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Abstract

Purpose There is limited evidence on the responsiveness of the Short Form-12 Health Survey version 2 (SF-12v2) in hyper-
tensive patients. This study aimed to evaluate both the responsiveness of the SF-12 measures in Chinese hypertensive patients.
Methods A prospective longitudinal study was conducted on hypertensive patients managed in public primary care clinics
between 2012 and 2013. A total of 583 and 431 patients were surveyed and completed SF-12v2 at baseline and at 12-month
follow-up interviews, respectively. Using global rating of change scale as an external anchor, the responsiveness was assessed
by linear mixed effect models, multiple linear regression models, and receiver operating characteristic (ROC) curve analysis.
Results SF-12v2 managed to detect negative changes among hypertensive patients in worsened general health group but
failed to identify changes among hypertensive patients in improved general health group. Meanwhile, some domains of SF-
12v2 detected a significant difference in difference between patients of worsened and stable/improved group and between
patients of stable and improved group, but none of the domains and the summary scales reached the recommended standard
of 0.7 in any comparisons in ROC analysis.

Conclusions The SF-12v2 was responsive to worsening of HRQOL but not to improvements in HRQOL among hyperten-
sive patients. The overall responsiveness of SF-12v2 in hypertensive patients is unsatisfactory. Further studies are needed to
identify HRQOL measures with good internal and external responsiveness for hypertensive patients.

Keywords Health-related quality of life (HRQOL) - Primary care - Responsiveness - Short Form-12 Health Survey version
2 (SF-12v2) - Hypertension (HT)
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Introduction

Hypertension (HT) is a worldwide epidemic that affects
approximate 1.13 billion people globally [1]. Several indi-
cators, not only traditional clinical parameters, such as
blood pressure and lipid profile, but also the health-related
quality of life (HRQOL) were established to monitor the
chronic disease burden. HRQOL is a multi-dimensional
concept that measures the impact of health status on one’s
quality of life, in terms of physical, mental, emotional,
and social functioning [2]. A population-based study
from Spain suggested that HT patients displayed poorer
HRQOL in physical functioning and general health com-
pared to non-HT patients [3]. Similarly, a Swedish study
also found that HT is significantly associated with lower
HRQOL scores [4]. HT patients with relatively higher
HRQOL scores usually have a better commitment to self-
management and adherence to antihypertensive medica-
tions [5], and thus are expected to have lower mortality
and morbidity compared with those with relatively poorer
HRQOL scores [6]. Therefore, HRQOL is an important
patient-centered outcome measure. Improving HRQOL
should be one of the main goals for HT interventions.

The Short Form-12 Health Survey (SF-12) is a generic
and well-established HRQOL measure that has been
commonly used in both general populations and various
patient cohorts [7]. Ideally, the psychometric properties
(e.g., validity, reliability, and responsiveness) of SF-12
should be carefully assessed before its application in
either trials or observational studies [8]. It is especially
true for responsiveness, an ability of a study instrument
to detect the change over time, as HRQOL measurements
with poor responsiveness may induce greater type II error
(false negative) in clinical trials and cause inaccurate esti-
mation of HRQOL in longitudinal observational studies.
Research on the responsiveness of SF-12 in patients with
diabetes mellitus (DM) [9], prostate cancer [10], etc., has
already been studied; however, there is no study assess-
ing the responsiveness of SF-12 in hypertensive patients.
Hence, this study evaluated the responsiveness of SF-12
in Chinese patients with HT.

Methods

Study design

A prospective longitudinal study was performed using
convenience sampling to prospectively recruit patients

diagnosed with HT. HT patients who were treated in pub-
lic primary care clinics under the Hospital Authority (HA)
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from May 2013 to March 2014 were identified through the
HA database by the International Classification of Primary
Care-2 (ICPC-2) code of “K86” or “K87.” Patients were
excluded if they had other comorbidities, including DM,
cardiovascular disease, and chronic renal disease. Patients
who were under 18 years old, non-Cantonese speakers,
had cognitive impairment, or refused to give consent to
participate were also excluded. Patients were approached
by trained research assistants, who explained the nature
of the study. Baseline assessments of consented patients
were completed within 2 weeks and were done by phone
if necessary. The baseline assessment included collecting
patients’ gender, age, marital status and smoking status,
and completing Chinese (Hong Kong) SF-12 Health Sur-
vey Version 2 (SF-12v2, a validated HRQOL measure for
general Hong Kong Chinese adults [7, 11]). At 12 months
post-enrollment, both SF-12v2 and the Global Rating of
Change Scale (GRS) were administered. GRS, serving as
an external criterion, was used to assess minimal clini-
cally significant difference and responsiveness of SF-12v2
[12-18].

