevalent (ranges from 17 

to 44%) in hypertensive CAD patients [1,3–5]. However, some of HRQoL outcomes may be 

further compromised by depression-related anhedonia, typically walking and performing 

chores around the house that require certain levels of physical functioning, making it 

difficult to judge the effectiveness of CAD treatment [1].

Evidence regarding whether the use of antihypertensive medications (e.g. β-blocker (beta 

blocker) and calcium channel antagonist) is associated with depression is still mixed [6,7]. 

Some studies report that rates of depression are higher for patient taking β-blockers than for 

calcium antagonists [8]. These conclusions are based on findings that antidepressant 

prescriptions were more likely to be prescribed following β-blocker treatment [9,10]. In 

other instances, these findings have not been replicated [11,12]. However, other studies 

report an association of calcium channel antagonists with depression [13].

Comparative effectiveness research is complicated by a lack of methodology to separate the 

treatment effects on HRQoL improvements due to recovered cardiac function when 

depression is present from the possible changes in individual’s frame of reference, values or 

life priorities. Individuals whose health status is the same over time based on an objective 

measure may report a change in HRQoL. That change, in the face of objectively consistent 

health measures may reflect a difference in an individual’s frame of reference on important 

attributes of HRQoL [14]. This phenomenon is known as response shift. Response shift is 

defined as “a change in the meaning of one’s self-evaluation of a target construct as a result 

of (a) a change in the respondent’s internal standards of measurement (i.e., recalibration); 

(b) a change in the importance of component scales constituting the target construct (e.g., 

reprioritization); or (c) a redefinition of the target construct (i.e., reconceptualization)” 

[15,16]. The response shift theory suggests that the changes in health state and treatment 

interventions are the catalysts for the occurrence of response shift [17,18]. It is important to 

evaluate the potential response shift in patient-reported outcomes such as HRQoL when 

administering treatment evaluations since response shift may underestimate or overestimate 

the treatment effects as patients adapt to treatment modalities or disease progression over 

time.

In an attempt to resolve the methodological concerns about response shift, Oort et al. [17] 

proposed a sophisticated framework to investigate the different measurement issues: 

measurement bias, response shift, and response shift in measurement [19]. This framework 

is presented in Figure 1(a) and 1(b), where X represents the observed variables (e.g., SF-36 

scales) on the latent construct (denoted by A) such as HRQoL, explanatory variables 

(denoted by E) representing the causes or predictors (e.g., change in systolic blood pressure, 
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change in depression scores) of HRQoL, and V representing the confounding variables (e.g., 

age and sex) that may influence HRQoL. Response shift is identified based on the 

relationship between X and A, and is estimated based on change in model parameters over 

time as described in Methods section. Measurement bias is estimated when the observed 

variables such as SF-36 scale scores are rated or interpreted differently by different levels of 

confounding variables (denoted by V) or explanatory variables E given the same level of 

latent construct of HRQoL, see Figure 1(a) and 1(b) [17,19]. The concept is also known as 

uniform differential item functioning that can be tested by the framework of Multiple 

Indicators, Multiple Causes (MIMIC) [20,21]. In the longitudinal study design, this concept 

corresponds to response shift in measurement: when the relationship between the observed 

variables X and confounding variables V or explanatory variables E through their 

relationship with the latent construct A is not consistent over time [17,19]. In other words, 

response shift in measurement represents the difference in measurement bias over time.

To our knowledge, limited studies have investigated the presence of measurement bias and 

response shift in measurement [19] using the framework proposed by Oort et al. [17]. One 

previous study applied the framework presented in Figure 1(b) in the cancer population [19]. 

However, the authors accounted for the influence of explanatory and confounding variables 

in separate models as shown in Figure 1(a). The approach of accounting for explanatory 

variables and confounding variables in separate models does not address different 

measurement issues at the same time. Our prior work based on two different structural 

equation modeling (SEM) procedures has reported response shift phenomenon for 

hypertensive CAD patients which are used in the present study [22]. We found that HRQoL 

estimates in these patients may have been underestimated after accounting for response shift, 

leading to false negative results [22]. The present study is an extension of the previous 

study. In the present study, we hypothesized the phenomenon of response shift in HRQoL 

might have been caused by some clinical variables (such as antihypertensive treatment 

strategies, change in systolic and diastolic pressure) which are considered as catalysts in 

response shift theory [17,18]. Given limited evidence using framework proposed by Oort et 

al. (as shown in Figure 1(a)), the purpose of the present study was to extend our previous 

work [22]. To the best of our knowledge, this is the first study to investigate the influence of 

explanatory and confounding variables on HRQoL among hypertensive CAD patients by 

taking into account the issues of measurement bias and response shift in measurement.