Sample size calculation

Assuming a small effect size of 0.3 for the difference in
SF12v2 between the stable, improved, and worsened groups,
a minimum of 59 patients per group were required to detect
this between-group difference with 95% power at 5% level
of significance.

Data analysis

Responsiveness reflects the ability of an instrument to detect
changes in health status [19]. Thus, a single self-reported
health change anchor, GRS, was adopted at 12 months post-
recruitment. Patients were asked to rate, with respect to HT,
their current health status against their health status at base-
line on a scale from -3 (worsened) to 3 (improved). Patients
were divided into three subsets, including 1) “stable” (rating
of 0); 2) “improved” (rating of 1-3); and 3) “worsened” (rat-
ingof —3to—1)[19].

For the assessment of responsiveness within group, paired
t test was used to investigate the mean changes during the
12-month follow-up period in “worsened,” “stable,” and
“improved” groups. Cohen’s d effect size (ES) were used
separately to test differences in the HRQOL scores between
the baseline and 12-month follow-up assessments for each
group [20]. The value of ES was interpreted as trivial for
<0.2, small for >0.2, and <0.5, moderate for > 0.5 and
<0.8, or large for >0.8 [21, 22]. Responsiveness was sup-
ported if these changes were interpreted as small or above.
95% bootstrap bias corrected and accelerated confidence
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intervals for ES were obtained using the bootstrapping esti-
mation method with 2000 replications [23].

In the assessment of external responsiveness, it was
hypothesized that (i) global health status would be a fac-
tor associated with the change in the HRQOL score; (ii)
by comparing the “improved versus worsened group,” the
change in HRQOL score would be the largest; and (iii) that
of the “improved versus stable group” would have the small-
est change in the HRQOL scores. To test these hypotheses,
the unadjusted differences in difference in HRQOL between
baseline and 12 months of groups were evaluated by inde-
pendent ¢ test first. Then, the adjusted difference in differ-
ence in HRQOL between baseline and 12 months of groups
was investigated by the multivariable linear regression
adjusted for patients’ baseline characteristics (i.e., gender,
age, marital and smoking status, and clinical characteristics).
The models satisfied the model assumptions of normality of
residuals, homoscedasticity, and multi-collinearity. Respon-
siveness was also examined by the multiple receiver operat-
ing characteristic (ROC) curve analysis [23], where an area
under the curve (AUC) > 0.7 was considered adequate [24].

All statistical analyses were conducted using Stata Ver-
sion 13.0 (StataCorp LP, College Station, Tex). All signifi-
cance tests were two-tailed and P value <0.05 was consid-
ered statistically significant.

Results

A total of 583 and 431 patients completed the baseline test
and 12-month follow-up interviews, respectively (Table 1).
Baseline characteristics between the follow-up group and the
attrition group did not differ significantly.

Table 2 displays the mean change and responsiveness sta-
tistics for each group. In the worsened group, scores of the
two summary scores and all domains except the domain of
VT decreased significantly (deterioration in HRQOL), with
the values of ES >0.2. In the stable group, the scores of
RP and RE domains decreased significantly (deterioration
in HRQOL), with all the responsiveness statistics <0.2. In
the improved group, the score of the GH domain increased
significantly (improvement in HRQOL), with the respon-
siveness statistics > 0.2. There was no difference in the
results between the unadjusted and adjusted analysis (table
not shown).

Table 3 shows the unadjusted and adjusted differences in
the difference in HRQOL between baseline and 12 months
of the (1) worsened and stable group, (2) worsened and
improved group, and (3) stable and improved group. Gener-
ally, the summary scores of the SF-12v2 managed to detect
the significant difference in mean change between worsened
and stable/improved group, but failed to identify the changes
between the stable and improved group. Table 3 also shows

the result of the AUC of ROC (1) between stable and wors-
ened groups, (2) between improved and worsened groups,
and (3) between improved and stable groups. No domain
and summary scale of the SF-12v2 detected the difference
in mean change in three comparisons with an AUC standard
of at least 0.7.