Methods

Source of Data

The Study of Antihypertensive Drugs and Depressive Symptoms (SADD-Sx) was a 

substudy of the International Verapamil-SR Trandolapril Study (INVEST). INVEST was a 

randomized, open-label, blinded end-point study of 22,576 hypertensive patients with CAD 

aged >50 years conducted from September 1997 to February 2003 [23,24]. The present 

study is a secondary analysis using data from subjects enrolled in the SADD-Sx [2]. SADD-

Sx patients residing in the United States were mailed surveys between April 1, 1999, and 

October 31, 1999 (N = 2,317). Patients randomized to antihypertensive treatment with either 

a verapamil SR- or atenolol-based strategy to achieve blood pressure control according to 
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the sixth report of the Joint National Committee on Prevention, Detection, Evaluation, and 

Treatment of High Blood Pressure (JNC VI) [25] were included in this study. The SF-36 

Questionnaire and demographic characteristics such as age, gender and race were included 

in the SADD-Sx survey. Patients were mailed the baseline survey the day after 

randomization and the follow-up survey after one year. Each time, patients were mailed a 

second survey if it was not returned within 10 working days. Patients were mailed a 

reminder letter approximately 2 weeks before the follow-up survey. 1,578 patients 

completed the baseline survey with the response rate of 68.11%. Only patients who 

completed both the baseline and one year follow-up surveys were included (n = 788 (34%)) 

in this study.

SADD-Sx was conducted according to the principles of the Declaration of Helsinki. The 

University of Florida Institutional Review Board approved the study protocol.

Variables

SF-36 Questionnaire—The SF-36 is a generic HRQoL measure that consists of eight 

scales: physical functioning (PF), role limitations due to physical health problems (role-

physical, RP), bodily pain (BP), vitality (VT), general health perceptions (GH), social 

functioning (SF), role limitations due to emotional problems (role-emotional, RE), and 

mental health (MH). Raw scores of individual patients were transformed to a range of 0 to 

100, with higher scores indicating better HRQoL [26,27]. General physical (Gen PHYS) and 

general mental (Gen MENT) represent the summary measures for two latent HRQoL factors 

derived from the literature [19,27] (see lower portion of Figure 2). The baseline (Time 1) 

and one-year follow-up data (Time 2) for the SF-36 Gen PHYS and Gen MENT latent 

constructs (denoted by A) and the eight SF-36 scale scores (denoted by X) were 

implemented in the same analytic model by introducing a correlation for Gen PHYS and 

another correlation for GEN MENT between the two time points, see Figure 2.

Explanatory variables (E)—INVEST patients were randomly assigned to either the 

atenolol-led or the verapamil-SR treatment strategy [24]. Change in systolic blood pressure 

(SBP) and diastolic blood pressure (DBP) over one year reported by patients assigned to 

atenolol-led treatment and verapamil-SR strategies were collected at baseline and one-year 

follow-up and were obtained from INVEST. Because myocardial infarction (MI) and stroke 

were observed in a small number of respondents, a composite variable was formed. Patients 

with a stroke or MI were categorized as one group and patients without a stroke and MI 

within one year of enrollment were categorized as another group.

Potential confounding variables (V)—Patient’s sex, age, race, living status, prior 

history of depression, and educational level were obtained by survey. Prior history of 

depression was self-reported based on the diagnosis from physicians or psychiatrists (yes/

no). Gender was categorized as females or males. We treated age as a continuous variable 

instead of a categorical variable to increase the power of detecting any potential changes. 

Race was categorized as Caucasians or Non-Caucasians. Education was categorized as not 

completing a high school graduation or completing at least a high school graduation. 

Patients were also categorized as living alone or living with someone.
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Comorbid conditions noted at the time of baseline medical examination was categorized as 

one group if the condition was present or another if absent. We specifically generated a 

CAD-specific index score for patients with CAD by removing CAD complications (i.e., 

myocardial infarction, congestive heart failure, angina, or arrhythmia) from the original 

Charlson comorbidity index [28,29] because CAD was common to all patients in our study. 