Discussion

SF-12v2 validated the negative change in general health
among HT patients. In comparison with other domains and
component summaries, the RP and BP domains showed the
highest responsiveness to the negative change in the wors-
ened group. It was probably because these two domains have
a stronger correlation with GRS when compared with other
domains and two component summaries in this subgroup.
Negative changes were also found in RP and RE domains
in the stable group with the ES value <0.2. However, the
detected negative changes were too small and probably not
clinically meaningful, as these changes may due to “noises.”

SF-12v2 illustrated poor responsiveness in capturing
positive changes in this study. Only the GH domain detected
the positive change in improved group with a statistically
significant coefficient and the ES value > 0.2. It is reason-
able because the correlation between GH and GRS was
stronger than that between GRS and other domains as well
as summary scores. Moreover, it was found that the remain-
ing seven domains and summary scales failed to identify
positive change over 12 months in improved group. It may
be because that these domains and the two summary scores
were high at baseline. In fact, the baseline SF-12 scores of
improved group were similar to or even higher than the Hong
Kong population norm of the SF-12 v2 [11]. Therefore, there
was little room for improvements during a 12-month period
for improved group. Also, some of the high baseline SF-12
scores may influence the reliability of the study results.

SF-12v2 also had unsatisfactory external responsiveness
in patients with HT. This is a common deficiency of generic
HRQOL measures that are unable to capture the domains
specific to HT patients. Indeed, the poor external responsive-
ness of the SF-12v2 was also declared in the previous lit-
erature that evaluated responsiveness of SF-12v2 in patients
with DM and prostate cancer [9, 10].

Limitation

GRS is a generic HRQOL measure, so that it may not be
sensitive to the change of hypertension-specific conditions.
Moreover, some confounders, such as duration of HT and
medications, were unavailable.

@ Springer



2854 Quality of Life Research (2019) 28:2851-2857

Table 1 Baseline characteristics Factor Overall (N=583) Follow-up (N=431) Attrition (N=152) P value
of subjects

Socio-demographic (n, %)

Gender 0.592
Female 346 (59%) 253 (59%) 93 (61%)
Male 237 (41%) 178 (41%) 59 (39%)
Age (mean (SD)) (years) 63 (9.10) 63 (9) 62 (10) 0.418
Marital status 0.197
Not married 157 (27%) 110 (26%) 47 (31%)
Married 426 (73%) 321 (74%) 105 (69%)
Smoking status 0.930
Non-smoker 536 (92%) 396 (92%) 140 (92%)
Smoker 47 (8%) 35 (8%) 12 (8%)
Lifestyle (n, %)
No. of fruits and vegetables 0.090
eaten per day
<5 480 (82%) 348 (81%) 132 (87%)
>5 103 (18%) 83 (19%) 20 (13%)
Exercise 0.255
None 123 21%) 84 (19%) 39 (26%)
<120 min per week 27% (158) 121 (28%) 37 (24%)
> 120 min per week 52% (302) 226 (52%) 76 (50%)
BP monitoring 0.110
No 146 (25%) 100 (23%) 46 (30%)
On irregular basis 233 (40%) 171 (40%) 62 (41%)
On regular basis 204 (35%) 160 (37%) 44 (29%)
Clinical characteristics (mean (SD))
SBP (mmHg) 132 (12) 132 (13) 131 (11) 0.268
DBP (mmHg) 78 (10) 78 (10) 77 (9) 0.721
LDL-C (mmol/L) 3.2(0.8) 3.2(0.8) 3.1(0.8) 0.530
TC/HDL-C ratio 4.0 (1.1 4.0(1.2) 39(1.1) 0.663
BMI (kg/m?) 26 (4.) 26 (4) 26 (4) 0.627
Triglyceride (mmol/L) 1.4 (0.8) 1.5 (0.8) 1.4 (0.6) 0.256
Treatment modalities (n, %)
Use of lipid-lowering agents 0.520
No 489 (84%) 359 (83%) 130 (86%)
Yes 94 (16%) 72 (17%) 22 (14%)
SF-12v2 scores (mean (SD))
Physical functioning 83+27 (583) 84 +25 (431) 81+30(152) 0.233
Role physical 83 +24 (583) 84 +23 (431) 81+27 (152) 0.191
Bodily pain 78 +25 (583) 79+23 (431) 75+29 (152) 0.096
General health 36+22 (583) 36+22 (431) 35+22 (152) 0.441
Vitality 59432 (583) 59+31 (431) 57+34 (152) 0.371
Social functioning 87 +£25 (583) 88 +24 (431) 84 +28 (152) 0.168
Role emotional 86+23 (583) 87+21 (431) 85+26 (152) 0.308
Mental health 76 +22 (583) 76 +22 (431) 74 +24 (152) 0.261
PCS 4749 (583) 47+9 (431) 46+10 (152) 0.169
MCS 54+11 (583) 54+11 (431) 53+13 (152) 0.327

HT hypertension, SBP systolic blood pressure, DBP diastolic blood pressure, LDL-C low density lipopro-
tein—cholesterol, TC total cholesterol, HDL-C high density lipoprotein—cholesterol, BMI body mass index,
PCS physical component Summary, MCS mental component summary
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Table 2 Comparison between HRQOL scores at baseline and 12-month follow-up

Measure/subscale® Baseline (mean At 12-month follow-up  Paired difference P value ES (95% CI)
(SD)) (mean (SD)) (mean (SD))
Worsened GRS (n=61)
SF-12v2 scores
Physical functioning 70433 64 +31 —-6.6+25.0 0.045% —0.20 (—0.42, 0.00)
Role physical 72+27 52+28 —-20+29 <0.001* —0.72 (—1.04, - 0.45)
Bodily pain 69+24 50+29 —-19+29 <0.001* —0.72 (—1.04, —0.43)
General health 27+17 23+15 —-4.1+155 0.043* —0.26 (—0.52, —0.02)
Vitality 50+32 41+30 -8.6+37.3 0.077 —0.28 (—0.56, —0.03)
Social functioning 77+30 58+36 —20+40 <0.001* —0.60 (—0.93, —0.28)
Role emotional 82+22 67 +28 —15+27 <0.001* —0.58 (—0.86, —0.30)
Mental health 72422 59+24 —-13+24 <0.001* —0.58 (—0.84, —0.26)
PCS 42+11 37+11 —-43+9.7 0.001°* —0.38 (—0.63, -0.17)
MCS 53+11 46+11 -6.8+109 <0.001* —0.61 (—0.90, —0.34)
Stable GRS (n=245)
SF-12v2 scores
Physical functioning 86+22 85+23 -0.6+19.6 0.625 —0.03 (—0.14, 0.08)
Role physical 86+21 83+24 -3.6+£22.0 0.012% —0.16 (—0.28, —0.05)
Bodily pain 80+23 79+23 —-1.5+£254 0.347 —0.07 (-0.21, 0.07)
General health 37422 37422 03+£22.2 0.807 0.02 (-0.10, 0.14)
Vitality 60+31 64+28 3.8+32.8 0.073 0.13 (0.02, 0.26)
Social functioning 90+22 88+24 —-2.1+£259 0.196 —0.09 (-0.23,0.05)
Role emotional 89+19 87+20 —-2.6+19.6 0.043* —0.13 (= 0.25, 0.00)
Mental health 79+21 78+19 -0.8+20.0 0.524 —0.04 (—0.18, 0.08)
CS 48+8 47+9 -0.5+75 0.344 —0.05 (-0.17, 0.06)
MCS 55+10 55+10 -0.3+9.1 0.594 —0.03 (—0.15, 0.08)
Improved GRS (n=125)
SF-12v2 scores
Physical functioning 86+24 89+19 324222 0.110 0.14 (—0.04, 0.31)
Role physical 85+22 83+21 —-23+225 0.256 —0.11 (-=0.29, 0.09)
Bodily pain 81+22 82+21 1+19.7 0.571 0.05 (=0.11,0.21)
General health 40+25 4727 7+23.6 0.001* 0.27 (-0.11, —0.43)
Vitality 62+30 61+30 —-1.6+34.2 0.601 —0.05 (-0.25,0.15)
Social functioning 88+24 87+22 —-0.6+23.9 0.779 —0.03 (-0.21, 0.16)
Role emotional 85+25 88+20 224233 0.294 0.10 (—0.08, 0.28)
Mental health 74 +£22 77 +21 324223 0.112 0.15 (-0.02, 0.34)
PCS 49+8 49+8 04+7.6 0.538 0.05 (—0.13, 0.20)
MCS 53+12 54+10 0.8+11.0 0.433 0.07 (—0.09, 0.26)