However, since some of the other disease conditions included in the CAD-specific index 

were different from the conditions present in our study sample, we assigned the comorbid 

conditions into the following five disease categories: (1) any neurological disorder including 

stroke, transient ischemic attack, Parkinson’s disease or Alzheimers disease; (2) cancer; (3) 

diabetes; (4) renal insufficiency; and (5) peripheral vascular disease. The presence of disease 

condition was assigned a score and summed to calculate the CAD-specific index score 

(range: 0 to 14) for each patient.

Statistical Analysis

A two-step procedure [17,19] was applied to investigate response shift, measurement bias 

and response shift in measurement in the HRQoL data gathered at baseline and after one 

year.

Step 1: Establishing an Appropriate Measurement Model—Step 1 was used to 

establish an appropriate measurement model for using the SF-36 in this study. If the 

measurement model does not fit the data adequately, it will lead to mistakenly identify 

response shift, measurement bias, and response shift in measurement. Results from 

confirmatory factor analyses and the literature [27] were used to identify an appropriate 

measurement model to the variance-covariance matrix of the eight SF-36 scales measured at 

baseline and at one year follow-up. In this step (Model 1), factor loadings and intercepts 

were not constrained to be equal over time.

Maximum likelihood estimation (MLE) was used given the slightly non-normal distribution 

of our data [30]. A variety of fit indices were adopted to assess the appropriateness of the 

SEM, including the goodness of- fit index χ2 (where a non-significant chi-square indicates 

good model fit); the standardized root mean square residual (SRMR) with a range between 

0.0 and 1.0 where values less than 0.1 indicating an acceptable fit; root mean square error of 

approximation (RMSEA) with values below 0.08 indicating a good model fit and values 

below 0.05 indicating a close fit [30]; comparative fit index (CFI), normed fit index (NFI) 

and non-normed fit index (NNFI) with a range between 0.0 and 1.0 with values greater than 

0.95 implying better model fit for all these three criteria [30].

Step 2a: Detecting different types of response shift—In Step 2a1, factor loadings 

and intercepts of the observed variables (i.e., SF-36 scale scores) related to the latent 

variables (i.e., Gen PHYS and Gen MENT) were constrained to be equal over one year (i.e., 

hypothesis of no response shift) (Model 2, Step 2a1). Explanatory variables (causes or 

predictors) with direct effects on the latent factors (Gen PHYS and Gen MENT) were 

included in the model. The seven variables, age, sex, race, living status, educational level, 

prior history of depression, and baseline comorbid conditions, were included in the model as 

confounding variables. All confounding variables were correlated with each other, 
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explanatory variables and the latent factors, but they were assumed to not directly affect the 

observed scale scores (Figure 1 (a) andFigure 2). The presence of response shift was first 

tested through comparing models in Step 1 to Step 2a1. Chi-square difference tests were 

conducted to evaluate the statistical significance between the free (Step 1) and fully 

constrained models (Step 2a1). A statistically significant difference in χ2 tests suggests the 

presence of response shift. Subsequently, the change in parameter estimates between the 

model with a relaxation on some constrained parameters (Step 2a2) and the full constrained 

model (Step 2a1) was tested, and modification indices and significant difference in χ2 tests 

were used to suggest different types of response shift (reconceptualization, reprioritization, 

and recalibration). In other words, Step 2a2 was nested within Step 2a1 to identify different 

types of response shift.

The order of releasing parameter constraints on factor pattern, followed by factor loadings 

and intercepts, and then residuals (i.e., a backward approach) was implemented based on 

previous studies [22,31]. Parameter invariance was identified by releasing one parameter at 

a time and constraining all other parameters over time. The equality constraints were 

released on each factor loading while imposing equality constraints on the remaining factor 

loading parameters. After inspecting each parameter, a similar process was conducted by 

releasing equality constraints on intercepts while imposing equality constraints on the 

remaining intercepts and factor loadings when response shift was not identified.

Reconceptualization response shift is indicated if a change in the matrix pattern containing 

all factor loadings at Time 1 differs from the matrix pattern at Time 2. Reprioritization 

response shift has occurred if the factor loading of a specific scale is changed over time. 

Uniform recalibration response shift is indicated if the intercept of a specific scale is 

changed over time. Uniform recalibration response shift occurs when patients adjust their 

perception to all response options in the same direction and to the same extent [14,15]. 