Mean scores and standard deviations are rounded to whole numbers to make them easier to read. Paired differences were rounded to one decimal

point for better precision

PCS physical component summary, MCS mental component summary, GRS global rating scale, SES standardized effect size, SRM standardized

response mean, CI confidence interval

*Significant difference at 0.05 level between baseline and 12-month follow-up by paired t-test

*Higher scores represent a higher level of functioning or a better HRQOL

Conclusion

This is the first study that examined the responsiveness of
the SF-12v2 in HT patients. SF-12v2 demonstrated good
responsiveness to probe negative changes among hyper-
tensive patients with worsened general health, but showed

an inadequate performance to capture changes in improved
and stable general health group. SF-12v2 also showed poor
external responsiveness among hypertensive patients.
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Table 3 Unadjusted and adjusted difference in differences with different anchors at 12-month follow-up

Stable versus worsened Improved versus worsened Improved versus stable ROC AUC
Unadjusted DD*  Adjusted DD*  Unadjusted DD®  Adjusted DD Unadjusted DD  Adjusted DD®¢
(95% CT) (95% CI) (95% CT) (95% CT) (95% CT) (95% CI))
SF-12v2 scores
Change in 5.9% (0.1, 11.8) 55(=0.6,11.6) 9.8%(2.6,16.9) 10.2*(2.6,17.9) 3.8%(-0.6,82) 4.0(-0.7,8.7) 0.57
physical
functioning
Change inrole  16.5% (9.9,23.1) 15.4* (8.6,22.1) 17.8*%(10.2,25.4) 19.4* (11.2,27.5) 13(-3.5,6.1) 12(-3.7,6.1) 0.62
physical
Change in bod- 17.3* (10.0,24.7) 16.8% (9.1,24.5) 19.9* (12.7,27) 21.3*(13.8,28.8) 2.5(-2.6,7.6) 3.1(-2.3,8.4) 0.62
ily pain
Change in gen- 44(-15,104) 2.7(-3.5,89) 11.1* (4.6,17.7) 12.5%(5.7,193) 6.7*(1.8,11.6) 7.7%(2.7,12.7) 0.57
eral health
Change in 12.4%(2.9,21.9) 12.2*(2.5,21.9) 7(-3.8,179) 53(-6.2,16.7) —=5.4(-12.6,1.8) —5.7(-13.1,1.7)0.55
vitality
Change in 17.5%(9.3,25.7) 16.4% (8.0,24.8) 19.1¥ (9.8,28.3) 19.4*% (9.4,29.3) 1.5(=39,7) 3.1(-2.5,8.7) 0.60
social func-
tioning
Change inrole  12.0* (6.0, 18.0) 11.1* (4.9,17.3) 16.7* (9.2,24.3) 16.0* (7.8,24.1) 4.8%(0.2,9.3) 4.8%(0.1,9.5) 0.64
emotional
Change in men- 12.3% (6.4, 18.2) 11.9% (5.7, 18.0) 16.3* (9.3,23.4) 16.7* (9.0, 24.3) 4*%(-0.5,85) 4.1(-0.6,8.8) 0.62
tal health
Change in PCS ~ 3.8% (1.6, 6.1) 3.5%(1.1,5.8) 4.7%(2.1,7.3) 5.3% (2.7, 8.0) 09(-0.8,2.5) 1.0(=0.6,2.7) 0.59
Change in MCS  6.5% (3.9,9.2) 6.2% (3.5, 9.0) 7.6% (4.2,11) 7.2% (3.6, 10.8) 1.1(-1,3.2) 1.2 (-1.0,3.4) 0.63

PCS physical component summary, MCS mental component summary, DD difference in differences, CI confidence interval

*Significant difference at 0.05 level
#Difference between groups = stable—worsened
"Difference between groups =improved—worsened

‘Difference between groups =improved—stable

dAll adjusted difference in differences are adjusted by gender, age, marital status, smoking status, diet, exercise, BP monitoring, SBP, DBP,
LDL-C, TC/HDL-C ratio, BMI, triglyceride, and use of lipid-lowering agent
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