Identification of different types of response shift was guided by the change in the 

modification index values and χ2 difference test (χ2 difference of ≥3.84 with df(1) (p<0.05) 

indicated response shift) [19].

Step 2b: Detecting measurement bias and response shift in measurement—
Subsequent to the identification of different types of response shift related to the change in 

model parameters, measurement bias and response shift in measurement were investigated 

in Step 2b by taking into account the influence of explanatory (E) and confounding variables 

(V) on observed (X) scale scores. In the model process, a total of 208 modification indices 

were calculated. Due to a large number of tests, a Bonferroni-adjusted F-value [32,33] of 

13.7 (associated with a probability of 0.05/208) was used to control for Type I error. Prior 

evidence [19] suggests that modification index values may underestimate χ2 difference test. 

Therefore, in this study, parameters (influence of explanatory and confounding variables on 

observed scale scores) associated with a modification index >13.7 were freed, and these 

parameters only remained freed if the overall model fit indicated by change in chi-square 

value was >3.84. This process was continued until the largest modification index value was 

<13.7. Response shift in measurement was identified when the influence of explanatory and 

confounding variables on observed scale scores were not found to be equal at baseline and at 

one year follow-up. Given the design of the MIMIC approach, response shift in 
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measurement was essentially captured by the change of intercept parameters over time 

related to the specific observed variables which is related to recalibration.

LISREL 8.8 [34] was used to construct and test the SEM and SAS 9.1 software [35] was 

used for the remaining analyses. Based on the RMSEA values of 0.05 and 0.10, the present 

study had almost 100% statistical power to reject the hypothesis that the model does not fit 

our data.

Results

Description of the population

The initial SADD-Sx sample consisted of 2,317 INVEST patients assigned to either the 

verapamil SR-based (n = 1,184) or atenolol-based (n = 1,133) treatment strategy. 788 

(34.0%) of the initial patient sample completed the baseline and one year follow-up surveys. 

Nearly 57% (n = 451) of the final patient sample were male and the majority was Caucasian 

(82.9%). The mean age of patients at baseline was 66.73 years old (range: 50–88 years old) 

(Table 1). In the final sample (n = 788), all characteristics of the patients being assigned to 

two treatment strategies were similar, suggesting that there was no differential dropout 

between the two intervention groups. A separate analysis comparing the responders (n = 

788) and non-responders (n = 1,529) differed only in the variable of race.

Table 2 gives means scores and standard deviations for all SF-36 scales at baseline and after 

one year. Conventional t-tests indicated statistically significant improvement in BP, GH, 

VT, MH and RE from baseline to one year follow-up (p<0.05).

Identification of response shift, measurement bias and response shift in measurement

Step 1: Establishing an Appropriate Measurement Model—In Model 1, where all 

parameters were free to be estimated, the model fit indices for two latent factors over time 

indicated satisfactory results with RMSEA = 0.055, SRMR = 0.035, CFI = 0.991, NFI = 

0.987, NNFI = 0.987 (Step 1, Table 3). In Model 1, factor loadings and intercepts were not 

constrained to be equal over time. The satisfactory model fit allows us to test for different 

types of response shift and influence of explanatory and confounding variables on the 

observed scale scores over time (i.e., response shift in measurement) [19].

Step 2a: Different Types of Response shift—Building upon Step 1, Step 2a includes 

four explanatory and seven confounding variables. The factor loadings and intercepts were 

constrained to be equal over time before the inclusion of the explanatory and confounding 

variables (Model 2, Step 2a1). The χ2 test of exact fit was significant (χ2 (237) = 819.008), 

RMSEA and other fit indices indicated reasonable fit (RMSEA = 0.054, SRMR = 0.035, 

CFI = 0.976, NFI = 0.967, NNFI = 0.965, Model 2, Step 2a1, Table 3). The difference in fit 

between Model 1 (Step 1) and Model 2 (Step 2a1) was found to be statistically significant 

through the χ2 difference test: χ2 (153) = 531.454, p < 0.001, suggesting that there was 

presence of response shift. One intercept for the PF scale was not equal across baseline and 

at follow-up, suggesting the presence of uniform recalibration response shift (see Step 2a2, 

Table 3 and Table 4). After accounting for uniform recalibration response shift, the fit of the 
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model significantly improved ((χ2 difference test: χ2 (1) = 16.206, p < 0.0001), Step 2a2, 

Table 3). None of the remaining seven SF-36 scales showed evidence of response shift.

Step 2b: Measurement bias and response shift in measurement—Following 

discovering different types of response shift, the next step was to investigate the influence of 

explanatory and confounding variables on HRQoL after accounting for measurement bias 

and response shift in measurement. Modification index values >13.7 at baseline and/or at 

follow-up indicated that the fit of the model could be further improved by accounting for 

measurement bias and/or response shift in measurement. The highest value of modification 

index >13.7 was first allowed to freely vary followed by the second highest modification 

index >13.7. These steps were continued until all modification index values were <13.7.

The relationship between gender and PF at one year follow-up was identified with a 

modification value >13.7, suggesting measurement invariance at one year follow-up. After 

freely estimating the parameter, the overall model fit indicated by chi-square difference was 

>3.84, Step 2b1, Table 3. Next, the relationship between gender and PF at baseline was 

freely estimated based on similar search criteria, Step 2b2, Table 3. The relationship 

between gender and PF was not consistent at baseline and at one year follow-up (0.095 at 

baseline and 0.127 at follow-up, results not reported in study), indicating presence of 

response shift in measurement. The positive effect of gender on PF at both time points 

indicated that male patients reported better PF than female patients, conditioning on the 

latent trait of general physical health. We also found that PF was not only indicative of 

general physical latent factor but also of age, see Steps 2b3 and 2b4, Table 3. The effect of 

age on PF was negative at both time points (estimated at −0.177 at baseline and −0.197 at 

follow-up, results not reported in study), indicating that older patients (age range: 50–88 

years old) reported worse PF than younger patients, conditioning on the latent trait of 

general physical health. Finally, we found that the relationship between age and RP was not 

fully determined by their relationship with the latent trait of general physical health, see 

Steps 2b5 and 2b6, Table 3. This indicated that RP was not only indicative of the latent trait 

of general physical health but also of age. These findings were also not consistent over time 

(estimated at −0.141 at baseline and −0.119 at follow-up, results not reported in study), 

indicating response shift in measurement. The negative effect of age on RP at both time 

points suggested that older patients reported worse RP than younger patients conditioning on 

the latent trait of general physical health. Neither measurement bias nor response shift in 

measurement was found to be associated with the remaining five confounding variables or 

four explanatory variables.

After testing for the influence of explanatory and confounding variables on HRQoL and 

accounting for all instances of response shift in measurement and measurement bias, the 

final model showed improvement and close fit (χ2 (230) = 674.999, RMSEA = 0.048, 

SRMR = 0.028, CFI = 0.982, NFI = 0.973, NNFI = 0.972, Step 2b6, Table 3).

Response Shift and True Change Contributions to Change in Observed Variables

The effect size of response shift was −0.100 for the uniform recalibration response shift 

(Table 5), suggesting response shift had a negligible impact on the estimation of true change 
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in the PF mean scale scores. The effect of response shift and true change were in opposite 

directions.

Discussion

This study used Oort et al.’s conceptual framework [17] to investigate response shift, 

measurement bias, response shift in measurement and the influence of explanatory and 

confounding variables on the observed scale scores. We found that the relationships between 

age and the PF and RP scales were not consistent over time conditioning on the latent trait of 

general physical health. The negative effect of age (range: 50–88 years old) on PF and RP at 

both time points suggests that older patients reported worse PF and RP scores than younger 

patients given the same level of underlying general physical health. Consistent with our 

findings that older patients reported worse PF and RP scale scores than younger patients, 

few studies have reported an inverse relationship between age and SF-36 PF and RP scale 

scores [36,37]. It is plausible that elderly individuals with a chronic disease or when 

confronted with a long-term life changing event may transform their internal standards, 

values or priorities to judge their HRQoL [14,15,38,39]. The present study extends prior 

evidence by examining the influence of explanatory and confounding variables on observed 

scale scores after accounting for measurement bias and response shift in measurement. This 

emerging finding suggests that patients reporting worsened PF and RP scores can be 

explained by individuals undergoing the process of recalibration response shift over time.

We also found that patients recalibrated their perception of PF over a one year period, which 

was attributed to gender. This was evident by the fact that the relationship between PF and 

gender does exist and was not consistent over time event conditioning on the latent trait of 

general physical health. Male patients reported better PF than female patients, even if their 

health measured by the general physical latent factor was comparable at both baseline and 

one year follow-up. Our findings substantiate the association between gender and PF scale 

found in past research [36,37,40–42]. These findings support the notion of stereotypes that 

men are more physically oriented than females and may over-report their PF to maintain 

their perceptions of their masculinity and to protect their egos by reducing gender role 

conflict [41,42]. In this regard, assuming that other SF-36 scale scores remain similar, 

females’ lower PF ratings could lead to an over-evaluation of difference in utility between 

males and females. In turn, this could increase the cost-effectiveness of treatments and 

potentially direct health resources away from those who reported higher PF ratings but had 

poor health (i.e., male patients) [43].

HRQoL is considered as one of the important end points in randomized clinical trials for 

treatment regimens [44]. The effect size approach can better express how important a 

change is with respect to the typical variation found in the population under study. Patients’ 

PF revealed a non-significant decline one year after allocation to treatment strategies. 

Consistent with our previous findings [22], the present study found that estimated HRQoL 

decline may have been underestimated due to presence of recalibration response shift, 

leading to false negative findings. Assessment of self-reported instruments should account 

for an individual’s change in perception over time on important HRQoL concepts due to 

change in health and/or allocation to interventions, especially in clinical trials.
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There is limited evidence available investigating the influence of specific explanatory and 

confounding variables on response shift of HRQoL ratings. Response shift research should 

be investigated other methodologies and fields of research, such as qualitative 

methodologies and cognitive interviewing [45], especially when examining the influence 

and mechanisms of several variables on HRQoL after controlling for response shift. In the 

situation where response shift is suspected and design methods are not feasible to assess 

response shift, appropriate statistical methods should continue to be useful. Future studies 

are encouraged to use other analytical approaches to detect response shift and confirm the 

findings derived from this present study. Identifying response shift has implications for 

interpreting the measurement of HRQoL change in clinical and research endeavors, and may 

provide considerable value to the evaluation of cost-effectiveness analysis, and potentially 

contribute to a more informed resource allocation strategy.

Limitations of this study should be noted when interpreting and applying these findings. In 

the absence of changes in health status [46], a one year period may not necessarily lead to a 

change in HRQoL and identify changes in internal standards, values, and conceptualization. 

Our approach to investigate response shift in measurement was based on the change in the 

parameter of intercept (i.e., related to recalibration). Future studies should investigate 

response shift in measurement based on change in other parameters related to 

reconceptualization and reprioritization. The study sample constitutes only one third (34%) 

of the total number of participants which limits the generalizability of the results. The 

patients randomly assigned to two treatment strategies at baseline demonstrated 

comparability across explanatory and confounding variables and no difference in dropouts. 

In other words, there was no systematic bias found with respect to selection or participants’ 

dropout in this study. As described in the Methods section, race is the only variable 

differentiated between responders and non-responders. However, race was not found to 

influence HRQoL after accounting for measurement bias and response shift in measurement 

in this study. Other factors not controlled for in this study may lead to systematic differences 

between responders and non-responders, thereby limiting the ability to extrapolate the 

findings from this study. Barclay-Goddard et al. suggest that not all individuals would 

experience response shift, even those who do may not experience it at the same time [31,45]. 

It is plausible that participants not included in this study may have experienced response 

shift to greater or lesser extent, in a different way or not at all. Future studies should 

investigate occurrence of response shift at different time points (e.g., at three months, six 

months) in a similar population to encourage application of specific interventions aimed to 

promote the process of response shift. On the other hand, it is plausible that a one-year time 

period probably is too short to detect clinically significant response shift.

Conclusion

Older patients reported worse scores for both PF and RP compared to younger patients and 

males reported better PF than females after conditioning on the latent trait of general 

physical health. It is important to investigate how different patient groups may undergo a 

shift in their HRQoL perception due to health status change or allocation to treatment 

strategies, especially in clinical trials. Assessment of response shift with further 
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understanding of how patients perceive their HRQoL over time is warranted, especially in 

clinical trials.

Expert Commentary

Self-report measures of HRQoL are regarded as an important end point of interventions in 

randomized trials. Individuals experiencing improvement or deterioration in health status 

over time may result in changes in standard, value, and conceptualization of HRQoL (i.e., 

response shift). The use of structural equation modeling procedure to identify response shift 

has been proposed by several researchers. The identification of response shift in HRQoL 

measurements over time is important, especially in randomized clinical trials.

Five-Year View

Current evidence has shown the use of various statistical approaches to detect response shift 

in the context of HRQoL research [46]. The presence of a change in health status can trigger 

the lead to changes in standards, values, and conceptualization, known as response shift. 

Over the past decade, notable emphasis has relied on the use of secondary data sets and 

standard statistical or SEM methods to investigate the response shift issues. Limited 

evidence is available with the use of advanced SEM methods to assess the explanatory and 

confounding variables associated with response shift [19]. A recent study has highlighted 

challenges inherent to the use of secondary data sets for identification of response shift in 

HRQoL research [46]. Response shift research should be also conducted using other 

methodologies, such as qualitative methodologies and cognitive interviewing [45] to better 

understand how and why different variables contributing to response shift in HRQoL rating. 

The influence of response shift in the evaluation of cost-effectiveness analysis and health-

care decision making process should also be investigated in future studies. The authors hope 

that future research will continue to follow appropriate guidelines and methodology to 

conduct response shift research in the context of HRQoL using primary and secondary data 

sets.
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Key Issues

- Hypertensive medications from different pharmacologic classes sometimes 

have varying side effect profiles and impact patients’ HRQoL in different 

ways.

- Response shift is defined as the change in the meaning of one’s perception of 

a target construct due to changes in standard, value, and conceptualization.

- Older patients reported worse scores for both physical functioning and role 

limitations due to physical health problems at baseline and one year later than 

younger patients.

- Males reported better physical functioning at baseline and one year later than 

females.

Our findings suggest that HRQoL estimates might have been underestimated if 

measurement issues are not taken into account.
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Figure 1. 
Measurement bias and response shift in measurement model used in the present study.

E: explanatory variables (e.g., depression, treatment strategies); A: latent factors (e.g., 

General Physical and General Mental); V: confounding variables (e.g., age; sex); X: 

observed variables (e.g., physical functioning; social functioning; mental health scale 

scores).

The double-headed arrow represents correlations between all E and V variables and/or 

correlations between all V variables and A. Dashed arrows represent measurement bias/

response shift in measurement. Single-headed arrow represents direct effects of E on A or A 

on X.

Adapted with permission from Oort FJ, Visser MRM, Sprangers MAG. Formal definitions 

of measurement bias and explanation bias clarify measurement and conceptual perspectives 

on response shift. J Clin Epidemiol 2009;62:1126–37.
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Figure 2. 
Graphical representation of the model to identify measurement bias and response shift from 

a measurement perspective.

MI: myocardial infarction; SBP: systolic blood pressure; DBP: diastolic blood pressure; 

GenPHYS: general physical functioning latent factor; GenMENT: general mental health 

latent factor.

Note: Although not shown in the figure, all attributes A are correlated with each other, all 

explanatory variables E are correlated with each other, and all potential confounding 

variables V are correlated with each other. The double-headed arrow represents correlations 

between all E and V variables and correlations between all V variables and A. Dashed 

arrows represent measurement bias/response shift. Single-headed arrow represents direct 

effects of E on A. Time 1 and Time 2 indicates the two time points in this study, i.e., 

baseline and one year.
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Table 1

Characteristics of SADD-Sx patients returning both baseline and one year SF-36 surveys (n = 788)

Variable n (%)

Mean age (SD) 66.73 (9.028)

Gender

    Male 451 (57.2%)

    Female 337 (42.8%)

Race

    Caucasian 653 (82.9%)

    Non-Caucasian 135 (17.1%)

Education level

    High school graduation or higher 556 (70.6%)

    No high school graduation 232 (29.4%)

Self-reported prior history of depression

    Yes 140 (17.8%)

    No 648 (82.2%)

Living status

    Alone 190 (24.1%)

    With someone 598 (75.9%)

Mean CAD-specific index score (SD) 1.169 (1.977)

Antihypertensive treatment strategies

    Verapamil-SR treatment strategy 411 (47.8%)

    Atenolol-led treatment strategy 377 (52.2%)

Non-fatal MI/stroke

    Yes 14 (1.8%)

    No 774 (98.2%)

Mean change in systolic blood pressure (SD) −12.694 (20.843)

Mean change in diastolic blood pressure (SD) −6.377 (11.744)

SADD-Sx: Study of Antihypertensive Drugs and Depressive Symptoms

SD: standard deviation

CAD: coronary artery disease
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